M M AND METAL RESI STOR FORVMATI ON AT CU BECQL USI NG ONLY ONE EXTRA MASK
BACKGROUND OF THE I NVENTION (1) FIELD OF THE | NVENTION This invention
relates to a nethod of fabrication used for sem conductor integrated
circuit devices, and nore specifically to the formation of high
capacitance, less than 0.13 mcron netal-insulator-netal capacitors, netal
resistors and netal interconnects, forned sinultaneously using only one
additional mask reticle to formboth MM capacitor and resistor,
si mul t aneously. (2) DESCRI PTI ON OF RELATED ART In this section a
description of rel ated Prior Art background patents follows. U S. Pat. No.

6, 083, 785 entitled "Mt hod Nhnufacturlng Sem conduct or  Devi ce Havi ng
Resistor Film graft@l &R mWﬁgéIFSo%eﬁ RMATION| AT FHREQL M M capaci t or

process with spacer over ar # formed in a part of a
P-wel | of a sem conductor @%F% SNLQ qg g%%$q¥$ ¥nhas a first conductor
menber is fornmed on the |solat|on. An insulating filmcovering the

resistor film except for contact formation regions and an upper el ectrode
filmas a second conduct or markerouRbeofornRdISVENtTiG@neously -1 |

(1) FIELD OF THE INVENTION
This invention relates to a method of fabrication used
for semiconductor integrated ciréuit devices, and more
specifically to the formation of high capacitance, less than
0.13 micron metal-insulator-metal capacitors, metal resistors
and metal interconnects, formed simultanecusly using only one
additional mask reticle to form both MIM capacitor and

resistor, simultaneously.

{2) DESCRIPTION OF RELATED ART
In this section a description of related Prior Art

background patents follows.

U.8. Pat. No. 6,083,785 entitled “Method Of
Manufacturing Semiconductor Device Having Resistor Film”
granted Jul. 4, 2000 to Segawa et al. shows a MIM capacitor
process with spacer over a resisteor. An isolation is formed
in a part of a P-well of a semiconductor substrate. A
resistor film as a first conductor member is formed on the
isolation. An insulating film covering the resistor £ilm,
except for contact formation regions and an upper electrode

film as a second conductor member, are formed simultaneously



with the formation of a gate electrode and a gate oxide film Silicide
films of a refractory netal are forned on the respective surfaces of the
gate el ectrode, N-type high- concentration diffusion |ayers, the contact
formation regions of the resistor film and the upper electrode film By
utilizing a salicide process, a resistor and an i nductor each occupying a
smal | area can be fornmed without |lowering the resistance of the resistor
film US. Pat. No. 6,284,590 entitled "Method To Elimnate Top Metal

Cor ner Shaping During Bottom Metal Patterning For M M Capacitors” granted
Sep. 4, 2001 to Cha et al. describes a M M capacitor process for
fabricating a netal -insulator- nmetal capacitor wherein top netal corner
shapi ng dur¥ier fhe thammatdons of| pnopsectlenhrede uind | hgd by axide Fidw-ded
overlying a sem conductor substrate. A first netal layer_is deposited over

the insul att g Fi8re £ iRs 95a & T6Ergrercg FrEal| agR foaned R%sith&d overl yi ng
the first netal layer. A_second tal _layer is deposjted overlying the
capaci t or d’lm’ésfpe%cftrlﬁ:e uarfzarcegnﬁfpgflﬁegﬁ a8 ?%e?gf???%'t TOR Liail élg«g'ect rode. A
flowabl e ngigld BYE di [ erlyin | 1.Qr I_el. ric
and the top net aﬁrea} ectro e%,fqgg'gﬁt %Fge%bmg%%e&%%?ia’g |stq'§r?| %C??I;%%I cally
et ched awayof OcHL R iSRAREFT1AN asldens! hspf diectAudBian elpgetrode. A
photoresist mask is formed overlying the capacitor dielectric ™and the top
metal el ecitiddeziwkereisaltiled deppeeeaspr OXi fdesextédr DAl GHdictor each
occupying a small area can be formed without lowering the

resistance of the resistor film.

U.S. Pat. No. 6,284,590 entitled “Method To Eliminate
Top Metal Corner Shaping During Bottom Metal Patterning For
MIM Capacitors” granted Sep. 4, 2001 to Cha et al. describes
a MIM capacitor process for fabricating a metal-insulator-
metal capacitor wherein tép metal corner shaping.during
patterning is eliminated. An insulating layer is provided
overlying a semiconductor substrate. A first metal layer is
deposited over the insulating layer. 2 capaditor dielectric
layer is deposited overlying the first metal layer. A second
metal layér is deposited overlfing the capacitor dielectric
layer and patterned to form a top nmietal electrode. A flowable
material layer is deposited overlying the capacitor
dielectric and the top metal electrode, and this flowable
material is anisotropically etched away to leave spacers on
sidewalls of the top metal electrode. A photoresist mask is
formed overlying the capacitor dielectric and the top metal

electrode wherein the spacers provide extra photoresist



-2 | thickness at the sidewalls of the top netal |ayer. The capacitor
dielectric layer and the first netal |ayer are patterned wherein the
patterned first netal layer forns a bottomnetal electrode and wherein the
spacers protect the top netal |layer frometching during the patterning.
The photoresist mask is renoved, conpleting fabrication of a

netal -insulator-netal capacitor. U S Pat. No. 6,284,619 Bl entitled
"Integration Scheme For Multilevel Metallization Structures” granted Sep.
4, 2001 to Seynour et al. reveals a schene for nultilevel netallization
structures that inprove sem conductor reliability. Miltilevel

metal | i zation structures are formed through a two-step etch process which
al | evi at es Hrecknett et e sdsigwalivectt Eher bep dretdabriayryr bdtheeen net al
layers in nulti)evel structuyres. The resulting nmetallization structure

has si dewal FRRHEHIRR SFeIsTiEeredrran) ape: thenttodh SRR EIRFUAEe et ch
residue fr formn et ween .t he al lLayers, U S.. Pat. No. 6,271,084 B
entitl ed "%@%?é%#%ﬁé)4§ﬁ§%¥?af%ﬁgp§%kﬁfﬁFél%%ﬁf%I%ﬁ§1kné%yiﬁwﬁﬂﬁmﬁ3§pacitor
Structure 54 Dnl’ AR5 GA0R (2636034 ghanLed éﬂfg-%gac%osouoocem Thedl -
describes a M M capacitor using a danascene process 1or formng a
vertical, medmlmdtisiulatr bal etbhbMg during the patterning. The

photoresist mask is removed, completing fabrication of a

metal-insulator-metal capacitor.

U.S5. Pat. No. 6,284,619 Bl entitled “Integration Scheme
For Multilevel Metallization Structures” granted Sep. 4, 2001
to Seymour et al. reveals a scheme for multilevel
metallization structures that improve semiconductor
reliability. Multilevel metallization structures are formed
through a two-step etch process which alleviates the problem
of conductive etch residue forming between metal layers iﬂ
maltilevel structures. The resulting metallization structure
has sidewall insulators on selected layers that prevent
conductive etch residue from forming between the metal

layers.

U.S. Pat. Ne. 6,271,084 Bl entitled “Method Of
Fabricating A Metal-Insulator-Metal {MIM), Capacitor
Structure Using A Damascene Process” granted Aug. 7, 2001 to
Tu et al. describes a MIM capacitor using a damascene process
for forming a vertical, metal-insulator-metal (MIM),

capacitor structure, for embedded DRAM devices. The process



capacitor structure, for enbedded DRAM devi ces. The process 3 features
formng.a capacitor opening in a conposite insulator |ayer conprised of a
overlying insulator stop layer, a low k insulator |ayer, and an underlying
i nsul ator stop layer, with a lateral recess isotropically forned in the

|l ow k insulator layer. After formation of a bottom el ectrode structure in
the capacitor opening, a high k insulator layer is deposited followed by
t he deposition of a conductive layer, conpletely filling the capacitor
openi ng. A chem cal mechanical polishing procedure is then used to renove
portions of the conductive |layer, and portions of the high k insul ator

| ayer, fromthe top_ surface of the overlying insulator stop |ayer,

resul ting i FPYREIDARINSY & AREHEPEI CRPP MW LRPACFIEROSE? dawlétorn the
he. conduct LoET SRR Tod B8l PIPmAPBPECtRr L FEDE:  CH AT 1 mitHe i oh k
I nsul at or : , t e u , Y THE .

| WENT O THE st AR 0l 0 ShChhReEyEhg Wbl Far kMM (el Cprien

sem conduct r1dad.00f Al < iGWitkoferht ey, £aRHeIVLL ciPetdy i aldhikqokhe
formati on of high capacitance, less than 0.13 mcron netal-insul ator-netal

capaci tors,lagsnl AMmiStfarmatibl BEt &l bbBtekCODEEELSde f O rRttueMint @ROUS| Yy

usi ng danascene processing, elimnating an extra masking step.
capacitor opening, a high k insulator layer is deposited
followed by the deposition of a conductive layer, completely
filling the capacitor opening. A chemical mechanical
polishing procedure is then used to remove portions of the
conductive layer, and portions of the hiéh k insulator layer,
from the top surface of the overlying insulator stop layer,
resulting in the formation of the wvertical MIM capacitor
structure, in the capacitor opening, comprised of: a top
electrode structure, defined from the conductive layer; a

capacitor dielectric layer, formed from the high k insulator

layer; and a bottom electrode structure.

SUMMARY OF THE INVENTION
"This invention relates to a method of fabrication used
for semicondugtor integrated circuit devices, and more
specifically to the formation of high capacitance, less than
0.13 micron metal-insulator-metal capacitors, metal resistors
and metal interconnects, formed simultaneously using

damascene processing, eliminating an extra masking step.



