; e3e| y| DH6~T] s~ A METHOD TO FORM BOTH H GH AND LOW K MATERI ALS OVER THE
SAME DI ELECTRI C REG OQN, AND THEI R APPLI CATION I N M XED MODE Cl RCU TS

BACKGROUND OF THE | Wmmnwm Field of the Invention The invention
relates to the fabri ’ tegrated circuit devices, and nore
particularly, to a nmethegwfnr the creation of passive sem conductor

conponents and circuits at one |evel using selected and non-identical
dielectric materials therefore. (2) Description of the Prior Art

Sem conduct or E@%ﬁ?@rfb t@@t{nﬁéd%{f %fdtg‘\'ill‘xf %%Duib%gKnMﬁg\g?ﬁLge&)?ﬁﬁdTHE SAME

processi ng steps e creatl on ce features er active

et sonal | zed. R ER TRAN FARGCNCAE Br KT i MLeh KORSaL 1 ‘Calah BEGk, ireuTTs

sub-functions as gate arrays or DRAM cells or the interconnecting of |ogic
functions to create a nore conplex device. In addition to creating active

seni conmmmmlmmm“m& such as MOSFET devices and DRAM cel ls or logic
devi ces r easi ngPECRSRIUN MO et i O X [9¥ssi ve conponents such
as 1 capacisqi@ s or inductors as part of an integrated sem conductor
devi ce processing sequence. This integration of the creation of active and
passi ve sem conduct or conponents has the advantage of being cost-effective
in addition t(@)préiedidngfaddet ionaht foreedom
The invention relates to the fabrication of integrated
circuit devices, and more particularly, to a method for the
creation of passive semiconductor components and circuits at one

level using selected and non-identical dielectric materials

therefore.

(2) Description of the Prior Art

Semiconductor devices are typically created using numerous
related processing steps for the creation of device features.
After active semiconductor devices have been created, these
devices are typically personalized, which can take the form of
interconnecting such basic sub-functions as gate arrays or DRAM
cells or the interconnecting of logic functions to create a more

complex device.

In addition to creating active semiconductor devices, such
as MOSFET devices and DRAM cells or logic devices, the art

increasingly uses the creation of passive components such as



i n designing nore conpl ex sem conductor device functions. As di nensions of
advanced Integrated Crcuit (1C) devices have continued to decrease, so

al so have the di mensions of conductors and interconnection el enents, which
connect and interconnect those integrated circuit devices. In particular,
di nensi ons of conductor and interconnection el enents which directly contact
| C devices have typically decreased the greatest, thus becom ng the
smal | est in dinension of conductor and interconnecting elenents within

advanced | C P'%MFSS&JQG&P TRSE A O eRnductsor, nand 1 LBLeEeqNBeRt LORduct or
el ements typically conprise the first conductor or intérconnection |evel,

I
whi ch 7 . : oy I .
'ovel's have basn ForbEat e sl e Serdt oo X TR P b P oS EE I ST
comonly, first Lntercgnnection | evel s

act S semico 4idéggh§§t cogguchive ggnt$Ctn§§ugsgf
are formed of 2EGAGEL BRY A3 ¥V YetToe TS oS RAVE "i8cFas &dS R T antad
sinultaneouslg naintaiging and,increﬁngg{denands for perforgance OL %C q
devi ces, it h3§'B8cEAaCTREFRASHHYIIP i CaRt Vs BEnateE br 0jpy freedom
i nterconnection elenments within IC devices to exhibit a high 2 level of
conducti vity whi F8SEPRUPY SRRERsFYMRIFHN TR IGARdUSE oS USeEPERDERPEY19BS -
degradwt i ve phenonena such as electrom gration. One of the nmgjor design
considerations in creating conplex sem conductor devices is the selection
of the type of insulating material that is used for the creation therein of
conductive or el echsi dahéyshons vef colponed Sintsyclatasl Chdaotior $16) devices
capaci tors.
have continued to decrease, so also have the dimensions of
conductors and interconnection elements, which connect and
interconnect those integrated circuit devices. In particular,
dimensions of conductor and interconnection elements which
directly contact IC devices have typically decreased the
greatest, thus becoming the smallest in dimension of conductor
and interconnecting elements within advanced IC devices. These
most narrow conductor and interconnection elements typically
comprise the first conductor or interconnection level, which
contacts an integrated circuit device. Most commonly, first
conductor levels have been formed from aluminum metal or aluminum
metal alloys. Most commonly, first interconnection levels (i.e.
first conductive contact studs) are formed of tungsten. As IC
device dimensions have decreased while simultaneously maintaining
and increasing demands for performance of IC devices, it has

become increasingly more important for conductor and

interconnection elements within IC devices to exhibit a high



A design paraneter that has a critical influence on the performance of the
created conponent is the dielectric constant k of the selected material,
whereby it is required in nost applications to select a material having a

| ow value for the dielectric constant of the selected material. For

i nstance, enbedding a conductive interconnect is an insulating materi al
having a high dielectric constant causes an undesired increase in parasitic
capaci tance between the interconnect and the substrate. As an exanple of

the applicatig qt G d %%H&'c é'v”g\ozdhﬁkfgté Lty £ 830 %) Orsq’l %Jl Cq,’lm%'

that is grown her ma OXI n- or t|on %aV|ng
a dielectric const q%¥ 0 rder X|de hav
i el ect 1 ¢ COTSRRE O dduee dégr%ﬁa%aegfeelb%fg%wSe@haa?ﬁire&%wl@ﬁémn
ideal dielectric constant is 1.0, this is the dielectric constant of a
vacuum whereas air has a dielectric constant of slightly larger than 1.0.
Dielectric constants of dielectric materials that can 3  be used for
intra-level or int®e |advdhedrgpiedt fpeigat eppal dsaryions pirc lragdlings care 1egr
instance 4.1 - 4.5 for inorganic Plasma Si2, 3.5 for inorganic fluorine
doped Si 2 (FE®icanductaz, gefvaceer ganthePaeyett seyudbxdre ((y8ie dl yumstilat2ng
for organi c Benzocycl obutene (BCB), etc. Conventionally, sem conductor
devi ce supporma ey falathirags issuskdagokraybe scotacomuuche nasin nifercomivedt viee bal
or passive conponents, are created in one |level of insulating material on
one | evel of «epostidan oladtiive r@hebhahtsPesiugin 4egindie®idss candapacitors.
A design parameter that has a critical influence on the
performance of the created component is the dielectric constant k
of the selected material, whereby it is required in most
applications to select a material having a low value for the
dielectric constant of the selected material. For instance,
embedding & conductive interconnect is an insulating material

having a high dielectric constant causes an undesired increase in

parasitic capacitance between the interconnect and the substrate.

As an example of the application of an insulating dielectric
can be cited silicon oxide, that is grown by thermal oxidation or
by chemical vapor deposition, having a dielectric constant in the
order of 3.9, CVD oxide having a relative dielectric constant of
about 4.6. The lowest possible and therefore the ideal
dielectric constant is 1.0, this is the dielectric constant of a
vacuum whereas ailr has a dielectric constant of slightly larger

than 1.0. Dielectric constants of dielectric materials that can



the need for increased layout flexibility indicates that it is advantageous
to be able to.create such supporting features wthout the restriction that
these features are created on one | evel of deposition of the insulating
material. The invention provides nethod that addresses this aspect of

sem conduct or device creation. US 6,258,688 Bl (Tsai) shows a high and | ow
pol ysilicon and inductor process. US 6,057,202 (Chen et al.) shows an

i nductor process. US 6,008, 102 (Afford et al.) shows a 3D inductor process.

4 SUMVARY ¢ E'E"éd' W‘Eﬁh@'ﬁl&%ﬂ%f”ﬁn@@ eGy e A1l RVAALLAR, ) Sy L Py,

provide a nethod that allows for the creation of nultiple sem conductor

component s hayig di LLSL0 - 0oL AL L encredul f ements Atecana | gkl 0f pyoopa

i nsul ati on. her ive o e'invention is create af one leve

| ayer of insyl.atin erial havin on-uni formdi el.ectrig.constant i thin
tho T ayer 1 iTREboF CANEE: vl T THEL o R s A9PePna Ohy T on & hew ik f3d
of provided for formng in_one plane |ayers of sem conductor nmateri al
havi ng bot h MfGRT&Rd FPEWSHL 8PEEL PR oRSt dit &M e tyers,’ HQF R§I&BLECt ed and
preferably non-identical paraneters of dielectric constants, are

successi vel y BES8FOSYCeaPIReBRSpBEFBRdD 9WEh | ayers of etch stop material. The
| ayers can be etched, creating openings there-through that can be filled
with a

Conventionally, semiconductor device supporting features,
such as layers of conductive interconnect metal or passive
components, are created in one level of insulating material on
one level of deposition of this material. Design requirements and
the need for increased layout flexibility indicates that it is
advantageous to be able to create such supporting features
without the restriction that these features are created on one
level of deposition of the insulating material. The invention
provides method that addresses this aspect of semiconductor

device creation.

US 6,258,688 Bl (Tsai) shows a high and low polysilicon and

inductor process.
US 6,057,202 (Chen et al.) shows an inductor process.

