13 May 2004 NANOLAM NATED THI N FI LM Cl RCU TRY MATERI ALS The pnad&=yt2004
invention is directed to thin filmlamnates used to formelectronic
circuitry that includes both resistors and capacitors, and to a method of
manuf acture of such structures. Background of the Invention There is a
continuing interest in printed circuitry mniaturization. In nost printed
circuit boards in use, circuitry traces are printed by conventi onal

met hods, particularly photoresist techni qgues. Accessory conponents such as
capacitors and rNANQIAMINAGHDY EHid LY GIROVARY MATERKAIR e conponent s
and sol dered onto the printed circuitry, either manually or robotically.
These conponents occupy "real estate" on the printed circuit board and may

be difficult OTh&XREMS it@niich AdtetteddQotthig f1RATathinAGCRE O Wnh elsbtidikd Ur €S
have been proposed in which conponents such as capacitors and/or resistors

are provi ¢eyitey Bagingludps bethgedistesy and gapasitbss, and o miethad jof manpfagteel of es.
Exanpl es §?ch §%§%u%§ructures are found in U S. Patents Nos. 5,079, 069,

5, 155, 655, E , J86, 5,261, 153, 5, 347,258, and 5, 466, 892, the teachings of
each of which are incorporated herein by reference. Typically, a plurality
of such struyctures are |lamnated together with dielectric material to form
mul ti - | ayBckgrquad of the Ipgentionpoar ds. The present invention is directed to a

met hod of form thi Q. ckr cit i ze anjin SSET -hat | des
bot h capaci toi@ﬁ%% Sr%??%t%@?lg%%ﬂgatgj ph@f@%ﬂ@%&f%gﬁiﬁﬁ@ﬁégﬁ%ﬁ?i Izngé&iégm nat e
st r uct ur eprirgedreitctih doadds dm usGuoitarilyy dafacesarel prind ibyncobventiora emdthedsy ent i on

Is directed.t anol am pated structures for form ng assive electronic
conponentgarflﬂﬁfl“ﬂydi BtOE‘?EbS&(,IF‘gE‘F‘Em&né‘CF@é‘?%’t BRIEPOISHLS: 8 1T GRRACHEE 2% ni nat es
whi ch pr opiRdat HGaaaR HroVRle@ s dseRtsSiMSoneAt G0l ¢bigrddbred heAsiRBE Of the
circuitry, either manually or robotically. These components occupy "real estate” on the
printed circuit board and may be difficult or expensive to apply to the board.
Accordingly, structures have been proposed in which components such as
capacitors and/or resistors are provided along with circuitry traces by circuitization
procedures. Examples of such structures are found in U.S. Patents Nos. 5,079,069,
5,155,655, 5,161,086, 5,261,153, 5,347,258, and 5,466,892, the teachings of each of
which are incorporated herein by reference. Typically, a plurality of such structures are
Jlaminated together with dielectric material to form multi-layer printed circuit boards.
The present invention is directed to a method of forming a thin, circuitized
laminate structure that provides both capacitors and resistors, and to the thin layer

circuitized laminate structure formed therefrom.

Summary of the Invention

The present invention is directed to nanolaminated structures for forming
passive electronic components including capacitors and resistors and to circuitized
laminates which provide both capacitors and resistors. According to one aspect of the
present invention, a multi-layer laminate is provided for forming thin layer capacitors,
resistors or combinations thereof, comprising at least two layers of resistive material
and a dielectric material layer interposed between said two layers of resistive material,

wherein said resistive material layers have a thickness of between about 10 and about
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present invention, a nmulti-layer lamnate is provided for for 3 hMayt2004

| ayer capacitors, resistors or conbinations thereof, conprising at |east
two | ayers of resistive material and a dielectric material |ayer

i nt er posed between said two | ayers of resistive material, wherein said
resistive material |ayers have a thickness of between about 10 and about -1
13 May 2004 250 nanonetres and said dielectric |ayers have a thickness of
bet ween about 10 and about 750 nanonetres. Preferably, the |am nate

conpr i ses2ithngemetresrand shid h¢lsctré layess haveve thiteltress af betalebrembantti Hyand t h t wo
or nore |layers_of dielectric material. Such | am nates may be connected to
el ect ri cadboubmibRanemeliess to form both capacitors and resistors. According

to another asppglerisly, gw&ﬂﬁgte?c&ﬁ ﬁb‘é@ thfee | QT HbROIafers IdTUGkibER WaterAI

provi des capacitance el ectrical pathways and resistance el ectrical
pat hways, alteleatimgt Witll twoosrpmboss tayetshef dietgetricomatatimpoSudhi lpivatesansybbe rate a

first outer | f resistive materjal et ween about .10 and about 250
nanormet 1 eSTATERO e EoTg B RS BHOam Rt el SR RFE et or |

bet ween about Af-caditlg ¥ Qutitheh Updb ROPBYIIRS alréthéd oPRIrm@ipad bructsle RAEER | Ng

t hereon al ternating %ayers of resistive material, each between about 10 and

about 250pnesidesreanaeitanch elertricalrppthyvayis apd resistange electical pafeways, Beanethed ween

about 10 and. . abo 750 pnano res thick: Sitli | ayer
of resi st FURPARaT it b AR A e B3 hérd8® s RSRAS il O

pat t er ni niget@addl abag oI anditabbu 2YE hatdmettadSthidki; Wizpositieg ithdredrD af wen bESi sti ve
mat eri al pat ches anqﬁfrovidin el ectrical connects to said resjstive

material Galeewesmalean hatvenp Dart 18etuhabeit &0 nagerpetss thics stntivgalbht er i al
to |am ”a&eﬁubﬁﬁﬁg ?ﬁe{rédﬁealfgrﬂtﬁgtlﬁy're‘fs BP}e%{sg@% maA&GTR Vel bléﬁ%éénsagﬁpﬁtt {@hfg from

said first ‘oute ayer; patterning sal I rst outer |ayer resistive
mat eri al stwuf 2Fmaresettes vieckymne didtctrip atatdnmé layads, pachvhietiverg abloet10 aodl

connects éb%u% a/sg Iga%glinse:c[r!esy ?hi&gt gerpiogilting aa% %Qc;eo%’d crn?tgri fe{[yital\r/ S resistive material
- between about 10 and about 250 nanometres thick; patterning said second outer layer of
resistive material to form resistive material patches and providing electrical connects to
said resistive material patches; laminating said second outer layer of resistive material
to laminate-supportive dielectric material; removing said substrate from said first outer
layer; patterning said first outer layer of resistive material to form resistive material
patches and providing electrical connects to said resistive material patches, resistive
material patches on opposed sides of said laminate providing capacitance electrical
pathways; and providing electrical connects so as to form resistance electrical pathways
horizontally through resistive material layer(s) of said laminate.