Thi s new net hod, disclosed by the present invention, has the key advantage
of elimnating an extra masking step. This new nethod overcones sever al
current obstacles that exist in the fabricate M M capacitors in the BECL,
back end of line, nanely: (a) the use of two or nore photo-nasks to nake
<0.13um M M capacitors, (b) undul ated copper surfaces, when dielectrics
are deposited directly upon it, resulting in poor reliability, (c) for

di el ectric deposition directly on the bottom copper electrode plate, there
are particles generation concerns during etching, when attenpting an etch
stop on the bottomplate Cu/IMD |layers, and finally, (d) dishing during
CMP occurs when | arge copper MM plates are required, with subsequent
capaci t ance mat cH R'bHedhed TR sreRSPAt BYr Bhe Preasatodiriticgne bag |

t he ab t acl d.sinult ly. .f M itors, netal .
Fosi ators ohEP e YRR e PL S Bk MR EEHER JPAROEVE B dtfout.
The pr esentné@vn%\fﬂé&\ dwashes 2 539893&%&@@&9%%955@&4 qi'ilaOJ e@:i'\é't'v'ia
CapaCI tOI’, a neta resi st or, an copper I Nterconnec W Il ng an

el imnates @l 65dy:d SBRSKIMIY Ha@BoilkbrUSiAdchdesg@Ibimail UhLlordanggcene
processi ng and chem cal nechanical polishing, CMP. A brief outline of the

key processinmgiyi eps f alHeOwSsebelEowwoaprf abhe Dshdé e s reneatakepeni ngs and

other nmetal line openings in an internetal dielectric, |IMD. (MASK #1,

PHOTO #1) <0.13um MIM capacitors, (b) undulated copper surfaces, when
dielectrics are deposited directly upon it, resulting in poor
reliability, (c) for dielectric deposition directly on the
bottom copper electrode plate, there are particles generation
concerns during etching, when attempting an etch stop on the
bottom plate Cu/IMD layers, and finally, (d) dishing during
CMP occurs when large copper MIM plates are required, with
subsequent éapacitance matching problems. The new integrated
method over comes all the above obstacles and simultaneously

forms MIM capacitors, metal resistors and metal interconnects

using damascene processing throughout.

The present invention teaches a process for the
formation of a MIM capacitor, a metal resistor, and copper
BEOL interconnect wiring and eliminates an extra masking step
by using the combination of damascene processing and chemical
mechanical polishing, CMP. A brief outline of the key
processing steps follows below:

a) form bottom MIM trench openings and other metal line
openings in an intermetal dielectric, IMD.

(MASK #1, PHOTO #1)



with CW, form ng bottom M M and interconnects c¢) formshallow trench
openings in a thin IMD, over existing bottom M M and interconnects, sane
pattern as MASK #1. (MASK #1, PHOTO #2) d) form bottom plate barrier |ayers
in shallow trench openings and planarize surface by CWP. e) form high
dielectric constant insulator over thin IMD and patterned barrier |ayers.
f) formtop netal for MM top interconnects, netal resistors over high
di el ectric constant insulator. (MASK #2, PHOTO #3) This conpl etes the
formati on of the MM capacitor, the resistor part of the metal resistor,
and bottom_jnterconnection wring. TheQefore, i.n the above key processing
13 1 feow

steps, are 2ho TS PBR7OMIRI THTR PRt ME ISR 13 micron

etal - i nsul of QLo Al CARRCIAE S eolRL AL £8BLSh Uiy At MRl cdluigonnect s,

whi ch are ornme anedusly usFng anmascene processing,

el i mnating.pn £t &aHBIGNEraheR: opBRingEBh Nefn 0 B RRLLEHiRGing
i nvol ves encapsul ati on, packaging and electrical contact to the aboveé

devi ces. Thegedd 1M 01 iblteScpAhBELSN bamé eapitaaesss MASA 4iback end of
line, processing is primarily focused on encapsul ating the devices
(MASK #1, PHOTO #2)
d) fofm bottom plate barrier layers in shallow trench
openings and élanarize surface by CMP.
e) form high dielectric constant insulator over thin IMD and
patterned barrier layers.
f) form top metal for MIM, top interconnects, metal
resistors over high dielectric constant insulator.
(MASK #2, PHOTO #3)
This completes the formation of the MIM capacitor, the

resistor part of the metal resistor, and bottom

interconnection wiring.

Therefore, in the above key processing steps, are shown
the formation of high capacitance, less than 0.13 micron
metal-insulator-metal capacitors, metal resistors and metal
interconnects, which are all formed simultaneously using
damascene processing, eliminating an extra masking step. The
remainder of the processing involves encapsulation, packaging
and electrical contact to the above devices. Therefore, from
this point on in the process, BEOL, back end of line,
processing is primarily focused on encapsulating the devices

for electrical isoclation and packaging, and making electrical



t hrough contact vias and trenches to the MM capacitors and neta
resistors. The key parts of the MM capacitors and netal resistors have
been formed with only two photo masks and three photolithography
processing steps. This invention has been summari zed above and descri bed
with reference to the preferred enbodi nents. Sone processing details have
been omtted and are understood by those skilled in the art. Mre details
of this invention are stated in the "DESCRI PTION OF THE PREFERRED

EMBODI MENTS" section. BRI EF DESCRI PTI ON OF THE DRAW NGS The obj ect and

ot her advantages of this invention are best described in the preferred
enbodi ment scotarl dihmonghe coptacevaasaanddtoerehey ste e iMI¥f ude: FIGS. 1
through 3 are schematic cross-sectional representations of danmascene
processi ng, SIMATH T B BetRdr TegistAgfe Thedtey REMESERS M¥%s, and in

addi tion, can be any ¢ nvent Lonal ." tandﬁrd" BEQL L ntergconnect ﬁph ne.

FIGS. 4 thrOtRAE I S8 BRtrrc TePEEoER PRER oo T o B 1t Ev0
f d i t i i f 12

prererre ?{.ﬁ’&éﬂ MRS %fg]d QﬁrBEegﬁBEoﬁEﬂS&%&& eﬂé@is%n#;gs%% are

schemati c 0ss-sectlon represSentations sinmulta ormati on of
both the

This invention has been summarized above and described
with reference to the preferred embodiments. Some processing
details have been cmitted and are understood by those skilled
in the art. More details of this invention are stated in the

“DESCRIPTION OF THE PREFERRED EMBODIMENTS” section.

BRIEF DESCRIPTION OF THE DRAWINGS
The object and other advantages of this invention are
best described in the preferred embodiments with reference to

the attached drawings that include:

FIGS. 1 through 3 are schematic cross-sectional
representations of damascene processing, which can be either
a single or dual damascene process, and in addition, can be

any conventicnal “standard” BEOL interconnect scheme.

FIGS. 4 through 8 are schematic cross-secticnal
representations of preferred embodiments of the present

invention.



metal resistor and the MMtop plate el ectrode, and contact vias forned
therein, key preferred enbodi nents of the present invention. FIGS 13
through 16 are schenmatic cross-sectional ‘representations of preferred
enbodi ments of the present invention. DESCRI PTI ON OF THE PREFERRED

EMBODI MENTS This invention relates to a nethod of fabrication used for
sem conductor integrated circuit devices, and nore specifically to the
formati on of high capacitance, less than 0.13 mcron netal -insul ator-netal
capacitors, netal resistors and netal interconnects, fornmed sinultaneously
using only one additional mask reticle to formboth MM capacitor and
resistor, sinultaneously. This new nethod, disclosed by the present

i nvention, has FEI kéy tduvmghadl efreckbichematingeceesextectimmeldi ng step.
This new nethod overcones several current obstacles that_exist in the
fabricate MepeesrRtatans of fdepedpulfaerovndfernatiren ofhdndhy th@d) t he
use of two or npre photo-nasks_to_make <O, 13umMMc%$aC|tors

undul at efj C’B‘b*fj%]r SRR, a”\ﬂlné:r"?e lHﬁIEI EEPrP?:@tﬁr%lﬂ‘lé% ¢ e IR a3‘7"':upon
it, resulti n?"'r‘] cgoor 1_:r\&_eJ:.nl a?‘Fé’l;tP gck?at%mg?ﬁ ectrl cfpl oslﬁtrleosré £

di rectly on om copper e ere are par
generation ;gconcesns during etching, when attenpting an etch stop on the

FIGS. 13 through 16 are schematic cross-sectional
representations of preferred embodiments of the present

‘invention.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
This invention relates to a method of fabrication used
for semiconductor integrated circuit devices, and more
specifically to the formation of high capacitance, less than
0.13 micron metal—insulator-metai capacitors, metal resistors
and metal interconnects, formed simultaneocusly using only one
additional mask reticle to form both MIM capacitor and

resistor, simultaneocusly.

This new method, disclosed by the present invention, has
the key advantage of eliminating an extra masking step. This
new method overcomes several current 6bstacles that exist in
the fabricate MIM capacitors in the BEOL, back end of line,
namely: (a) the use of two or more photo-masks to make
<0.13um MIM capacitors, (b) undulated copper surfaces, when

dielectrics are deposited directly upon it, resulting in poor



bottom plate Cu/IMD | ayers, and finally, (d) dishing during 'CVP occurs
when | arge copper MM plates are required, with subsequent capacitance
mat chi ng probl ens. The new i ntegrated nethod over cones all the above
obstacl es and sinultaneously fornms MM capacitors, netal resistors and
metal interconnects wusing damascene processing throughout. Wth reference
to Figs. 1 through 3, these sketches are schematic cross-sectional
representati ons of damascene processing, which can be either a single or
dual damascene process. In addition, Figs. 1 through 3 can be any
conventional "standard" BECL interconnect schene. Referring to Fig. 1,
which in cross-sectional representation illustrates the nask and

patterni ng v&laabilNDy, i (Wer foraldidilecérici depagition climyahly subtbeuent

M M bottom_ plate (shown in Fig. 3), of a netal-insulator-nmetal capacitor,
as wel | as,Poter corRay slecdredenedatai r there| are Lavfnles gemenatignt o
Fig. 1, Photo MASK #1 fornms the patfern of photoresist 6 (PHOTO STEP #1),
for the subSERERFTRS FHMA ishTRdPo r ¥RERLEESHBHIRT | 3P ik Atopred kst rate

2in Fig Jlis a 1 C ?%ﬂﬂ” substrat Lt h, acti deyi ce therein and
provi ded wil??légonmip?\]ga{ﬁeag& §HPay &Y <57 d 3§/’§r¥%‘§a%'ﬁ%‘r egcrf?. I\%"r%‘cﬁ"\?gr, il
sen conduct §p S&@éﬂé%éxﬁ&}a Scoﬁﬁgkcﬁﬁﬂ%%%e%eé’ﬁferﬁs&dilﬁ%&{r Githuch as
gate el ectrodes and source/drain regions ahd nmultiple [evels of netal
subsequent capacitance matching problems. The new integrated
method over comes all the above cbstacles and simultaneously

forms MIM capacitors, metal resistors and metal interconnects

using damascene processing throughout.

With reference to Figs. 1 through 3, these sketches are
schematic cross-sectional representations of damascene
processing, which can be either a single or dual damascene
process. In addition, Figs. 1 through 3 can be any

conventional “standard” BECQCL interconnect scheme.