US 6,008,102 (Alford et al.) shows a 3D inductor process.



a layer of choice. 5 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a cross
section of a substrate over the surface of which have been deposited | ayers
of dielectric, layers of etch stop material are part of the stack of

| ayers. Fig. 2 shows a cross section of the substrate after a photoresi st
mask has been created over the surface of the last created layer of Fig. 1.
Fig. 3 shows a cross section of the substrate after etching of an upper

| ayer of dielectric, creating an opening through this layer of dielectric.

Fig. 4 shows a cross section of thepmsulsbrataraliietnthgycreated openi ng has
been filled with a dielectric of choice. Fig. 5 shows a three di nensional

view of an application of the invention, DESCRI PTION OF THE PREFERRED
EMBODI MENTS The invention is now described in detail using Figs. 1 through
5 for this purpose. 6. _Referring.now s Lfically to the cross section
chown in Fio b ehererr PLEGHH O TR (Rt e he o ERaREP S AT ace
siljcon substrate. Over ﬁhe urface of
*Fay

10 such as the_ _surface, of
substrate 10mﬁ568dngﬁEs§}€éW? en e pdSded@a Ao gr S§@iconductor

components having different insulation requirements at one level

of insulation.

Another objective of the invention is to create at one level
a layer of insulating material having non-uniform dielectric

constants within the layer.

In accordance with the objectives of the invention a new
method of provided for forming in one plane layers of
semiconductor material having both high and low dielectric
constants. Layers, having selected and preferably non-identical
parameters of dielectric constants, are successively deposited
interspersed with layers of etch stop material. The layers can be
etched, creating openings there-through that can be filled with a

a layer of choice.



of insulating material such as IMD dielectric and an upper |ayer 16 of
insulating material such as IMD dielectric. The two |ayers 12 and 16 are
separated by a relatively thin layer 14 of etch stop material, a second

| ayer 18 of etch stop nmaterial has been deposited over the surface of |ayer
16. For the etch stop |layers 14 and 18 one of the nunerous avail able etch
stop materials can be selected such as silicon nitride, nitride, carbide
and conposite films |ike oxide/carbide, oxide/nitride and the |ike. The

preferred etch stop materi al grefrt BEstRYEM MOOF OFfud BteNsNEg and 18 are
silicon nitride (SIiN) and silicon carbide (SiC) . For the layers 12 and 16

a material that is typically applied as an Intra Level D electric (ILD) and
Inter Metal 7 Dielectric (IMD) can be selected. For these |ayers,

preferably a |ow k; g' eheglric és&%eeé% eqost%lh s%%s'&%ﬂft%%@e?l LRESIYL PXADE, ¢

HDP- FSG ( hi gh- densi Iasna TUoF i he- |cate uori né-dope

silicate gl as icon dioxid i de" ed or,

silicon nltrlgégF ﬁ%??l Ee? d%???%ﬁﬁ}(ﬁ&ﬁﬁﬁ%l%ﬂad &5F568Vyg§§ %a?%l%ﬁ%?
pol yi m de, tetra-ethyl ortho- S|I|cate (TECS) based oxi des,

bor 0- phosphat&©Bi PREEEL2 Y 358 RBESL PHosHisksiali daverslass (PSG ,
boro-silicate-glass (BSG, oxide-nitride-oxide (ONO, a low dielectric
constant material, such as hydrogen sil sesqui oxane and HDP- FSG

(hi gh-density-plasma fluorine-doped silicate gl ass.
Fig. 2 shows a cross section of the substrate after a

photoresist mask has been created over the surface of the last

created layer of Fig. 1.

Fig. 3 shows a cross section of the substrate after etching
of an upper layer of dielectric, creating an opening through this

layer of dielectric.

Fig. 4 shows a cross section of the substrate after the

created opening has been filled with a dielectric of choice.

Fig. 5 shows a three dimensional view of an application of

the invention,

DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention is now described in detail using Figs. 1

through 5 for this purpose.



Next, Fig. 2, a mask 20 of etch resist material, preferably conprising
photoresist, is created over the surface of |layer 18 of etch stop material.
The opening 19 that is defined in the layer 20 of etch resist material 20
exposes the surface of |ayer 18 over a surface area where a design requires
that a sem conductor conponent is created, inbedded in [ayer 16 of |owk
material. This desired requires a high-k dielectric material for its
creation. The etch that has been prepared with the creation of the etch

resistance mask 2RerEb8ind nbw HOW PErsonned 4 ecﬁH%V'c%ss' @e@%g%d@%ﬁn"\iﬁh
the pattern of the etch réesistant mask 20,” the 8 | ayers 18, 16 and

fromthe Sur%gée of LRELOYErshayery Jé%égs'%g%ﬁfﬁ? EBE%R abnadhes e§H£%ace

of this etch aré shown in Cross section in Wher & t he now pa tern

and et ched | ayeca s, ; 16,and. 1B, LM 1 a5 %Icsotnack 2 Aer S.0verhyi g, Lhe.

surface of t omer a er of 1nsula |n erla e Cross Sec |on

that is shown_.in etch reS|stant sk 20,

r enoved fron1€h8ugagfag% %& I%&%rsﬁﬁfeﬁﬁfve%gqhﬁer Eoégtﬁﬁe |ﬁ9@ﬁflgﬁyeﬁslz
shown in the cross section of Fig. 4, the trench 19 (Fig. 3) is nowfilled
with a layer ©221Bfuhphhig W‘%%%Pafﬂ nﬁl%taesr iP5 6&§e§n81f apr BRPFRglayer
sem conduct or conponent therein that requires a high-k insulating nateri al
for optinmum pérPérraReéat e ebitemivl |y 22 128h Belgicamkiet deposveedavyes
the surface of the structure that is shown in cross section in Fig. 3 after
whi ch excessl@ngadi ab asereapyrgted by a relatively thin layer 14 of etch

stop material, a second layer 18 of etch stop material has been

deposited over the surface of layer 16.

For the etch stop layers 14 and 18 one of the numerous
available etch stop materials can be selected such as silicon
nitride, nitride, carbide and composite films like oxide/carbide,

oxide/nitride and the like.

The preferred etch stop materials of the invention for
layers 14 and 18 are silicon nitride (8SiN) and silicon carbide

(SicC).

For the layers 12 and 16 a material that is typically

applied as an Intra Level Dielectric (ILD) and Inter Metal



from above the surface of |ayer 18 by methods of Chem cal Mechani cal

Pol i shing, stopping on the surface of |layer 18 and |l eaving trench 19 filled
with high-k insulating material. The nmaterial that is used for |ayer 22 of
hi gh-k insulating material can for instance be selected fromthe group
consisting of oxide-nitride-oxide (ONO) , SiN such as Si20, Si3N9, TaXOy
such as tantal um pentoxi de (Ta05), Hf XOy, and the like. 9 The structure
that is shown in cross section in Fig. 4 is now conprises a |layer 16 of

| ow k 'nsu'abh@@e@@k?&'@kM@Pdcaﬁ“bérg%F%EH%d‘ﬂﬁgr %%e%@elh§¥§% 19r9fe£9M¢§ a
insulating material, a layer 22 of high-k insulating materi al

exanpl e of t E%waiiphig%&%lgf é@eié‘é’ | oy a%h%%ﬁgg'ggﬂgéﬁggggﬁ?%/S%"a%, a

nunmber of semn conductor conponents 'S own in

hi ghl i ght ed h%PFEgG ?h? ﬁ—den ey?ﬂ?ﬁﬁki%ﬂgﬂﬁior 2 %%C%ilgggggrag% s}he

surface of a substrate, over ace Whi 6 € séni conduc

conponents of_.t he,exa hav been create irst ..,
Choblating mitePEARsaaRBet taafb% A e o iapen” 9ot Sh, Thorieer
| ayer of etch stop materi al 805|ted over, t he surface of layer 12 - 16,
16' and 16", 9CRFEe % cBPfBRE bf Ty B (T Rdiradend  ndat &rFan

deposited over the surface of Ia er 14; layers 16, 16' and 16" are used for
the creationOFVIABEARS) | ALSOBPRO Ve c grifatkene, polyimide, tetra-ethyl-

ortho~silicate (TEOS) based oxides, boro-phosphate-silicate-glass
(BPSG), phospho-silicate~glass (PSG), boro-silicate-~glass (BSG),
oxide-nitride-oxide (ONO), a low dielectric constant material,
such as hydrogen silsesquioxane and HDP-FSG (high-density-plasma

fluorine-doped silicate glass.

Next, Fig. 2, a mask 20 of etch resist material, preferably
comprising photoresist, is created over the surface of layer 18
of etch stop material. The opening 19 that is defined in the
layer 20 of etch resist material 20 exposes the surface of layer
18 over a surface area where a design requires that a
semiconductor component is created, imbedded in layer 16 of low-k
material. This desired requires a high-k dielectric material for

its creation.