According to yet another aspect is provided a method for forming multiple thin
layer electrical pathways having resistors and capacitors in series, the method
comprising the step of: providing a conductive material layer; depositing on said
conductive material layer a dielectric material layer; producing patches of resistive
material on said dielectric material layer; and patterning said conductive material layer
into conductive traces so as to form resistor/capacitor electrical pathways between first
and second electrical traces ef or pairs of electrical traces; each such resistor/capacitor
electrical pathway being from a first conductive trace through said dielectric material

layer to one of said resistor patches as a capacitor, through said resistor patch as a
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mat eri al patches on opposed sides of said | aminate providi ng dapéeyi20@dce

el ectrical pathways; and providing electrical connects so as to form

resi stance el ectrical pathways horizontally through resistive nmateri al

| ayer(s) of said |lam nate. According to yet another aspect is provided a
method for formng nultiple thin |layer electrical pathways having
resistors and capacitors in series, the nmethod conprising the step of.
provi ding a conductive material |ayer; depositing on said conductive

mat eri al teaigr, addirah esidresistonpach ﬁiroﬂ@ymid diaietatﬁccma'griphlaghas afecomdi sti ve
material on s I.d d| el ectric.materi al %yer pat t.er ni ng ﬁ@gﬁs uctive
Tt ori al PORFHCVE (FACE a3 GrrapRAOl A s SR PO S e SR, 1 or

el ectri Caiaet%éﬂ‘él%)[lﬁl@ﬁﬁd’\ﬁ%t b50 Adnonfids 8REORA ARIREIT l'a?él-'ha% haRBRn&RS ofr Pairs
of electrical traces; each such resistor/capacitor ectrical pathway

bei ng fr obsteesn ghout ol abont 850 neaometrhs. ough said dielectric material |ayer
to one of said resistor patches as a capacitor, through said resistor patch
as a -2 13 May 2004 resistor, and fromsaid resistor patch through said

di el ectrim theDedwiabs | ayer to a second conductive trace as a capacitor,
wherein said resistive material |ayer has_a thickness of between about 10
and about 250 WigHmeis@srosteectianal VdvwIof &rsimple) lagpinate sacgordapesyvith dho

bet ween lis a
Cross- seﬁﬁl %%?ﬂ‘%&ﬁg%zagﬁésstzwapﬁﬁnm% Emd déa%’?%?%?il&@aﬁ (% Eésg 1S i nvention
circuitized soFlgaret:blsf e)rcmsstsealmhmlr wawi asfcd mhmgozlnptelx lemreatd irotccoedutice
resistors gure 2 is, a,cross-sectjonal view of a, conpl.ex | am nate
in accor dyﬁhéﬁwvr?nv% Cireiiigsrdi onakior %qsqnt %t%@au%l%@admg bojhrfaBtsiieEs ﬁ?‘g‘s

i ncl udi ng. BRI capacitors and resistors. Figure 3 is a cross-sectional

view of a seven-layer |am nate structure deposited
Figure 3 is a cross-sectional view of a seven-layer laminate structure deposited

on a support substrate, the laminate structure being useful in forming the structure of
Figure 2.

Figure 4 is a partial cross-sectional view of the laminate of Figure 3 in which
one side of the laminate is circuitized.

Figure 5 is a partial cross-sectional view of a laminate structure in which the
resistive material layer on the circuitized side of Figure 4 is patterned; this side is
embedded in dielectric material; and the support substrate is being peeled away.

Figure 6 is a partial cross-sectional view of a laminate structure in which the
other side of the laminate structure is circuitized; the resistive material on this side of
the laminate is patterned; and this side is embedded in dielectric material.

Figure 7 is a cross-sectional view of a laminate useful for forming a
resistor/capacitor (RC) network containing a plurality of resistors in series with
capacitors.

Figure 8 is a cross-sectional view of the laminate of Figure 6 in which a
resistive material layer has been patterned to form discrete resistive material patches.

Figure 9 is a cross-sectional view of the laminate of Figure 7 in which the
discrete resistive material layer patches have been embedded in dielectric material.

Figure 10 is a cross-sectional view of the laminate of Figure 8 in which a

conductive material layer has been patterned so as to form resistor/capacitor elements.
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on a support substrate, the |lam nate structure being useful in3faya0dg the
structure of Figure 2. Figure 4 is a partial cross-sectional view of the
| am nate of Figure 3 in which one side of the lamnate is circuitized.
Figure 5 is a partial cross-sectional view of a |lamnate structure in which
the resistive material |layer on the circuitized side of Figure 4 is
patterned; this side is enbedded in dielectric material; and the support
substrate is being peeled away. Figure 6 is a partial cross-sectional view
of a lam nate structure in which the other side of the |am nate structure
Is circuitized; the resistive material on this side of the lamnate is
patterned, and thIS side is enbedded in dielectric material. Figure 7 is a
Cross- QetailedhBe w of Ce 2 Sl ¥ formng a reS|stor/capaC|tor
(RO network.cont ai eS|stors n.series w
capaci tors. KE?engF%eng"ﬁv ntéonc‘F ggg"tg‘ié Fn?}f%wwhl°hémi°amfﬂt8f e of Figure 6
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have been enbedded in dielectric material. Figure 10 is a cross-sectional

vi ew of mhtedals AavenekstivitieHegthen Resistivevnatehialy. Resistiganateréal sadverreddtadcayer has
been patterned so as to formresistor/capacitor elenents. -2a 1 3 May 2004
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of the present inven
10  conductive elements of a resistor, are those materials that have no electrons in their conduction

Ml B & 1 Rrederte

bands, and as such have resistivities greater than those of resistive materials as defined herein.
For ease of explanation, circuitized structures will be initially described and methods
of producing such structures are subsequently described.
[lustrated in Figure 1 is a three layer laminate 10 in accordance with the present
15 invention, the laminate 10 being circuitized to provide capacitors and resistors. This simple
laminate comprises two layers of resistive material 11 sandwiching a layer 12 of dielectric
material. In this laminate structure, the resistive material layer 11 is shown after being
patterned to form discrete patches of resistive material. Electrical connects 13a-d are provided
on the outside surfaces of the resistive material layer patches 11. Electrical connects 14 are
20  represented as plated via holes.
Electrical connects 13a and 13b provide an electrical path vertically through the

laminate 10 which functions as a capacitor, charge being held on either side of the dielectric

material layer 12.
Electrical connects 14 provide an electrical pathway horizontally through patches of the
25  resistive layers 11, this pathway functioning as a resistor.
Electrical connects 13¢ and 13d provide an electrical pathway which functions as a

capacitor (vertically through the laminate) in series with a resistor (horizontally through



materials have resistivities less than resistive materials. Ra38iMy 2084
mat eri al s have resi stances between about 1MK/ square and about
0.1S2/ square, preferably between about 100kcvsquare and about 1Q square,
and nost preferably between about 10kSl1l/square and about 1092Jsquare.
Dielectric materials, particularly the dielectric materials used herein as
the material separating 10 conductive elenents of a resistor, are those
materials that have no electrons in their conduction bands, and as such
have resistivities greater than those of resistive materials as defined
her ei n. resibtive lapsgatheexpl anation, circuitized structures will be initially
descri bed and nethods of producing such structures are subsequently
descri bed. |Prefesabiyandaininate Hi apaordariceivathethe presant inxgmdion hasrihinegtos miode layers
accordance wth the present 15 inventign, the lamnate 10 _being circuitized
to proveldesigiygapaterial.angd fpo pegipislayess ofidiplectay mgteaial. Ilystrated én Bighisrd Bes two
| ayers of resisti material 11 .sandwi ching a.layer .12 of .di.el ectyi
i o | ateufty oined Fofehaipder faribEF 20 CSmeRal ruf St ErBnt BTl ) o
sho Heln : IhgGr f o

