. 7 DEC 2005 S| NGLE DAMASCENE METHOD FOR RF | C PASSI VE COVPONENT | NTEGRATI ON
| N COPPER | NTERCONNECT PROCESS FI ELD OF THE | NVENTI ON The present invention
rel ates generally to sem conductor fabrication and nore specifically to a
- method of integrating copper inductor, MM capacitor and precisiornf DEC 2005
.. resistors in a copper IC. 1 7 DEC 2005 BACKGROUND OF THE | NVENTI ON
“Inductors with alum num (Al') or copper (Cu) have been enployed in
integrated circuit (1C technology, often with a stack of nultiple netal
films connected by vias to reduce the netal resistance. The
netal -insulator-nmetal (MM is typically built with an internedi ate neta
(A, titaniumnitride (TiN), etc.) between interconnect netal |ayers and
vias (tungsten (W-plug or hot-Al flow) to contact the top MM el ectrode.
In the case of precision resistors, the high resistance netal is usually
deposited specifically for its sole use as a resistor. U S. Patent No.
5,926,359 to Geco et al. describes an interconnection wring system
incorporating two |evels of interconnection wiring separated by a first
dielectric, a capacitor fornmed by a second dielectric, a bottom el ectrode
or the lower interconnection wiring or a via and a top el ectrode of the

u er
PP SINGLE DAMASCENE METHOD FOR RE IC PASSIVE COMPONENT

INTEGRATION IN COPPER INTERCONNECT PROCESS

FIELD OF THE INVENTION

The present invention relates generally to semiconductor fabrication

and more specifically to a method of integrating copper inductor, MIM capacitor

and precision resistors in a copper IC.



‘interconnection wiring or a separate netal |layer. U S. Patent No. 5,652,173
to Kimet al. describes a nonolithic mcrowave integrated circuit (MM Q)
is produced by a nmethod which fornms multilevel conductive nenbers, DEC 2005
including thick lowloss netallic nmenbers. U S. Patent No. 6,083, 786DE
Segawa et al. describes a nmethod of nanufacturlng a senlgondgctO{lde¥|ce
having resistor film i g part of a P-we of a
sem cgnductor substrat%.h Rﬁﬁbtﬂ\% Ftﬁ_g PBn the isolation as a
first conductor nmenmber. An insulating f|In1covering the resistor film 27
DEC 2005 except for contact fornation regi ons, and an upper electrode film

d | t aneou dvmththeformatlon
o a gate el oot radutlor Rl La e TaTk e G %E%ao%egﬁ%eﬁe craplogad 315 to

d H t hat .ca ricate npn,
et or of i isd EREG 3RS ?%c#a%l%@rsgft%iﬁ%f by Biace, e WelEcagies S
vol nar ot R 5 G FEE N RBI A ga b B T HE e +ig§%18€% rBftap VA on
h duct capacitors on a
pol yrerorP EANRARE e 200 PReaEt B a Mebiionands (a0, Be bsepssnt ed and

trimre e gr_mtched .val ues w havi n reci se depositions of
all of C%{l%%cchﬁrge%éﬁ} otd) I%eas an vruiis (:tgngstent( —ptlug or koFg—A? tlow) to contact the

top MIM electrode. In the case of precision resistors, the high resistance metal is

usually deposited specifically for its sole use as a resistor.

U.S. Patent No. 5,926,359 to Greco et al. describes an interconnection
wiring system Incorporating two levels of interconnection wiring separated by a
first dielectric, a capacitor formed by a second dielectric, a bottom electrode or the
lower interconnection wiring or a via and a top electrode of the upper

interconnection wiring or a separate metal layer.

US. Patent No. 5,652,173 to Kim et al. describes a monolithic
microwave integrated circuit (MMIC) is produced by a method which forms

multilevel conductive members, including thick low-loss metallic members.

U.S. Patent No. 6,083,785 to Segawa et al. describes a method of
manufacturing a semiconductor device having resistor film. An isolation is formed
ina part of a P-well of a semiconductor substrate. A resistor film is formed on the

isolation as a first conductor member. An insulating film covering the resistor film,



-U. S. Patent No. 5,370,766 to Desai goudar et al. describes nethods for
fabrication of thin filminductors, inductor networks and integration with
~other passive and active devices. U S. Patent No. 5,946,567 to V‘éngT ﬁ%c%ﬂﬁ
describes a nethod for nmaking nmetal capacitors for deep submn cronete
processes for integrated circuits. U S. Patent No. 6,117,747 to Shao et al.
describes a nethod for fabricating a netal -oxi de-netal capacitor using a
dual damespiefte pmérestormation DEGIGGNEND. Sn EHatentleNood &,f446,:314 seeorihen et
al . describes a nonolithic high-Q inductor structure formed with nmultiple
net al | icvatiuoior| ewelteri rra Sowrentowsial forinetiegrigt ete cotelakibnt 8ENelaegy in
which inductor turns utilize multiple levels to reduce the inductor
resi st ateérodbrendar gatelogidnfilini.l ed "I ntegrati on of Thin Film M M Capacitors
and Resistors into Copper Metallization based RF-CMOS and Bi - CMOS
Technol ogies;" Peter Zurcher et al.; IEDM pp. 00-153 to 00-156 (7.3.1 to
7.3.4); copyright 2000; describes high precision netal-insul ator-netal

(MM capaci t or s lhBt Patenicldpa® R6Sbiceto Pressd ky andeicr@:de/d}QI—@le@FE@desé hi n
filmresistors of 50 ohnisq. sheet resistance and a negative tenperature

coef f i chentawffabesitstiipn hytesofnkgon tHﬂEﬁlaiQ@armgfb@, tRabttkhayedegenmmi
integrated in a dual -inlaid Cu-based backend for m xed-si gnal
appl i catparigrs, spiral inductors and NiCr resistors.

U.S. Patent No. 6,040,226 to Wojnarowski et al.‘describes a method for
the manufacture of precision electronic components such as resistors, inductors and
capacitors on a polymer or ceramic surface. The electronic components can be
deposited and trimmed to precise or matched values without having precise

depositions of all of the pre-patterned materials.

U.S. Patent No. 5,370,766 to Desaigoudar et al. describes methods for
fabrication of thin film inductors, inductor networks and integration with other

passive and active devices.

U.S. Patent No. 5,946,567 to Weng et al. describes a method for

making metal capacitors for deep submicrometer processes for integrated circuits.

US. Patent No. 6,117,747 to Shao et al. describes a method for

fabricating a metal-oxide-metal capacitor using a dual damascene process.



-The article entitled "' Systemon a Chip' Technology Platformfor 0.18m
Digital, Mxed Signal & eDRAM Application;" R Mhnkopf et al.; four (4)

pages; presented at 1999 | EDM copyright 1999; describes a 0.18pm hi.‘gg 0
performance / | ow power technol ogy platformwhich allows 'systens on EEHA ?5
integration' for a broad spectrum of products. The article entitled "Spiral

| nductors and Tr sgnpg' i i i,n . Sidicon Technol ogy Using. ..
Cdpper-Danascenea?ht'erﬁégﬁwe%tsgﬁgrﬁﬁlfg WL g @uﬁ@%@%@ég;mwg‘g‘%@%mkﬁ@

‘Bur ghar ; t0.1968:, .copyright 1997; describes fabrication 4
7 D%C 2‘0%151& E)(%ra%t;r)liqcrtg?e |fér%§ﬁ%? o‘?‘%tjﬁaﬁncl'1 IBP%f é}eé IZ?%béergs thahsingsnbanali nes
using c : i At erconnect,s.and high-resistivity silicon (HRS) or
sapphi rgﬁg gg(%ﬁg? g@?q%ﬁg{%ﬁﬂ e WaNE dpedectey ’tl@scb‘ﬁfié‘%tm g Jevebpriponent s

for Mx i |/ R lications;" Arjun Kar-Roy et al.; pp. 80 to 89;
| EEE Trge%lgcgﬁw%lcélrcg)v{/a@ggméfﬁ‘&%ry and Techni ques; Vol. 45 No. 10; Cctober,

1997; describes performance issues of interconnect passive conponents and
their integration into subtractive A processes and dual damascene copper
processes. M grat .lﬁ)nagtficle h-k dielectrics such as

capaci,t.ors towards Qi gh- .

Ta206, character iTzaetl on ofengflgg ﬁ%%gfaéilon er\]t]l:"gppa‘EPtMI%/[ &riPacders asdof
i ntegragl . - Ssna_t.hi gk di ri¢ to _inprove upon inductor Q
are al so E'FIg%J(Ce){s?gelr?!tCB (gg‘{.o%ﬂ%éﬁg? Al a‘elogﬁﬁs? gf?&@ﬁﬁéa@dwﬁgg diechpelagigsor - Met al
(MM Peter Zurcher et al; IEDM; pp. 00-153 to 00-156 (7.3.1 to 7.3.4); copyright 2000;

describes high precision metal-insulator-metal (MIM) capacitors with a capacitance

density of 1.6fF/pm* and metal thin film resistors of 50 ohm/ sq. sheet resistance

and a negative temperature coefficient of resistivity smaller than 100 ppm/°C that

have been integrated in a duakinlaid Cu-based backend for mixed-signal

applications.

The article entitled " 'System on a Chip' Technology Platform for
0.18um Digital, Mixed Signal & eDRAM Application;” R. Mahnkopf et al.; four (4)
pages; presented at 1999 IEDM; copyright 1999; describes a 0.18um high
performance / low power technology platform which allows 'systems on a chip

integration’ for a broad spectrum of products.

The article entitled “Spiral Inductors and Transmission Lines in Silicon
‘Technology Using Copper-Damascene Interconnects and Low-Loss Substrates;"

Joachim N. Burghartz et al.; pp. 1961 to 1968; copyright 1997; describes fabrication



Capacitor with Copper Damascene Metallization for Sub-0.18pm M xed Nbde

Si gnal and Systemon-a-Chip (SoC) Applications;"” Ruichen Liu et al.
~presented at year 2000 II1TC held June 4 to 7, 2000; descri bes fabrl catl (ad%
of |ow | eakage, high Ilinearity MM capacitors directly on Cu bylu

PECVD Si N as both the capacitor dielectric and the diffusion barri er for
Cu. 5 7 DEC 2005 SUMVARY OF THE | NVENTI ON Accordingly, it is an object of
t he pr esfeptral ivbntosrntdaliffestitdgp@ FosdnsnBEHQC ih¥eudR %h&? of dérﬂ&&gﬁ@t' ng
copper inductor, MM capacitor and precision resisto % a copper

fabri cartrutemorm@rmgd highetehtivopjstbndHRN@r pAgSeRt sbaugsi on is to pr OV' de
a method of integrating copper inductor, MM capacitor and precision
resistors in a copper I1C fabrication process using conventional equipnent
and materials. A further object of the present invention is to provide a

met hod of i nt egridtd atickappeled "DtteeiodhectNPNLSARRGH rg%&{erﬁ‘gﬂ)r%%&' 81 on
resistors in a copper IC fabrication process with mniml extra masking or

process‘iiggal/}ﬁ@tAIaqﬁﬂd):talﬁiehs;omrﬁﬁ{K@xf RbYiet B .83L 80 td S‘Q’QﬂEE‘?@ah§ f,0 produce high
performance conponents (high inductor Q (quali ty)-factor; %l gh capacitance

capaci tMisowand Theutt enp@eatiinges 9rf fAsoNeto; Cedher r@@vsa&rcﬁ)oes Anot her
"obj ect of the present invention is to fabricate hig

performance issues of interconnect passive components and thelr integration into

subtractive Al processes and dual damascene copper processes. Migration of
capacitors towards high-k dielectrics such as Ta205, characterization of free lateral
MIM capacitors and results of integration of photo-BCB as a thick dielectric to

improve upon inductor Q are also presented.