The etch that has been prepared with the creation of the
etch resistance mask 20, Fig. 2, is now performed removing, in

accordance with the pattern of the etch resistant mask 20, the



traces therein or thereover; these netal lines and interconnect traces
require a lowk insulating nmaterial which is provided by the material of

| ayers 16, 16' and 16" 10 - 18, a second | ayer of etch stop nmateri al
deposited over the surface of layer 16 - 22', a first layer of high-k
insulating dielectric, which in the exanple shown serves for the creation
of a lateral capacitor dielectric therein - 22", a second |ayer of high-k
insulating dielectric which in the exanple shown serves as a | ayer of

capaci tor di gl getdiG far %n*&orlit4zggfogl'naﬁép§8£%9£e V\[F‘Prﬁpé’ hoo égr ﬁ%a Ay Qf a

hori zontal capacitor is elenen a second plate of t i zont al

capaci tor ISiﬁ%&ﬂE%Eﬁ.3ﬁmle%Qqu @ggtgggggtagg gﬂfg é@ﬁ?ra§g S Jﬁ%’in Cross
preferably conmprising copper, that 'sérves as a contact point” for an

overlying inductor 30 -..28, a patterned and etch |ayer of netal, preferably
conprisi ng copperc” tat Wer ves §§r§ Fﬁ?s?oﬁl8%¥$%H@¥§fa?éﬂ§ﬁcqﬁﬂ'%%¥ers %,
overlying capacitor_inductor - 30, an_inductor that has been created

over | yi ng t he® I2RAerL o & TR YMowsSk 3 5§64t PRgLAREEF i QYT H 9 driferitvtdiags of

i nductor contact point 26 - 32, a lateral capacitor that has been created
usi ng t he hi'gre K avifsullaiaig Afay@sugating3gatepbatohd acts the td@gsats@calion

capacitor 32
that is shown in Fig. 3, the etch resistant mask 20, Fig. 2, has

been removed from the surface of layer 18.

As a final step of the invention, as shown in the cross
section of Fig. 4, the trench 19 (Fig. 3} is now filled with a
layer 22 of high-k insulating material for purposes of creating a
semiconductor component therein that requires a high-k insulating
material for optimum performance thereof. The layer 22 can be
blanket deposited over the surface cof the structure that is shown
in cross section in Fig. 3 after which excess material is removed
from above the surface of layer 18 by methods of Chemical
Mechanical Polishing, stopping on the surface of layer 18 and

leaving trench 19 filled with high-k insulating material.

The material that is used for layer 22 of high-k insulating
material can for instance be selected from the group consisting
of oxide-nitride-oxide (ONO), SiN such as Siz0, Sij3N4, TaxOy such

as tantalum pentoxide (TaOs), HfOy, and the like.



11 - 34, the second plate of a horizontal capacitor of which elenment 28
is the first.plate and | ayer 22" of high-k insulating material is the
capacitor dielectric. It is clear that the three dinensional viewof Fig. 5
serves as an exanple fromwhich it can be derived that the invention

provi des for the m xed creation of sem conductor device elenents in one

pl ane even for device elenents that require insulating materials of both

hi gh-k and | owk dielectric constants. The exanple shown in Fig. 5

[11ustrates the cpeatdon, of, A Motz qu ab, GAPacT Lok sasLateral s orpertf cal

capaci tor and interconnec races 1 n one plane e dielectri

constant of this plane is locally .selected so.tha n_i nductor can be

brovi ded ovePSYhEPUEFTHEE LA B o Bsker PP Fon HEC Rimbcarty st the

created overlying.a lowk dielectric, the |lateral capacitor is created in a

hi gh- k di ol eStPFClo¥Rb HoriFomaneoafabih gPV & GREALBALNg! PREar F bh 3 KLaves

capacitor dielectric. All of these conponents are created in a plane in

whi ch al so néfwef kK1~ § MRTEFned Rat&dd$ have been created which

typically required a lowk dielectric for optinmm performance. The

invention is equally applicable to cases where layer 12, Fig. 1 through 5,

is omtted and where therefore a |l ayer of dielectrics having different

di el ectric const ahssansexargatedflxhe application of the invention, a three
dimensional view of a number of semiconductor components is shown

in Fig. 5.

Specifically highlighted in Fig. 5 are:
- 10, a semiconductor surface, preferably the surface of a
substrate, over the surface of which the semiconductor components
of the example have been created
- 12, a first layer of insulating material deposited over the
surface of layer 10
~ 14, a first layer of etch stop material deposited over the
surface of layer 12
- 16, 16’ and 16”, three sections of a second layer of insulating
material deposited over the surface of layer 14; layers 16, 16
and 16" are used for the creation of metal lines and interconnect
traces therein or thereover; these metal lines and interconnect
traces require a low-k insulating material which is provided by

the material of layers 16, 16’ and 16"

10



directly over the surface of the substrate. A layer of etch stop material
isinthis case first deposited directly over the surface of a substrate,
the layer of dielectric is deposited over this |ayer of etch stop material.
I nterconnect netal with overlying bond pads that are in contact with the

i nterconnect nmetal can be created in this layer of dielectric, the

i nterconnect netal of this layer is further electrically connected with the
sem conduct or devices that have been created over the surface of the

substrate. Vhilg the.cxanples dhal: have Been 1sedet 0t He,EL 8% Loty augh S

shown the application of two overlying | aye ic mater
separ ated and gggggeg 3y %n!q¥ r of etch stop naterial, these two | ayers
ed 10 a arger nunber of layers wthout affecting the

can readily pe expan
invention. Song, of th .additionali% yers may be used for_ the creation of
Fegions | n theZpl arfe +Het s YHae thaua aK FLEFONE ELnEcRt PR E ERar 2T ot cs
but not all of these additional |ayers need to be used for_this purpose.
The inventi oh?¢hefafRte PrIN FEF € metCFodEoFTEREIEPeafi BNt dEE FPpacitor
mul ti-layer structures whereby the specific requirenents of each of the
conponent s tAatlager partheieithe structure can be individually addressed and
provided for. Conponents that are part of the structure are thereby not
limited in thek?”create¢emdtlaysel mf drigat-éd inguéneipbadéehadtaie wotcli3in
restricted to one plane by requirenents of insulating material that is a
critical parthefegivepke esticath conp@rents. a layer of capacitor dielectric for a
horizontal capacitor whereby a first plate of a horizontal
capacitor 1s element 28 and a second plate of the horizontal
capacitor is element 34
~ 26, a patterned and etch layer of metal, preferably comprising
copper, that serves as a contact point for an overlying inductor
30
- 28, a patterned and etch layer of metal, preferably comprising
copper, that serves as a first electrode of point for an
overlying capacitor inductor
- 30, an inductor that has been created overlying the layer 16 of
low~k insulating material in alignment with inductor contact
point 26
- 32, a lateral capacitor that has been created using the high-k

insulating layer 22'

- 33, the contacts to the lateral capacitor 32

11



It can be stated in summary that the invention provides a nethod for the
creation in one plane of electrical conponents which require dielectrics
havi ng non-identical dielectric constants for their creation. Al though the

i nvention has been described and illustrated with reference to specific
illustrati ve enbodi nents thereof, it is not intended that the invention be
limted to those illustrative enbodi ments. Those skilled in the art w |l

recogni ze that variations and nodifications can be nade w thout departing

fromthe Sp'r'%40fthgei%ggﬁ@LbPQtel5f'§ Ader i q intended .t fLRﬁ#HﬁFelement

within the invéenfion a varl ati ons an fIC tlons

m‘thln.the S%%p gh ?ﬁggg gag%C|a and2§$UI%§| #th%%ﬁ angomategial

is clained e crea Iayer
dielectric cgonstants in ope plan rising the steps of: prOV|d|ng a
substrate, sé?dkgﬁbg?PﬁFétﬂﬁv?hﬁf% rr‘1I;‘rovided wi th seni conductor devices
over the surface thereof; depositing at | east one stack of |ayers over the
surface of said | east one |ayer of interconnect netal, said at |east one
stack of layers conprising: (i) a lower |ayer of etch stop material; and
(ii) a first uppers| apeprothdretleet Fheehadng sl dMalstvigielPdcFine BORSTEAS ; as
patterning and etching said at | east one stack of |ayers,

an example from which it can be derived that the invention

provides for the mixed creation of semiconductor device elements
in one plane even for device elements that require insulating
materials of both high-k and low-k dielectric constants. The
example shown in Fig. 5 illustrates the creation of a horizontal
capacitor, a lateral or vertical capacitor and interconnect
traces in one plane while the dielectric constant of this plane
is locally selected so that an inductor can be provided over the
surface of this plane. Specifically, the inductor is created
overlying a low-k dielectric, the lateral capacitor is created in
a high-k dielectric, the horizontal capacitor is created using a
high -k capacitor dielectric. All of these components are created
in a plane in which also networks of interconnect traces have
been created which typically required a low-k dielectric for

optimum performance.