Referring to Fig. 1, which in cross-sectional
representation illustrates the)mask and patterning of an IMD,
intermetal dielectric layer, to form a subsequent MIM bottom
rlate {(shown in Fig. 3), of a metal-insulator-metal
capacitor, as well as, others metal interconnect wiring
lines. Again, referring to Fig. 1, Photo MASK #1 forms the
pattern of photoresist 6 (PHOTO STEP #1), for the subsequent
formation of trenches (shown in Fig. 2). The substrate 2 in

Fig. 1 is a semiconductor substrate with active device

therein and provided with an insulating layer or layer



I nterconnections. An internetal dielectric layer 4, IMD, is deposited on
the substrate. Photo resist 6 is deposited and patterned over the
intermetal dielectric layer 4. Referring to Fig. 2, which in
cross-sectional representation illustrates the formation of trenches or
trench openings 7. This is acconplished by anisotropically etching the
internmetal dielectric layer 4, in the exposed regions, as shown by the
photoresist 6 patterned in Fig. 1. Referring to Fig. 3, which in
cross-sectional representation illustrates the formati on of bottom copper
metal electrode plates, in MMcapacitors, as well as, other copper netal
I nterconnection lines and wiring. First a netal diffusion barrier |ayer 8
i s deposi t etheyeen ; Morgnwanveitthie sgmicendnrtorayubstrabrl inakuddse substrate
2. This barrier layer 8 is very thin and difficult to illustrate. Next, a
thin copperSEBEPRE OB da¥igey SEUEFIEFEr SPAR BRrFRER $1BRNTrodemasd t wo

aforenentionedrlay rs, barr.ier %§%-Seig'|?§ei arﬁ tgin qgf difficult to
i |1 ustrate. SRBXTS/ THI ¢k S 5eF° PAVeM16P PERETF ohedMi®t 1y plated on the
copper seed; ] : e 0R h I@ND, Thi s
excess copﬁ%?é%%%le f'rc??lnt gggglgg %%e{h%ggﬁgﬁéggg%ﬂeg’sge ’arﬁ -10

barrier matgehddstedYorP| A dutAltrAReUSPRGLENBELERE SELhAUULA 1 0k N,
CWP. By this CWP process, bottom copper netal electrode plates and
I Nt er connecpattetmsl adveed i@ dntermetal dielectric layer 4.

Referring to Fig. 2, which in cross-sectional
representation illustrates the formation of trenches or
trench copenings 7. This is accomplished by anisotropically
etching the intermetal dielectric layer 4, in the exposed

regions, as shown by the photoresist 6 patterned in Fig. 1.

Referring to Fig. 3, which in cross-sectional
representation illustrates the formation of bottom copper
metal electrode plates, in MIM caﬁacitors, as well as, other
copper maetal interconnection lines and wiring. First a metal
diffusion barrier layer 8 is deposited over the intermetal
dielectric layer 4 and over the substrate 2. This barrier
layer 8 is very thin and difficult to illustrate. Next, a
thin copper seed layer 8 is deposited over the barrier layer.
?hese twe aforementioned layers, barrier and seed layer are
thin and difficult to illustrate. Next, thick copper layer 10
is electrochemically plated on the copper seed forming an
excess of copper on the surface on the IMD. This excess

copper is removed from the surface, as well as, the seed and

-10-



There are many nethods that can be applied to formthe first netal

el ectrode layer, 10, in Fig. 3. The first netal electrode |ayer can be

sel ected fromgroup consisting of metals and netal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta, TaN, Al Cu, A, Ti
and W formng a MMbottom netal plate deposited by follow ng nethods
dependi ng on the aspect ratio of trenches, selected fromthe group

consi sting of electrochem cal plating, chem cal vapor deposition CVD,
physi cal vapor deposition PVD, atomc |ayer deposition ALD, and nol ecul ar
beam epi taxy chem cal vapor deposition MOCVD, and deposited in a thickness
ranging fromtens to thousands of Angstrons. Referring to Fig. 4, which in
cross- sect i BiaFier dipterdalst HF PlLRrRerizRrEioR Hasing chaniqal mechand st a
thin 1M, 14 jnternet di_el ect.ri ayer, to forma subsequent _shall ow
{renches. 189 bR Rhe (4R o R SR B Fak b Fhensd, ' B5 TR ek Bieat 0 | o
Fig. 4, Pho N%gﬁ, [ ' t . pho i 6 (PHOTO STEP
#2), for tﬁgﬂiu seéﬁéﬁfﬁx#§%%%f?%%ggkggﬁggfoﬁ%?%é%é%%%qﬁgﬁ%ﬁ% in Fig. 5).
First, a thin internetal dielectric layer 14, IMD, is deposited over the
interlevel dielectric |ayer 4 and over the copper -11 assenbly |ayers 12,
whi ch consi sts ofhéid rdxf masgethedR8dshtEKt SopsE . apgladditd isdrer ARkal

dielectric layer 14, IMD, is conprised of a thickness range between 500 to
2,000 first metal electrode layer, 10, in Fig. 3. The first metal
electrode layer can be selected from group consisting of
metals and metal alloys with high conductivity, such as,
copper, copper alloys, TiN, Ta, TaN, AlCu, Al, Ti and W
forming a MIM bottom metal piate deposited by following
methods depending on the aspect ratio of trenches, selected
from the group consisting of electrochemical plating,
chemical vapor depeosition CVD, physical vapor deposition PVD,
atomic layer deposition ALD, and molecular beam epitaxy

chemical vapor deposition MOCVD, and deposited in a thickness

ranging from tens to thousands of Angstroms.

Referring to Fig. 4, which in cross-sectional
representatioﬁ illustrates the mask and patterning of a thin
IMD, 14 intermetal dielectric layer, to form a subsequent
shallow trenches 18, or trench copenings (shown in Fig. 5).
Again, referring to Fig. 4, Photo MASK #i is used again to
pattern photoresist 16 (PHOTO STEP #2), for the subsequent
formation of shallow trenches {shown in Fig. 5). First, a
thin intermetal dielectric layer 14, IMD, is deposited over

the interlevel dielectric layer 4 and over the copper

-11-



Angstronms. Next, photo resist 16 is deposited and patterned (duplicating
the photo resist pattern shown in Fig. 1) over specific regions of the
intermetal dielectric |ayer 4, and thus exposing specific regions of the
thin internmetal dielectric |ayer which are over copper 12 regions, for
subsequent isotropic etching, as shown in Fig. 5. A special note with
regard to possible mask m salignnment in the above processing step, that

is, inreference to Fig. 4, Photo MASK #1 that is used again to pattern
photoresist 16 (PHOTO STEP #2), for the subsequent formation of shall ow
trenches, shown in Fig. 5. Note, that an oversized nmask is preferred to an

undersi zed mask because an undersized mask results in narrow netal Iines,
possi bl y af fEEePhly davers Ior MbdsBncensishevef  barrher al s¢rd dfichgdhdetkect s
are a concern, then an undersized mask is preferred. In conclusjon, if

mask m sal i GARRRT - i % YUt erFer@stih AfedeerEicelaver thlier¥™e in be
hi b | diff t Ki 1L ependi ng on
ol octrical SoMrTLIh e S GHGIREE Minok BATHEER RO of? o e200r b neede

el ectrical € requirenents. cT®es are needed for

this  step.adhecHoRe! NedBSorUtISkines 62150488l ZEed CUAEA Glhedr® >0- 2

m crons per sitde, and undersize features can | m crons per side.
12_ Referriageliicdtihg ihd\l?ﬂtﬁtol Re@i8tSpateliRNShowd eiX 6SEN! al)l Qrer
o

illustrates the formation shal | ow trenches
specific regions of the intermetal dielectric layer 4, and
thus exposing specific regions of the thin intermetal
dielectric layer which are over copper 12 regions, for
subsequent isotropic etching, as shown in Fig. 5.

A special note with regard to possible mask misalignment
in the above processing step, that is, in reference to Fig.
4, Photo MASK #1 that is used again to pattern photoresist 16
(PHOTC STEP #2), for the subsequent formation of shallow
trenches, shown in Fig. 5. Note, that an oversized mask is
preferred to an undersized mask because an undersized mask
results in narrow metal lines, possibly affecting device
performance. However, if metal bridging defects are a
concern, then an undersized mask is preferred. In conclusion,
if mask misalignment is a concern, slightly oversize or
undersize can be achieve by applying different masking
exposure conditions, depending on electrical device
requirements. Note, no addition reticles are needed for this
step. The general mask guidelines are: oversize features can

be >0.2 microns per side, and undersize features can be <0.2 .

microns per side.
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18, or shallow trench openings, in the thin internetal dielectric |ayer
14. This is acconplished by .anisotropically etching the thin internetal
dielectric layer 14, in the exposed regions, as shown by the photoresist
16 patterned in Fig. 4. Again, referring to Fig. 5 the etching process
stops on the exposed copper 12 regions, fully formng the shall ow
trenches 18, or shallow trench openings. Referring to Fig. 6, which in
cross-sectional representation illustrates several key processing steps of
the present invention. Thin bottomplate barriers 20 are forned in the
shal | ow trench openi ngs. These barriers are deposited over thin internetal
dielectric layer 14 and over the exposed copper assenbly 12. The surface
of the internet defeprdingctto EiPayér YBifR PR PEPFTHRHPAWRENi cal nmechani cal
polish, CwP, and the barrhgr naterialghs renoved fromthe surface_formng

inlaid bar TSP RO fe185hpereds5afvt gFmablomrt shaddras ropchrs

barrier 20 ter_ chem.cal .nmechanical . _polishi 1S approxi mtely |ess
t han 500 Anisgs’t roornssqilarr?lotw h ité: rlliggs ?P?ﬁénggf r%%r%y%ﬁ} st"e ecett@(y} fromthe

group consifdidiLfe -E.%’yeél 14W TRl 5 di %c&ﬂﬂl{@@& §T3} Qa{is%rterosagﬂ%gg:gi bl e

with copper interconnect process flow The barrier [ayer can ( sited
by follow ngdmidipdse @liactiadebnethlt BecDEOLP: & M)t i1, Al @pgni cal vapor

deposition CVD, -13 physical vapor deposition PVD, atom c |ayer deposition
ALD, exposed regions, as shown by the photoresist 16 patterned in
Fig. 4. Again, referring to Fig. 5, the etching process stops

on the exposed copper 12 regions, fully forming the shallow

trenches 18, or shallow trench openings.