The article entitled "Single Mask Metal-Insulator-Metal (MIM)
Capacitor with Copper Damascene Metallization for Sub-0.18pm Mixed Mode
Signal and System-on-a-Chip (SoC) Applications;” Ruichen Liu et al. ; presented at
year 2000 IITC held June 4 to 7, 2000; descri‘bes fabrication of low leakage, high
linearity MIM capacitors directly on Cu by using a PECVD SiN as both the capacitor

dielectric and the diffusion barrier for Cu.



performance integrated circuit (1C) passive conponents (inductor, MM
capacitor, and precision resistor) conpatible with copper interconnects
and using conventional equipnment and materials using a mnimumof two
maski ng steps. Other objects will appear hereinafter. 6 7 DEC 2005J16 h%ﬁ
now been di scovered that the above and other objects of the present EC 2005
i nvention may be acconplished, itk ol.l ow.ng _mapner. Specifically, in the
first enmbodi nent, wafer i Oviaed Qiﬂ\‘=ﬁ§§ ed top-nost planar
copper interconnect. The wafer being divided into one or nore areas
selected fromthe group consisting of: a spiral inductor area having an

‘exposed pl anar copper ,. i nterconnect bottom hal f of a stacked spiral

i nguct orl;O a MM c’g%géﬁl%& {Iée?nh(iwﬂg‘)ft %‘ﬁ RERpEE S8V P igeiato @é@‘plélg a cost
interco { .bott.om pl.ate and an exposed pl anar copper i nterconnect

cont act&g%ﬁ{te %F%%daw% %‘g‘ﬁ%r@ 1er ¢© AR gYQM FESICEPbrangr @zediEioing a
two exp .apar._co i.nterconnect routing points of a precision

r esi stor(r%?ﬁ%)r%r??gPpP%lg&e%PSVaﬁl%?BFoqeés'forned over the structure. A netal

| ayer is fornmed over the first insulator layer. A first patterned masking
| ayer is fornmed over the netal |ayer covering at |east a portion of the

M M capacitor are I [ CO r. _interconnect bottom plate and at
| east 2 portion o@ncﬁﬁgpz)r%degpggg ﬁ%ebﬁe%ﬁg IBY &Lt 5nto PESYSICof medRdpPanar

copper ;i - i iNnts. The netal .layer over the first

i ol ot e P PUES, B g O SR et eaRtararinyg sRRmm t he

under | yBcation process using conventional equipment and materials.

A further object of the present invention is to provide a method of

integrating copper inductor, MIM capacitor and precision resistors in a copper IC

fabrication process with minimal extra masking or processing.

Yet another object of the present invention is to produce high
performance components (high inductor Q (quality)-factor; high capacitance

capacitors; and low temperature coefficient (Tcr) resistors).

Another object of the present invention is to fabricate high
performance integrated circuit (IC) passive components (inductor, MIM capacitor,
and precision resistor) compatible with copper interconnects and using

conventional equipment and materials using a minimum of two masking steps.

Other objects will appear hereinafter.



first dielectric insulator |ayer, using the patterned first nmasking |ayer
as a mask, to forma netal top plate over at |east a portion of the

i nterconnect bottomplate of a MM capacitor and a patterned netal |ayer
porti on between the two planar copper interconnect routing points of DEC 2005
precision resistor. A second insulator layer is fornmed over the structure.
A second patterned masking layer is fornmed over the second insulator |ayer
exposi ng portions of the second insulator |ayer over: the planar copper

i nterconnect bottom half of a stacked spiral inductor; at |least a portion
of the netal top Jplhat@oanbeen dissasered fhat tthembofe tahel pllanasbijcepRerhd DEC
2005 interconnect contact point of a MM capacitor; and the two exposed

pl anar RUppRYINVEMier seitectccouglished potlat Sllotviag precies Sectirallptiarhe The
second insulator layer is etched using the second patterned masking |ayer
as a nmalwt egifaskimenbnwibidus tropvidedehating o sigseti @ pphaba b G AR R per

i nterconnect bottom half of a stacked spiral inductor; a M capaci t or
trench @xgeenrrytalhe awder heipgr divodedintd henaret ahodeopreph akRcte@ngont theast a
portion of the planar copper interconnect contact point of a MM capacitor;

and roufioNg eNHENg efichespienposiuatprt eeat hoviegpas eskplsad apla6aPRpper

i nterconnect routing points of a precision resistor. The 1 nductor trench,
MW capa@itreprics ReHOBN Al 196 ardetkedgsppoil md daten eheliMat@atitbl eehaWdving

pl anarized netal to conplete formation of the follow ng devices as

sel ect etf' VARECS FHAnAr cPREBCIG?rc@npentottohe pepe patl anndyeted pasea;copber M M
capacitor within the M M capacitor area; and the precision resistor within
t he pr d&FSrYMaceseagPoaniel.a MIM capacitor; and a precision resistor area having a

two exposed planar copper interconnect routing points of a precision resistor. A
first insulator layer is formed over the structure. A metal layer is formed over the
first insulator layer. A first patterned masking layer is formed over the metal layer
covering at least a portion of the MIM capacitor area exposed planar copper
interconnect bottom plate and at least a portion of the area between the precision
resistor area planar copper interconnect routing points. The metal layer over the
first dielectric insulator layer is etched, withéut substantially etchiﬂg the underlying
first dielectric insulator layer, using the patterned first masking layer as a mask, to
form a metal top plate over at least a portion of the interconnect bottom plate of a
MIM capacitor and a patterned metal layer portion between the two planar copper
interconnect routing points of a precision resistor. A second insulator layer is
formed over the structure. A second patterned masking layer is formed over the
second insulator layer exposing portions of the second insulator layer over: the
planar copper interconnect bottom half of a stacked spiral inductor; at least a

portion of the metal top plate and at least a portion of the planar copper

7



-8 q 7DEC2005' BRI EF DESCRI PTI ON OF THE DRAW NGS The present invention w ||l
be nore clearly understood fromthe follow ng description taken in
conjunction with the acconpanying drawings in which |like reference7 pEc 2005
nuneral s designate simlar or corresponding elenents, regions and portions
and in which: Fig. 1 illustrates an initial structure common to both

enbodi nents of the present invention. Fig. 2 is a plan viewof Fig. | with
Fig. 1 tRKEWNEPEMPIHPMRiohbr MM capadtiogsand thotwo eixpbast phiner aofpést
enbodi nent of the present invention, wth optional variations. Figs. 11 to
16 i1 ust'FECENECISEREIG BABGH Penpragisiarh eesistos efibe isawent iosylatowi lefie:opt | onal
variations. Fig. F]%éieés a graph illustrating different size capacitor

| eakage et‘%‘@?f%i‘% erd Patierneshprsking lafyabri catredk ith faccoradanckicwt h t he
first enbodi nent. of the present invention. 7 DEC 2 Fig. 18 is a graph

i 11 ust r SENAY XBpEEst BcelamensaperemtisrdonrTtaho®m halfshibnt sthdap kptralM M

capaci tor, fabri ed in accordance with the first enbodi nent
inductor; a MIM capacitor trench exposing at least a portion of the metal top plate

and at least a portion of the planar copper interconnect contact point of a MIM
capacitor; and routing point trenches exposing the two exposed planar copper
interconnect routing points of a precision resistor. The' inductor trénch, MIM
capacitor trench and the routing point trenches are filled with planarized metal to
complete formation of the following devices as selected: the spiral inductor within
the spiral inductor area; the MIM capacitor within the MIM capacitor area; and the

precision resistor within the precision resistor area.




of the present invention. Fig. 19 is a graph charting inductance v. turns
for a cgpper i nductor fabricated in accordance with the first en?odl ment .
of the present invention. Fig. 20 is a graph ﬁhaLtl?g Qtv. n{)gé?fren?r(}?ﬂﬁﬁem‘
copper inductor fabricated in accordance with the firs ef O
present invention. Fig. 21 1is a graph chia:]t :iggogdgﬁglé &n?h th@le ip(ra?t .
telrjrtr)ggi ];rg]t ao? Olto E?pr@g@.? Bﬁﬁ i‘ ]Tg‘g&e‘%@ THE BRAWENGSTA| LED DESCRI PTI ON OF
THE PREFERRED EMBODI MENT Unl ess ot herwi se specified, all -structures,

| ayers, steps, nethods, etc. may be formed or acconplished by cgnven_t ibonal
steps or nethods known in the prior art. The present invention describes a
met hod for naki ngﬁzea&r%seflf dHtemesn V(%nge ![I?f)é‘gﬁaégagﬁaﬂd@md totfogl)?;gﬁgﬁflsvef N
devi ces ch_as,inductor precision resistce . ) it's,

exanpl e{Oﬁg‘éVrlr%%tqeﬁFréPhW tt?llgegfbblbéfpf‘itﬁicgr’éo‘ﬁ}ji ??Eaf?gﬁlﬂqpf}’g@% ﬁjﬁ?ﬁ)g} hod or
the present ,:nvention requires mniml | ] onal =
copper e‘(%glr%slékee ne i nter %%I%ﬁ@(!? _8551516%%§€1§1 Arief ?{%%Pﬁgdif?\glgﬁesfﬁa r?%}?@ﬁt i onal
gg;lr(r;)Pgar{oaﬁ’&rti%nts%nﬁriﬁ%kﬁcﬁ:he i nductor, resistor a p ,

Fig. 1 illustrates an initial structure common to both embodiments of

the present invention.

Fig. 2 is a plan view of Fig. 1 with Fig. 1 taken along line A-A of Fig.2.

Figs. 3 to 10 illustrate a first embodiment of the present invention,

with optional variations.

Figs. 11 to 16 illustrate a second embodiment of the present invention,

with optional variations.

Fig. 17 is a graph illustrating different size capacitor leakage
performance for a MIM capacitor fabricated in accordance with the firgt

embodiment of the present invention.



The described nethod occurs after standard digital wafer processing is
conpleted and will not alter the digital device behavior and design rule.
The conponents are built in the top-nost interconnect |ayer, or abt.}v&{: 2005
thus any coupling capacitance with the sem conductor substrate is

m nim zed which becones especially inportant at RF frequencies, It can

produce, for exanple,, .high ality (Q-factor inductors with |Iow
resi stance, pr ecir%)g'gl# ?@s%rgggr@u#ﬂlﬂg FoRfLiehpemaagrementst frow entRE and

wel | -c | ] ed -insulator-netal, (MM capacitors. | | 7 DEC 2005
Al t houéﬁtt%hﬁ’éé?’ﬁ)&@%@%ﬁ@ﬁfﬁ%ﬁfa@%%v pReddanee Mrihuder Bise gmibodiment
acconpanyi fiqures as fabricating RF I C inductor, precision resistor and
capaci fggrthggb%ﬁgﬁgﬁfteggo%ne skilled in the relevant art wll appreciate
applicability of the teachings of the instant invention to other specific
uses. It is also noted within the figures, the dinensions illustrated are

exaggerated to az@és@ Ln trhe icgler{tific tion of layers. Further, the figures
are not intended o indiCars TREIS HIEe ey B f9tha taeeper dndudtet y nor

are th -an- yi rnut ati gns..of all possib structure | ayouts captured.
The rret% ﬁ%lé@ag‘fa/%rﬁxe\éﬁog%{nﬁ tWIitt}h \E}éenﬁflﬁ% ﬁqbﬁ\‘}{g‘W‘éEO tg‘ﬁ’;ﬂr BT g edHtioRecessar y

nmetal routing | evels using copper dual damascene or single damascene |IC
waf er processes for at |least the last, i.e. top-nost, interconnect wring

I . L r lyi LAt erconn i r per al um num
dg\éier od. over [yl @gg‘ 2h UL gga%% cel%[rtmgy(ﬁ W ttarra 5 fkc))g acc%%%%r ir?d-llijg?or lfJabrchtse?:id’ a8

in accordance with the first embodiment of the present invention.