The invention is equally applicable to cases where layer 12,
Fig. 1 through 5, is omitted and where therefore a layer of

dielectrics having different dielectric constants is created

12



creating at | east one opening through said first upper |layer of dielectric
and said | ower |layer of etch stop material; filling said at |east one
openi ng .created through said first upper layer of dielectric and said | ower
| ayer of etch stop material with a second upper |ayer of dielectric having
a second dielectric constant; and creating at |east one first conponent in
or over said second upper |ayer of dielectric, said at | east one conponent
bei ng connected with said sem conductor devices provided over the surface

of said substr h d_of aj itd tin
i nter connectélnlg%cgil},\}m%)tvﬁrg\?g}l §’P%§BE§n89p5§§ %:lgﬂrbl%%% ed’ t%glr%%h&lr 'rsle%cgjrh %}\J/Ceop
said first upper |ayer aof dielectric,,said.interconnect tal bei
connect ed WIALSEA SeniOoiiac: 6P “HetiCa BPBUF Hes Gered he SUiTacdeor sai d
substrate. 3. The nethod of claim1, said first dielectrjc constant, and
sai d second BHEiad Al & SHOSARE thei hJCdi FYEF et BYSHe TeaktrkbFrafmded oxer
The method of claiml, said patterning and etching said at |east one stack
of layers addtid o9ty dopichsisigP PAFeFiipdt SPEPECORREE fMestl stidds bei ng
perfornmed prior to said patterning and etching said at |east one stack of
| ayers, sai dP¥erting &endeomeisi $hag: age) idepostefhgvbth aies oft etaamnstadp
mat eri al over the surface of said at |east one stack of |ayers; and
metal can be created in this layer of dielectric, the
interconnect metal of this layer is further electrically
connected with the semiconductor devices that have been created

over the surface of the substrate.

While the examples that have been used in the Figs. 1
through 5 shown the application of two overlying layers of
dielectric material, separated and covered by a layer of etch
stop material, these two layers can readily be expanded to a
larger number of layers without affecting the invention. Some of
the additional layers may be used for the creation of regions in
the plane thereof that have different electrical characteristics
but not all of these additional layers need to be used for this
purpose. The invention therefore provides a method for the
creation of complex, multi-layer structures whereby the specific
requirements of each of the components that are part of the
structure can be individually addressed and provided for.
Components that are part of the structure are thereby not limited

in their creation to being created in one plane and are not
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(i1) creating an etch resist mask over the surface of said |layer of etch
stop material, said etch resist mask having at | east one openi ng exposi ng
the surface of said at | east one stack of |ayers where said at | east one
opening is created through said at |east one stack of |ayers: 16 (B) a
second step, said second step being perfornmed after said patterning and
etching said at | east one stack of |ayers, said second step conpri sing
renoving said etch resist nask. 5. The nmethod of claim4, said etch resist

mask conpri sidig PRAQr €5Shak: pOandhsy MBLHQD, Qfefl 81 dR 2 AALIONAL L rial
creating at | east second one conponent overlying said Interconnect netal

created in ver, sai d.ti.r r iele i id at | east one
second conpgﬁgﬁi SE?hégégﬁﬁégtggpgﬁ?tagg%dg%%%%§%é%%&%%§¥ﬁ§ing sai d

i nterconnect metal. 7. The nethod of claim6, said at | east one second
conponent conprising an inductor. 8 The nethod of claim?7, said inductor
conprising an horizontal spiral inductor created over, a | ow

di el ectri c- const dift GifelPEctrRECIQinTRETARF hotP D Id1%idRVentedgind PAC VIFERSt 2one

first conponent conprising a capacitor. 17 .
method for the creation in one plane of electrical components

which require dielectrics having non-identical dielectric

constants for their creation.

Although the invention has been described and illustrated
with reference to specific illustrative embodiments thereof, it
is not intended that the invention be limited to those
illustrative embodiments. Those skilled in the art will recognize
that variations and modifications can be made without departing
from the spirit of the invention. It is therefore intended to
include within the invention all such variations and
modifications which fall within the scope of the appended claims

and equivalents thereof.
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10. The method of claim9, said capacitor conprising a horizontal
capacitor. 11. The nethod of claim9, said capacitor conprising a | ateral
capacitor. 12. The nethod of claim9, said capacitor conprising a

hori zontal capacitor created in a high dielectric-constant dielectric. 13.
The nethod of claim8, said capacitor conprising a |lateral capacitor
created in a high dielectric-constant dielectric. 19. The nethod of claim
1, said first upper |layer of dielectric conprising an Inter Metal

Di eIectric.W%St The ?ﬁgﬂgg Qg,clainll, said | ayer of etch stop materi al

bei ng sel ect'ed f rémthe group of materials consisting silicon nitride and

silicon carhide. 1 th for the creatjon of |ayers of both and. | ow .
dielectric gonétEﬁ??oénggﬁeggFaﬁﬁ?agb%%r? i#ﬁ??ﬁ%‘?ﬁéﬁgibfpdpﬁSVigﬁﬁéeﬁg&lc
substrate, said substrate having been provjded with sem conductor devices
over the surdRASEafiér é6f Pnf8plag?ea??‘ﬂg“a?”?%agie oHERSaPdr of interconnect
metal with overlying bond pads connected therewith over the surface of said
substrate, said ®OovéaddndoResrhyerabe, i prEY coHhEeta tRettAvVinE hgedorkreridgd
wi th said sem conductor devices provided over the surface of said
substrate; ddgdsisemigoatiukbgast deneces ackevf theysufaneerthereodur f ace of said
| east one | ayer of interconnect netal, said at | east one stack of |ayers
conpri si ng: depositing at least one stack of layers over the surface of

said least one layer of interconnect metal, said at least one
stack of layers comprising:

(i) a lower layer of etch stop material; and

(ii) a first upper layer of dielectric having a first
dielectric constant;

patterning and etching said at least one stack of layers,
creating at least one opening through said first upper layer of
dielectric and said lower layer of etch stop material;

filling said at least one opening created through said first
upper layer of dielectric and said lower layer of etch stop
material with a second upper layer of dielectric having a second
dielectric constant; and

creating at least one first component in or over said second
upper layer of dielectric, said at least one component being
connected with said semiconductor devices provided over the

surface of said substrate.
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(i) a lower layer of etch stop material; and (ii) an first upper |ayer of
dielectric having a first dielectric constant; patterning and etching said
at | east one stack of layers, creating at |east one opening through said
first upper layer of dielectric and said | ower |ayer of etch stop material;
filling said at | east one opening created through said first upper |ayer of
dielectric and said | ower |ayer of etch stop material with a second upper

| ayer of dielectric having a second dielectric constant; and creating at

| east one fhrsh, COPRONSAT, ¢ %Pahn?VPr e s BB Bar %Ciris{ %QB%Ei%léy%té’f:thﬁ{eS{J”' C,

sai d at | eaSt one conponent elng connecte sai | east one Tayer of

i nt erconnect 17 Th od of c]aim 16, .addi |onal creatin
|t or connecheRgr ar i St Sy e nrts et At cheon B LY. EhOPE' St yer

19 said first er f d|e ri.c, said interconnect netal
connected wPERdsal SBo‘ﬁBg%%df"ﬁF%R/l%édL&}é?c?&lCd P L e ERen s by mera T
interconnect netal. 18. The nethod of claim 16, said first dielectric

const ant anBeéagdcgéﬁ%ﬁHeﬁl%%%Qt?ﬁ%?(ﬁﬂ%ﬁ%ﬂﬂdqﬂéoﬁgd&WﬂFéﬁeﬁfoﬁydﬁd over the
nmeasurabl e amount. 19. The nmethod of claim 16, said patterning and etching
said at | easbréagesphckabl $%®@#@ﬁ%ﬁkﬂtlonally conprising: (A) first steps,

said first steps being perforned prior to said patterning and etching said
at | east one stack of |ayers,

3. The method of claim 1, said first dielectric constant and said
second dielectric constant being different by a measurable

amount.

4. The method of claim 1, said patterning and etching said at
least one stack of layers additionally comprising:

(A) first steps, said first steps being performed prior to
said patterning and etching said at least one stack of layers,
said first steps comprising:

(1) depositing a layer of etch stop material over the
surface of said at least one stack of layers; and

(ii) creating an etch resist mask over the surface of said
layer of etch stop material, said etch resist mask having at
least one opening exposing the surface of said at least one stack
of layers where said at least one opening is created through said

at least one stack of lavers:;
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said first steps conprising: (i) depositing a |layer of etch stop materi al
over the surface of said at |east one stack of layers; and (ii) creating an
etch resi st nask over the surface of said |ayer of etch stop material, said
etch resi st mask having at | east one opening exposing the surface of said
at | east one stack of l|layers where said at | east one opening is created
through said at | east one stack of |ayers; (B) a second step, said second
step being perfornmed after said patterning and etching said at | east one

stack of | ayers, i C i Si i .sal Si
ok, 20 30 THE ntREECDR Srrm O cHh] TR BRRE B ERE e P e
photoresist. 21. The nethod of claim 17, additi.onally creating at.least one
econd. compSatt PRVEPI LG, eaf ot B iRt i dreh o Pakt G0 h 6 408FTSar g
first upper |ayer of gielectric, sajd at | east one second conponent. being
connect ed wieH9s SEGOBBN A PRASCBREL T h g T G 1 eer ComreS TRELAF. ™35K - The
nmet hod of claim 21, said at | east one second conponent conprising an
i nductor. 23. The nethod of claim 22, said inductor conprising an
hori zontal spiral inductor created over a | ow diel ectric-constant
di el ectric. 524Thgheefrbrodfotleini i 1B ida rhatrdsdadt res&k Compricdnponent
conprising a capacitor.

photoresist.