Referring to Fig. 6, which in cross-sectional
representation illustrates several key processing steps of
the present invention. Thin bottom plate barriers 20 are
formed in the shallow trench openings. These barriers are
deposited over thin intermetal dielectric layer 14 and over
the exposed copper assembly 12. The surface of the intermetal
dielectriq layer 14 is planarized by chemical mechanical
polish, CMP, and the barrier material is removed from the
surface forming inlaid barriers 20 over the copper assembly
12. The thickness of the barrier 20 after chemical mechanical
polishing, CMP, is approximately less than 500 Angstroms in
thickness. The barrier layer is selected from the group
consisting of Ta, Al, W, TaN, TiN, and metals that are
compatible with copper interconnect process flow. The barrier
layer can be deposited by following methods, selected from

the group consisting of chemical vapor deposition CVD,
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and nol ecul ar beam epi taxy chem cal vapor deposition MOCVD, deposited in a
t hi ckness range from 500 to 2000 Angstrons. The mai n advant ages of the
above barrier |ayer 20, are the following: a) the bottom copper plate

el ectrodes and copper interconnection wiring |ayer are made pl anar by the
barrier layer 20, thus avoiding a del eterious, undul ated copper surface,

c) in subsequent top plate MMetches, all the bottom copper netal is
protected by the barrier |layer 20, thus avoiding potential particle

probl ens, d) the MM capacitor and subsequent netal resistor is formed at
Cu BEOL by using only one extra mask. Referring to Fig. 7A, which in
cross-sectional representation illustrates the deposition of the MM high
K di el ect rPeysbeak i wapax dapqpitdionl VD i steshst havedi d¢pestitieon MUl at or
and the deposition of the MMtaop plate netal electrode 24. The MM high
K di el ect ri @FretRtelan beaamy ePifagie ChePicRbnRBRAT WRIT I MATP at or

formng the, capacitor_ dielectric insulatqQr w hj gh, di el ectric constant
mat eri al ordﬁ%?gﬁ%‘% s & SV ETES 5 FB‘Wthrﬁ?‘oégo C%%nggéqe@gqﬁr%%,

Hf 02, ZrO2, Ti 2, A1203, SiN, SiC, and TaON, fornmed by Atom c Layering
Chem cal Vapor Deposition techniques, ALCVD, with thickness ranging from

tens to thousandfhdfma ANV TRagesNder theWabSGREh AL & JBRASI PN are
conditions. The -14 |

the following: a) the bottom copper plate electrodes and
copper interconnection wiring layer are made planar by the
barrier layer 20, thus avoiding a deleterious, undulated
copper surface, ¢} in subsequent top plate MIM etches, all
the bottom copper metal is protected by the barrier layer 20,
thus aveiding potential particle problems, d) the MIM
capacitor and subsequent metal resistor is formed at Cu BEOL

by using only one extra mask.

Referring to Fig. 7A, which in cross-sectional
representation illustrates the deposition of the MIM, high K
dielectric material 22, high dielectric constant dielectric
insulator and the deposition of the MIM top plate metal
electrode 24. The MIM, high K dielectric material 22, high
dielectric constant dielectric insulator forming the
capacitor dielectric insulator with high dielectric constant
material or materials is selected from the group consisting
of Tay0s5, HfO,, Zr0O;, TiO:, Al,03;, SiN, S8iC, and TaON, formed
by Atomic Layering Chemical Vapor Deposition techniques,
ATCVD, with thickness ranging from tens to thousands of

Angstroms, under low temperature deposition conditions. The
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MMtop plate netal electrode 24 is selected fromthe group consisting of
copper, copper alloys, TiN Ta, TaN, AlCu, Al, Ti and W The process
sequence is as follows: Firstly, deposit the MM high K dielectric

material 22, high dielectric constant dielectric insulator over the
patterned thin internetal dielectric |ayer 14, IND, and the patterned
barrier layer 20. Secondly, deposit the MMtop plate netal electrode 24
over the MM high Kdielectric material 22. Referring to Fig. 7B, which in
cross-sectional representation illustrates an option process step, nanely,
the deposition of: the MM high Kdielectric material 22, high dielectric
constant dielectric insulator, the deposition of the MMtop plate netal

el ectrode 2™ tRp Riahf AetadpelesirodecRésispselgetedstremjdy wagdugver t he
MMtop plate metal el ectrode 24. This gditional optional etch stop |ayer
25 may be rERFHEFIDOT SRS i FGPPRE §g ggﬁue?:ﬂ'Nviga-etW' KGR Be to

di ff | | ght d by MMt tal electrode 24.
ur ther mor o= RIS Edile desetaotedatied 1R er R EHET 55 < cel oot

Furt her nor e, optl € op Tayer' 25 is selected from

the group £ORSESS] NEbdYsid Nned | fra ¥ khal by ckpes ARPIYBX |y
100 to 1000 Angsﬁorrs.ﬁg'lghlus gp?t iﬁgﬁgl Gé?iénhks‘ti%%i%s re%uniflarre :ﬁﬁl t’hgﬂgﬁ
subsequent &igl&dedislaritant nishethe: M Mtepapbat Sverblidl fldehhade and a

subsequent thick IND, internetal dielectric |ayer, is poor. -15
thin intermetal dielectric layer 14, IMD, and the patterned
barrier layer 20. Secondly, deposit the MIM top plate metal

electrode 24 over the MIM, high K dielectric material 22.

Referring to Fig. 7B, which in cross-sectional
representation illustrates an option process step, namely,
the deposition of: the MIM, high K dielectric material 22,
high dielectric constant dielectrie insulator, the deposition
of the MIM top plate metal electrode 24, including an
optional etch stop layer 25, deposited over the MIM top plate
metal electrode 24. This additional optional etch stop layer
25 may be required for controlling the subsequent via-etch-
stop, due to differences in step height caused by MIM top
plate metal electrode 24. Furthermore, this additional
optional etch stop layer 25 is selected from the group
consisting of SiN, and SiC, with thickness from approximately
100 to 1000 Angstroms. Thus optional etch stop is required:
if the subsequent via etch selectivity of the MIM top plate
metal electrode and a subsequent thick IMD, intermetal

dielectric layer, is poor.
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Referr| ng to Fig. 8, V\:hl ch in cross- sectlonal representation illustrates
the mask and patterning of photoresist 26 to formthe top MM plate

el ectrodes and the nmetal resistor, R fromthe top the MMtop plate netal
el ectrode material 24, continuing with the standard process of the present
I nvention, as shown in Fig. 7A. Firstly, photoresist 24 is fornmed and
patterned over the top MM electrode material 24. This is MASK #2, PHOTO
STEP #3, in the process. Wth reference to Figs. 9 through 12, these
sketches are schematic cross-sectional representations of the sinultaneous
formati on of both the netal resistor and the MMtop plate electrode. In
addition, contact vias to these devices are fornmed therein. Note, these
are key preferr RFFERFOIRDER Figh 8y hehprsehtcresatRediianedt are descri bed

in detail below Referrin ich in cross-sectional

repr esent at’f%ﬁf‘ﬁ?’tﬁ%‘eglﬁﬁé#g?ﬁnﬁﬁhf%% TYPH BTN & ectrodes and
top net al N | | the | ayer ar

degi gnat ed %‘% ctt 2\r?ét al %Fem S é o 9ﬁi%2yp T2 S ‘% £ tglnl’clii n§e| S

acconpl i sheghduy L&%g?.gséotie RthEQﬁeﬁhéttgﬁ ﬁ@étﬁfﬂ'% ﬁﬁ Imefgiand etching
the exposed netal, and f'urthernmore, stopping the etch on ﬁne KI'M high K

dielectric étﬁéﬁ:&c&ie ZhtedSaihown bBntiguify JiS Mﬁr@%mﬁ Eseot;aég&t i on
of the H M capacitor 28, the resistor part of -16
of the present invention, as shown in Fig. 7A. Firstly,
prhotoresist 24 is formed and patterned over the top MIM
electrode material 24. This is MASK #2, PHOTO STEP #3, in the

process,

With reference to Figs. 9 through 12, these sketches are
schematic cross—-sectional representations of the simultaneocus
formation of both the metal resistor and the MIM top plate
electrode. In addition, contact wvias tec these devices are
formed therein. Note, these are key preferred embodiments of

the present invention that are described in detail below.

Referring to Fig. 9, which in cross-sectional
representation illustrates the forming of the top metal MIM
electrodes and top metal interconnect wiring, for simplicity
the metal layers are designated 28, and the metal resistor
29, R. This metal patterning is accomplished by using the
Photoresist 26 patterning in Fig. 8, and etching the exposed
metal, and furthermore, stopping the etch on the MIM, high K
dielectric material 22, as shown in Fig. 9. This completes

the formation of the MIM capacitor 28, the resistor part of
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I the nmetal resistor 29, and bottominterconnection wiring. As an
alternate or optional processing etch step, a one-step etch may be
performed by etching away both the exposed netal and the high dielectric,
and over-etching mdway through the thin internetal dielectric |ayer 14,
In the exposed regions. Both oversize or undersize sides or features of
the MMtop plate may be required, depending on electrical design

consi derations. There are many methods that can be applied to formthe
second netal electrode |layer, 28, in Fig. 9, and simltaneously, the netal
resistor 29. An inportant aspect of the present invention nmethod is that
the schene described herein allows for great flexibility in the choice of
both the dthéecsetik xgaiistsimal2%,oandobhtthe ihietropnmeetiomn vzt ivg .métsal
resistor. The second netal electrode |ayer and netal resistor can be

sel ected frdm @;%E%ﬂ%‘éﬁ]s%tqﬂﬁwlnﬁra%sahagnﬁ?ah SEEP 0ys WQIFUFRYh
conductivit uch s er alloys, TiN. Ta, TaN, Al Cu, A, Ti
and W f or mi BESB W '%%edp%%p StabiBg; PRAY Lot Hisy PSR BiRtar
dependi ng o h ct ti che | cted fromt Qrou

coP\si sti%g Qné E?e(a:lflp ch%lrﬁ%'ca dt 5%% jémg'galls v orcrl ofg} rﬂ?f %@6

physi cal vappsn depasidd Qi %\_{Qle%tt%hclh%&@rlaepgé'{ﬂ@% e(f% lecul ar

beam epi taxy chemical vapor deposition and deposite Ji'ckness
rangi ng fropotRnNSvéssitwusitddersize sides or features of the MIM top

prlate may be required, depending on electrical design

considerations.