Fig. 21 is a graph charting Q peak and f @ Q peak v. turns for a copper

inductor fabricated in accordance with the first embodiment of the present

invention.
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Initial Structure Figs. 1 and 2 illustrate the starting structure for both
the first and second enbodi nents of the present invention. As shown in
Fig. 1, 1Cwafer 10 nay be divided into an inductor area 12, MM Cgpﬁﬁté%
area 14 and precision resistor area 16 that nmay be separated in

upon wafer 10 as indicated by dashed lines 17, 18. Wafer 10 nmay be

cp_rr_pri sed of%% LK ’119%%%53&19R%E Si i con Si), e i;a;(i)?I Si or

silicon 12 7 ger meniumm { Srt€j
digital or m xed-signal processes in CMXS, B| cuvos bi pol ar or
het eroj unction technology. 1C wafer 10 is fabricated with the top-nost

metal (first rret oppe damascene) interconnect.

Silicon oxide or ]r(l)l\l/a\/-%i(‘?tz-l rw}é% ?1?18&;%]23}68 %‘m ?éfir?r ?tﬁgﬁtl%i‘?g}oqsa%cr 20 may
have st tdr f e botto alf 22 of stacked
spiral r?ﬁ%t?ét %?mqg,Mtqﬁ(%okgﬁ{sg%ﬁﬁl’BF'IaCtOHVS?nBVgn%?PS Bot? h’?g]f MEHEN 3B of M M

capaci t,gf, 14+ a routing point, or contact point, 28 to later receive
connection with the MMtop-eI ectrode netal, and two routi ng points, or
‘contacts, 24 to later receive connection with the ends of a precision
resistor 16. Each of these structures 22, 24, 26, 28 are preferably forned

of copber,al i Ny Bherd UL YA QALHILOT AT car . ot B elerabl . for e

of copper. Fig. a plan, or top d
of Fig.(rE mtegrated circuit (IC) passive devices such as inductor, precision resistor and

capacitor components, for example, compatible. with copper interconnect
metallization. The method or the present invention requires minimal modifications
to conventional copper damascene interconnect processes and uses as few as two
additional masking layers to create the inductor, resistor and capacitor, for

example.

The described method occurs after standard digital wafer processing
is completed and will not alter the digital Vdevice behavior and design rule. The
components are built in the top-most interconnect layer, or above, thus any
coupling capacitance with the semiconductor substrate is minimized which becomes
especially important at RF frequencies. It can produce, for example, high quality
(Q)-factor inductors with low resistance, precision resistors with low temperature

coefficients and well-controlled metal-insulator-metal (MIM) capacitors.
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As shown in Fig. 2, spiral inductor 12 nmay have one to ten or nore "turns"
in a spiral shape. In the case of MMcapacitor 14, a relatively |arge,
i.e.' fromabout 50 to 200 mcron per side, square or rectangul ar f HE €005
is defined to generate sufficient area for a desirable capacitance value
An optional layout using "slots" in the |large capacitor or an array of
smal | er pol ygon features connected in parallel may also be considered if
dual damascene patltleduginghofingasi myyveticar gedesyitede and edhegatddnioltgeabl e
copper thickness variations due to chem cal nechanical polishing (CWP)

di shi npEPreen¥inglg repEci4boesting RETCEMEODIAVENECE @sresBté0add caparitor
conjunction -with Figs. 1 and 2, illustrate the first enbodi ment of the

pr esent MRS nONFEKiet] onthef rédeydnis hgn wBlraripeeciard avp M-bilel ect nhe Layer
30 andThin Metal Layer 32 As shown in Fig. 3, a dielectric insulator

mat er i dfAGhEngepodktipdaninyeniien ¢ piher dpedifctsdsc i nsul ator | ayer 30 and
functions as both a netal (copper) diffusion barrier and the M M capacitor
14 dielectric. First dielectric insulator layer 30 is preferably conprised
of Si N, tantal um pentoxide (Ta205), SiON, ZrQ2, H 2, A1203, Y233, MO

Ti 02, conbi nat i ods 14 hspedptedf erithir| et figuresattee i dibsensamsoilhetrabidghre
dielectric materials and nulti-Ilayer oxide, and is nore preferably

conpri SFgeptratgd\to assist in the identification of layers. Further, the figures are not

intended to indicate the structure layouts in their entirety nor are the plan-view

permutations of all possible structure layouts captured.

The method of the instant invention involves completing all necessary
metal routing levels using copper dual damascene or single damascene IC wafer
processes for at least the last, i.e. top-most, interconnect wiring level. Lower lying

interconnect layers may be copper aluminum based, as desired.

Initial Structure

Figs. 1 and 2 illustrate the starting structure for both the first and

second embodiments of the present invention.

As shown in Fig. 1, IC wafer 10 may be divided into an inductor area
12, MIM capacitor area 14 and precision resistor area 16 that méy be separated in
distance upon wafer 10 as indicated by dashed lines 17, 18. Wafer 10 may be

comprised of ordinary silicon IC wafers (bulk silicon (5i), epitaxial Si or silicon
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and has a thickness of preferably from about 200 to 1000A dependi ng upon
the material selection and design criteria. Mre preferably, dielectric
insulator layer 30 is conprised of SIN and is from about 600 to 700A thick
to satisfy both a typically targeted capacitance density (1 10-15 ¢ DEC 2005
Farad/ square micron) and Cu diffusion barrier properties (so that greater
t han about 300A of Si N thickness renmains outside the capacitor areas after
| 0ssesEHERANMMPIHEh wr #ilgvbseinentaton feeldigital agenpaid-aEAAN G oceksmBgdi at el y
after formation of first dielectric insulator layer 30, a relatively thin,
resi st FVEOpdtiaMPaytdpolas oc brterojenatioh &yenpl@d®.i s for med over first
dielectric insulator layer 30 using conventional resist masking and wet
chem cal or 14 7 DEC 2005 plasma etching techni ques. Metal |ayer 32 serves
as the top-el ectrode of MM capacitor 14 and may be sinmul taneously chosen
with a sufficiedf- thfekifelsSabricated egitls ttheitby-rhostseryd (@sst hetdlesistor .
Metal |ayer 32 is preferably fornmed by evaporation, chem cal vapor
deposi t50H § GV ofoRMY s{ceanasgapr irderwoshedtorbifd@viDpxihutdreldwd t(@:a
t.hi ckness of preferably from about 200 to 700A and nore preferably from
about 26 COBOBAL) inMissalatoralager 30 msy prefeestaldtyrasodgfinsethotinfad, Ta,
TIN TIiW NC, MN,, WNor WS Nand is nore preferably conprised of Ta,
TaN ore & Nhahettps Rl 22ppiesterkss ypiraidmjmi:@edmfth&)l’ooﬂ'tanorpléﬁal\brE ar
relatively thin netal _Iﬁ%er 32 creates only a nodest step height

bottom electrode 26 of MIM capacitor 14, a routing peint, or contact point, 28 to

later receive connection with the MIM top-electrode metal, and two routing points,

or contacts, 24 to later receive connection with the ends of a precision resistor 16.

Each of these structures 22, 24, 26, 28 are preferably formed of copper, aluminum

or alloys of aluminum, and are more preferably formed of copper.

Fig. 2is a plan, or top down, view that includes the structure of Fig. 1.

As shown in Fig. 2, spiral inductor 12 may have one to ten or more "turns” in a

spiral shape. In the case of MIM capacitor 14,-a relatively large, i.e. from about 50 to

200 micron per side, square or rectangular feature is defined to generate sufficient

area for a desirable capacitance value. An optional layout using "slots" in the large

capacitor or an array of smaller polygon features connected in parallel may also be

~considered if dual damascene patterning of a ' single larger square creates

intolerable copper thickness variations due to chemical mechanical polishing (CMP)

dishing effects.
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-for subsequent dielectric(s) |ayers to cover and reduces the need for
over-polish for the later single damascene copper renoval. Metal |ayer 32
has an etch selectivity of at |east about 2 : | to the wunderlying f?'ijEsl’E 2005
“insulator layer 30 which assures that at |east sone insulator 30 is
retained after etching and cleaning to prevent exposure of copper and to
mai ntain a desired copper diffusion barrier thickness. A Ta or TaN netal

| ayer 3EIKAVEMBODIMIENKness of from about 200 to 700A is preferred to
create a useful thin filmsheet resistance for precision resistors 16. In
the event precision resistors 16 are not required, netal |ayer / second
metal |ayer 32 serves only as the top electrode of MMcapacitor 14 and is
then preferably 185g7 BHo 2DOB canjpnitsed-voth Aligorl Ahdap,| Diisiatabise fgue to

al um num s | ow resi stance and | ow cost manufacturing) having a thickness
of pref emdbHimentorh thbpueseBOMtantBO0A and nore preferably from about 700
to 1200A. Wien using Al or an Al alloy for netal |ayer 32, an underlying
thin netal film(not shown), preferably conprised of Ta, TaN, Ti, TiN or
TiWand nore preferably conprised of Ti or TiN, below Al / A alloy netal
| ayer 3Pormgtiompfi bhaffhidign Baruee cartdo NIBt Dicdeitiatienviehe3N ar@l aitin Shvizexjand
optim ze the etch selectivity to the underlying SiN diffusion barrier

| ayer 3Davensi? onal Additional Thin Dielectric Cappl ng Layer 34 Over Thin
Met al Layer 32

As shown in Fig. 3, a dielectric insulator material is deposited to form
first dielectric insulator layer 30 and functions as both a metal (copper) diffusion
barrier and the MIM capacitor 14 dielectric. First dielectric insulator layer 30 is
preferably comprised of SiN, tantalum pentoxide (Ta,0), SiON, Zr(,, HfO,, ALO,,
Y,0, MgO, TiO,, combinations thereof, ferroelectric materials, or other high
dielectric materials and multi-layer oxide, and is more preferably comprised of SiN
and has a thickness of preferably from about 200 to 1000A depending upon the
material selection and design criteria. More-preferably, dielectric insulator layer 30
is comprised of 5N and is from about 600 to 700A thick to satisfy both a typically
targeted capacitance density (1 10™ Farad/square micron) and Cu diffusion barrier
properties (so that greater than about 300A of SiN thickness remains outside the

capacitor areas after losses resulting from a subsequent top-electrode patterning).