6. The method of claim 2, additionally creating at least second
one component overlying said interconnect metal created in or
over said first upper layer of dielectric, said at least one
second component being connected with said bond pads overlying

sald interconnect metal.

7. The method of claim 6, said at least one second component

comprising an inductor.

8. The method of claim 7, said inductor comprising an horizontal
spiral inductor created over a low dielectric-constant

dielectric.

9. The method of claim 1, said at least one first component

comprising a capacitor.
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25. The nethod of claim 24, said capacitor conprising a horizontal
capacitor. 26. The nethod of claim 24, said capacitor conprising a Lateral
capacitor. 21 27. The nmethod of claim 24, said capacitor conprising a
hori zontal capacitor created in a high dielectric-constant dielectric. 28.
The nethod of claim 24, said capacitor conprising a | ateral capacitor
created in a high dielectric-constant dielectric. 29. The nethod of claim
16, said first upper |layer of dielectric conprising an Inter Metal

Dielectric. ;30. e d_of i 16, .said | ayer of : p '
bei ng sel ectlgd Frg%mmgﬁtéggr%ﬁpcg%l rrar%’erslaa Og C%(?na?%toirnﬁog*)%?é%wn?tn?%ng{ekgjﬁt 1
silicon carbide..gl. A nethod for the creation of |ayers of both and | ow

di el ectric EB8R8TANTS in one plane, conprising the steps of: providing a
substrate, said substrate having been provided with sem conduct or devices
over the surface thereof; creating at |east one |ayer of interconnect netal

wi th overlying bond pads connected therewith over the surface of said
substrate, sairdThe PehRedonk FHyER Bf FTHErERRTECTISCEPTBELRY BohAbRT2H
wi th said sem conductor devices provided over the surface of said

substrate; gapacitor.

12. The method of claim 9, said capacitor comprising a horizontal

capacitor created in a high dielectric-constant dielectric.

13. The method of claim 8, said capacitor comprising a lateral

capacitor created in a high dielectric-constant dielectric.

14. The method of claim 1, said first upper layer of dielectric

comprising an Inter Metal Dielectric.

15. The method of claim 1, said layer of etch stop material being
selected from the group of materials consisting silicon nitride

and silicon carbide.

16. A method for the creation of layers of both and low
dielectric constants in one plane, comprising the steps of:
providing a substrate, said substrate having been provided

with semiconductor devices over the surface thereof;
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depositing at |east one stack of |ayers over the surface of said | east one
| ayer of interconnect netal, said at |east one stack of |ayers conprising:
(i) a l.ower layer of etch stop material; and (ii) an first upper |ayer of
dielectric having a first dielectric constant; patterning and etching said
at | east one stack of layers, creating a nultiplicity of openings through
said first upper layer of dielectric and said | ower |ayer of etch stop
material; filling said nmultiplicity of openings created through said first

upper tayer of dielset(d cand sal drlowet lauer AL ekolystopyBLEriAl, vl th a

multiplicity of Tayers direl'ectric having I Cl el'ectric

constants; and creati.n t least first one co ent in_or over said .
nul tiplici t?v%lffﬁllja]g/%r%&bc? A &6 e@,%egaitg‘%FwEE s?v8ﬁet}f‘?r§‘fr£%%o%rﬁald
bei ng connected with said at |east one |l ayer of interconnect nmetal. 32. The
met hod of cPAPRFBALCadtitd AtfaldsPsdr €36 AGYeRt 8F cORRBEECRBEGF MRt R&I1Yi ng
bond pads connected therewith in or over said first upper |ayer of
di el ectric, CeRRRACHPR SFEOhrzctd mEmIcBEivsG ocoAREEEeE RFPHidaR dovohdtpad
provi ded over said at |east one |ayer of interconnect netal. 23 33. The
met hod of ckarfmad,okaiaid igwtstdiadlesctric constant and a dielectric
constant of each of said nmultiplicity of dielectric

depositing at least one stack of layers over the surface of

said least one layer of interconnect metal, said at least one
stack of layers comprising:

{i) a lower layer of etch stop material; and

(ii) an first upper layer of dielectric having a first
dielectric constant;

patterning and etching said at least one stack of lavers,
creating at least one opening through said first upper layer of
dielectric and said lower layer of etch stop material;

filling said at least one opening created through said first
upper layer of dielectric and said lower layer of etch stop
material with a second upper layer of dielectric having a second
dielectric constant; and

creating at least one first component in or over said second
upper layer of dielectric, said at least one component being

connected with said at least one layer of interconnect metal.

17. The method of claim 16, additionally creating interconnect

metal with overlying bond pads connected therewith in or over
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constants being different by a nmeasurable anount. 34. The nethod of claim
31, said patterning and etching said at | east one stack of |ayers
additiaonally conprising: (A) first steps, said first steps being perforned
prior to said patterning and etching said at |east one stack of |ayers,
said first steps conprising: (i) depositing a |layer of etch stop materi al
over the surface of said at | east one stack of layers; and (ii) creating an
etch resist nmask over the surface of said |ayer of etch stop material, said

steh resistsMReke Aavl i LRARL: 92 (9ReRLRY; BXPOSI A0; ADe- st ace . Sal d

at | east oné stac east “one opéning is created
through said at |east aone, st.ack of. | ayers ) _a second step,.  sai econd
step being kﬁee%?%r%%rgl%cﬁeec% Wslal%d SﬁéLtdt er Hﬁnaggnargf’% ?%gog%?dé%% Iaceicaéteaosrr}e
stack of I$%ers sai d second step conprising renoving said etch resi st
mask. 35. THRS k¥ %ﬂ%ﬁﬁﬁ95399§aﬁﬁt§§0h resi st mask conprising

phot oresi st. 24 36. The nethod of claim 32, additionally creating at

| east one second conponent overlying said interconnect netal created in or
over said first upper |ayer of dielectric, said at |east one second
conponent béf ngTorreted af tH & d hosdifadd r6vef i §iagt5hF dComt @ lomiett
netal. 37. The nethod of claim 36, said at | east one second conponent
conpri sing aaidnslecemdt .dielectric constant being different by a measurable

amount.

19. The method of claim 16, said patterning and etching said at
least one stack of layers additionally comprising:

(A) first steps, said first steps being performed prior to
said patterning and etching said at least one stack of layers,
said first steps comprising:

{1) depositing a layer of etch stop material over the
surface of said at least one stack of layers; and

(ii) creating an etch resist mask over the surface of said
layer of etch stop material, said etch resist mask having at
least one opening exposing the surface of said at least one stack
of layers where said at least one opening is created through said
at least one stack of layers:

(B} a second step, saild second step being performed after
said patterning and etching said at least one stack of layers,

said second step comprising removing said etch resist mask.
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38. The nethod of claim 37, said inductor conprising an horizontal spiral

i nductor created over a |low dielectric-constant dielectric. 39. The met hod
of claim3l, said at |east one first conponent conprising a capacitor. 40.
The nethod of claim 39, said capacitor conprising a horizontal capacitor.
41. The nethod of claim 39, said capacitor conprising a |lateral capacitor.
25 42. The nethod of claim 39, said capacitor conprising a horizontal
capacitor created in a high dielectric-constant dielectric. 43. The nethod

of claim 39;sath GaRarid Yr CAMRN SigNd <@ :hakeral r6aPaEi hoLx Cé&?é@fisi!r{(;g a
hi gh dielectric-constant dielectric. 44. The method of claim 31, said first
upper | ayer Qétgiﬁgfg%ric conprising an Tnter Metal Dielectric. 45. The

met hod of cPaim 3 ,_ said |layer of etch stop material being selected from
the group of materials consisting silicon nitride and silicon carbide. 46.
A nmethod for the creation of layers of both and |low dielectric constants in

one pl ane, conprising . the steps of: providing a_substrate, said substrate
havi ng beengbr oW%éBgW?‘ﬁ e Jt?t'oradﬁlé\yilgé@leeFr?ﬂElE%r?ﬁcJee?%ter‘&ﬁ ;

depositing at | east one stack of | ayers over the surface of said | east one
| ayer of infeFeofneTtPoRAn] oLy a0 584t 1gherconnect metal created in or

over saild first upper layer of dielectric, said at least one
second component being connected with said bond pads overlying

sailid interconnect metal.

22. The method of claim 21, said at least one second component

comprising an inductor.

23. The method of claim 22, said inductor comprising an
horizontal spiral inductor created over a low dielectric-constant

dielectric.

24. The method of claim 16, said at least one first component

comprising a capacitor.

25. The method of claim 24, said capacitor comprising a

horizontal capacitor.