<.
N

There are many methods that can be applied to form the
second metal electrode layer, 28, in Fig. 9, and
simultaneously, the metal resistor 29. An important aspect of
the present invention method is that the scheme described
herein allows for great flexibility in the choice of both the
dielectric and metal for both the MIM top plate and the metal
resistor. The second metal electrode layer and metal resistor
can be selected from group consisting of metals and metal
alloys with high conductivity, such as, copper, copper
alloys, TiN, Ta, TaN, AlCu, Al, Ti and W forming a MIM top
metal plate deposited by following methods depending on the
aspect ratio of trenches, selected from the group consisting
of electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition ALD,
and molecular beam epitaxy chemical vapor deposition MOCVD,
and deposited in a thickness ranging from tens to thousands

of Angstroms.
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of Angstrons. -17 Wth the conpletion of the formation of the MM
capacitor and the resistor part of the netal resistor, the follow ng
process step involve encapsul ati on, packaging and electrical contact to
t he above devices. Therefore, fromthis point on in the process, BECQ,
back end of line, processing is primarily focused on encapsul ating the
devices for electrical isolation and packaging, and making el ectri cal
contact through contact vias and trenches to the MM capacitors and neta
resistors. The key parts of the MM capacitors and netal resistors have
been formed with only two photo masks and three photolithography
processing steps. Referring to Fig. 10, which in cross-sectional

representation illustrates the deposition of a thick IMD, internetal
dielectric layer_ 3 er th metal MM el ectrodes .and top met a
i nt er connect wi ﬁé% ﬁ%ﬁ’ F & Py°tt Keenbemratign f e ¢ gnat ed 28.

The purpose%%aélmﬁga%g;a(ttﬁe rég%_ggéerrret ‘?Jt dfe{ﬂg‘actrl C Jlra er, :iio i $1L0

flatten or P € sur e op EAS edtro&és and

top netal fﬁﬂn&‘}%‘]%cﬂs 'Qgepdgﬁ’vgﬂ@éegnnggsa_m:{ﬂClivécjl@s éngggﬁ met al

dielectric layer 3 Is a lowdrelectric co ant mat'e from
the group comsdtdildid ontdch, tS Ghe SBbHeOdeel 8sS. SNardto aTrRncRRaCed

TECS, tetraethoxysilane deposition, halogenated SiO fluorinated silicate
gl ass FSG peint on in the process, BEOL, back end of line, processing

is primarily focused on encapsulating the devices for

electrical isolation and packaging, and making electrical

contact through contact wvias and trenches to the MIM

capacitors and metal resistors. The key parts of the MIM

capacitors and metal resistors have been formed with only two

photc masks and three photolithography processing steps.

Referring to Fig. 10, which in cross-sectional
representation illustrates the deposition of a thick IMD,
intermetal dielectric layer 30, over the top metal MIM
electrodes and top metal interconnect wiring, for simplicity
the metal layers are designated 28. The purpose of the thick
IMD, intermetal dielectric lajer 30, is to flatten or make
planar the surface over the top metal MIM electrodes and top
metal interconnect wiring, designated 28. The thick IMD,
intermetal dielectric layer 30, is a low dielectric constant
material selected from the group consisting of: SiN, SioO,
spin-on~glass SOG, PE plasma enhanced TEOS, tetraethoxysilane
deposition, halogenated Si0O, fluorinated silicate glass FSG,

CORAL, black diamond, deposited by the following methods
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CORAL, bl ack di amond, deposited by the foll owi ng methods -18 selected from

the group consisting of electrochemcal plating, chem cal vapor deposition
CVD, physical vapor deposition PVD, atonmic |ayer deposition ALD, and

nol ecul ar beam epitaxy chem cal vapor deposition MOCVD, and deposited in
a thickness ranging from 1000 to 10000 Angstrons. The thick |MD,

internmetal dielectric layer 30, is planarized by chem cal nechani cal
polishing, CWP, and the planar surface is illustrated in the next figure,
Fig. 11. Note, that this planarization step described above is not

requi red when the topography introduced by the MMtop plate and netal
resistor 1is slight, and does not cause topographé%gtep hei ght  probl ens

with subse ctad daom Shepgroypc FoRsiskang of, etasreodhaicaland net al
fill. Referrjng to Fig. .11, which in cross-sectional representation

11 ust r at P IHEIRsIGTRPERT F2POE: APRGSOFLOBHOYDr CRESIoBL “ARCh wi || form
vi a openi ngs.. Note, t expased photoresist.reaqi are aligned. w.th

devi ce fea?‘?J'?Pe%Sl%leﬂnow. hg;&é’mé%pgggarrge %ﬁjéjéﬁgxi‘l or TSt B ¥ cont act

vias in the,shbseauenty ehehithePyabbkUabpal et b i S %nq fd lafs%e:éi g. 12.

The photoresist I's forned over the  planarized thick | I nt érnet a
dielectric imyertni®knbisS rangRnhgs epbmt DE0d his d1 OBEKi Ay A¥brid1e Thiaur t h phot o

step, MASK #3, PHOTO STEP #4.
thick IMD, intermetal dielectric layer 30, is planarized by
qhemical mechanical polishing, CMP, and the planar surface is
illustrated in the next figure, Fig. 1l1. Note, that this
Planarization step described above is not required when the
topography introduced by the MIM top plate and metal resistor
is slight, and does not cause topography step height problems

with subsequent preocess steps, such as, masking, oxide etch,

and metal £ill.

Referring to Fig. 11, which in cross-—-sectional
representation illustrates the masking and patterning of
photoresist 32, which will form via openings. Note, the
exposed photoresist regions are aligned with device features
below. These exposed regions will form electrical contact
vias in the subsequent etch step, illustrated in the next
figure, Fig. 12. The photoresist is formed over the
planarized thick IMD, intermetal dielectric layer 30. This
represent the third masking and the fourth photo step, MASK

#3, PHOTO STEP #4.
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illustrates the reactive ion dry etching of the contact via openings 34.
Again note, that the exposed photoresist regions were aligned with device
features below. Now, after etching, exposed regions will formcontact via
openings 34 to the device features below. All the contact via openings 34
are "enpty" and cleared during etching due to the etch selectivity

di fference between the netal and low k dielectric nmaterial. The vias depth
differences at MM capacitor and norrmal netal |ines are not a problem
Note, sone via openings during etching, etch stop at or on the MM bottom
plate's barrier |ayer 20. Referring to Fig._13, whi ch in cross-sectional

representation iFHREFRE LY FESnerf sEPIGR PR OCERTFIRAHPEL the filling

of the via openings, wi.th harrier | ayer, and copper . netal, the barrier and
copper net afg et ortaa\,)éslsc'é1 JUEERER t%BESEe?%E TontHtt aestcﬁ'ﬁntgm?ft op MM

el ectrode. ¢Not & Al kA | %&n'ggsggglf;%ﬂnmoééeta% Vife Ulisell©

barrier and copper metal set or esi gnat ed: rcontact vias to
the top netghotSedHilal RIAEN0URra8a128Hel0h1 tk MAlde Wt BR1BGL L OM

metal resistor electrodes 40 and 42, respectively. Referring to Fig. 14,

whi ch in crise, seftidwrAlching, exposed regions will form contact via
openings 34 to the device features below. All the contact via
openings 34 are “empty’” and cleared during etching due to the
etch selectivity difference between the metal and low k
dielectric material. The vias depth differences at MIM
capacitor and normal metal lines are not a problem. Note,

some via openings during etching, etch stop at or on the MIM

bottom plate’s barrier layer 20.

Referring to Fig. 13, which in cross-sectional
representation illustrates the next set of processing steps,
the filling of the via opegings with barrier layer and copper
metal, the barrier and copper metal.set or assembly
designated 36 for contact wvias to the top MIM electrocde.
Note, barrier layer is too thin to sketch into vias. The
barrier and copper metal set or assembly designated: for
contact wvias to the top metal resistor electrode 38, and for
contact vias to the bottom metal resistor electrodes 40 and

42, respectively.

Referring to Fig. 14, which in cross-sectiocnal

representation illustrates the next set of processing steps
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representation illustrates the next set of processing steps -20 i in the
BECOL, the deposition of athick IMD, internetal dielectric |ayer 44.

Phot oresi st 46 is masked and patterned over the thick |I MD, internetal
dielectric layer 44, for the purpose of formng trench openings in the
intermetal dielectric layer in subsequent process steps. This marks the
approach of the final processing steps, nanely the subsequent filling of
the trench openings with top nmetal lines. The thick IND, internetal
dielectric layer 44, is a low dielectric constant nmaterial selected from
the group consisting of: SIN, SiO spin-on-glass SOG PE plasma enhanced
TEQCS, tetraethoxysilane deposition, halogenated SiO fluorinated silicate
gl ass FSG Jaorfie BHROIgk thgi dapaditienosf tadtipick HAMF olindwizmg tadt hods
selected fromthe _group consisting of electrochem cal platin chem cal

vapor depdsitlsstragplagrystéal Phaperetpbstt i oh ek red @agé?ﬁﬁe‘i
deposition‘ﬁLD %9 gﬁlicgbﬁr begn1e$gt§§¥agﬁeniqaldégpor deposi tj on
MOCVD, and W&o e diti<a Ry ckRESERTEbi TR h g d$ 4 0 T PRotRENds of
(RGET B58, EBRRERETLEPLOR oLBiIAL: TR oo st
posi ti ve/ negatietdrict 2al,B8 QHOEQBEé&één@%Hbé:ééJ-s%)s These akexb! fRb
phot ol i t hogr aphy processing steps, fhus formation of MM
approach of the final processing steps, namely the subsequent
filling of the trench openings with top metal lines. The
thick IMD, intermetal dielectric layer 44, is a low
dielectric constant material selected from the group
consisting of: SiN, SiO, spin-on-glass SOG, PE plasma
enhanced TEOS, tetraethoxysilaﬁe deposition,
halogenated Si0O, fluorinated silicate glass FSG, CORAL, black
diamond, depecsited by the following methods selected £from the
group consisting of electrochemical plating, chemical vapox
deposition CVD, physical vapor deposition PVD, atomic layer
deposition ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging from
hundreds to thousands of Angstroms. This step represents the
fourth mask and the fifth photo step, MASK #4, PHOTO STEP #5
(Note, the opposite photoresist pattern, positive/negative,
to the photoresist 26 in Fig. 8.) These are final
photolithography processing steps, thus formation of MIM

capacitor, metal resistor, and copper BEQL interconnect

wiring is accomplished by using only one extra mask.
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capacitor, metal resistor, and copper BEOL interconnect wring is
acconpl i shed by using only one extra mask. -21 Referring to Fig. 15, which
in cross-sectional representation illustrates the formng of the trench
openings 48 by etching the internetal dielectric |layer 44. Subsequently,
t hese trench openings 48 are to filled with top netal formng top netal
lines. Referring to Fig. 16, which in cross-sectional representation
illustrates the filling of the trench openings wth barrier |ayers 49
lining the trenches and copper netal contact trenches 50, 52 and 54. The
copper metal contact trenches 50 contact vias to opposite ends of a top
nmetal resistor. The copper netal contact trench 52 contact vias to top
netal M M capaciRefextind risddigrhd SeoppérhninaFresstsettianainches 54
contact vias to bottomnetal interconnect wiring. _Thus, formation of a MM

capaci tor, EEREERIFOTRSI orlluntdatespser EEEElPﬁt%¥CEM%éEEeWﬁh|qa?Q¥§gs
l'ish | t k., Anoth t t

2pp | bat oniBr us”?’e& o AGeriesAt S horhrLe bttt ddoui ts & nat 3;e

anti -fuse g&ﬂé%ﬁ@ r|| ﬁleq-'.éart%;@ ggglg L%@r r% to F:F%.eci 1% q: g

fuse deV|ce ator-neta paC| FHor el

“open” cCircHitabtfdBnirdp Fp@g@gutqanegbmever after a hi gh breakdomn
vol tage or high breakdomm

Referring to Fig. 16, which in cross-sectional
representation illustrates the filling of the trench openings
with barrier layers 49 lining the trenches and copper metal
contact trenches 50, 52 and 54. The copper metal contact
trenches 50 contact vias to opposite ends of a top metal
resistor. The copper metal contact trench 52 contact vias to
top metal MIM capacitor electrode. The copper metal contact
trenches 54 contact vias to bottom metal interconnect wiring.
Thus, formation of a MIM capacitor, a metal resistor, and
copper BEOL interconnect wiring is accomplished by using only

one extra mask.