wn 3%1 ﬁ%nggwt;ﬂ éléﬁQ@er?ercﬁﬁqnét&é% fi’s[g»’égs%ﬁ%. FhEolt &B?xﬁncﬁ layersd & ddél\i%ld

materi a connects 1 re provide on the ‘out si surfaces

of the e{rsﬂhﬁﬁ'étwaﬂﬁéi%i)@ﬂenied)@fon&&ﬁé‘c?&@;e%ihtorﬁb@éﬂeé.iI@ﬂ'to sonnegherethtare 20
represented as plated via holes. Electrical connects 13a and 13b provide an

el ect r i matheptt btrvamntei of Fliguye 1 hoothgBirtdtere df dtigura R dad Buftbienhméelaaicabns as a
capacitor, charge being held on either side of the dielectric material

| ayer 1grengthsews fobg frecorpiing Both ¢fithesr deuciwreemesitheisapporisdt hgayithor i zont al | y
O e Oy W% SRLSMS ) BYSLE Ll o pathiay Tunct oning as
R e e e L B SRt b
11. layer 21a and electrical connects 23b and 23d on the outside surface of patches of resistive
material layer 21d provide capacitor electrical pathways. The electrical pathway 23a to 23b is
a simple capacitor pathway. The internal resistive material layers 21b and 21c have free
electrons within the conductive band and function as dipoles, thereby enhancing the
15  capacitance of capacitor pathway 23a to 23b relative to pathway 13a to 13c in Figure 1.
Electrical pathway 23¢ to 23d functions as a capacitor and a resistor in series.
Electrical connects 24a-24b are represented as plated via holes. Electrical connects 24a
form a resistive pathway which runs through two resistive material layers 21b and 21c.
Electrical connects 24b form a resistive pathway which runs only through resistive material
20 layers 21b. Assuming equal horizontal spacing of connects 24a and 24b, the resistance of the
24b pathway is greater than the resistance of the 24a pathway.
The differences in resistivities between the illustrated resistive pathways may be
enhanced through the use of resistive material layers of varying resistivities. For example,
resistive material layer 21b may have a resistivity an order of magnitude greater than that of
25  2lc. Then, assuming equal horizontal distances, the resistance of the 24b pathway is

significantly greater than that of the 24a pathway.

The laminates of the present invention are preferably produced by successive deposition



Preferably, a lamnate in accordance with the present inventi d8 Mey2004r ee
or nore layers of resistive material, and two or nore |ayers of dielectric
material. Illustrated in Figure 2 is circuitry forned from seven | ayer

| am nate 20 conprising four resistive material layers 21 a-d 5 alternating
with three dielectric material |ayers 22a-c. The outer resistance |ayers 21
a and 21 d are illustrated as being patterned to formdiscrete resistors
patches. It is to be.noted here that neither the structure of Figure 1 nor
the structure of Figure 2 has sufficient nmechanical strength so as to be

f r ee- st gmedisiye ndeérnl Biveisiaag diekdctritahatefd 1iN¢sd bybeonthiisied ¢iRehicabvgpor Wi th
dielectric material as described subsequently in respect to Figure 6. 10
El ect r i depbsiton{cCYPD) asHordydcoaBolleshatinhspheret conthaistsanr dhanécad fappa tiefiveitionf
resistive material |ayer 2l1a and el ectrical connects 23b and 23d on the

out si de((AFEY¥P2 Qﬁwﬁ}a% REbmatgrials &Y (LYW ds tapght dn Ual- PrispiNo. 510p 24 vind e

ci ol ¢ b Seie b PR RaNO S o PR AChingt Bt ¢40D oapish i reaperaeb Ty and
21c wavl%rélh%ﬁr i‘é}eﬁ% B s GOV BARM 120ck Bustivon as

di pol es eb y en |ng t apaci t ance paci tor pathway 23a to

23b rel @/omisoﬂi@aédamgs 33@hitR afk3fcdrporkicd UERinlby refdr@fet rCABCVERIshway 23c to
23d functions as a capacitor and a resistor in series. Electrical connects

24a- 24 bprafeeablyepred Sardepositse phiatiald withadiglodadatiohlpetitialcaichesmrevhlen@4a form
a resistive pathway which runs through two resistive material |ayers 21b
and 21ceopper Bepositian of dinkertiie materipl lvarsios foraing thinvlaygrepaciipr wWHIcBrES AR onl y

t hrough resis ayers 21b. e riz ntal spaci ng
of conn@t Ei@“? asg)ﬁ{}gtzﬁ%(ﬁ{%éqph %feéﬁleegso‘?ﬁﬁé“ g’?f %&Eﬁﬁggﬂ% dreater than
theldesll&% e of the 24a pathway. The differences in resistivities between
the il 1st ed resistive pathways may be enhanced through the use of

resistive Wapasdsaionlo@y&rsﬁv@ﬁlatéﬁamay@s fRFbrdtihy tHih R§er rEQStoLARIRY@ are I €SI Stive
material |ayer 21b may have a resistivity an ordefr of magnitude greater

t han 't hiatgltiin D5. Pateat N L9854 e regclaagsodt widch areritaipatated hereiady t he
resi stance of the 24b pathway is significantly greater than that of the
24a patisisasnce.

The above-referenced patents and applications describe a variety of materials which
15  may be deposited by CCVD and/or CACCVD and which may provide conductive material
layers, resistive material layers and dielectric material layers and all such materials may be
used to form structures in accordance with the present invention. Herein, by way of
illustration, the invention will be described primarily in terms of using silica as the dielectric
material as taught in above-referenced U.S. Patent Application No. 09/283,100. Also herein,
20 by way of illustration, the invention will be described primarily in terms of using silica-doped
platinum as the resistive material as taught in above-referenced U.S. Patent Application No.
09/198,954. This patent application teaches that when platinum is doped with minor amounts
(e.g., 0.5 to 5 wt%) of a dielectric material such as silica, the material becomes resistive with
its resistivity highly dependent upon the amount of the dielectric material dopant. Thus, for
25  example, silica-doped platinum layers may have resistivities differing by orders of magnitude,
merely by varying the silica content of the platinum in the several layers. Both silica and

silica-doped platinum are conveniently deposited by CCVD. The description of the invention