26. The method of claim 24, said capacitor comprising a lateral

capacitor.
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stack of layers conprising: (i) a lower layer of etch stop material; and
(i) a first upper layer of dielectric having a first dielectric constant;
26 patterning and etching said at | east one stack of layers, creating a
multiplicity of openings through said first upper |ayer of dielectric and
said |lower |ayer of etch stop material; filling said nultiplicity of

openi ngs created through said first upper |layer of dielectric and said

| ower | ayer of etch stop material with a multiplicity of |ayers of

diel ectric pavifg gansd UpldiGiity 2af gb%%é?&éiﬁ@f‘%@xﬁﬁﬁisﬁ@ £reating at
| east one first conponent in or over said nultiplicity of |ayers of

dielectric, i I filr nent . bei e i aid
sem conduct%(?ﬁdéej?/ﬁaelse%%\ﬁ ?}2’5 (():\Pe%tratt(:é rer[i?gurgf gégﬁogggg?%ﬁ s%jor%%geal.}ltjﬂ. The
met hod of clagfg46 . additionally creating interconnect netal with overlying

bond pads cOhriected Therewith in or over said first upper |ayer of

dielectric, said interconnect netal being connected with said sem conductor
devi ces provided over the surface of said substrate. 48. The nethod of
claim46, said first dielectric constant and a dielectric constant. of each
of said mul4% plTRe LGN &diic 2éonseaft S2BRFRECH| FPBP BRIy & lateral
nmeasur abl e anount. 49. The nethod of claim46, said patterning and etching
said at | eaG2Pamit et guleadfed dyers highi fienartyieoaprpbamg: dielectric.

29, The method of claim 16, said first upper layer of dielectric

comprising an Inter Metal Dielectric.

30. The method of claim 16, said layer of etch stop material
being selected from the group of materials consisting silicon

nitride and silicon carbide.

31. A method for the creation of layers of both and low
dielectric constants in one plane, comprising the steps of:

providing a substrate, said substrate having been provided
with semiconductor devices over the surface thereof;

creating at least one layer of interconnect metal with
overlying bond pads connected therewith over the surface of said
substrate, said at least one layer of interconnect metal being
connected with said semiconductor devices provided over the

surface of said substrate;
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27 (A) first steps, said first steps being performed prior to said
patterning .and etching said at | east one stack of layers, said first steps
conprising: (i) depositing a |layer of etch stop material over the surface
of said at |east one stack of layers; and (ii) creating an etch resist nmask
over the surface of said |ayer of etch stop material, said etch resist nmask
havi ng at | east one openi ng exposi ng the surface of said at | east one stack
of layers where said at | east one opening is created through said at |east

one stack of | ayris sﬁt@)ngaa%quﬁgtsbﬁ&sﬁ@&ﬂ SECONfk & e, eivde Renfracreds
after said patterning and etching said at |east one stack of |ayers, said

second st ep L8NSk erm/'en}g %ahgtEEEQnﬁgﬁt She MBEK.s 2Q akhe JIRthgy gtg

claim49, said etch resist mask conprising photoresi'st. 51. The neth

claim 47, addjtjqnall e%%e%%bgglggn gast one second conponent overlying
sai d i nterconnect netdl crea I over said first upper |ayer of

dielectric, said .at qust 0 seco ogpoPent beln onnqﬁeed with said

bond pads overlyﬁ g SaidSn e g5nﬁec P JpAtex thod of claim

51, said at | east..qne second conponent conpri.sSi an. i nduct or .
}1f3 an éirst upper aner o dfe{gktrlcrhav1ng a first

dielectric constant;

patterning and etching said at least one stack of layers,
creating a multiplicity of openings through said first upper
layer of dielectric and said lower layer of etch stop material;

filling said multiplicity of openings created through said
first upper layer of dielectric and said lower layer of etch stop
material with a multiplicity of layers of dielectric having a
multiplicity of dielectric constants; and

creating at least first one component in or over said
multiplicity of layers of dielectric, said at least one first
component being connected with said at least one layer of

interconnect metal.

32. The method of claim 31, additionally creating interconnect
metal with overlying bond pads connected therewith in or over
said first upper layer of dielectric, said interconnect metal
being connected with said bond pad provided over said at least

one layer of interconnect metal.
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53. The nethod of claim52, said inductor conprising an horizontal spiral

i nductor created over a |low dielectric-constant dielectric. 54. The met hod
of claim 46, said at |east one first conponent conprising a capacitor. 55.
The net hod of claimb54, said capacitor conprising a horizontal capacitor.
56. The nethod of claimb54, said capacitor conprising a |ateral capacitor.
57. The nethod of claimb54, said capacitor conprising a horizontal
capacitor created in a high dielectric-constant dielectric. 58. The nethod

of claimb54; sahd paPAGHT OF SPQP%'§1fEbéhéf¥f¥§% LRNRGILG %B%@ESHt'Qné a
hi gh dielectric-constant dielectric. . The met hod of claim46, said

first upper;layet,of g@g%{lgf 'c?f ﬂﬁnhﬂt RLal, @'fe'd%& bErlgo

q f
The net hod “of clalm4gb said | ayer o etch stop material "being se ecte

from the groys.of, (TeLerhal 5 PP0ELAL MY S1ALSRN Y ' fg.ad siTi con carbi de.

CACAQy. A Ay. AyA. AAT. AyUy. AyAf . A@y. ASUy. AfU. A A@. A y. A A Aa. A A A Af. Auf. A
S. A(S. AS. Ay AINS Al N. Al af . AYy>~)j KGW

hU8}xsn|d ﬁca]ca ca] ca] ca] ca] ca] ca] c; Aca] ca]ca]c(Jca]ca]ca]ca]calca]
ca]ca]ca]c 85] BaFEafcTa] €43 ER] ¢ Tal B3E erning ‘and etching said

least one stack of layers additionally comprising:

() first steps, said first steps being performed prior to
sald patterning and etching said at least one stack of layers,
said first steps comprising:

(1) depositing a layer of etch stop material over the
surface of said at least one stack of layers; and

(ii) creating an etch resist mask over the surface of said
layer of etch stop material, said etch resist mask having at
least one opening exposing the surface of said at least one stack
of layers where said at least one opening is created through said
at least one stack of layers:

(B} a second step, said second step being performed after
said patterning and etching said at least one stack of layers,

said second step comprising removing said etch resist mask.

35. The method of claim 34, said etch resist mask comprising

photoresist.
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] ca] ca] ca] caJ ealea)esleed <] cdjadd] S4) cgpéd] é4] éaPé’a] endcajea)d Jereral ca
]ca]ca]ca!..,C

; <@\ <] <<<e«@mur] s=ing Sgrvidaetst2n???. @ @A) xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ¢
a] caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca]calc
a! @\ AAAAABPB(BRB} BBBCBCy CCC3DLDDDEE#E™ EEEF9F{ FFF} xsni d_Z] ca] ca] ca] ca] ca] ¢
aJ cal cal ca]ca]ca]lca]ca]ca]ca]ca]ca]calcalcalcalcalcalcalcalcalcalcalcalcalc
a] ca] ca! FF/ & GOE&EGndt HdidH*d tHIdNId i) 3FEI 53kidJ I KEKcKKKK- b £ L XSqi &h Z] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] ca] Cﬁb?@ié#ﬁé—i%ﬂ\ﬂﬁ\ﬂw\!ﬂ}mwr created over a low dielectric-constant
OOWOOOPP@PPPPQSQQRQOR&ER RR}Y xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] cg}l eplgcal £@] cal cal ca] ca) ca] ca] ca] ca] ca] ca] ca] cal RRSPSSSS$TbTTTT#U
bUUUV
VIV VWW W WAING Xx XXXYKYQY} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! QYYYYZXZZZZ[ ?[[[[

VINg\ [V VW et ad e c a a ca
E:a] cg] La] ca]aé\!a] clla%catha(] ca(] ca(]_l}cgé] ca da] q}dcg]]t ]Egg 8 8 ]It%%ga%&%r?%?ﬁl t ]
* a7anaaaa: bubbbcUc
d’\ddddeCeeeS})S?gﬁf’ﬁl_%(] c%] c‘%ﬁ%ca tcoar] ‘ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]j
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cale' fbffff&jaggg"h?hyhhhli>iDiii
] @Yjjjj*kektkkkkl 9% }xsnid_Z] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca]ca]calc
a] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal. ca] cal cagcaI % +l cl |1 &mgnmmm%] nnn
oEoooopppWhBaH %ﬁq‘?‘? FRed x&hi o A e alSédc SpPEFd PEaF@EFEafcﬁ?c‘%{] ca] ca] ca]
cal ca] ca] ca]Mcéa] ca] ca)] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]calrrs(ssss.t ttttuSu
puuuvPvvvv, RRERARDk X x%383GA 5%&thi d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caj] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! Kycyyyy' z?zwzzz
z{K{IW{{{]l@}||]|]|xxyyKy}xsnid_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]ca]c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca>~) f H*f
10% & () - S10% &Thy-heeh&d (9f A& J9,- lsditDWafaCitorl0WBriing a lateral
10%s& ()-)] KiK'y
10% & () - Wecapee &t b6y y#10% & ()-s! S10% & ()-f @0% & ()-LS
10% & ()-3#10% & ()-GWi K-, 8
10% & ()-&610% & ()-410% & ()-/10% & ()--#10% & ()-+"10% & ()-) "10% & () -
Nl K 8 10% & ()-& #10% & ()-9#10% & ()-& "10% & ()-9y!10% & ()-10" 10 10 vy;
"10% & ()-J8si K-KII 10% & ()-9S10% & ()-L9:110% & ()-9
10% & ()-910% & ()-GlOW & ()-9 10% & ()-* g
"ai K-K9-"10% & () -L+#10% & ()-L) T 10% & ()-L'