Immediately after formation of first dielectric insulator layer 30, a
relatively thin, resistive metal layer (second metal layer) 32 is formed over first

- dielectric insulator layer 30 using conventional resist masking and wet chemical or
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Before Masking Optionally, as only shown in Fig. 4, thin nmetal |ayer 32 may
be capped wth an additional thin dielectric capping |ayer 34 (before the
top-plate (resistor) netal 32 is nmasked and etched) which assists -iﬁ 005
“patterning and protection of netal |ayer 32 fromlater processing (s as
resist stripping or later etching of |ayer 36) which may alter resistance
val ues. Optional thin dielectric capping |layer 34 is preferably conprised
of Si N,pl&ima2 airchiSpGhkclamidubs Motz lpyed 62 adehyesC afphieseph-kct:SHN, oraRgnpas a

t hi ckness of preferably from about 200 to 1000A and nore preferably from
about 50@Qatipr7DDANdFngy He isithuitnatedy tchesappaet anggfiefent BiCRAEL! aM$Si NG

| ayer 34 to assist in patterning of the resistor/top-electrode netal |ayer
32 to alksetifidy ho adee F dmatesisor7 DEC2005 di el ectric | ayer portion 34' over
top el ectrode patterned netal |ayer portion (netal top plate) 32' of MM
capacitor 14; and additional dielectric |ayer portion 34" over patterned
netal |ayer portion 32" of precision resistor 16. Patterning of Thin Mtal

Layer 32 As showMeétal Hiygr 3B is phefetdiilp forhall byayesp@Rtioh, Ehéniddl hapBat t er ned
using conventional resist |ithography, or other masking |ayers, and

et chi ngldpesitiongG84D) ¢ophpsitd]erapion gidpeehivngPeED WritedingMd Bout KRS LAY

| ayers) while preserving underlying first dielectric insulator Iayer 30

to, maipre&irablytfeor@abdiit PAG k@ A0GAratidemore preferably from about 200 to 1000A.
Metal layer 32 is preferably comprised of TaN, Ta, TiN, TiW, NiCr, MoN, WN or
WSIN and is more preferably comprised of Ta, TaN or TiN and is most preferably

comprised of or Ta or TaN.

The relatively thin metal layer 32 creates only a modest step height
for subsequent dielectric(s) layers to cover and reduces the need for over-polish for

the later single damascene copper removal.

Metal layer 32 has an etch selectivity of at least about 2 : 1 to the
underlying first insulator layer 30 which assures that at least some insulator 30 is
retained after etching and cleaning to prevent exposure of copper and to maintain a

desired copper diffusion barrier thickness.

A Ta or TaN metal layer 32 having a thickness of from about 200 to
700A is preferred to create a useful thin film sheet resistance for precision resistors
16. In the event precision resistors 16 are not required, metal layer / second metal

layer 32 serves only as the top electrode of MIM capacitor 14 and is then preferably
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function. A resist lithography patterned first masking |ayer 100 aligned to
the top- nost interconnect level is used to define and preserve at | east
the MM capacitor's 14 top el ectrode second patterned netal |ayer S?bﬁcﬂm@
use of, preferably a wet chem cal or nore preferably a plasma etch
process, to renove second thin netal layer 32 in areas not protected by the
first resist masking layer results in the structure showmn in Fig. 5 with
pat t er FOFPIREdAL Algre] P instplg fbuaato slopniplat'e o8 Zesissntent dpwet@et r ode
of MM capacitor 14 and patterned nmetal |ayer portion 32" of precision
resi st dRANGacoFI@ Awvingi@i thidmsss Difepreéerably Fayeral85:tABAteto NBSRANGAS Shown
in Fig. 6, an optional additional dielectric |layer 35 may be forned over
the st roefupiefgableirormbadlpitaild0qhesi stor) metal 32 is masked and 17 7
DEC 2005 etched) and over the etched thin netal |ayer portions 32', 32".
Optional additional dielectric layer 35 is preferably conprised of Si CXHY
or SiN and has a_thickness of preferably fromabout 200 to 1000A and nore
preferably from dboer usog Abosansl aleyifonanetatitiyter ditalandicetiedtyingcthimyer 35
can serve to cap the top electrode second netal portion 32° of MM

capaci togtal flm grotsinesenueraferablmeoepesedeotha, 6PN nTiz A0 @, TiGpthdnabre
additional dielectric |layer 35 may al so be beneficial to selectively stop
et chi ngrrferaitlyi eompriead @ésTir ed Tid), riestowe Apaf t4k pllof patdletayed 3renady | ayer
portion 32" of insulator dielectric over the resistor area 16 in

appl i c&PitigRally be used to best regulate the Al grain size and optimize the etch

selectivity to the underlying SiN diffusion barrier layer 30.

Optional Additional Thin Djelectric Capping Layer 34 Over Thin Metal Laver 32

Before Masking

Optionally, as only shown in Fig. 4, thin mertal layer 32 may be capped
with an additional thin dielectric capping layer 34 (before the top-plate (resistor)
metal 32 is masked and etched) which assiéts in the patterning and protection of
metal layer 32 from later processing (such as resist siripping or later etching of
layer 36) which may alter resistance values. Optional thin dielectric capping layer 34
is preferably comprised of SiN, SiQ, or $iON and is more preferably comprised of
5iN, and has a thickness of preferably from about 200 to 1000A and more
preferably from about 500 to 700&.

Fig. 7 illustrates the appearance of the wafer using layer 34 to assist in

patterning of the resistor/top-electrode metal layer 32 to also form additional
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~requiring laser trimmng. As shown in Fig. 8, optional additional
dielectric layer 35 may then be patterned to form additional di elfe?;rciﬁg]
| ayer portion 35 over top electrode patterned netal |ayer portion oP
M M capacitor 14; and additional dielectric |ayer portion 35" over
patterned netal |ayer portion 32" of precision resistor 16. Formation of
Second | nsul ator Layer 36 As further shown in Fig. 8, and regardless of
whet herdigigeliigriayer piirébac¥ beet ayerledtoils pharied! betariaytngotf phat.e
(resistor) nmetal 32 is masked and etched (Figs. 4 and 7) or whether
opt i ondPp dileleee? refcMillyenpagBoi #4;faonnaettiabharditlberiapyedbatteor( BESHSEPT )
nmetal 32 is nasked and etched (Figs. 5, 6 and 8.), a relatively thick
second Hagisinest sretaldyesr [86tips 32hehpfaisimd reveor the structure a thi ckness of
preferably fromabout 0.5 to 5.0 mcrons and nore preferably from about
2.0 to 3.0 mcrons_ 18 .7 DEC 2005 The thickness of second insul ator |ayer
36 will determ ne the final inductor copper 40 thickness and inpact the
i nduct dtternipg ohdhaeMataldtaver B2havi or. The second insul ator |ayer 36
t hi ckness nay be optim zed according to the device's intended operating
frequency. It is noted that only dielectric layer portions 35, 35 ' are
shown in Fig. 8 although dielectric |layer portions 35, 35" could be
replaced with péstshens: B4ig. Bahe tHintrheablyeoa?2 iof INigt3 at eetdrRefi@hg 4 and 7
are used. Second insulator |ayer 36 is preferably fornmed by plasnma enhanced
conventional resist lithography, or other masking layers, and etching techniques

(or patterning techniques with or without masking layers) while preserving
underlying first dielectric insulator layer 30 to. maintain it;: Cu diffusion barrier
function. A resist lithography patterned first masking 1ayer 100 aligned to the top-
most interconnect level is used to define and preser\}é at least the MIM capacitor's

14 top electrode second patterned metal léyer 32

‘The use of, preferably a wet chemical or more preferably a plasma
etch process, to remove second thin metal layer 32 in areas not protected by the
first resist masking layer results in the structure shown in Fig. 5 with patterned
metal layer portion (metal top plate) 32' as the top electrode of MIM capacitor 14

and patterned metal layer portion 32" of precision resistor 16.

Optional Additional Dielectric Layer 35 After Masking

As shown in Fig. 6, an optional additional dielectric layer 35 may be

formed over the structure (after the top-plate (resistor) metal 32 is masked and
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CvD (PECVD) or spin-on techniques and is preferably conprised of: silicon
oxi de; sili-con; or carbon-based (organic) lowk dielectric materi als.
Patterni ng of Second | nsulator Layer 36 As shown in Fig. 9, a resis% 2005
| it hography second resist masking layer ("inductor mask") 102, for DEC
exanple, is fornmed over second insulator |ayer 36 and second insul ator

| ayer 36 is patterned to align and define single danascene trenches 42,

44, 46etcbed) 419 ovend Ut eichd@ thinemetn] SiarepdtBions pR1 80".i Ogueher adEabusies)
optionally aligned coincidentally to an underlying inductor |ast
intercéﬁﬁ@@ﬁ?hﬁ?aB5Mayeﬁmzbhinommﬂshdcﬁéﬁ@prerSmwahdnnﬁuﬁuﬁtk@ﬁgkﬁtance
can be reduced fromthe stacking of the two nmetal I|ayers; (2) trench shape
44 to Piaterbbhiram Araut 208paditior andl mope ptafetabbdiroronneet oo 528Aal i gned
nomnally smaller that the top el ectrode second netal |ayer 32' (to 19 7
‘DEC 2005 prevent electrical shorting) except where the top el ectrode 46
w |l extend beyond the edge of the bottom el ectrode 26; (3) trench shapes
46 to end- cont acPpiienalt addjtiaalbotidltwripr egbsidsn cuesiestor tol Gaparek (4p to the
bondi ng pads (not shown) used for electrical testing and assenbly. Using
the seelgpiodesicond mastl pgriiey 82' WORIIBNchreoitve M fonalbsehasBdamascene

etch optimization. Optional additional dielectric layer 35 may also be beneficial to
selectively stop etching if it is later desired to remove part(s) of patterned metal
layer portion 32" of insulator dielectric over the resistor area 16 in applications

requiring laser trimming.

As shown in Fig. 8, optional additjonal dielectric layer 35 may then be
patterned to form: additional dielectric layer portion 35 over top electrode
. patterned metal layer portion 32" of MIM capacitor 14; and additional dielectric

layer portion 35" over patterned metal layer portion 32" of precision resistor 16.

Formation of Second Insulator Layer 36

As further shown in Fig. 8, and regardless of whether optional

dielectric layer 35 is formed before the top-plate (resistor) metal 32 is masked and

etched (Figs. 4 and 7) or whether optional dielectric layer 35 is formed after the top-
plate (resistor) metal 32 is masked and etched (Figs. 5, 6 and 8), a relatively thick
second insulator layer 36 is then formed over the structure a thickness of preferably

from about 0.5 to 5.0 microns and more preferably from about 2.0 to 3.0 microns.
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~etch techniques, thick second insulator |layer 36 is etched down to the top
el ectrode netal 28 of MMcapacitor 14 and to the netal end-contacts,24 0
precision resistor 16. Simultaneously, the thick second insulator Ié@@ﬁc 05
is etched down to the copper surface of the bottomhalf 22 of stacked
spiral inductor 12, and the thick second insulator |ayer 36 and the
underl%jn% capacitor dielectric layer 30 is etched dowmn in the bond pad
regi on(&F thirsteshowrarond iesgpkes ey &t ghwabditemeine thayfieriphdycendpppat or
time calcul ated etching and judicious etch chem stry and etch conditions
known t8 thigeessiand éapprel thehéndmatons 13 akamacetistic ttehassur eltechecdesi r ed
metal | i.zation is cleared of the thick second insulator |ayer 36 while

mi ni mi 2AREk s ibdhidgssomaphie windiarizgdl mycdrajeg o tBR'deva®@'s iBOde2D, 22,
24, 26, 28. 20 _7 DEC 2005 Filling-of Second |nsulator Layer Trenches Wth
Copper CRETEHEWIeAHERS . [t 19 nated dhat leape sliggctri day a6 pargomo Al €58 yred i | | ed

W th tal,. %;eferably copper in conjunction with a barrier netal

pref er gE‘P‘Q’“u‘é’i g &@@OH@V@?@&@F@rlaﬁfeE@ffémSaiﬁ',n@”t ewHdi lypu espladede optber
diffusion barrier netal layer 99 is first formed within trench shapes 42,
44, 46POESRRS Hy Fhé! & eplieniBustaied or Figes4 ohdtrasncked shapes 42, 44, 46
within patterned thick second dielectric |ayer 36" before deposition of the
nmetal to fill trench shapes 42, 44, 46. The copper barrier netal |ayer 99

i's preferabl
P y Second insulator layer 36 is preferably formed by plasma enhanced

CVD (PECVD}) or spin-on techniques and is preferably comprised of: silicon oxide;

r

silicon; or carbon-based (organic) low-k dielectric materials.