The | ami nates of the present invention are preferably produced3May 2004
successi ve deposition 4 13 May 2004 of resistive material |ayers and
dielectric material |ayers by conbustion chem cal vapor deposition (CCVD)
and/ or by controll ed atnosphere conbustion chem cal vapor deposition
(CACCVD). Deposition of materials by CCVD is taught in U S. Patent No.
5,652,021 and U. S. Patent Application No.08/691, 853, the teachings of each
of which are incorporated 5 herein by reference. Deposition of materials by
CACCVD is taught in U S. Patent No. 09/067,975, the teachings of which are
I ncor powil ederidegirimdiily toediloaalielectriEA@EHRI lagers piddikdaaddped pRdfluheésistieposi ti ng
materials with high oxidation potential, such as zero val ence copper.
Deposi tlayss st heWesien bymoaneans ténaled falyedirgitihgr fornming thin | ayer capacitor
structures are taught in U S _Patent No. 09/283, 100, the teachjngs of

whi ch are i nekspeivgtagh rog fmige (11916%19@36@%!&?9@@68 rasiske prteriaklaysrs ve

ial | f f ' hin | ' . . ht i
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variety of materials 15 may be deposited by CCVD and/ or CACCVD and
whi ch may prEdlicsing BriciestriptRnEoas hitthod dfYemsing BRShatiureofE@ei2akt Widyer s
and dielectric material layers and all such materials nay be wused to form
st r uct Uressppraciatidyr aervdth enlinhryt el jprtbs amthat therrdre pessibldepesinntatibns andy of

il lustratjiqon, the invention w be described primarily in terns of using

|1
si | i ca vasiatiops ofithg deserihed mathads padyihe gdescribedymethod isifustetive fhut bae meanss,
Pat ent Aﬁgl%ﬁa\t}ée?n ﬁﬁg 09/283,100. Al'so herein, 20 by way of illustration,
the i nvBRPHGHORCIIMERE qescribed primarily in terms of using silica-doped
batint App! i A ESIEKE T GhiRle RipkaUe Mok MARANBURERSRSER G

when plaldiceVDios kRpEstt Whichirf D8 For pARUEEs DT illustration, but not limitation, the

support structure 28 is aluminum foil. Aluminum foil is advantageous in that materials

deposited thereon, such as platinum, have relatively weak adherence to the aluminum due to

the very thin layer of alumina that naturally forms on the surface of aluminum. This weak
15  adherence allows for eventual subsequent release of the laminate structure. ‘

Alternating layers of silica-doped platinum and silica are deposited by CCVD on one
surface of the aluminum foil This can be accomplished by alternating the precursor solutions
which are fed to the CCVD flame applicator or successively coating at a series of coating
stations which alternately coat resistive and dielectric material, The resistive material layers

20  are typically between about 10 and about 250 nanometers thick; the dielectric material layers
typically between about 10 and about 750 nanometers thick, although thicker layers are
possible with other deposition techniques.

Electrical connects 23a and 23c are then deposited by pattern plating on resistive material
'layer 21a. In this process, a photoresist is applied to resistive material layer 21a, the photoresist

25  ispatterned by exposure to patterned actinic radiation, and developed in a standard photoimaging
technique. Although layer 21a is "resistive", it is sufficiently conductive that it may be

electroplated with copper. It is found that such electroplating can be accomplished on a material



(e.g., 0.5to 5 wm% of a dielectric material such as silica, 18 Maymmoari al
becones resistive with its resistivity highly dependent upon the anpunt of
the dielectric material dopant. Thus, for 25 exanple, silica-doped platinum
| ayers may have resistivities differing by orders of magnitude, nmnerely by
varying the silica content of the platinumin the several |ayers. Both
silica and silica-doped platinumare conveniently deposited by CCVD. The
description of the invention 5 13 May 2004 with reference primarily to
silica dielectric material |ayers and silica-doped platinumresistive
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before significant etching of the silica layer 22a occurs. Suitable silica etchants for effecting
ablative etching include fluoroboric acid and ammeonium hydrogen difluoride.
The side of the laminate opposite that of the aluminum foil support 28 is then
15 embedded in dielectric material 29, e.g., fiberglass/epoxy prepreg in uncured form, and this
material is then cured to harden the dielectric material so as to support the thin laminate
structure. At this time, the aluminum foil support 28 is peeled away to expose resistive
material layer 21d. The process of pattern electroplating electrical connects 23b, 23d and
patterning resistive material layer 21d to form discreet patches of resistive material are
20 repeated as per the other side of the laminate. This side of the laminate is then embedded in
dielectric material 30 producing the structure illustrated in Fig. 6.
Typically, a plurality of structures of Figure 6 will be layered in dielectric material
layers, e.g., layers 29 and 30, in a multi-layer printed circuit board.
After successive layers of the Figure 2 and 6 structure, along with other structures,
25  e.g., pure circuity layers, are laminated together to form a multi-layer printed circuit board,
via holes, such as those illustrated in Figure 2 as 24a-b, are formed and plated. As this

process is conventional, it is not further illustrated herein.



stations which alternately coat resistive and dielectric natengalay 200
resistive material layers 20 are typically between about 10 and about 250
nanoneters thick; the dielectric nmaterial |ayers typically between about
10 and about 750 nanoneters thick, although thicker |ayers are possible
wi th other deposition techniques. Electrical connects 23a and 23c are then
deposited by pattern plating on resistive material layer 21 a. In this
process, a photoresist is applied to resistive material |layer 21 a, the
photoresist 25 is patterned by exposure to patterned actinic radiation,
and devel oped gotd deabbByredsion Bhejudedrdons plated®iing qiae;oleé\mmu?he beygich21 a is
"resistive", it is sufficiently conductive that it may be el ectropl ated

wi t h copitend paitially $ntb o dott dilethe say hredghahe ppickeminged struchee dbisempisighed on a
material 6 13 2004 having up to 1 negaohm,resistance. After
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mat er i adiflhyd. B%@ntr&mhgemcﬁﬁmeﬂmh% tikRusR térﬁﬁér&thté/ﬂeﬁ’tﬁbﬁéﬂcﬁi'n legn 21a is
described herein as being silica-doped platinum a nob met aF it can
never t hedesied embdrofi yemmoby ke gohietat. abl y et ched by the abI ative etch

techni que taught in above-referenced U. S. Patent plication No.

09/ 198, 954. @xmgbéwm%ﬁa boles @fama@tg&@pﬂplﬂawrm@hda r@mmbmber ofrgstsiveg an
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abl ative etching include Tluoroboric acid and amoni um hydrogen difl uori de.
The si dae tiyetshend g airmeappog.iTh a nididdayef piifted aikcudi board, & pluralgypport 28 is
t hen

resistor/capacitor laminates along with a plurality of printed circuitry traces will generally be
laminated together. Thus, it may be most convenient to provide significantly different
15 resistances and capacitances in different laminates in a multi-layer printed circuit board.

The resistivities of the resistive material layers may be varied not only, as described
above, by the dopant levels, but by the thicknesses of deposition of the several layers.
Likewise, the thickness, chemical composition, etc. of the dielectric material layers may be
varied to control factors such as the dielectric constant, lossyness, etc. of the dielectric material

20 layers.