Another important capacitor application of the present
invention is in integrated circuits that use anti-fuse
devices, in field-programmable gate arrays, FPGA. In an anti-
fuse device, a metal-insulator-metal capacitor, MIM, is
normally in ah “open” circuit state, as a capacitor. However,
after a high breakdown voltage or high breakdown field is
applied to the capacitor, the capacitor’s dielectric breaks

down and changes to an irreversible “short” circuit state, or
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applied to the capacitor, the capacitor's dielectric breaks down and
changes.to an irreversible "short" circuit state, or -22 closed contact
device. Therefore, the anti-fuse, M Mdevice has binary electrical states
of "open", and "closed" circuit states. In the present invention described
herein, for fabrication of an anti-fuse device, the netal-insul at or-netal
capacitor's surface area dinensions are forned, as snmall as, the size of
the via, and the insulating dielectric material for the capacitor is of

| ow dielectric constant material, conprised of anorphous silicon.
Furthernore, the thickness of all the layers and the dielectrics specified
herein, for the netal-insulator-netal capacitor, MM renmain the sane and
unchanged f6}°§ﬁ‘é eentagt devigey FHerrEarronthesartboinsgo MM \Wetice he

i nvention artjcularly shown an described with reference to the
preferred e ?FF% llt '?‘é'xﬂa)i SEAReR) © ge "ORERr st RY b5FRE e I |

the art thg£n¥€%eqﬂ§1§pan§s 'Q,E%%e %%d dgégéé ggyhgéﬁgadaﬁﬁﬁthOUt

departing fFon splrl scope O € Inven is clained
is: 1. A nmephod; £0r; a0 Cal iR TR{ak kRYYEE! OLROBhAL a1 CARAN 41U rSmd¥al)
metal resistors, and copper back end of [Tiné Interconnect wring,

conpri si Ng: capacitor’s surface area dimensions are formed, as small as,
the size of the wvia, and the insulating dielectric material
for the capacitor is of low dielectric constant material,
comprised of amorphous silicon. Furthermore, the thickness of
all the layers and the dielectrics specified herein, for the
metal-insulator-metal capacitor, MIM, remain the same and
unchanged for the anti-fuse, MIM application described above.

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.
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substrate; formng bottom M M trench openings and other netal |I|ine
openings in the first internetal dielectric |layer patterning using a first
mask, photoresist process one; formng a first metal MM el ectrode and
other netal interconnect wiring lines filling said openings; form ng

shal | ow trench openings in a thin second internetal dielectric |ayer, over
existing first metal M M electrode and interconnects, patterning using the
first mask again, photoresist process two; formng a bottomplate barrier

| ayer in the shallow trench openings and pl anarizing back the top surface,
| eaving the bottom plate barrier |layer in the trench; formng a high

diel ectric constant insulator |ay@atcerckdismeachiis:second i nternet al
dielectric layer and bottomplate barrier |layer; formng a second netal

M M el ectrode, interconnects, and netal resistors over the high

di el ectric constant insul,at %&:hlo%y%ﬁr Q%ggg‘r:g%%ggﬁ#] %%ﬁz%%&stg&q%t sk,

phot or esi st process t]h're& Thus conpl etTng

resistors and coppleMidrsdNdury?: mER81 MeLBPL0Es 1 AdN dopienildhk ko

sem conductor substrate I ncludes sem conductor device
line interconnect wiring, comprising:

providing a first intermetal dielectric layer
overlying a semiconductor substrate;

forming bottom MIM trench openings and other metal
line openings in the first intermetal dielectric layer
patterning using a first mask, photoresist process one;

forming a first metal MIM electrode and other metal
interceonnect wiring lines filling said openings;

forming shallow trench openings in a thin second
intermetal dielectric layer, over existing first metal
MIM electrode and interconnects, patterning using the
first mask again, photoresist process two;

forming a bottom plate barrier layer in the shallow
trench openings and planarizing back the top surface,
leaving the bottom plate barrier layer in the trench;

forming a high dielectric constant insulator layer
over the thin second intermetal dielectric layer and
bottom plate barrier layer;

forming a second metal MIM electrode,
interconnects, and metal resistors over the high

dielectric constant insulator layer, patterning using a
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structures such as gate el ectrodes and source/drain regions. 3. The nethod’
of claim1, wherein said sem conductor substrate includes sem conductor
device structures such as gate el ectrodes, source/drain regions and
multiple levels of nmetal interconnections. 4. The method of claiml,
wherein said first and second internetal dielectric |layers are a | ow
dielectric constant material or materials selected fromthe group
consisting of: SiN, SiO spin-on-glass SOG PE plasnma enhanced TEGCS,
tetraet hoxysil ane deposition, halogenated SiO fluorinated silicate gl ass
FSG black dianond, deposited by the foll ow ng nethods selected fromthe
group consisting of electrochem cal plating, chem cal vapor deposition

CvD, physi cal Vaéjeoéon%%%%]ﬁctéi ] ﬂotg¥gsi§1t:8€1:8cé%¥ e'l[.h%e 0, iﬁu&ﬁ%o%ggﬁgg d in

nol ecul ar beam ‘epitaxy ¢ cal vapor poSTtion
a thickness rangifiy M B=Ha09 thes10RQPa ANESLL Ofr s ~ntt LopHls: %&Eﬂ% of

claim1, wherein said first netal electrode layer is selected from group
consisting of netals and netal alloys with high conductivity, such as,
copper, copper alloys, TiN, Ta, TaN, AlCu, A, Ti and Wformng a MM
bottom netal plate deposited by follow ng nethods dependi ng on the aspect
2. The method of claim 1, wherein said
semiconductor substrate includes semiconductor device

structures such as gate electrodes and source/drain

regions.

3. The method of claim 1, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

4. The method of claim 1, wherein said first and
second intermetal dielectric layers are a low dielectric
constant material or materials selected from the group
consisting of: SiN, $i0, spin-on-glass S0G,

PE plasma enhanced TEOS, tetraethoxysilane deposition,
halogenated $i0O, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical vapor deposition
PVD, atomic layer deposition ALD, and molecular bheam
epitaxy chemical vapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.
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ratio of trenches, selected fromthe group consisting of electrochem cal
pl ati ng, chem cal vapor deposition CVD, physical vapor deposition PVD,
atom c | ayer deposition ALD, and nol ecul ar beam epitaxy chem cal vapor
depositi on MOCVD, and deposited in a thickness ranging fromtens to

t housands of Angstrons. 6. The nethod of claim11, wherein said capacitor
dielectric insulator with high dielectric constant naterial or nmaterials
is selected fromthe group consisting of Ta205, Hf 02, ZrQ2, Ti 2, Al2Q03,
SiN, SiC, and TaON, formed by Atom c Layering Chem cal Vapor Deposition
techni ques, ALCVD, with thickness ranging fromtens to thousands of
Angstrons, under |ow tenperature deposition conditions. 7. The nethod of
claiml1, wherein said nmetal barrier layers are selected fromthe group
consisting of Ta, A, TaN, TiN, and netals that are conpatible with -26

copper interconnect psocesie bl NodVott iBemt B CkREssiRfsaide barrier after
chem cal nechani cal polishing CVWP, being approxinmately |ess than 500

Angstrons in thiikeessstadepdsidiedday 1bgkl-onkngeletbodstrael qedgd from the
group consisting of chem cal vapor deposition CVD, physical vapor
depositi on PVD, etwmistirg et defedist cod makB®l ahtoy®|weith diidteam epit axy
chem cal vapor
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM bottom metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor

deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

6. The method of claim 1, wherein said capacitor
dielectric insulator with high dielectric constant
material or materials is selected from the group
consisting of Ta,0s, HfOQ;, 2Zr0,;, TiO,, Al,0;, SiN, 8icC,
and TaON, formed by Atomic Layerihg Chemical Vapor
Deposition techniques, ALCVD, with thickness ranging
from tens to thoﬁsands of Angstroms, under low

temperature deposition conditions.

7. The method of claim 1, wherein said metal
barrier layers are selected from the group consisting of

Ta, Al, TaN, TiN, and metals that are compatible with
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Angstrons. 8. The nmethod of claim1, wherein said second netal electrode

| ayer is selected fromgroup consisting of netals and netal alloys with

hi gh conductivity, such as, copper, copper alloys, TiN, Ta, TaN, Al Cu,

A, Ti and Wformng a MMtop netal plate deposited by foll ow ng nethods
dependi ng on the aspect ratio of trenches, selected fromthe group
consisting of electrochem cal plating, chem cal vapor deposition CVD,

physi cal vapor deposition PVD, atomic |ayer deposition ALD, and nol ecul ar
beam epi taxy chem cal vapor deposition MOCVD, and deposited in a thickness
ranging fromtens to thousands of Angstrons. 9. The nethod of claiml,

wherein the 11 7slogddd sHRlloRhesh! 898LE:COBL! Seth O ufoRRlLAls o
conducting -27 barrier, and p anar?zea E§ cggnfca negﬁ3n|c§$ pglfshing:
10. The nethod ofhslmRirPibr WERER Bhadlidali hethdhMNal Bi £liQGt Cpge | ayer is
formed in a danascene opening in the first internetal dielectric |ayer and
t hen pl anari zed Hrirmcheppeabcimmebadgi Lakspehas hs0Q, adgethddE innl ai d enbedded
netal electrodes in the first internetal dielectric |ayer.

thickness, deposited by following methods, selected from

the group consisting of chemical vapor deposition CVD,

physical vapor deposition PVD, atomic layer deposition

ALD, and molecular beam epitaxy chemical vapor

deposition MOCVD, and deposited in a thickness range

from 500 to 2000 Angstroms.