Patterning of Second Insulator Layer 36

As shown in Fig. 9, a resist lithography second resist masking layer
("inductor mask”} 102, for example, is formed over second insulator layer 36 and
second insulator layer 36 is patterned to aligﬁ and define single damascene trenches
42,44, 46 for:

(1) inductor 12 trench shape 42 (spiral inductor features) optionally aligned
coincidentally to an underlying inductor last interconnect metal layer 22 in which
case the total inductor resistance can be reduced from the stacking of the two metal
layers;

(2) trench shape 44 to function as MIM capacitor 14 top electrode connection

28 aligned nominally smaller that the top electrode second metal layer 32' (to
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-conprised of Ta, TaN, TiNor TiW It is noted that if alum numor an

alum numalloy were used to fill trench shapes 42, 44, 46, then a barrier
metal |ayer 99 woul d not be required. Followi ng a conventional dandsBghalld
process, a CWP renoves the excess of the copper and any barrier netal

| ayer from outside the trench shapes 42, '44, 46 so that only the trench
shapes 42, 44, 46 are left filled wth copper shapes 40, 46, 48,

r espectPVERY! I\f/‘\ﬂfi”icg1 551%“5%)( PEgREMHYTE itee dop elastmaleeth ofill copprel bapdndarri er
nmet al . gt%agar mager prqcess s used for passivation and protection of the
pr ocessiB8 SHaF & LR s ATHeA Hs above described RF IC inductor 12, M M
resistor 21 Z DEC 2006 14 and precision resistor 16 structures are then
conpl et ed i A hIERE draRss 400t end-sortareta/ 1ao g & of 8t prerising rasisembisy.
Experine%tal Results I. An M M capacitor 14 was fabricated having a first
di el ect¥¥% insulator SiN layer 30 having a thickness of about 700A, a
1000A thi ck %)a tgp el ectrode 32' and with a Cu strappi ng damascene
connecti on 48 tofg bongingpads{ingbshawn)wtadaior slpctritiaf testiogtarsi zmemapaci t or

| eakage performance for the fabricated M M capacitor 14. It is noted that
the initial |eakage differences were due to the change of the probing pin.

Fig. 18 is a grarap.i | lLlustrating capacitance nmeasurements fromthe RF IC
short - sing the second resist masking layer 102 and conventional plasma

etch techniques, thick second insulator layer 36 is etched down to the top electrode
metal 28 of MIM capacitor 14 and to the metal end-contacts 24 of precision resistor
16. Simultaneously, the thick second insulator layer 36 is etched down to the copper
surface of the bottom half 22 of stacked spiral inductor 12, and the thick second

insulator layer 36 and the underlying capacitor dielectric layer 30 is etched down in

the bond pad region(s) (not shown).

The plasma etch equipment may employ endpoint or time calculated
etching and judicious etch chemistry and etch conditions known to those skilled in
the art of plasma etch to assure the desired metallization is cleared of the thick

second insulator layer 36 while minimizing excessive loss of the underlying layers

32',32", 30, 20, 22, 24, 26, 28.

20




loop lot fabricated MM capacitor 14 (nmeasure cap (pF) v. design cap @1
fF/un2 (pF)) As shown in Figs. 17 and 18, both the | eakage and capacitance
val ues have reasonabl e val ues (capacitance of 1fF/|lima was expected toDEC 2005
require nitride of about 620A). I1. An inductor 12 was fabricated with the
stack of two copper |ayers 22, 40 having respective thicknesses of about
0. 35um botto and 1 8 urn (top) Flg 19 is a graph charting inductance
. ; Ayt et (ith @0ppsr a graph charting Q v.
turns for the copper |nduct or 12; and Fig. 21 is a graph charting Q peak
and f @Q peak v. turns for the copper inductor 12. 22 J DEC 20a: As shown
in Figs. 19 throagh 21, the resulting inductance and Quality factor (Q
data for the indubtshonn isfig abtiepah etapeset2; dbsiG hentombldielgxprat althons.
I11. The following are the results of tests conducted on resistor
st r uct uretl, pBf %rﬁgkyg:%pdeirbmrtjuhﬂﬁmmm dRaraied n\tM, gapieitilorsidd Plair i cat ed
in accordance with the present invention: Tal/250ATa/ 480ATaN 500A Sheet
resi st an¥® aBb5stdeqtSpisty)g techniques.

A copper diffusion barrier metal layer 99 is first formed within trench
shapes 42, 44, 46, coating the sidewalls and bottoms of trpnch shapes 42, 44, 46
within patterned thick second dielectric layer 36' before deposition of the metal to
fill trench shapes 42, 44, 46. The copper barrier metal layer 99 is preferably
comprised of Ta, TaN, TiN or TiW.

It is noted that if aluminum or an aluminum alloy were used to fill

trench shapes 42, 44, 46, then a barrier metal layer 99 would not be required.

Following a conventional damascene process, a CMP removes the
- excess of the copper and any barrier metal layer from outside the trench shapes 42,-
44, 46 so that only the trench shapes 42, 44, 46 are left filled with copper shapes 40,

46, 48, respectively, while the surrounding field is cleared of copper and barrier

metal.

Standard wafer processes used for passivation and protection of the

processed wafer 10 containing the above described RF IC inductor 12, MIM resistor
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TCR (ppm C) - 130- 140-40 The relatively thick, single-danmascene insul ator 36
results in thick copper 40, 46, 48 to assure |ow resistance and good

Q val ue behavior of the inductor 12. The inductor 12 singl e-danmascgnggesk
36" overlays and connects |ower-lying netal 22, 24, 28 of the |ast

i nterconnect level with the capacitor's 14 top electrode netal 28 and/or
the ends 24 of the precision resistor 16 saving the need for an additional
mesk. SECEND PBODIVERTsHEE gl stlictioed Girei theOBpPRIE@NinWhtdbdrhGSn drand 2,
illustrate the second enbodi nent of the present invention. Unless

ot her wi gandardil6aveter tehmgmtchademangd 23 . 7 DEC 2005 ,material s as descri bed
above in the first enbodi nent may be used for the second enbodi nent

nodi fied. as necessary after taking into consideration the .nodifications
in the second enbodi nent. Essentially, only the differences between the
first apdPesereyrallsesudidi ments will be addressed. The el enents and structures
for both the first and second enbodinents have the sanme nunbering except
as noted and shown. Fornmation of Copper Barrier First Metal Layer 50 As
shown in Fig. 11, a copper barrier. first metal |ayer having desired

preci silon resi st din MM hapatioeritsvichbrsatdposiingd fitist dadlddrrit oA I4the

t op- nost
P SiN layer 30 having a thickness of about 7004, a 1000A thick Ta top electrode 32

and with a Cu strapping damascene connection 46. Fig. 17 is a graph illustrating
different size capacitor leakage performance for the fabricated MIM capacitor 14. It
is noted that the initial leakage differences were due to the change of the probing
pin. Fig. 18 is a graph illustrating capacitance measurements from the RF IC short-
loop lot fabricated MIM capacitor 14 (measure cap (pF) v. design cap @ 1 fEF/um?
(pH)

As shown in Figs. 17 and 18, both the leakage and capacitance values

have reasonable values (capacitance of 1iF/ um’ was expected to require nitride of

about 620A).

IL An-inductor 12 was fabricated with the stack of two copper layers 22,
40 having respective thicknesses of about 0.35um (bottom) and 1.8 um (top). Fig. 19
is a graph charting inductance v. turns for the copper inductor 12; Fig. 20 is a graph
charting Q v. turns for the copper inductor 12; and Fig. 21 is a graph charting Q

peak and { @ Q peak v. turns for the copper inductor 12.
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“interconnect copper pattern 22, 24, 26, 28 of the structure of Fig. I. The
copper barrier first nmetal layer is then resist patterned and etched with
a first mask pattern (200), for exanple photoresist, that nom nallyg DEC W -
oversi zes the | ast copper interconnect pattern 26, 28, 22 (to prevent
copper diffusion without shorting of neighboring lines) to formrespective
copper barrier first netal |ayer portions 5.0, 50", 50" while also
creating the ovedsishewrciofpes. 1Bahrdugh 11, ke réRllahg idy@itaR@r OO ABOVer the
remai ni ng copper interconnect pattern 24 of precision resistor 16. "It is
not ed favder (Cf)h@tebmrttbmiMMefr t2t0 Gieicard b sonfisehOwitComRLisRd;0f a metal
besi des copper with copper-diffusion properties. The netal barrier |ayer
is preferably conprised of TaN, Ta, TiN, TiW N C, MN W or WsiN and is
nore preferably conprised of Ta or TaN, and is 24 7 DEC 2005 preferably
deposi fléd by PVOTh€¥bicovingtaoerntiee kaydts of hedts eshd ¥@p@ondeReSh !t §PRcfALCVD - -
a special kind of CVD for excellent thickness control of thin filnms that is
commer &6 along sadeabdthbhdutoont thé MINrapASron 4 Geiced®h Reds d MRE ahnbar i er

| ayer 50 is deposited to a thickness of from about 200 to 1500A and nore
pr ef er His grefergrinvediout: 200 to 700A, dependi ng upon the desired resistance
and barrier properties. One skilled in the art will understand that the
resistor 16 pattern may consist of a variety of shapes, nbst commonly in a

meander patterp, in order to _increase the resistor's 16 I ength and total
resi sfance whil e occyphu/gg0ahe | east | Ta/480A _ TalN/500A
Sheet resistance | 133 54 50
(€2/sq)
[ TCR (ppm/°C) 130 “140 ' 40

The relatively thick, single-damascene insulator 36 results in thick
copper 40, 46, 48 to assure low resistance' and good Q-value behavior of the
inductor 12. The inductor 12 single-damascene mask 36' overlays and connects
lower-lying metal 22, 24, 28 of the last interconnect level with the capacitor's 14 top
electrode metal 28 and/or the ends 24 of the precision resiétor 16 saving the need

for an additional mask.

- SECOND EMBODIMENT

Figs. 11 to 16, in conjunction with Figs. 1 and 2, illustrate the second

embodiment of the present invention. Unless otherwise indicated, the methods and
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amount of area. Provision nmay al so be nade for later laser trinmmng of the
structure in-order to neet stringent resistance design criteria within the
limtations of unavoidable process variations. Optional Etching of pgpess
Barrier First Metal Layer Portions 50', 50" 50"' As shown in Fig. 12,

copper barrier first netal layer portions 50', 50", 50"" nmay be etched
away | eaving only copper barrier first netal |ayer portion 52 over copper
inter cWéﬁﬁlsrﬁétcyeéﬁﬁbﬁzhamvépirethesﬁmrh engsidStront hay Baaiselifbl @He isBcdhe art
will realize this option wll relax the demands on the |ithography needed
to protBRodipicRb- medifiedpper nracssarns aftdonerieingt hiets ubsagdenttdh ekectric
film31 t then be suitable as a copper diffusion barrier such as, for
exanpl SREationsn fesonosl Fobakiion. Ghiilig] oty BirditieRirobeobib &l ayer 31
As sho in Fig. 13, capacitor first dielectric layer 31 is then deposited
over tﬁ@g F?688&?%“6#@Fggdﬂmﬂﬂbwéﬂéwaﬂﬁyameda t hi ckness of from about 200
to 1500A and nore preferably fromabout 300 to 700A. As opposed to the
first enmbodinent, in this second enbodi nent, the capacitor first
dielectric layer_31 need not have copper diffusion barrier properties since
the first metal Fa§etlepwnts onsd 56trucBOts §O" ' hoth2 her VrsBSag®Pp&iondi T f Usi on
barriers apacitor first dielectric layer 31 is preferably conprised of

Si O (o%Myeyimenisihavgdhe sie ngrTIeTiNEa2GSPt b 0QtedZr@RshdVg®, Ti O2-' Y203,
A1203, Ba,, SryTi O, :

‘Formation of Copper Barrier First Metal Layer 50

As shown in Fig. 11, a copper barrier first metal layer having desired
precision resistor 16 characteristics is deposited d'irectly upon the top-most
Interconnect copper pattern 22, 24, 26, 28 of the structure of Fig. 1. The copper
barrier first metal layer is then resist patterned and eiched with a first mask pattern
(200), for example photoresist, that nominally oversizes the last copper interconnect

pattern 26, 28, 22 (to prevent coppér diffuéion without shorting of neighboring
lines) to form respective copper barrier first metal layer portions 50", 50", 50" while
also creating the oversized copper barrier first metal layer portion 52 over the
remaining copper interconnect pattern 24 of precision resistor 16. It is noted that
the bottom MIM electrode can also be 50" comprised of a metal besides copper with

copper diffusion properties.