To facilitate removal of the laminate from the support substrate, it may be desirable to
deposit by CACCVD a very thin copper layer, e.g., between about 50 and about 2000
nanometers thick, before depositing resistive material layer 21d. After the support 28 is peeled
away as per Figure 5, either before or afier pattern plating of electrical connects 23b, 23d, the

25  copper layer may be removed by "rapid etching".
As noted above with respect to Figure 1, an electrical pathway between electrical

connects 13c and 13d is a resistor/capacitor (RC) pathway in which a resistors are in series



15 enbedded in dielectric material 29, e.g., fiberglass/epoxy 1RpneyrE®4i n
uncured form and this material is then cured to harden the dielectric
material so as to support the thin lamnate structure. At this tine, the
al um num foil support 28 is peeled away to expose resistive material |ayer
21 d. The process of pattern electroplating electrical connects 23b, 23d
and patterning resistive material layer 21 d to formdi screet patches of
resistive material are 20 repeated as per the other side of the | am nate.
This side of the lamnate is then enbedded in dielectric material 30

pr oduci with hRepastténISal RC phthweyd @t @dprtantintslecfronibytiiciayl y, a plurality of
structures of Figure 6 will be layered in dielectric material |ayers,
e.g., |ayer sli2sragdinIigure A isa laiinate foayaming # RCawtwonkdmiivhidheeplaalithfdfer
successive layers of the Figure 2 and 6 structure, along w th other

st r uct uieaistor cloments gre in series vathrqapaqitpr elgxpents. This lemingte eempises s getA &1 €Q form
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structure This precision may be provided by laser drilling of the via
hol es wgilidz. Phediekeetricomdteril laybr mhebedepogiyedisaOCVDAIstdesonibed wiedwe, bihintayd vi a
holes may be formed in a silica-doped platinumsilica lamnate by 5 tined
et chi ngalig eadepasited biypther fleposiioninzeans knwym iaghg atsrpbvrscreen pripting: ni um
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par agr ag Ii}.rdzaxm?%i_mﬁxaapéd Plainuif, 8yl Ahalss bOR tHih £581 d dinetd0sith il Bick&tor
resistances within a single |amnate structure as per the Figure 2

enbodi nepber wiieh is resistive due to the thinness of the material. Again, the resistive material may
be deposited by CCVD or CACCVD, but other known deposition methods may be used.

The thin resistive material layer 62 is then patterned to form discrete patches 62a of
15  resistive material, preferably by a photoresist process as shown in Figure 8. If the resistive
material layer is silica-doped platinum, it may be patterned by an ablative etch technique as
described above. Metals, such as thin layers of nickel or copper are patterned by conventional
etchants.
Patches of resistive material could also be formed by a selective deposition process
20  which deposits resistive material only on selective portions of the dielectric material layer. For
example, a catalyst could be applied in a printed pattern to the dielectric material layer, and a
thin metal resistive layer built up thereon by an electroless deposition process.
Patches of resistive material could also be formed by printing by screen, ink printers or
other process, materials such as metal loaded polymers, metal pastes and other printable
25  materials which are at least partially conductive when cured or treated, on selected portions of
the dielectric material layer.

Next, as shown in Figure 9, , the resistive material patches 62 are embedded ina



required precision in formng via holes to precise depths may1b@sgi0oicul t,
given the thinness of the layers, and may be unnecessary. In a multi-I|ayer
printed circuit board, a plurality of resistor/capacitor |am nates al ong
with a plurality of printed circuitry traces will generally be |am nated
together. Thus, it may be nobst convenient to provide significantly
different 15 resistances and capacitances in different lamnates in a

mul ti-layer printed circuit board. The resistivities of the resistive
material |ayers may be varied not only, as described above, by the dopant
| evel s, diblattribyndtdrial lalyecddnash espepregcPlas ticleotticahatéddvt [y hatdehadtoform a

Li kewi se, the thickness, chem cal conposition, etc. of the dielectric

mat er i a¥igifd ayppostinglgydse varied to control factors such as the dielectric

constant, lo ness, etc. qf the dielectric material 20 |ayers. To
facilitate réﬁ%wen@sa@ﬁ?nl%ﬁf% Fl?fbﬁ%ilﬁﬁés %ﬁﬁ@ﬂ?’ng‘ﬁn&?’éﬁl it may be
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either before or after pattérn plating of electrical connects d, the

25 coppédb gleythe reshyanbethrapbh\ed. by “"rapid etching". As noted above with
respect to Figure 1, an electrical pathway between electrical connects 13c
and 13d is a resistor/capacitor (RC) pathway in which a resistors are in
series 8 13 May 2004 with a capacitor. Such RC pat hways are inportant in

el ectronic ciPgrRogitiopgonditipnsdpr githe yargys eesistive ang diglgetria laminges a8 afi ng a

RC net wg ) N i a plurality of resistor elenents are in series with
capaci t%ﬁgﬁéﬂﬁ%f@ﬁwﬁﬁgxﬁmeﬁate conprises a netal foil 60 on which is
depgsited a dielectric materi al Iaﬁ&n?pe petween about 10 and about 750 5
nanoneters thick and a resistive materral | ayer 62 between about 10 and

about 250 nanmBitBipSaydrbfGlatinliiCarill SliRGHdrE deptRit&T ord STTMtRNbItGtdUsef erably a
metal or netalloid oxide, nost preferably
- follows:
The solution for platinum deposition was prepared by first ultrasonically mixing 0.625g
of Pt-ac-ac with 84ml of toluene. 384 ml of MeOH was then added to this mixture to produce
15  aprecursor having 0.33 wt% platinum (II) acetylacetonate, 19.30 wit% toluene and 80.37 wt%
methanol.
The silica solution was prepared by mixing 12.25g of TEOS with 6.65g isopropyl alcohol
and 240g of propane to produce a precursor mixture having 0.87 wt% tetraethyloxysilane, 7.76
wt% isopropy! alcohol, and 91.37 wt% propane.
20 A substrate of SiTiPt was first coated using the silica solution via CCVD as the substrate
was moved past the flame. The coating was applied using a precursor flow rate of 3 ml/min. for
30 sec. with a flame temperature of 800 DEG C. After depositing the silica, the platinum precursor
was used to coat over the silica using CCVD and moving the substrate past the flame. The
platinum precursor was applied at a flow rate of 2ml/min. for 15 seconds with a flame temperature
25  of 550°C. These coatings were alternately applied for a total of 14 coatings of each with a final
coating of the silica applied thereafter for a total of 29 layers. Each of the layers deposited was

between 5-100 nm thick. Gold was sputtered onto the multilayer thin films to form electrodes.
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silica. The dielectric material |ayer may be deposited by CCVAZaMayde®é¢ri bed
above, but may also be deposited by other deposition nmeans known in the
art, e.g., by screen printing. Wien sone deposition nethods are used (usch
as screen printing), the resistive and dielectric layers 10 can be as thick
as several mcrons and even as nuch as 25 mcros. The resistive materi al

| ayer 1is preferably silica-doped platinum but nay also be a thin | ayer of
metal, such as nickel or copper which is resistive due to the thinness of
the material. Again, the resistive material my be deposited by CCVD or
CACCVD, Theitapatitaace feodvhS thafaséticnovasmedaongs asTh$3 bE, usirgch digind chjuchancesi st i ve
material |layer 62 is then patterned to formdi screte patches 62a of 15
resistiméeraterial, preferably by a photoresist process as shown in Figure
8. If the resistive material layer is silica-doped platinum it may be
patterned by an abl ative etch technique as described above. Metals, such
as thin layers of nickel or copper are patterned by conventional etchants.
Pat ches of resistive material could also be fornmed by a selective
deposition process 20 which deposits resistive material only on selective
portions of the dielectric material |ayer. For exanple, a catalyst could
be applied in a printed pattern to the dielectric material |ayer, and a
thin metal resistive layer built up thereon by an el ectrol ess deposition
process. Patches of resistive material could also be formed by printing by
screen, ink printers or other process, materials such as netal | oaded
polynmers, netal pastes and other printable 25 materials which are at | east
partially conductive when cured or treated, on selected portions of the
dielectric material |ayer. Next, as shown in Figure 9, , the resistive

mat eri al patches 62 are enbedded in a 9 1 3 May 2004 dielectric materi al

| ayer 63 such as prepreg. This dielectric nmaterial |layer is hardened to
forma rigid supporting |ayer.