10% & ()-9% 10% & ()-L#! 10% & ()-Ls!!110% & ()-aSi KA7910"10"y; s10% & ()-8
10% & ()-L610%W & ()- 3 10%W & ()-L1#10%W & ()- / 110% & () -
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M} _A7910""10% & ()-"10% & ()-#10% & ()-10% & () -

Z#10% & ()-10% & ()-10"G yi K- 7##10% & ()-s! " 110% & ()-Y- 10% & ()-S

10% & ()-L10% & ()-3#10% & ()-10% & ()-:| 6w K-73#10% & ()-110% & ()-/#10% &
"()--#10% & ()-+#10% & ()-) 10% & ()-9%#10% & () -w=| i K3#10% & () -

F109%V&' () -y"10%WK&' ()-10:10: 10:y;

S10% & ()-8"10% & ()-6"10% & ()-| Li K- KO#10%W&' () -

' 10%VE' () - 109K ()-10%v& ()- &10%VE&' ()-910%V& ()-"10%W& ()-G Li K- K+S

109%v& () - 1@2@‘/8{'}(3 'Ir%il’l\od of claim 39, said capacitor comprising a
10908 () -y# ! 10%W () - !!10%\/&'()-YlO%/&'()-@lO%\/&'()- (}si Ig+S 1098 () -

109 ()- 10 : . . . . o
“200E () - SRR SO (P, CEGBERR 0 (2B ABhEF T RV @

109%& () - nnoct{%%g - #10%& ()-y! 10%& () - @O%& () - - m0i K- K+#10%& () -) #10%& () -
"109%& ()-% ‘i’ﬂﬂ- VH#109&' ()-y !-10%& ()-fYL0%& ()- OCEFGH i K+#109%&' () -

"10% & ()-S 10% & ()-yf10% & ()-101010fy; s109& ()-- 109& () - K! 6i K- KL!

10% & ()-F#10% & ()-f @ 10% & ()-10% & () -

"10% & ()-f10% & ()-10% & ()-6nUgi K-K710% & ()-f510% & ()-110% & () - - 10% &
()-f+10% & At:j._-The method of claim 39, said capacitor comprising a Yateral
10% & ()-f1%&10% & ()-qgstuvlsi K710% & () - y#10%& ()-"10%& ()-vy .

#109&' () -, yITRAEE ¥HQr CIrERTECt Y 810908 €}913§FK117(*¢@1!151*0@}&1( iR Q) -y
MLO9&' ()-"109& ()-t!10%& ()-#10%& ()-y-#10%& ()-Rn" ]

i K- K8L0%&' ()-f610%& ()-/109& ()--!109%& ()- @109%&' ()-19%0%& ()-f#z#10%& () -]
_“ab  !]!iK810%& ()-y!109%&' ()-y- 10%& ()-y

109 () - yf #4098\« )metOik@I Qffy;claim 31, said first upper layer of dielectric
T109& ()-11N W K- K, 41098 () - #109&' () - y! 109&' () - " 109%& () - y#10%& () -y
10%&; () - y GLOSERS ) s 112t rAHHIGERSSME K1 # DOURE €L r #4109 () -) 10%& ()-s' #109&' () - |
% 10%& ()-S#"109& ()-@!f 10%& ()-$$$/ %p%g% %% _UK- #109& () - 101010SS;
S109&' ()-7! 10%& ()-5! 10%& ()- S310%& ()-/10%& () - SIBAB&r &&& i K- KALOY&R' () - S#1
0% ()-S"10%& ()-S! 109%& ()-S'10%& ()-S

" 109 () - SyA30%hd hmethod (W (iaKnkB¥ 1958 () 2 $b##I DYk &) -LDd JOAK (i Y#10%
& ()-S@10%& ()-S& 109&" ()-&109%& ()-()S)))*L**i K- Kf 610%& ()-f3"10%& ()-S1"1
0% ()-/9 1098 {)s IR ) S LOU& () £ . o ™

Toog: 1) 2x e R b PEaBsErTjoks consisting silicon
#10%& () - yGLOYK ()-.101010,.f; .

t 10%& () - cﬁ%ﬁr\i@ ?]’li} K“;]/“?lfé%?é} GFEVH#R00&: () - yS10%& () -, 9: 109 () - y@L0%&: () -

f#10%&' ()-10%&' ()-,,-@T---.i K- K/ #10%&' () -y- i 10%&' () - +#10%&' ()-) G

109 ()-y' 109 ()- %G

109&' () -yy#s! 109& ()-. Xeow . . ... /}si KL #10%&' () -f! 109 ()-101010y;

109%& 8-%{0%* A %‘é%%?g r 1‘"th0%%E!e(a)t-lPPvPlf5)@@Sfﬂéﬁléfifqg ok 39 &#befy&' ()-y'10

O%& ()-f109%& ()-f-#109& ()-f "10%& ()-y G .

109%&' () - f 00BPUA 1T K-IGVCHE S [ PP TEURL e es 1 TOURE 5159 #altoed (IR SH10%R: () -

yL10%&' ()-y3 109&' ()-112V2_2222i K- K3410%&' ()-1 . .

109%&' () -/ #10%& (Lyr_cg/\zmm-a()s_u.pstrate, said substrate having been provided

109%&' () -)#109%& ()-y' 109& ()-22222, 3n333i K3410%&' ()-"10% & ()-910% & () -

#10% &' () - #1 D% &S ¢ 1 ATIDICRO Y] O i(CpS39@E44 585 KX K cg 00 & ¢9 £ iSf

10% & ()-9#10% & ()-3'10% & ()-s!'10% & ()-#10% & ()-10% & ()-55576667=7i K- K

- 10% & () -+ ! 10880 ) )L &e@st #heYE&atk- 01084y & ¢ )oer the surface of

10% & ()-s!'#10% & ()-=7R777888 88i _UK- 10% & ()-10t 10t 10t Sy;

10% & () -, 854086 Be {9t 6l 0% & 1 Jofy 3 nt@Yic&nhpet metal, said at least one

10% & () - 808889D9z99i K- KS10%&' () - @ 10%&' () - Ss! 10%&' () - SF10%&' () - S#109%&' () - @

109%& () - @ #309Ek (£ Wi srs ;Gnigkikfiv#ro%R ()-f#

109%& ()-S!!109%& () -S10%& ()-f 109 ()-SFS109& ()-S, "10%& ()-C, ;; <@<<<i K-Ky4
(1) a lower layer of etch stop material; and

(ii) a first upper layer of dielectric having a first

dielectric constant;
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109&' () - f 2f

10%&' () -fO#10%& ()-S- 109&' ()-S+"10%&' ()-f)#10%&' ()-f' #109%&' () - <9=v=y=z={=| =
==i Ky4. 10%&' ()- @ 10%&' ()- @' 10%&' ()-101010; 10%&' () -y, 8S

10%& () - f &6#10%&' () - =" >e>>>>7?n?i K- KS@LO%&' () - @" 10%&' () -

Y10%&' () - @O%& ()-, Z10%&' ()-,!10%& ()-310% ()-n???. @ @3ED K- Kf ;

109&' ()-S)10%& ()- @, #10%&' () - SYA0%&' () - Sy#s! 109& ()-S ! " 10%&’ ()- SF#10%&' ()
- @AAAOA) AAAI Kf ; 109& () mlO%3& ()- 109B& ()-109B& ()- #109B& () -

109B& ()- 101010 Ko L0YB&: (Dxfd at lest SN
109B&' () - L109B& ﬁ?\? F10%3 1008& () - 8! 4 Sme COST gne stack of layers,

;?ffgo%g} @%%&D%ﬁﬁa%%% (%%Eo@%éf%@&gﬁg @,@1@ W L) ol TuBPEBE -
}8"%&&(9 EEERORTEr %%{%ﬁ%%@%“? ST BT E BrchosseR: PRI & (

| 0, | - '

) Oq;?éékf'&élogéggg% %%;gg%a %%R 1é¥g§lgfLop nln%é created through said

“1109%4 & ()-Y: 10%| & (L S 110%} & ()-.H HHH* I H KI LI.M i KA7104| 104| y:
10%| & () - 31094 &p?f-rl 1994 | ¥ ( l%@.@‘bﬂm%a@d Safigydioger) Layer of etch stop
+10%}| & ()-M NI 11J>JLJJ} _A7104| " 10% h& (37 $10% h& ()-10% h& ()-- 10% h& () -
1 10% hé& ()matfe%lh&weyhlmmghmlm(w 1 17) epeh & f( LBl e0drh& DRVYRTI 1895
h& ()-Y10% h& ()-S!10% h& ()-9 10% h& ()- !10% h& ()-K, L8Lt LLLLLLI _UK)#10%
h& ()-10 h1olhiolhpitdwehd{$1ec10ls h(tars si0Fe.’ () --10% h&' () - +10%
h& ()-LLLM MckMW K- K9! 10%4| & () - @
10%| & () - #10% &by i @08 | Beé3t | MOV & 1) -cRERMEE (Dn- #10%FE&' 624 M NoNNN
OOWD K- K/ &10%#| & () - +
10%4| & () - mbl@Ydi&city' 810Y8) & £ ) o §AINO¥E & i)c,S |SaiQle|t&'1ehs one first
10%4| & () - WOOOPPPPP@P} si K/ &10%4| & () - 10% h&' ()-104| 104| 104| y;

10%4| & () - @6%9%&1%&1:(%elﬁéo(‘i/éﬂlﬁe&&ecl@ﬂ@?/dslﬁc()se@’%%%@@@@r@&r@%‘@as
h& ()-s!10% h& ()- y 10% h& ()-10% h& ()-f 10% h& ()-"10% h& ()- , #10%

h& () - QURER BRRSk - Bvéglgﬁ%h§h£%a%§yéﬁg@§¥%(Qdﬁgtfg¥g%h& ()-

47. The method of claim 46, additionally creating interconnect
metal with overlying bond pads connected therewith in or over
said first upper layer of dielectric, said interconnect metal
being connected with said semiconductor devices provided over the

surface of said substrate.