The metal barrier layer is preferably comprised of TaN, Ta, TiN, TiW,

NiCr, MoN, WN or WSIN and is more preferably comprised of Ta or TaN; and is
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‘ferroelectric materials and multilayer oxides such as Ta,, H YO,, and

Al .TiyQZ and'is nore preferably conprised of nitride or SIN. Fornmation of
M M Capacitor Top El ectrode Second Metal Layer 60 As shown in Fig. 14 DEC 2005
top el ectrode second netal layer 60 is then deposited and patterned wth
resist 202, for exanple, in the MMcapacitor area 14. Preferably wet
chem cal or plasma etching techniques are used to renbve the top el ectrode
met al ipnefatablpudendssed rityeidde, OMID capaweitioriay@giRasicht vaMoM & ﬁL&rpr top
el ectrode netal layer 60 is preferably fromabout 500 to 1500A thick and

i s nor éApEARr absbyciflianmd al N D 780 ek 1bA0 Ak Miss eonand of shinpm%;{fa%y
conprised of Ta, TaN, TiN, AlICu, WaiN, Ti N Al Cu, A alloys or . ? DEC
2006 akboyserwally dyailalilefrooh addfings /BN S (GWER) BetHbds. Ih&!a%aéﬂe\{\/@—{c)& is nore
preferably conprised of Ta or TaN. Fornmation of Second D electrit Layer 62
As showh if depRisied 16 2 thickekat dffeby dbbiue ROG € 05T Adhel @edrel e MRLSL @bny S
deposited as | ayer 62, patterned (by resist for exanple) and etched in the
manner 2bput 0§08, depmsiiegepbn the dasiecd ARISHHICHRN bdriRAGRE4HERt i onal |y
aligned coincidentally to the inductor 12 underlying copper interconnect

| ayer 22 as shown; and a connecting strap trench 66 exposing the MM
capacitor's 14 top electrode nmetal 60 and the M M capacitor 14 | ast

i nt erconnect | ay@peghi_lled in the art will understand that the resistor 16 pattern may

consist of a variety of shapes, most commonly in a meander pattern, in order to
increase the resistor's 16 length and total resistance while occupying the least
amount of area. Provision may also be made for later laser trimming of the

structure in order to meet stringent resistance design criteria within the limitations

of unavoidable process variations.

Optional Etching of Copper Barrier First Metal Laver Portions 50, 50", 50"

AS shown in Fig. 12, copper bafrier first metal layer p.ortions 50°, 50",
50™ may‘ be etched away leaving only copper barrier first metal layer portion 52
over copper interconnect pattern 24 of precision resistor 16. One skilled in the art
will realize this option will relax the demands on the lithography needed to protect
fine-line copper patterns. However the subsequent dielectric film 31 must then be

suitable as a copper diffusion barrier such as, for example SiN.
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~Second dielectric layer 62 is preferably fromabout 0.5 to 5.0 mcrons
thick, is nore preferably fromabout 2.0 to 3.0 mcrons-thick and is
preferably conprised of Si02, spin-on |lowk dielectric, CVD |lowk 7 DEC 2005
dielectric or conmbinations thereof. Filling Inductor Trench 64 and
Connecting Strap Trench 66 As shown in Fig. 16, copper is deposited over
the structure of Fig. 15, filling inductor trench 64 and connecting strap
t r enchEgBNafy Capeqitastirsé Dielbatric/Iglvanat i zed, preferably by chem cal
mechani cal. polishing (CWP) in the manner of single danmascene creating

i nductor trench plug 68 and M M capacitor 14 connecting strap trench plug
70. 27 7 DEC 2005 A netal barrier |layer (not shown) is also preferably
formed on the bossbewvand FigallBscaphcitdrefiisndisticatic tayengh iSthandesennect i ng
strap trench 66 to a thickness of preferably fromabout 150 to 1000A and
nore pPEtTetbiijudtesnehbiguill pzekraidy 300AHerase of épes idbioar 200 b hgogApper
within those trenches 64, 66 to form inductor trench plug 68 and MM
capaci ¥t More pepesdlly dfepmtabapt 80@mcQi.ug 70. The netal barrier layer is
preferably conprised of Ta, TaN, TiWor TiN and is nore preferably Ta or
TaN. Standard wafer processing used for passivation and protection of the
processed wafer 10 containing the above described RF I C inductor 12, MM
resi st or As opposed to the first embodiment, in this second embodiment, the

capacitor first dielectric layer 31 need not have copper diffusion barrier properties
since the first metal layer portions 50', 50", 50", 52 serve as copper diffusion
barriers. Capacitor first dielectric .layer 31 is preferably comprised of SiO {oxide),
nitride, SIN, SiON, Ta,O, HfO, ZrO,, MgO, TiO, Y,0, ALQ, Ba,5r,TiO,,
ferroelectric materials and multilayer oxides such as TafoyOZ and AIXTiQOZ and is

more preferably comprised of nitride or SiN.

Formation of MIM Capacitor Top Electrode Second Metal Laver 60

| As shown in Fig. 14, a top electrode second metal layer 60 is then
deposited and patterned with resist 202, for example, in the MIM capacitor area 14.
Preferably wet chemical or plasma etching techniques are used to remove the top

electrode metal in all but the intended MIM capacitor regions 14.

MIM capacitor top electrode metal layer 60 is preferably from about
500 to 1500A thick and is more preferably from about 700 to 12004 thick: and is

preferably comprised of Ta, TaN, TiN, AlCu, WSIN, TiN/AlICu, Al alloys or Al
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14 and precision resistor 16 structures are then conpleted in preparation
for standard IC wafer testing and assenbly. Advantages of the Present
Invention The advantages of the present invention include: 1) in the7herSigs
enbodi ment, only two additional masks are needed to add the inductor, MM
and resistor to a conventional copper backend; 2) the resistor, inductor
and capacitor are added after the conventional conplinmentary nmetal oxide
senicoﬁﬂhﬁﬁé?ﬁﬁbm@%WfﬂﬁkﬁngdmmﬁemschmtﬂhdﬁbIneed%ngnaQsGﬁ@ﬂgﬁnﬁbﬁﬁﬂy
underlying design rules or conprom se the interconnect or device

per f or rigAdeisedgt Ta @EEN005 3) the position above the top-npst interconnect
routing level mnimzes the coupling capacitance with the wafer substrate;
4) the inductor 12 single-danmascene nmask 36' overlays and connects | ower-
lying metal 22, 24, 28 of the last interconnect |level with the capacitor's
14 t op reetioads Seearal Dixdeciridayet 62 ends 24 of the precision resistor 16
saving the need for an additional mask; 5) a mninmumof just one thin film
deposition (for resistor and for capacitor top electrode) is required
resulting in a cost savings and a small topographic step (desirable for
subsequent | it hogwaptsiven patiigr Hi, g relatively thick second dielectric material is

deposited as layer 62, patterned (by resist for example) and etched in the manner of
a single damascene to create: an inductor trench 64 optionaH}} aligned coincidentally
to the inductor 12 underlying copper interconnect layer 22 as shown; and a
connecting strap trench 66 exposing the MIM capacitor's 14 top electrode metal 60

and the MIM capacitor 14 last interconnect layer 28.

Second dielectric layer 62 is preferably from about 0.5 to 5.0 microns
thick, is more preferably from about 2.0 to 3.0 microns thick and is preferably
comprised of 5i0,, spin-on low-k dielectric, CVD low-k dielectric or combinations

thereof.

Filling Inductor Trench 64 and Connecting Strap Trench 66

As shown in Fig. 16, copper is deposited over the structure of Fig. 15,
filling inductor trench 64 and Co_nnecting strap french 66 and is then etched
back/planarized, preferably by chemical mechanical polishing (CMP) in the Iﬁanner
of single damascene creating inductor trench plug 68 and MIM capacitor 14

connecting strap trench plug 70.
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W thout additional CWVP planarization); 6) in the second enbodi ment, only
\(,)Mnfa thin filmdepositi olr[: (Ta, TaN or TiN) is required to make the netal
resistor and the capacitor bottom electrode; and 7) in the second 7 DEC 2005
enbodi ment, only three (3) additional nasks are needed to add resistor,
capaci tor and inductor to a conventional copper interconnect. \Wile
particul ar enbodi ments of the present invention have been illustrated and
described, it is not intended to |limt the invention, except as defined by
the following claims. 29 7 DEC 2005 CLAIMS 1. A nmethod of integrated

circuit conponent* Tetaddraaticpayer oppbovimtiertanpedtmbly ifoshedingmde steps
of : prqvi di ng %Wafer havi ng an exposed top- npst pl anar copper

i nt er cORRERR and wallsaf dhe peilygjodtsende b4 mtcd coneeding et € afe@b s@hect ed from
the group consisting of: a spiral inductor area having an exppsed pl anar
copper TUCkRess A mreterayyt from #hout B0 to Hi0adket spiregbrefardbist Hom abdhM

capaci 586 tg%s&&r%a i ng. an exposed pl anar copper

efore deposition of the copper within those trenches 64, 66 to form
inductor trench plug 68 and MIM capacitor 14 connecting strap trench plug 70. The

metal barrier layer is preferably comprised of Ta, TaN, TiW or TiN and is more

preferably Ta or TaN.

Standard wafer processing used for passivation and protection of the
processed wafer 10 containing the above described RF IC inductor 12, MIM resistor

14 and precision resistor 16 structures are then cdmpleted Im preparation for

standard IC wafer testing and assembly.