8. The method of claim 1, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM top metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

9. The method of claim 1, wherein the first MIM

metal electrode is comprised of copper and conducting
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11. A nethod for fabricating netal-insulator-netal capacitors, MM netal
resi stors, and copper back end of Iline interconnect wring, and el ectrical
contacts therein, conprising: providing a first internetal dielectric |ayer
overlying a sem conductor substrate; formng bottom M M trench openi ngs and

other netal |ine openings in the first internmetal dielectric |ayer
patterning using a first nmask, photoresist process one; formng a first
netal MM el ectrode and other nmetal interconnect wiring lines filling said

openi ngs; form ng shallow trench openings in a thin second internetal
dielectric layer, over existing first netal MM el ectrode and
I nterconnects, patterning using the first mask again, photoresist process

two; -28 i for Mg & 4ot Lo Eh%ﬁr?%&'ﬁ{r éﬁ&ﬁicéf‘:&é&aﬁhh ow trench

openi ngs and pl anari zi ng back the top surface l eavin ottom pl ate
barrier layer ipdhtdirgnch; formng a high dielectric constant insulator
| ayer over the thin second internetal dielectric |ayer and bottomplate
barrier layer; formng a second netal MM el ectrode, interconnects, and
metal resistors over the high
10. The method of claim 1, wherein said first MIM ¢

metal electrode layer is formed in a damascene opening

in the first intermetal dielectric layer and then

Planarized by chemical mechanical polishing, forming

inlaid embedded metal electrcdes in the first intermetal

dielectric layer.

1l. A method for fabricating metal-insulator-metal
capacitors, MIM, metal resistors, and copper back end of
line interconnect wiring, and electrical contacts
therein, comprising:

providing a first intermetal dielectric layer
overlying a semiconductor substrate:;

forming bottom MIM trench openings and other metal
line openings in the first intermetal dielectric layer
pPatterning using a first mask, photoresist process one;

forming a first metal MIM electrode and other metal
interconnect wiring lines £illing said openings;

forming shallow trench openings in a thin second
intermetal dielectric layer, over existing first metal
MIM electrode and interconnects, patterning using the

first mask again, photoresist process two;
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dielectric constant insulator |layer, patterning using a second nask,

phot oresi st process three, formng MM capacitors, netal resistors and
copper interconnect wring;, depositing a thick third internmetal dielectric
| ayer over the second nmetal M M electrode, interconnects, and netal
resistors and over the high dielectric constant insulator |ayer.;

pl anarizing the third internmetal dielectric |ayer by chem cal nechani cal
polishing; form ng via openings which connect to both first and second
netal, patterning using a third mask, photoresist process four; formng a
metal barrier layer lining the via openings and form ng copper netal

filling the via openings, form ng copper contact vias to both first
second netal ; -29 demr@gaabtg@t% EQH'E:E“}:&PI:%QEH} dﬁteﬁtél a:]
over copper contact vias and over the“third |nterneta electric ayer

forming |arge trefsderopgindiggys anahglaaaﬂhmgnt&éﬂ%ﬁé el Kptddde | ayer
over the copper contact vias, patterning using a fourth nmask, photoreS|st
process five; leaving the bottom plate barrier layer in the trench;
forming a high dielectric constant insulator layer
over the thin second intermetal dielectric layer and
bottom plate barrier layer;
forming a second metal MIM electrode,
interconnects, and metal resistors over the high
dielectric constant insulator layer, patterning using a
second mask, photoresist process three, forming MIM
capacitors, metal resistors and copper interconnect
wiring;
depositing a thick third intermetal dielectric
layer over the second metal MIM electrode,
interconnects, and metal resistors and over the high
dielectric constant insulator layer:
planarizing the third intermetal dielectric layer
by éhemical mechanical polishing;
forming wvia openings which connect to both first
and second metal, patterning using a third mask,
photoresist process four;
forming a metal barrier layer lining the via
ocpenings and forming copper metal filling the via
openings, forming copper contact vias to both first

second metal;
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form ng a netal barrier layer lining the large trench openings and formn ng
copper . netal filling the via openings, planarizing the surface by chem cal
mechani cal polish, thus formng electrical contacts through the contact
vias below, to the netal-insulator-netal capacitors, MM netal resistors,
and copper back end of line interconnect wiring. 12. The nethod of claim
11, wherein said sem conductor substrate includes sem conductor device
structures such as gate el ectrodes and source/drain regions. 13. The

met hod of claim 11, wherein said sem conductor substrate includes

sem conductor device structures such as gate el ectrodes, source/drain
regions and multiple levels of netal interconnections. -30 14. The net hod

of claim1l, wherein saddifdingt a aQﬂlcﬁe@gggthn1§£g¥% a#“éi %ﬂfié ayers

are a low dielectric constant material or nateri sel ecte romthe

group consisti ngayady Ve, cBpPerSpoRtaBtivass SUB oFE PhisEhighanced TECS,
tetraet hoxysil ane deposition, halogenated SiO fluorinated silicate glass

FSG bl ack di anongsrngapdsidiedekyribkelagbkowi ng net hods selected fromthe
group consisting of electrochem cal plating, chem cal vapor deposition
CVD, physical vapor depwmding darge trench openings in the fourth

intermetal dielectric layer over the copper contact
vias, patterning using a fourth mask, photoresist
process five;

forming a metal barrier layer lining the large
trench openings and forming copper metal filling the via
openings, planarizing the surface by chemical mechanical
pelish, thus forming electrical contacts through the
contact vias below, to the metal-insulator-metal
capacitors, MIM, metal resistors, and copper back end of

line interconnect wiring.

12. The method of claim 11, wherein said
semiconductor substrate includes semiconducteor device
structures such as gate electrodes and source/drain

regions.

13. The method of claim 11, wherein said
semiconductor substrate includes semiconductor device
structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.
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PVD, atomic |ayer deposition ALD, and nol ecul ar beam epitaxy chenical

vapor deposition MOCVD, and deposited in a thickness ranging from 1000 to
10000 Angstrons. 15. The nmethod of claim 11, wherein said first netal

el ectrode | ayer is selected fromgroup consisting of netals and netal
alloys with high conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, A, Ti and Wformng a MMbottomnetal plate deposited by
fol |l owi ng net hods depending on the aspect ratio of trenches, selected from
the group consisting of electrochem cal plating, chem cal vapor deposition
CVD, physical vapor deposition PVD, atom c |ayer deposition ALD, and

nol ecul ar beam epi taxy chem cal vapor deposition MOCVD, and deposited in a

thickness ranging frQmtaps LR+hRAusands, oh ﬂ'l SHSE: T
met hod of claim 11, wherein said capaC|to? die ectrlcxﬁnsuc%f%?St”gﬁdhlgh

di el ectric constsidtondr@intidrdletdll HRbEEELOESc | Papt£GR0 £ NUW H1186eHR
consisting of Ta205, H 02, zZrQ2, Ti G2, A12Q8, SiN, SiC, and TaON, forned

by Atom c Layer ictons@aamt u:calte‘ta.pmr orDepoeriabs deldutiafll e omAlthdDgreuph
t hi ckness ranging fromtens to thousands of Angstrons, under |ow
t enper at ur e dep@sinsiigtisgn@if:i ofgN, Si0, spin-on-glass S0G,

PE plasma enhanced TEQS, tetraethoxysilane depositicn,
halogenated SiO, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical vapor deposition
PVD, atomic layer deposition ALD, and molecular beam
epitaxy chemical vapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.

15. The method of claim 11, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIMAbottom metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.
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17. The met hod of cIa|n111 mhereln sald netal' barrier |layers are selected
fromthe group consisting of Ta, A, TaN, TiN, and netals that are
conpatible with copper interconnect process flow, with the thickness of
the barrier after chem cal nechanical polishing CW, being approxi mately

| ess than 500 Angstrons in thickness, deposited by follow ng nethods,
selected from the group consisting of chem cal vapor deposition CVD,

physi cal vapor deposition PVD, atom c |ayer deposition ALD, and nol ecul ar
beam epi taxy chem cal vapor deposition MOCVD, and deposited in a thickness
range from 500 to 2000 Angstroms. 18. The nethod of claim 11, wherein said
second netal electrode |layer is selected fromgroup consisting of netals

and netal alloys mﬁtﬁfﬁig$Pe §q§§? ¥£t¥1aégmﬁkf%““5%3te %pgggggikloys

TiN, Ta, TaN, A Cu orm ng a top netal N aters
deposi ted by foldiuidag et ha@algeeendieﬂ 1 g S8R0k o rcf?:tx'x's‘:?;aﬁft trenches,

sel ected fromthe group consisting of elec rochen1ca| pl ati ng, chem cal
vapor depositi ommd®dRialpbysmatkryapsridepsbediod N tHOFrodpayer

deposition ALD, and nol ecul ar beam epitaxy chem cal vapor deposition

MOCVD, and deposidnedsiting blfi Chp@®ss HEQpgi IOz, Ti0,, Alp0;, SiN, SicC,
and TaON, formed by Atomic Layering Chemical Vapor
Deposition techniques, ALCVD, with thickness ranging
from tens to thousands of Angstroms, under low
temperature deposition conditions.

17. The method of claim 11, wherein said metal

barrier layers are selected from the group consisting of
Ta, Al, TaN, TiN, and metals that are compatible with
copper interconnect process flow, with the thickness of
the barrier after chemical mechanical polishing CMP,
being approximately less than 500 Angstroms in
thickness, deposited by following methods, selected from
the group consisting of chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical wvapor

deposition MOCVD, and deposited in a thickness range

from 500 to 2000 Angstroms.