11



Subsequently, as seen in Figure 10, the foil 60 is patterned byMay 2004
conventional photoresist techniques to formelectrically connecting traces
60a and 60b. Between traces 60a 5 and 60b is forned an el ectrical pathways
conbi ning the capacitances of 60a to 62a plus 62a to 60b plus the

resi stance through 62a. Deposition conditions for formng the various
resistive and dielectric lamnates are as set forth in the foll ow ng
Exanpl es. 10 Exanple 1 Alternating |ayers of platinumand silica were
deposited on a SiTiPt substrate as follows: The solution for platinum
deposition was prepared by first ulBxampd cally m xing 0.625g of Pt-ac-ac
with 84nl of toluene. 384 ml of MeOH was then added to this mxture to
produce 15 a precursor having 0.33 w% platinum (l11) acetyl acetonate,

19. 30 wt % t ol uene and 80. 7 wt % nethanol. The, sjlica solution was prepared
by i xi ng 12A§9§ata¥g Frarsohplatus Mlh%ﬁrﬁﬂwoswm@a%aﬁﬁhﬁt@m 6130\15% opane

d % h 7.76
W oh 1 Sopr apy e RERBRCT Sig ao R s bt b A B R 45t s
firyl comied ki 4hﬁ%f§dlﬁénea3@%%f‘l\q@oﬂ'\ﬁas%[&d@éd s 3iRRh Bhfoqutes oved

past the flane. e coating was applied using a precursor ow rate of
m/mn. rfe@irsoriﬁ@vﬁ 0.33WiitAplatikun® (T8) dcefyREiBhate, s 930 WO toRkke Gnd 80.8BWi%
dep05|t| ng the silica, the platinumprecursor was used to coat over the
si | i ca msthagplCCVD and novi ng the substrate past the flanme. The platinum
precursor was applied at a flowrate of 2m/mn. faor 15 seconds with a

flame terrperjélﬁfiﬁl]écazgl%‘?ﬂ waPESPared by mideg i3 geT WEPS withtGeb3gdsaprepyhpleoiidd for a

“total of 4 t h with a f I f. th I d
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bet (g)%%)itdf&q(g’ an%l%?’@?%ﬁa%ﬁahgr ed onto the multilayer thin filns

orme

A substrate of glass was first coated using the platinum solution via CCVD as the substrate
was moved past the flame. The coating was applied using a precursor flow rate of 2 ml/min. for
15 sec. with a flame temperature of 550°C. After depositing the platinum, the silica precursor
was used to coat over the platinum using CCVD and moving the substrate past the flame. The
15 silica precursor was applied at a flow rate of 3ml/min. for 30 seconds with a flame temperature
of 800°C. These coatings were alternately applied for a total of 14 coatings of each with a final
coating of the platinum applied thereafter for a total of 29 layers. Each of the layers deposited was
between 5-100 nm thick.

12



13 May 2004 The capacitance of a 4.45 m® section was neasured3ayl2084 nF,
using a digital capacitance neter. ii 13 May 2004 Exanple 2 Alternating

| ayers of platinumand silica were deposited on a glass substrate as
follows: The solution for platinumdeposition was prepared by first
ultrasonically mxing 0.625g 5 of Pt-ac-ac with 84nl of toluene. 384 m of
MeCOH was then added to this m xture to produce a precursor having 0.33 w%
platinum (l11) acetyl acetonate, 19.30 wm % toluene and 80.37 w % nethanol .
The silica solution was prepared by m xing 12.25g of TECS with 6. 65g

i sopropyl al cohol and 240g of propxagple® produce a precursor mnxture
Jhaving 0.87 wt % tetraethyl oxysilane, 7.76 10 w % i sopropyl al cohol, and
91.37 w % pAdpanef PSiOubrsistine matstialghassicposited by (§IVI2 oapelyimiienginghe

pl ati num sol ution via D as the substrate was noved past the flane. The
coat i nglsRasition penditions s fllowshr ecursor flow rate of 2 m/nin. for 15 sec.
wth a flame tenperature of 550C. After depositing the platinum the silica
precursor was used to coat over the platinumusing CCVD and novi ng the
substrate past the flame. The 15 silica precursor was applied at a flow
rate of 3m/mn. for 30 seconds with a flane tengerature of 800C. These
coati ngs mer%oﬂqiqlbﬁ’fﬁ%?g@% applied for a total o ngs of each with a
final coating of the platinum applied thereaftZi0 fhwluand ot al of 29 | ayers.

Each of the layers deposited was between 5-100) mp1iEeis¢ks wie siid (df¥ney 004
Exampl e 3

150g propane
10
Deposition conditions:

Solution flow: 3 mi/min
Deposition time: 18 min for 5" x 6" substrate
# of passes: 6

15 Deposition temp. 500°C
Variac 3.0A
Tip Oxygen flow: - 72900 mi/min

The sample described by the deposition conditions above vielded a resistance value of “17
20  ohms per square.

This is an example of a 65% concentrated solution with 2.5 wt % SiO;. The variables
that can be changed include the amount of Pt (COD) and TEOS added proportionally to reach
concentrations to 100% solution (e.g., 1.89g Pt (COD) and 0.65g TEGS (1.5 wt% Si)) and the
amount of TEOS that can be added to change the resulting weight % SiO; (typically 0.5-5 wt

25 % are used for this project).

13



A layer of Pt/Si Q2 resistive material was deposited by CCVD on3ptdyydogvde
using deposition conditions as follows: 5 10 15 Sol ution preparation:
Deposition conditions: Solution flow. Deposition tinme: # of passes:
Deposition tenp. Variac Tip Oxygen flow 1.23g Pt(COD) 250 m toluene
0.43g TECS (1.5 wt% Si in toluene) 1509 propane 3 m/mn 18 mn for 5" x
6" substrate 6 500C 3.0A 2900 m/mn The sanpl e described by the
deposition conditions above yielded a resistance value of -17 20 ohns per
squar e. :

L. A multi-layer laminate for forming thin layer capacitors, resistors or
combinations thereof, comprising at least two layers of resistive material and a
dielectric material layer interposed between said two layers of resistive material,
wherein said resistive material layers have a thickness of between about 10 and
about 250 nanometres and said dielectric layer has a thickness of between about 10 and

about 750 nanometres.

2. The multi-layer laminate according to claim 1 having at least three layers of

resistive material alternating with at least two dielectric material layers.

3. The multi-layer laminate according to claim 1, wherein said resistive material

layers have different resistivities.

4. The multi-layer laminate according to claim 1 having a plurality of plated via
holes, each in electrical contact with selected ones of said resistive material layers to

provide resistive pathways.

5. The multi-layer laminate according to claim 1, wherein said resistive material

layers comprise platinium that is doped with a dielectric material.