Advantages of the Present Invention

The advantages of the present invention include:
1) in the first embodiment, only two additional masks are needed to add the
inductor, MIM and resistor to a conventional copper backend;
2) the resistor, inductor and capacitor are added after the conventional
complimentary metal oxide semiconductor (CMOS) interconnects -
without needing to change the underlying design rules or

compromise the interconnect or device performance;
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~interconnect bottom plate and an exposed pl anar copper interconnect
contact point of a MMcapacitor; and a precision resistor area having a
two exposed planar copper interconnect routing points of a precisi dhDEC 2005
resistor; formng a first insulator |ayer over- the wafer; form ng a netal

| ayer over the first insulator layer; formng a first patterned nmasking

| ayer over the netal |ayer covering at |east a portion of the N M

capaci tor a})ége&@%@é’cﬁb&v&rﬁ@? tefoppest intateenoertnectingdetd aninginate thad at

| east a portion of the area between the precision resistor area planar
copper i nt er conrfEdPlingrapagitaner meith thetwhiengubdimteret al | ayer over the first
dielectric jnsulator layer, without substantially etching the underlying
first diel eotthendugtasld single-damascenasiasy hevainys HEGR0RGIalteer ned fi r st
maski ng | ayer as a mask, to forma netal top plate over at least a portion
of the interconn¥ts BEtA 8fn 4 a8 ef Bfe lastnMreapzect teoe! anith thepaphdtsred net al

| ayer portion between the two planar copper interconnect routing points of
a precision resiiPpreleaisdeimetah28 ssdhar thesmdatdrofithy predien rédigownaf er ;
form ng a second patterned maski ng | ayer over the second insul ator |ayer
exposi ng porti ond B¥inghdegweddor imadildional raykr over : ,

5) a minimum of just one thin film deposition (for resistor and for capacitor
top electrode) is required resulting in a cost savi'ngs and a small
topographic step (desirable for subsequent lithographic patterning
without additional CMP planarization);

6) in the second embodiment, only one thin film deposition (Ta, TaN or
TiN) is required to make the metal resistor and the capacitor bottom
electrode; and

7) in the second embodiment, only three (3) additionalrmasks are needed to

add resistor, capacitor and inductor to a conventional copper

interconnect,

While particular embodiments of the present invention have been
illustrated and described, it is not intended to limit the invention, except as defined

by the following claims.
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t he pl anar copper interconnect bottom half of a stacked spiral inductor;
at least a portion of the netal top plate and at |east .a portion of the
pl anar copper interconnect contact point of a M Mcapacitor; and the two
exposed pl anar copper interconnect routing points of a precision pegishms,
etching the second insulator layer using the second patterned masking | ayer
as a mask to form an inductor trench exposing the planar copper
i-nterconnect bottom half of a stagkggispiral inductor; a MM capacitor
‘trench exposing at |east a portion of the netal top plate and at |east a
portion of the planar copper interconnect contact point of a MM
capacitor; and routing point trenches exposing the two exposed pl anar
copper interconnect routing points of_.a precision resistor; and 31 7 DE C
2005 filling the inductor trench, the MM capacitor trench and the routing
point trenches . with planarized netal to conplete formati on of the
foll ow ng devices as

L. A method of integrated circuit component integration in copper interconnects, |
including the steps of: |
providing a wafer having an exposed top-most planar copper interconnect;
the wafer being divided into one or more areas selected fror'n the group consisting
of:
a spiral inductor area having an exposed planar copper
interconnect bottom half of a stacked spiral inductor;
‘a MIM capacitor area having an exposed planar copper
interconnect bottom plate and an exposed planar copper
interconnect contact point of 8 MIM capacitor; and
a precision resistor area having a two exposed planar copper

interconnect routing points of a precision resistor;

forming a first insulator layer over the wafer;

'forming a metal layer over the first insulator layer;

forming a first patterned masking layer over the metal layer covering at
least a portion of the MIM capacitor area exposed planar copper interconnect
bottorn plate and at least a portion of the area between the precision resistor area
planar copper interconnect routing points;

etching the metal layer over the first dielectric insulator layer, without

substantially etching the underlying first dielectric insulator layer, using the
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selected: the spiral inductor within the spiral inductor area; the MM
capacitor wi-thin the MM capacitor area; and the precision resistor within
the precision resistor area. | The nmethod of claim 1, wherein the first
dielectric insulator layer is conprised of a material selected frgmEbENs
group consisting of SiN, Ta20.1 SiON, H 02, Zr02/ A 233, Y203, MO, Ti 2,
conbi nations thereof, high dielectric materials and ferroelectric

mat er ipak®rnadl fildenAREhHo =Y , i ir di.el ectric insulator
| ayer pias f:%rrpri sed ofII%)Si}%Tr a%.@%g’n%)rﬁgé{egpn%@git% f,ﬁ{[\Efvhoe"rreéi%E lteﬂ%‘ First

di el eqloriion NS AOfohAYRTb SRR 0 Lffusion barrier and
t he quh%rréa%aci tor 14 diel ectri cﬁ%t.@%{'%emn%fﬁ%gﬁ%@ %ﬁ%iarﬁ%%eraﬁgrn%?tﬁ?t he

first 18l geitionCbbRedtratir thvay gl I from about 200 to
1000A;Q{he}e@rret al layer over th E}ﬁaggpﬁg%gllg%?%ﬁ\%efﬁtsr% 3 rPCfIa)PfeP% has a

t hi ckpesssioh rédigar,about 200 to 700A. 32 7 DEC 2005 6. The nmethod of claim
1, wherein the first dielectric insulator |ayer has a thickness of from

about 600 f@iBRA Raend snROBE 1524 ok SN ‘@E‘f? metal layer over the first
dielectric insulator layer has a thickness ' ¥ om about 200 to 700A. 7.

The net hodf@imiekad sachndvherehsd trﬁ!zﬁ;k‘i‘f% %lyérat%%rr NI B AL iﬂglﬂlg%orqg%lﬂe ctric

i nsul at or
exposing portions of the second insulator layer over:

the planar copper interconnect bottom half of a-stacked spiral
mductor; 7
atleast a portion of the metal top plate and at least a portion of the
planar copper interconnect contact point of a MIM capacitor;
~and | |
the two exposed planar copper interconnect routing points of a
precision resistor;

etching the second insulator layer using the second patterned masking layer

as a mask to form:
an inductor trench exposing the planar copper interconnect bottom
- half of a stacked spiral inductor;

a MIM capacitor trench exposing at least a portion of the metal top
plate and at least a portion of the planar copper interconnect
confact point of a MIM capacitor; and

- routing point trenches exposing the two exposed planar copper

interconnect routing points of a precision resistor;

‘and
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| ayer is conprised of a material selected fromthe group consisting of TaN,

Ta, TiN, TiW N C, MN W or WsiN. 8. The nethod of claim1, wherein the

netal |ayer over the first dielectric insulator |layer is conprised TobE® 2005

material selected fromthe group consisting of TaN and Ta. '9. The net hod

of claim1, wherein the netal |ayer over the first dielectric insulator

| ayer is forf.ﬁed %y a . .method sel ected fromthe group consisting of

evapor at i on,’ cdRUPoDIrersh. e Mid epr@or creridn and whemeiiing hinaf er
includes a M M capacitor area and does not include a precision resistor

area; EW&C}B‘%WH%& AnRLized Msiad rtogeenplires formiitioneet the falleswingt devitayer i s

conpri selg tof. a material selected fromthe group consisting of Al and an Al
al l oy RA9FHY a thickness of from about 500 to 1500A. 11. The nethod of

claim1l, includi t he st of formng a dielectric capping |ayer over the
netal |ayer over[}%ﬁé’”’faiI FEfLPCH?reWgEtWh@ spiglingigroriaaseer . 33 7 DEC 2005 12.

The net hod of cl %ﬁw including the step of formng a dielectric capping
| ayer over the | @pesitgveithindetN N cag@tosered; enidnsul ator | ayer; the
dielectric cappip | ayer having a thickness of from about 200 to 1000 and
bei ng conpri sed ﬁp&"eaﬁ’é‘f‘éﬁﬁlﬁoréﬂﬂé‘@tt@é preaiston esigfooapeaconsi sting of Si N,
SiQ2 or SION. 13. The nethod of claim1, wherein the patterned first

maski ng | ayer fornmed over the netal |ayer also covers at |east a portion

of the,agea between,t.he. precision
2 2Pmefof S Liaims l,pwgerem the first dielectric insulator layer is comprised of
a material selected from the group consisting of SiN, Ta,0, SION, HIO,, ZrO,,
| ALO, Y,0, MgO, TiO, combinations thereof, high dielectric materials and

ferroelectric materials.

3. The method of claim 1, wherein the first dielectric insulator layer is comprised of

SiN.

4. The method of claim 1, wherein the first dielectric insulator layer serves as Both a

metal diffusion barrier and the MIM capacitor 14 dielectric.

5. The method of claim 1, wherein the first dielectric insulator layer ha‘s a thickness
of from about 200 to 10004; the metal layer over the first dielectric insulator layer

has a thickness of from about 200 to 700A.

32



resistor area planar copper interconnect routing points. 14. The nethod of
claim1, wherein the etching of netal |ayer over the first dielectric

i nsul ator |ayer uses a process selected fromthe group consisting of DEC @05
chem cal etch process and a plasna etch process. 15. The nethod of claim1,
wherein an additional dielectric layer is fornmed over the netal |ayer over
the first dielectric insulator |ayer, and the diffusion barrier layer and
t he metalh¢ mpdrodobelainhd, iheseindhel fast dietecinisinsataonr lagyehaasahbéhbsset ched
using the patterned first masking layer. 16. The method of claiml,

wher ei Af figan beoh@00 he dPGh ond iayemyrsefiramidb thit n®:td hgeb ofetrites dist t hi ck.
17. The nmethod of claim1l, wherein the second insulator |ayer is conprised
of a midleqtiginsdateriaydr hromthinknepsod praconbost 200god04i | i con oxi de, silicon
dielectric material and organic |lowk organic nmaterial; and the second
insulator layer is 34 7 DEC. 2005 formed by a process selected fromthe
group consi sting, of PECVD and a spin-on technique 18. The nethod of claim
1, wherefhf Prehehatielebr 1t merepin thsenpallayspaoier dhe firgndihlecaivdnthietarout i ng
poi nt ﬁrenches are filled with planarized copper. 19. The nethod of claim
1, wher®ith SLCOApHERst ofn B@mmaéﬁeﬁéteall fromytie growp ngnsistifpphiddN, Wit B, t he

i nduct %[ trench, the M M capacitor trench and the routing point trenches
W, NiCr, MoN, WN or WSIN.

8. The method of claim 1, wherein the metal layer over the first dielectric insulator

layer is comprised of a material selected from the group consisting of TaN and Ta.

9. The method of claim 1, wherein the metal layer over the first dielectric insulator

layer is formed by a method selected from the group consisting of evaporation,

- CVD and PVD.

10. The method of claim 1, wherein the wafer includes a MIM capacitor area and
does not include a precision resistor area; and the metal layer over the first
dielectric insulator layer is comprised of a material selected from the group

consisting of Al and an Al alloy having a thickness of from about 500 to 1500A.

- 11. The method of claim 1, including the step of forming a dielectric capping layer

over the metal layer over the first dielectric insulator layer.
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before filling the inductor trench, the MM capacitor trench and the
routing point trenches with planarized metal. 20. A method of integrated
circuit conponent integration in copper interconnects, including theD&CeREH
of : providing a wafer having an exposed top-nost planar copper :
i nterconnect; the wafer being divided into one or nore areas selected from
the group consisting of: a spiral inductor area having an exposed planar
copper 12 iJheenedmdeet claion tloimchalifg tlhe atept alcloethispiar diklecniueiing faybh M
capacitor area having an exposed planar copper interconnect bottom plate
and arcstpbseveisl fayvar cseppee firsindetcoimestlaoniget; e dicl@fri@cddpyhgapaci t or
and a precision resistor area having a two exposed planar copper
i nt er clékiffesevingut i thigkpessntos fofmaalprec2®l om 1088istbbeing asiiphged «ropper
barrier first netal |ayer over the wafer; 35 7 DEC 2005 formng a first
pat t ermakrivhsrpeigd (feppe thogempt dvessopged SBdr $iCer Si@st netal | ayer that
covers at least:, the copper barrier first metal |ayer over planar copper
i nterconnect bottom half of a stacked spiral inductor;

13. The method of claim 1, wherein the patterned first masking layer formed over

the metal layer also covers at least a portion of the area between the precision

resistor area planar copper interconnect routing points.
g

14. The method of claim 1, wherein the etching of metal layer over the first
dielectric insulator layer uses a process selected from the group consisting of a wet

chemical etch process and a plasma etch process.