48. The method of claim 46, said first dielectric constant and a
dielectric constant of each of said multiplicity of dielectric

constants being different by a measurable amount.

49, The method of claim 46, said patterning and etching said at

least one stack of layers additionally comprising:
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Y 10% h& ()-S 10% h& ()- 9f10% h& ()- 10% h& () - SPSSSS$TbTTi K- K6! 10%

h& ()-1M 10% h& ()-/110% h& ()- - 10% h& ()-+ 10% h& ()-) @10% h& ()-'f
10% h& () - TTTTTT#UbUU K6! 10% h&' () - S10%t| & ()- "10%| & ()- !'10%| & ()-10
h10 h10 hy; 10% h& ()-8!10% h& () - UUV VIV} VWV K- KY! 10%}| & () -

@LO%}| & ()-9910%| & () -

"10%| & ()-10%4 & ()-"10% & ()-!10%4| & ()- VWW WAMBXXXi K- K- #10%4| & () - +#10
% & ()-) 10% & ()- '10% & ()-9%40%t| & () -

#10%| & () -s! &1L & () - KYNY.QYRY.QYj -#10% ). & (). 4
{ood p ()fé_s 1035( &k%%éﬁ)%%%&. %\%ﬁ_% QU B0 UE o bt 08LARI 408bE o
109 & () -/109%| & () -QYYYYZXZZZi K- K10%|.& (). -.10%| & () -
1oq&i&fE)_ﬁfé@m%gy%%g?iﬁgmﬁﬁgkg%ggﬁiﬁﬁﬁ%ga§£% leastlong stack of layers,

10%&|&'()-ZZ&?[&5%%¥K— +510%§¥&f(%:%‘} 10%| & ()-1940%1 & ()-f##10%4| & () - L!
&109%| & () 5310 (FERRILO9RE I TA 1\ g\ |\ \\\ i UK+s10%4| & () - 104| 104| 104|
S : L :
10%4| & () - 7@ 0% [& EFP881BbRY & (Yaviga o |E D) St@PoFR e LR OVEA] FIF] i K- K10%
& ()--#109%& ()- @ 10%G& () -" 109 () - 10%6& () -
10938 () - f spodege(pr] said| avrleast e siowtr qf) layegsesany- s' @
10968 () -1 9@109%& ()-L!:109%%& ()-F!' 1096 () -,
109%3&' () - " Sialy rrsat KT 10GIOQE!S, U948 MoKl @MB& the3Surface of said
109638 ()-1'109%6& () -/#109%6& ()- -109%& ()-s t °~ a7anaa}_ A710G 10%Z& () -
f10%Z& () - 12QeZ&of) esd DB )mdt st IlOZ & () letSdh resist mask having at
109%Z&' () - 10Gaaa: bubbbci K- 79! 109%Z&' () - s!10%Z& ()-#109%Z& () -
109%Z&' () - Z12Q%Z&oh k- opOLTEG (¢xpos IDYARN A )s o IeeeC of said at least one stack
dhddi K- 71t 1 109%Z& () -/!10%Z& ()--!10%z& ()-f)4 _
10%Z& () - L'o8la%a&r) whedd 086 & (At 1@HOHYTk { Jopdddareateeirkit k0% &o(igh| said

at least one stack of layers;

(B) a second step, said second step being performed after
said patterning and etching said at least one stack of layers,

sald second step comprising removing said etch resist mask.

50. The method of claim 49, said etch resist mask comprising

photoresist.

51. The method of claim 47, additionally creating at least one
second component overlying said interconnect metal created in or
over said first upper layer of dielectric, said at least one
second component being connected with said bond pads overlying

said interconnect metal.
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"10%& () - S#109%& ()-10Z10Z10ZY@ 10%Z& () - 5g109%Z& () - 3
"100@& ()-eee’ fbf fffik K 100& ()-910% ()-! 10% ()-
109& () - MLO%& ()-"10%& ()-109%& () - f &jaggg" h?hyhi K- K y)
10% ()-s' 109& () -1 %t109%& () - SH#10%&' ()-9! 10%& ()-
10%' ()-10% ()-yhhhli>i ABIG D i UK y) 10% ()-1010103@
10%&' () -3 10%&' ()-1 10%& ()-- @
109%&’ () - +! 10%& () Diij@YjjjiK-K 10% & ()-!10%| & ()-10%4| & ()-' 10%| & ()
-s 10%| & ¢
#10%4| & () - 5% 10%1| BTN OF ) ekt i K- RES0sd) &0t PR 05a 2 7) S Th 054 & ()
- @s! 10%]
10%4] & () - gi@%iﬁ?? BRoVRATEE TS K1 % (1)1 %1+l ¢l 1§ K+S10%| & () -
1096 () -y10%3& () - 104] 104] 104 @
10%4| & ()-1S10%| & ()-/"10%| & ()- 11| &mgnmmi K- K3! 1098 () -
109G () - 10@&)#10@/@ Q.. o O
1098 () - " PO9cRIE) ¢h ‘%% PO MOEGH ¥ kU(eEe cepPriping an
10958 () - +Z10%G& ()- ) 10%& ()-s' -
10958 () - | %?Gd/&né?l L 5P 1 D8Rl 19U S ppisisi cdUverl Godew( Fisderoaionypnstant
1096 ()-7 109%%& ()- 510%& () -
31098 () - B10%EREE} CpWppqQuqqi K- KI 109& () -1 " 109%& () - #10%& () - F
10%' ()-sY'10%& ()-11 '10%& ()- S
10% ()-qq/rirrrsQsi K-KY% ! 109 () -1 @ 109 ()-9!! 10% () -1 109%& ()- F10%& ()
11109 ()-F 109% ()-Qssss.t tttiK-K7: 10%&' ()-5"10%& ()- 110%& () -/
"10%& () - - BL0YRNE) my L ROYBH € ) e 14 # 00R, (Jaiid tatt USWBIUICKE TAURE( Fohponent
109% ()-&109%& ()-1 !10% ()-Y 10%& ()- 101010 @ 109%& ()-uuvPvvvv, wi K-KI @
109%&' () - 910%&pl ) si#E0YRchPa#100&. () - 109& ()-|
109%& () - 109%&' () -, wkwwwoxgxxi K- K/ 109&' () - - #109%&' () -+ 109%&' ()-' s109%& () -
109 ()-"!- 10%& ()-Y!'109% ()-xxyy yyyKycyi K/ 109%& () -1
t100@& ()-1f!100% ()-101010f; 10% ()-310% ()-1
110% () C%%YYT%QZW%%hSdKé§1QE/§‘1rQ)54 B10Y8 (iSO oA QUBinG) ! 109&: () -1 #
109%& ()-1: 109 ()-zzz{ K{ W
109%&’ () - 1 )1-10 L R () ) &10%& () - | UB10%& () - S#" 109%& ()-{{{{{| @
13111 K3@ 1%1 f%(z \t(fa% gﬁp%‘% &’20%&' ()-Y -10%& ()-Yy-#10%& ()-101010 S;
10% ()-| ||} ]iK3@10%& ()-Y' 109%& ()-1 10%& ()-Y

56. The method of claim 54, said capacitor comprising a lateral

capacitor.
57. The method of claim 54, said capacitor comprising a
horizontal capacitor created in a high dielectric-constant

dielectric.

58. The method of claim 54, said capacitor comprising a lateral

capacitor created in a high dielectric~constant dielectric.

29
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5{: =" BMFI MQPVYs] bCf *i mgqvxy~8g1l

7" & 3: @t LRQY" _e% rKy|]”_"abcdefghijkl mopgr) aw (06gs]

]!'"$s% (*c+, ./f01235=789C,

<=n?@A\CD EF. HM JKLMMNO@PQSTUVXXQYZ[\]  _s acdefyhDi j kl nopqQst u, wxcyz{| | st uvwx

yz{|}~6Ti [ rier w' ntr rdDocunent .. .

!"#$%&f()§$§3b?%%§§%§%§%d$%%%%lm 4&%35313Q¥yE5% up%g? Qayer o? dielectric
= A ii ~

<=>?@BCDEEGH JKMNOPORSTIMAKYZI )" ledefghy § kI mmopar st uvwwcyz( 1)

60. The method of claim 46, said layer of etch stop material
being selected from the group of materials consisting silicon

nitride and silicon carbide.
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