6. The multi-layer laminate according to claim 5, wherein said dielectric material

layer comprises silica.

7. The multi-layer laminate according to claim 1, wherein said dielectric material
layer and said resistive material layers are formed by combustion chemical vapor

deposition and/or controlled atmosphere combustion chemical vapor deposition.

8. The multi-layer laminate according to claim 1, wherein resistive layers on each

side of said laminate are patterned to form discrete resistive patches.

.14 -



This is an exanple of a 65% concentrated solution with 2.5 wt 1%\MEy2004The
vari ables that can be changed include the anount of Pt (COD) and TEGCS
added proportionally to reach concentrations to 100% solution (e.g., 1.89g
Pt (COD) and 0.65g TECS (1.5 W% Si)) and the anount of TEOS that can be
added to change the resulting weight % SiQ2 (typically 0.5-5 w 25 %are
used for this project). 13 1 3 May 2004 CLAIMS: 1. A nmulti-layer |amnate
for formng thin | ayer capacitors, resistors or conbinations thereof,
conprising at least two layers of resistive material and a dielectric

material }ayerjnte sed, bet ween said two. |l ayers of resistiye. material,
Wherei p s v B LEIEESEEIERAF Soblhe o MBim B Blitrelhebbhes malil Byhbour 10
and aboupatdfed BN i€ Ssidedd oS Akl diaflired Mave | leFiclasomdctti CiRaesy of
bet ween about, 10 and about 750 nanonetres. 2. The nulti-layer |amnate
accor di ngeapacitange pathwiassy pregpravided g5tough said lapyjrate; s@pcture chgryean epnesedr i al
al ternatinge .éﬂaf%rialllgge?g)a&ﬂ‘@s.di electric material layers. 3. The

(e accor

mul ti-layer [amna I'ng to claim1, wherein said resistive materi al
| ayers have different resistivities. 4. The nulti-layer |am nate according

to claim havi n .plurality of plated via.  holes, each.in electrical
cont act V\}(ih mee%q@{aﬂ%ézla@p‘}/ageaiaegqr st GlaimpheWheteiny said &l least By de
resisti VereEi@ﬁW‘ﬁéﬁ%riaﬁayeTg'ﬁ‘re%g%ﬂ de}p@éﬁ?erd. | am nate according to claiml1,
wherein said resistive materi ayers conprise platiniumthat is doped

with a dielectric material. 6. The nulti-layer |amnate according to claim

i i i tri terial ,layer ¢ ri ses si
5. wherei {y. =4 ’fihed Irr?dlt?ﬁayer alg?na?e accordmgyto clagnrml, wﬁ i

I i.ga.
erein said at least two

resistive material layers are screen printed.

12.  The multi-layer laminate according to claim 1, wherein said at least two

resistive material layers are in selective areas.

13, A method of forming a structure which provides capacitance electrical pathways
and resistance electrical pathways, the method comprising the steps of:

depositing on a substrate a first outer layer of resistive material between about
10 and about 250 nanometres thick;

depositing thereon a layer of dielectric material between about 10 and about 750
nanometres thick;

optionally depositing thereon alternating layers of resistive material, each
between about 10 and about 250 nanometres thick, and dielectric material layers, each
between about 10 and about 750 nanometres thick;

depositing a second outer layer of resistive material between about 10 and about
250 nanometres thick;

patterning said second outer layer of resistive material to form resistive material
patches and providing electrical connects to said resistive material patches;

laminating said second outer layer of resistive material to laminate-supportive
dielectric material;

removing said substrate from said first outer layer;

- 15 -



7. The multi-layer lam nate according to claim11, wherein sai d3ti=gl2004ric
material layer and said resistive material |ayers are fornmed by conbustion
chem cal vapor deposition and/or controlled atnosphere conbustion chem cal
vapor deposition. 8. The multi-layer |lam nate according to claim1, wherein
resistive layers on each side of said |lamnate are patterned to form

di screte resistive patches. -14 13 May 2004 9. The nulti-layer |amnate
according to claim8, wherein resistive material |ayer patches on opposite
si des of said pateimeg eaithdirgt @iterciaydrosd] resistiwemh‘sriahtmefoehyresisﬁmniateaiabe

pat hways ar rovi ded .t hrough said | am nate structure. en opposed

esi st | vebdiaiesang PP vging R LonastS i arSEYE dyaeris Ao eae e di ng ¢ o
claim1l, whergi ?_at&l?és%@hpﬁc%@&fmde%f saRBladdihue éﬁ@aﬁﬁfngaé aph@WRES eRLRicHAPOr
deposited. 11. The nulti-layer |am nate according to ¢ alml, wherein said
at | east patvaysegidtive material layers are screen printed. 12 The

mul ti-layer. |amn wher ei.n said at t fwo

Tt 11 ot RS SREERALoBhe: R 50 2sios rorfl Tt *iReBbat BNl g

structur ehcw.tﬁoﬁtailpﬂ&uugﬁ@re@iaﬂa@mmﬁﬁlelayé@bf sddlanfigitevways and resistance
el ectrical pathways, the nethod conprising the steps of: depositing on a

substrate a first outer |layer of resistive material between about 10 and
about 250, nan h o] iesh

ot ol Botwole BEget 4G %aink I8 bl st MEECRRC R RUGE et B REL B

deposi t i ndepobiesdend anlehstrtwaidigbertdiayatesialfare deositédve mat eri al, each bet ween
about 10 and about 250 nanonetres thick, and dielectric material |ayers,.
each

15. The method of claim 14, wherein said electrical connects that form horizontal

resistive electrical pathways are plated via holes.

16. A multi-layer laminate for forming thin layer capacitors, resistors or
combinations thereof, comprising one layer of resistive material and one layer of

dielectric material.

17.  The multi-layer laminate according to claim 16, wherein said layer of dielectric

material is a thin film.

18.  The multi-layer laminate according to claim 17, wherein said dielectric material

is an oxide.

19.  The multi-layer laminate according to claim 18, wherein said dielectric material

is SiOz.

20.  The multi-layer laminate according to claim 18, wherein said layer of resistive

material is screen-printed.

21.  The multi-layer laminate according to claim 16, wherein said layer of resistive

material is a thin film less than a micron thick.
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bet ween about 10 and about 750 nanonetres thick; depositing ai13¢txyrbogut er

| ayer of resistive material between about 10 and about 250 nanonetres
thick; patterning said second outer |ayer of resistive material to form
resistive material patches and providing electrical connects to said
resistive material patches; lamnating said second outer |ayer of resistive
material to | am nate-supportive dielectric material; renoving said
substrate fromsaid first outer layer; - 15 1 3 May 2004 patterning said
first outer layer of resistive material to formresistive material patches

and provigin Iect al _connects t re ve, mat t che

Fasi ot verd oy Bl P BEMERE boBud R Malit Ty s Pk BetRl ng
capaci tanﬁgzelqge@ﬁdﬂd@?dsne@at hways; and providing el ectrical connects so as
to formresistance el ectrical pathways horizontally through e resistive
material |ayer(s) of said lamnate. 14. The nethod of claim 13, mherein at

o ot oot 11 2ot o B APl Gk e ptRide B Qaint TRAL SR A Bhy ERRIT, |

sai d el eclay¢rdapristednects that form horizontal resistive electrical

pat hways are plated via holes. 16. A multi-layer lamnate for formng thin
| ayer capacitors, resistors or conbi nations thereof, conprising one |ayer
of resistiye MRhSiAl100 ARt AXRHIAL to E&bﬁﬁ mﬁtﬁrh&eﬁpstaﬁf tlstive fratcHAP
multi-layer lamnate a cor Ing to ¢ erein sald [ayer

di el ect rileyermaineseleslive greas.t hin film

25.  The multi-layer laminate according to claim 16, further comprising a layer of

conductive material.