18. The method of claim 11, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,

TaN, AlCu, Al, Ti and W forming a MIM top metal plate
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fromtens to thousands of Angstrons. 19. The nethod of claim 11, wherein
the first MM netal electrode is conprised of copper and conducti ng
barrier, and planarized by chem cal nechanical polishing. 20. The nethod
of claim1ll, wherein said first MM netal electrode layer is forned in a
damascene opening in the first internetal dielectric |ayer and then

pl anari zed by chem cal nechanical polishing, formng inlaid enbedded netal
el ectrodes in the first intermetal dielectric layer. 21. The method of
claim11l, further conprising formng an optional etch stop |ayer over said
second netal M Melectrode, interconnects, and netal resistors. 22. A

nmet hod for fabricating netal -insul ator-netal capacitors, MM netal

ST SL0TS. and CAReL el U0 oL RS USLERNIES ol 10 Gorlihnd ol

one extra mask conprising:” provi I st ayer

overlying a sem £oihGOleramtdsat 8e1b0tBliNgronf thset gFElR MM RliaGt bede

and other netal interconnect wiring lines in a danascene process using a
first mask, photeresimichrnmieadsptaeiny) themitsStvapdt eddpsaltidinelcedt ric
| ayer;

physical vapor deposition PVD, atomic layer deposition

ALD, and molecular beam epitaxy chemical vapor

deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

19. The method of claim 11, wherein the first MIM
metal electrode is comprised of copper and conducting
barrier, and planarized by chemical mechanical

pelishing.

20. The method of claim 11, wherein said first MIM
metal electrode layer is formed in a damascene opening
in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

21, The method of claim 11, further comprising
forming an optional etch stop layer over said second

metal MIM electrode, interconnects, and metal resistors.

22, A method for fabricating metal-insulator-metal

capacitors, MIM, metal resistors, and copper back end of
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form ng a bottomplate barrier |ayer over existing first nmetal MM

el ectrode and interconnects patterning in a damascene process using the
first mask again, photoresist process two, in a provided second internetal
dielectric layer; form ng a high dielectric constant insulator |ayer over
the second internetal dielectric |layer and bottom plate barrier |ayer;
formng a second netal MMelectrode, interconnects, and netal resistors
over the high dielectric constant insulator |ayer, patterning using a
second mask, photoresist process three; thus, formng MM capacitors, netal
resistors and copper interconnect wiring with only one extra mask. 23.
The nethod of claim 22, wherein said sem conductor substrate includes

sem conduct or dey] . - tructures.such_as_gate. el ectrodes and
sourceldrai n 1 eotEE An e R IRE 0 aEnd 0017 GRS L6
semn conduct or subshs.M L dfcl udes sem conductor device structures such as
gate el ectrodes, source/drain regions and nultiple |evels of netal
i nterconnections. 25.prAdadiRid1ad fafrs¢! ahFelhetihed félesed i fidywly and
second internetal dielectric layers are a low dielectric

overlying a semiconductor substrate;

forming a first metal MIM electrode and cother metal
interconnect wiring lines in a damascene process using a
first mask, photoresist process one, in the first
intermetal dielectric layer;

forming a bottom plate barrier layer over existing
first metal MIM electrode and interconnects patterning
in a damascene process using the first mask again,
photoresist process twoe, in a provided second intermetal
dielectric layer;

forming a high dielectric constant insulator layer
over the second intermetal dielectric layer and bottom
rlate barrier layer;

forming a second metal MIM electrode,
interconnects, and metal resistors over the high
dielectric constant insulator layer, patterning using a
second mask, photoresist process three;

thus, forming MIM capacitors, metal resistors ahd

copper interconnect wiring with only one extra mask.

23, The method of claim 22, wherein said

semiconductor substrate includes semiconductor device
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constant material or materials selected fromthe group consisting of: SiN,
Si O, spin-on-glass SOG PE pl asnma enhanced TEGCS, tetraethoxysilane
deposition, halogenated SiO fluorinated silicate glass FSG bl ack

di anond, deposited by the foll ow ng nethods selected fromthe group

consi sting of electrochem cal plating, chem cal vapor deposition CVD,
physi cal vapor deposition PVD, atom c |ayer deposition ALD, and nol ecul ar
beam epitaxy chem cal vapor deposition MOCVD, and deposited in a

t hi ckness ranging from 1000 to 10000 Angstrons. 26. The nethod of claim 22,
wherein said first netal electrode |layer is selected from group
consisting of netals and netal aIons wi th high conductivity such as,

copper, copper aldQySeurliNould asTabk A%%?tﬁgde;_' & G&re & MM

bottom netal plate -35- _ ep05|te oW ng n |ng on the
aspect ratio ofpdgidyes, selected fron1the gr oup con5|st|ng of

el ectrochem cal plating, chem cal vapor deposition CVD, physical vapor
deposition PVD, atom c | ayer deposition ALD, and nol ecul ar beam epitaxy
chem cal vapor deposition MOCVD, and deposited in a thickness ranging from
tens to thousands of 2dngstThemmetRad Fhechaiho2l ofwhdmgin 2zidvherein said

capaci tor )
semiconductor substrate includes semiconductor device

structures such as gate electrodes, source/drain regions

and multiple levels of metal interconnections.

25. The method of claim 22, wherein said first and
second intermetal dielectric layers are a low dielectric
constant material or materials selected from the group
consisting of: S8iN, Si0, spin-on-glass S0G,

PE plasma enhanced TEOS, tetraethoxysilane deposition,
halogenated Si0O, fluorinated silicate glass FSG, black
diamond, deposited by the following methods selected
from the group consisting of electrochemical plating,
chemical vapor deposition CVD, physical vapor deposition
PVD, atomic layer deposition ALD, and molecular beam
epitaxy chemical vapor deposition MOCVD, and deposited

in a thickness ranging from 1000 to 10000 Angstroms.

26. The method of claim 22, wherein said
first metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductiviﬁy, such as, copper, copper alloys, TiN, Ta,

TaN, AlCu, Al, Ti and W forming a MIM bottom metal plate

-35-



dielectric insulator with high dielectric constant material or materials
Is selected fromthe group consisting of Ta205, H Q2, ZrQ2, Ti 02, A1203,
SiN, SiC, and TaON, forned by Atom c Layering Chemi cal Vapor Deposition
techni ques, AICVYD, with thickness ranging fromtens to thousands of
Angstrons, under |ow tenperature deposition conditions. 28. The nethod of
claim?22, wherein said netal barrier layers are selected fromthe group
consisting of Ta, A, TaN, TiN, and netals that are conpatible with

copper interconnect process flow, wiht the thickness of the barrier after
chem cal mechani cal polishing CMP, being approximately |ess than 500
Angstronms in thickness, deposited by foll ow ng nethods, selected from the

group consi sting, of chendcal vapor .deposjiion D, hysi cal. vapor

deposi ti on PVD, %a O C elrga% r fﬁ@pS&P?oﬁe%%giL%%'hﬁﬁf%l%hﬁhﬁ a582Mtepi t axy
chem cal vapor ,dgnQsiJfd ) S} | hickness .range _from
500 to 2000 Angst roﬁ.".tf‘z%.%%ihge;g%ét AHSegFeg %%3%92999 \?ﬁ#e?“ s
metal el ectrode diatirdchef@bqst Blatifl JERMR: c£ONSISEL Ny s LEl Svand

metal alloys with high conductivity, such as, copper, copper alloys, TiN,
Ta, TaN, Al Cu, pNysibialandpbtf aepbBgtioM M Opatdiod 1y&re deposition
ALD, and molecular beam epitaxy chemical vapor -

deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

27. The method of claim 22, wherein said capacitor
dielectric insulator with high dielectric constant
material or materials is selected from the group
consisting of Ta,0s, HfO,, 2r0,, TiO,, Al,0;, SiN, SiC,
and TaON, formed by.Atomic Layering Chemicalrvapor
"Deposition techniques, ALCVD, with thickness ranging
from tens to thousands of Angstroms, under low

temperature deposition conditions.

28. The method of claim 22, wherein said metal
barrier layers are selected from the group consisting of
Ta, Al, TaN, TiN, and metals that are compatible with
copper interconnect process flow, wiht the thickness of
the barrier after chemical mechanical polishing CMP,
being approximately less than 500 Angstroms in
thickness, deposited by following methods, selected from
the group consisting of chemical vapor deposition CVD,

physical vapor deposition PVD, atomic layer deposition
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deposited by follow ng net hods depending on the aspect ratio of trenches,
selected fromthe group consisting of electrochem cal plating, chem cal
vapor deposition CVD, physical vapor deposition PVD, atomc |ayer
deposition ALD, and nol ecul ar beam epitaxy chem cal vapor deposition
MOCVD, and deposited in a thickness ranging fromtens to thousands of
Angstrons. 30. The nethod of claim22, wherein said first MM neta

el ectrode layer is formed in a damascene opening in the first internetal
dielectric layer and then planarized by chem cal nechanical polishing,
formng inlaid enbedded netal electrodes in the first internetal
dielectric layer. 31. The nethod of claim 22, wherein said first MM neta

el ectrode |ayer g, f %rr{%qmilgc@l&ggngggﬁn %%gg%%g%ﬁg%%ﬂe%a%éﬂtrhe first

i nt er net al dielectfl_ yer and then p ! nmechani cal
pol i shing, for m&éboéi@i@ndb@mddgﬂdnaé&sﬂ@&t{rpdﬁ&ﬂirbl&J&sf ':r:ra%ﬂ;'e

intermetal dielectric |ayer. 32. The nethod of claim22, further

conprising for g &000R0 20ab _Ahgbtsbap. | ayer over said second nmetal MM
el ectrode, interconnects, and nmetal resistors. 33. The nethod of claim?22,

wherein netal -

29. The method of claim 22, wherein said
second metal electrode layer is selected from group
consisting of metals and metal alloys with high
conductivity, such as, copper, copper alloys, TiN, Ta,
TaN, AlCu, Al, Ti and W forming a MIM top metal plate
deposited by following methods depending on the aspect
ratio of trenches, selected from the group consisting of
electrochemical plating, chemical vapor deposition CVD,
physical vapor deposition PVD, atomic layer deposition
ALD, and molecular beam epitaxy chemical vapor
deposition MOCVD, and deposited in a thickness ranging

from tens to thousands of Angstroms.

30. The method of claim 22, wherein said first MIM
metal electrode layer is formed in a damascene opening
in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

31. The method of claim 22, wherein said first MIM

metal electrode layer is formed in a damascene opening
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i nsul ator-netal capacitors, MM are fabricated, has application in
formng anti-fuse devices, which are conprised of MM capacitors in a
circuit using field- progranmabl e gate arrays. -38

in the first intermetal dielectric layer and then
planarized by chemical mechanical polishing, forming
inlaid embedded metal electrodes in the first intermetal

dielectric layer.

32. The method of claim 22, further comprising
forming an optional etch stop layer over said second

metal MIM electrode, interconnects, and metal resistors.

33. The method of claim 22, wherein metal-
insulator-metal capacitors, MIM, are fabricated, has
application in forming anti-fuse devices, which are
comprised of MIM, capacitors in a circuit using field-

programmable gate arrays.
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