15. The method of claim 1, wherein an additional dielectric layer is formed over the
metal layer over the first dielectric insulator layer, and the diffusion barrier layer
and the metal layer over the first dielectric insulator layer are both etched using the

patterned first masking layer.

16. The method of claim 1, wherein the second insulator layer is from about 0.5 to

5.0 microns thick.
17. The method of claim 1, wherein the second insulator layer is comprised of a

material selected from the group consisting of silicon oxide, silicon dielectric

material and organic low-k organic material; and the second insulator layer is
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- the copper barrier first netal |ayer over the interconnect bottom plate
and the planar copper interconnect contact point of a MM capacitor; and

t he copper barrier first nmetal |ayer over the two planar copper
i‘nterconnect routing points of a precision resistor and the area bﬁbﬁﬁg@m
the two planar copper interconnect routing points; etching the cop

barrier first nmetal layer using the first patterned nmasking | ayer as a mask
to formpatterned copper barrier first netal |ayer_portions over the

r espedPUE! ] AP RO B ar S e B RIREPHGE PO AL TaF Vi? STAKEInSE T al
inducgg&{. &he i nt erconnect bottom plate and the planar copper interconnect
cont ac poﬂﬁ% of a MMcapacitor; and the two planar copper interconnect
routing points of a precision resistor and the area between the two planar
copper. interconnect routing points; formng a capacitor first dielectric

ayer 18Yehe MGhURIRT claih?t TG, 0B (LG BEE S RO RN Bhci Y Gl er L e

capaci tor Filr'st "dielecttic ayer ;

and the routing point trenches are filled with planarized copper.

19. The method of claim 1, wherein a diffusion barrier metal layer lining is formed
within the inductor trench, the MIM capacitor trench and the routing point trenches
before filling the inductor trench, the MIM capacitor trench and the routing point

trenches with planarized metal.

20. A method of integrated circuit component integration in copper interconnects,
including the steps of:
providing a wafer having an exposed top-most planar copper interconnect;
the wafer being divided into one or more areas selected from the group consisting
of: | |
a spiral inductor area having an exposed planar copper
interconnect bottom half of a stacked spiral inductor;
a MIM capacitor area having an exposed planar copper
interconnect bottom plate and an exposed planar copper
interconnect contact point of a MIM capacitor -; and
a precision resistor area having a two exposed planar copper
interconnect routing points of a precision resistor;

forming a copper barrier first metal layer over the  wafer;

35



form ng a second patterned masking | ayer over the top el ectrode second
nmetal |ayer that covers the top el ectrode second netal |ayer over at | east
a portion of the interconnect bottomplate; etching the top el ectrode
second netal |ayer using the second patterned nasking |ayer as a aBkC 1245
forma MM capacitor top electrode netal plate; renoving the second
patterned masking layer; formng a second dielectric |ayer over the wafer;

formng a - attern maski ng. | ayer over the second die|ectric |ayer
exposi %g 't %@Jrrélglggan% & ipeal%ejeé?‘?cfénqsg% YGELVEE e pYRRAr PSIH TS MRk onnect

bottoqga%g:t}{latogovgmsgtqgks%d spiral inductor; and at |east a portion of the

M M ca or top el ectrode net al plate and at |east a portion of the

pl anar copper iQterconnect .contact int of M M capacitor, and all of
Hm é?fr}ﬁtzﬂﬁ

‘the area between the M M Capa O T VEC ProHe chePal "PIFEPRNEAd t he

pl anar copper int erg&rg&gqltaltcgpﬁt%géﬁbd?%ﬂ%ég%a M M capacitor; etching the

second dielectric |ayer using the ¥9%d maski ng layer as a mask
L9, 0T 20, LIS SRR SHRPSIEG S R AR SRR ot o
at least a portion of,the MaM\r copper interconnect contact point of a MIM

capacitor; and

the copper barrier first metal layer over the two planar copper

interconnect routing points of a precision resistor and the

area between the two planar copper interconnect routing

points;

etching the copper barrier first metal layer using the first patterned masking

layer as a mask to form patterned copper barrier first metal layer portions over the

respective:

planar copper interconnect bottom half of a stacked spiral inductor;

the interconnect bottom plate aﬁd the planar copper iﬂterconnect
contact point of a MIM capacitor; and

the two planar copper interconnect routing points of a precision
resistor and the area between the two planar copper
interconnect routing points;

fofming a capacitor first dielectric layer over the  wafer;

forming a top electrode second metal layer over the capacitor first dielectric

layer;
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[ i f the
capacitor top electrode metal plate and at least a portion o
coner i nterconnect contact point of a MM capacitor; 37 7 DEC 2005 and

filli
net al

ng the inductor trench and the connecting strap trench with pl
to conplete formati on of the follow ng devices as selected: t

pl anar

g)arl zeo\g

spiral inductor wthin the spiral inductor area, the_NINIcapacitor_mqthln
the M M capacitor area,; and t he precision resistor wwthin the precision

i n the (of0) barr
otal | ayerornicgta ST R By WS %hp een%hegﬂ??%@ sgfo

. Ti N,

copper barrier first nmetal 1Tayer 1s a mteria

jer first

N, Ta,

ThMal MiySF thVabeMhhe %p MNodz%ecomen{E%Mgﬂe budl 8B A0, Hhereln the

ect e

ShPPHEYr oup

consi sifi e} The net hod of claim 20, wherein the copper
gf t?ﬂs%%&%?%é% %gg a thickness of from about 200 to 1500A and

s Tormed byliprRcess SELREkeddpomiRn 1:9EPYRiGORS r%%t%df AL

barri

process, an AL

t
D process and proces p8f °th

m 20,

wher einasidie; BORPES 2 Bl 8o fh LVINRLALASMEE & e%%fode e RS o ool s g

200 to 700

of a

and is forrre by a proceSs s rom't

PVD pr&66smg @B sBkdrDp 9888 tnAing 1GYR. Process.
forming a second dielectric layer over the  'wafer;
forming a third patterned masking layer over the second dielectric layer

exposing the second dielectric layer over:

the planar copper interconnect bottom half of a stacked spiral
inductor; and
at least a portion of the MIM capacitor top electrode metal plate and at
least a portion of the planar copper interconnect contact point
‘of a MIM capacitor, and all of the area between the MIM
capacitor top electrode metal plate and the planar copper
interconnect contact pOiII;[ of a MIM capacitor; |

etching the second dielectric layer using the third patterned masking layer as

- a mask to form:

an inductor trench exposing the planar copper interconnect bottom
half of a stacked spiral inductor; dand

a connecting strap trench exposing at least a portion of the MIM
capacitor top electrode metal plate and at least a portion of
the planar copper interconnect contact point of a MIM |

capacitor;
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25. The nethod of claim20, wherein the patterned first patterned nmasking
| ayer covers only at |east the copper barrier first nmetal |ayer over the
two pl anar copper interconnect routing points of a precision resistor and
the area between the two 38 ' 7 DEC 2005 pl anar copper interconnect rfoDEC 05
points; and the copper barrier first metal layer is etched to forma
patterned copper barrier first. netal |ayer portion only over the two

pl anar «(‘?&Eﬁéﬁng@%F@éﬁﬁﬁdfembmdr@ep@ohmcsingfstsappu'emirsi omnwitle pistapizednd t he
area between the two planar copper interconnect routing points. 26. The
met hod™&k! & srpiee lemertsinofithe feldpuuia devigesrastseliiceddect ri ¢ | ayer has a

t hi ckness of from about 200 to 1500A and is conprised of a materi al

sel ected from ttH]%SI@lF%ldBd%f%Méfhlh@h%w*b@lilﬁéucf@f@F—‘@oxi de), SiN, SiON,
Ta2(Cb, Hf 02, Zr%, I\ﬁg Ti 2, - Y203, Al 208, BaxSryTi @2, ferroelectric
materials and. it MPMgRracHRr gz tenVEM capggitpvaazard! Al xTi yCoR. 27. The
met hod of claim20, wherein the capacitor first dielectric |ayer has a

t hi ckness of fr dhf abldiFFISE0 teSIFODA within s thenppicsistof nesistirdear®@8. The
met hod of claim 20, wherein the top el ectrode second netal |ayer has a

t hi ckness of from about 500 to 1500A and is conprised of a materi al

sel ected from thc? %rou,p consisting of Ta, TaN, TiN, AlCu, WS N, Ti N Al Cu,
Al al 19y s gntresrod g1 gyan @0t iwhaeiny gre eppplen hgrriery kst st dayefiis 4i N or
TiW 29. The nethod of claim 20, wherein the second dielectric |ayer has a
t hi Ckﬁ@%‘?“@f selected from the group consisting of TaN, Ta, TiN, TiW, NiCr, MoN, WN

or WSiN.

22. The method of claim 20, wherein the copper barrier first metal layer is a

material selected from the group consisting of TaN and Ta.

23. The method of claim 20, wherein the copper barrier first metal layer has a
thickness of from about 200 to 1500A and is formed by a process selected from the

group consisting of a PVD process, an ALCVD process and a CVD pfocess.

- 24. The method of claim 20, wherein the copper barrier first metal layer has a
thickness of from about 200 to 700A and is formed by a process selected from the

group consisting of a PVD process, an ALCVD process and a CVD process.
25. The method of claim 20, wherein the patterned first patterned masking layer

covers only at least the copper barrier first metal layer over the two planar copper

interconnect routing points of a precision resistor and the area between the two
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fromabout 0.5 to 5.0 microns and is conprised of a materi al

t he

dielectric and conbinations thereof.. 39 7 DEC 2005 30. The nEthgﬁg%kN}ZWS

group consisting of Si2, spin-on lowk dielectric, CVD | owk

claim 20, wherein a netal barrier layer lining is fornmed within |
i nductor trench and. the connecting strap trench before filling the

i nduct or

trench and the connecting strap trench with planarized netal.

sel ected from

31.

The melhoar opbpel aitmc@0nesthenting polvets plrantiel @@ enbhdlerfrirkd ik thy@riipduct or
trench and the connecting strap trench is copper. 40

etched to form a patterned copper barrier first metal layer portion only over the
two planar copper interconnect routing points of a precision resistor and the area

between the two planar copper interconnect routing points.

26. The method of claim 20, wherein the capacitor first dielectric layer has a
thickness of from about 200 to 1500A and is comprised of a material selected from
the group consisting of oxide, SiO (oxide), SiN, SiON, Ta,O,, HfOz, ZrOz-, MgO, Ti0,,
Y,0, ALQO, BaSrTiO, ferroelectric materials and multilayer oxides such as

Ta H£O, and ALTL,O,.

27. The method of claim 20, wherein the capacitor first dielectric layer has a

thickness of from about 300 to 700A and is comprised of nitride.

28. The method of claim 20, wherein the top electrode second metal layer has a
thickness of from about 500 to 15004 and is éomprised of a material selected from

the group consisting of Ta, TaN, TiN, AlCuy, WSIN, TiN/AICu, Al alloys and Al

- alloys with barrier cladding layers such as Ti, TiN or TiW.

29. The method of claim 20, wherein the second dielectric layer has a thickness of
from about 0.5 to 5.0 microns and is comprised of a material selected from the
group consisting of 5i0,, spin-on low-k dielectric, CVD low-k dielectric and

combinations thereof..
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30. The method of claim 20, wherein a metal barrier layer lining is formed within
the inductor trench and the connecting strap trench before filling the inductor

trench and the connecting strap trench ~ with planarized metal.

31. The method of claim 20, wherein the planarized metal filling the inductor trench

and the connecting strap trench is copper.
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