26.  The multi-layer laminate according to claim 25, wherein said layer of dielectric
material is between said layer of resistive material and said layer of conductive

material.

27. A method for forming multiple thin layer electrical pathways having resistors
and capacitors in series, the method comprising, the step of:

providing a conductive material layer;

depositing on said conductive material layer a dielectric material layer;

producing patches of resistive material on said dielectric material layer; and

patterning said conductive material layer into conductive traces so as to form
resistor/capacitor electrical pathways between first and second electrical traces or pairs
of electrical traces;

each such resistor/capacitor electrical pathway being from a first conductive
trace through said dielectric material layer to one of said resistor patches as a capacitor,
through said resistor patch as a resistor, and from said resistor patch through said
dielectric material layer to a second conductive trace as a capacitor, wherein said
resistive material layer has a thickness of between about 10 and about 250 nanometres

and said dielectric layer has a thickness of between about 10 and about 750 nanometres.
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18. The multi-layer |am nate according to claim17, wherein id @ |l ectric
material 1s an oxide. 19. The nmulti-layer |am nate accordi‘Hasgﬂf‘)é2 ¢‘§im18,
wherein said dielectric material is SiQ. 20. The multi-layer |amnate
according to claim 18, wherein said |ayer of resistive material is
screen-printed. 21. The nulti-layer |am nate according to claim 16, wherein
said |layer of resistive material is a thin filmless than a mcron thick.
-16 13 May 2004 22. The multi-layer |anm nate according to claim 16, wherein
said resistive material |ayer is vapor deposited. 23. The nulti-I|ayer
tive .material, ,layer is

| am nat e corgin o €l aim.16,, whereis. said resi.

orinted. 25° OTH Taaed aBoRng o N 27, fbérelrt 4 1RBHTE TR B sl o
resi stivecoiyrises glatiniuaitBit ik Soped with gaidletticmerfial. 25. The nulti-layer

| am nate according to claim 16, further conprising a |ayer of conductive

material. 26. The nulti-layer |amnate according to claim25, wherein said
| ayer of 44 el i i i ghyesn o ry .es] St l.vie eri al
and said éye?ﬁ% lnge(t)}}l u%ﬁo\%@hg r;[gt éeirl F-1 Z%r%nnﬁ(ﬁodéag%tﬁgf%&ﬁ%%lgla&% tiple
t hi n | ayetongrizes silical pat hways having resistors and capacitors in series,
the nethod conprising, the step of: providing a conductive material |ayer;
depositing on said conductive material layer a dielectric material |ayer;

30. A structure providing multiple conductor resistive pathways comprising:

a layer of circuitry traces providing pairs of first and second circuitry traces;

a layer of resistive material patches; and

dielectric material interposed between said pairs of circuitry traces and said
patches of resistive material,

whereby resistor/capacitor electrical pathways are formed between first and
second electrical traces of said pairs; each such pathway being from a first conductive
trace through said dielectric material layer to one of said resistor patches as a capacitor,
through said resistor patch as a resistor, and from said resistor patch through said

dielectric material layer to a second conductive trace as a capacitor.
31.  The method according to claim 30, wherein said resistive material layer has a

thickness of between about 10 and about 250 nanometres and said dielectric layer has a

thickness of between about 10 and about 750 nanometres.
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produci ng patches of resistive material on said dielectric @Fri b | ayer;
and patterning said conductive material layer into conductﬂ? aVP@ %s so as
to formresistor/capacitor electrical pathways between first and second

el ectrical traces or pairs of electrical traces; each such
resistor/capacitor electrical pathway being froma first conductive trace
through said dielectric material |layer to one of said resistor patches as a
capacitor, through said resistor patch as a resistor, and fromsaid
resistor patch through said dielectric material |ayer to a second

conductiveytra apaci.t or ereL,p said. resjstive mater.ial |ayer has
a thi cknegzs' of %ﬁ%'ﬁﬁgg%ga%mffi%toa\ﬂm%gﬁt %ﬁ"hasﬁ ?Sl‘% ¢ Jgﬁ@nggilger

di el ect ri corhryses phatigivan that ﬁlﬁﬂgédswﬂh akidly@edmafenl, 10 and about 750
nanonetres. -17 13 May 2004 28. The net hod according to claim 27, wherein
said resistive material layer conprises platiniumthat is doped with a

d! el ectr | g3 Ml 4l Qhet &P 'acg&ﬁin fohgﬁﬁch?r‘g’h&g tgaig\l (ﬁ%:l@:t%z m%%%ﬁllepy gl d
dielectric material Tayer cofprises sil’ica. 20: structure prOV|§|ng
mul ti pl e comghises eifica.esi stive pat hways conprising: a layer of circuitry
traces providing pairs of first and second circuitry traces; a |layer of
resistive material patches; and dielectric material interposed between said
pairs of circuitry traces and said patches of resistive material, whereby
resi stor/capacitor electrical pathways are formed between first and second
el ectrical traces of said pairs; each such pathway being froma first
conductive trace through said dielectric material |ayer to one of said
resi stor patches as a capacitor, through said resistor patch as a
resistor, and fromsaid resistor patch through said
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dielectric material layer to a second conductive trace as a capdayt2a004 31.
The nmet hod according to claim 30, wherein said resistive material |ayer has
a thickness of between about 10 and about 250 nanometres and said
dielectric layer has a thickness of between about 10 and about 750
nanonetres. 13 May 2004 32. The nmethod according to claim 30, wherein said
resistive material layer conprises platiniumthat is doped with a
dielectric material. 33. The method according to claim 30, wherein said
dielectric material |ayer conprises silica.
NANOLAM NATED THANOIAWMINRTHUDIREINATERM SIRCUNRY MATERIALSe Di scl osure
Nanol am nates are forned by alternating deposition, e.g., by conbustion
chem cal vapor deposition (CCVD), |layers of resistive material and | ayers
of dielectric material. Quter _resi sEi VE, terial layers are patterned to
form di screte patches of resi L I3P0SU ectrical pat hways between
opposed patches of resistive material on opposite sides of the | am nate act
as capacitors. Electrical pathways horizontally through resistive nateri al
!53?/ t%;; : eW][‘: gqt?adur e?SPaXniH&es HORNEEE 6 alRning dBpRH, £18! 65 corfGstidPcHeRidat VYos- NO
deposition (CCVD), layers of resistive material and layers of dielectric material. Outer

resistive material layers are patterned to form discrete patches of resistive material. Electrical

pathways between opposed patches of resistive material on opposite sides of the laminate act as

capacitors. Electrical pathways horizontally through resistive material layers, which may be
10  connected by via plated holes, act as resistors.

No suitable figure.
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