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 %}’8 Eyan | am pat eq_@?tructures for form ng assive electronic
co_rrponent%‘"_rf1 el BtOE%Sb%(,IF‘E ‘E‘eéfné‘cFﬁé?rgt BREPOJISHLS P i P GPRACed 2% ni nat es
whi ch pr oxbiderdat hegafan oyRle@ s diseRtSERhfoneAs 2ol bRgrddbrd thednitfsd of the
present invention, a mul'ti-layer |lamnate 1s provided for formng thin

| ayer capagivitor, sitherragriustly os rahoticallibiThese aneponbats eofupycompestaichgnahbe | east
two | ayerpsﬁn%d cr:i?c%ht%}olaf/de anrara&laeyr lIJeacltlifﬁcult 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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and a dielectric material |ayer interposed between said two | &yetay 2004
resistive material, wherein said resistive material |ayers have a

t hi ckness of between about 10 and about -1 13 May 2004 250 nanonetres and
said dielectric |ayers have a thickness of between about 10 and about 750
nanonetres. Preferably, the | am nate conprises three or nore | ayers of
resistive material alternating wwth two or nore |ayers of dielectric
material. Such |am nates may be connected to electrical connects so as to
f or m bot h25apapinicoes and daitl eli¢lsdtric dayefc haveda tigckresand bbtevcen apeutt 10 andr ovi ded
a nmethod of formng a structure which provides capacitance el ectrical

pat hways 2004t 7/ ¥LR0HKHEES 0| ectri cal pat hways, the method conprising the

steps of. depop.td s e fih foSt r : h Sk
ratori al bt vy e JuBltal (ahBIRs (el o b T s Rl

t her eon aalteayading olvith divel @ctoiec layatseof dieldstiovemteriabobichl Bidnatesboyt b50
nanonetres thick; L.onal | deposi tin herean alternating | ayers of
resisti ve‘:%&f%?% e?gc;t}la%aﬂc e SR aﬁg)o’{?fm%ﬁh%\mam%ﬁ%ﬁ?f?%%ﬁsanorret res thick,
and di el ectri cAp®ir@ihs % anAN@ Spect A HrobRIeNaeRBEPBE folMiri Wl stnatd@r twhisiD
nanonetres thick; depositing a second outer |ayer of resistive materi al

bet vveeln aM@Mid:S_@BP@ﬁi@al‘lab @l@t:tri%lcpaﬁairﬂyls rmbd resistange electrisal pashwaysgthsanethedcond
t . i St terjal t i st ' d
orovi di pecamisind B8 FEpt I alRisRlrg o d Rk OLEh TR el BE sl RRIHAFS 27

sal resistive ma

| am nat i niget&adrd abag o1 afditabbutl YEmavdmeresi Siidky alepasitng aheredrD a layer of
| am nat e- s.uppo_rt ive dielectric material; renpving said substrate fromsaid
€

first outdelectrigympter ]aﬂJ_?‘é‘YeﬁP rRpoukild and §P015u_?%0_r IRRQrBeUeSt F}}i@%i tiopallymt er i al
Lo form ! &oshihY ShdfBdieAitcharinBabhe 8 ARAGDE el Gkt BehideiAnohO1OGA S L O

sai d resisti pat c resistive material patches on opposed
si des of aiud2fGmmatetrep thiok, cind glidepac intatmak layksc tadhdatwegnatbowa {& andaind

DO 1Pk S sBONGCLe 58, 82pk0, |y SSL| 8o, SLSelid sol Rt Peeys
f‘ﬁ?gr di NOhdtRedtfiborD 06 BRI alRSPES ndndmREreYhi&d pattdiBinp AshdfsefondtutrNayeref t i pl e
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

-2



| ayer el ectrical pathways having resistors and capacitors in d@Ma200dhe
nmet hod conprising the step of. providing a conductive material |ayer;
depositing on said conductive material |ayer a dielectric material |ayer;
produci ng patches of resistive material on said dielectric material |ayer;
and patterning said conductive material layer into conductive traces so as
to formresistor/capacitor electrical pathways between first and second

el ectrical traces of or pairs of electrical traces; each such

resi st or / wajgte, dndrfromseidtresistat pygelt thaeyshbsid dielactin materiakkyaoodusicond trace
through said dielectric material, l.ayer, tqQ one of .said resist.o at ches as
2 capaci ¢ GIIUEHEHEH 53 &ioaPIUST ST p ST e mgeral 1jkgy happnekPS b and
from sai dpdi@eéSitt PRhsdaBIME 95@Rar@icthed bl £64 HictechR! BYéHas ha¥Bknds§oft SeCONd
conductive trace as a capacitor, wherein said resistive material |ayer has
a t hi cknebywesn abiput Weamd alisuti75SOrngnétrashout 250 nanonetres and said
dielectric |layer has a thickness of between about 10 and about 750
nanonetres. In the Drawings Figure 1 is a cross-sectional view of a sinple
| am nat e Inthabesyidance with the invention circuitized so as to form
structures including both capacitors and resistors. _Figure 2 is_a

cross- sect i onaliguieelvisor crpsirigeiiond Higw Rf aaimplet laminate icicardanee withrihe he

| nvent i onGLIL G c}i;ﬂcﬁl‘%ﬁeff go 850 60m] QhiPhsiEd #ﬁhﬂ&%%dﬂ’i‘&iﬂé?ﬁ&g aH@Eééisch-RaC' tors
and resistors. Frgure I's a Ccross-sectional” view of a seven-layer

| am nat e str ucFigne 2iépasrdsedectidhalaviswpgfod incsel bsimplikeamidate irnagdoadance
structure being.useful jn formng the structure of . Figure 2. Figure 4 is a
parti al OVER ShE BRI PO EHIGTO Thie Tos HRICEIEY “’Iﬁl‘ﬁlﬁ}geg%é‘i G@PficEhandne si de
of the | agRate is circuitized. Figure 5 is a partial cross-sectional view
of a lamnate structure in which the resistive material |ayer on the
circuitized silligursf3 i genoss-seclignab atave phe dgvenHayger dandmaiesstructure 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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enbedded in dielectric material; and the support substrate is1BélayRQodel ed
away. Figure 6 is a partial cross-sectional view of a lamnate structure in
which the other side of the lam 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-sectional view
of a lamnate useful for formng a resistor/capacitor (RC) network
containing a plurality of resistors in series with capacitors. Figure 8 is
a cross-sectional view of the am nate of Figure 6 in which a resistive
material | ayer has been patterned to formdiscrete resistive materi al
patches. Figure 9.is a cross sectlonal Vview of the lam nate of Figure 7 in
whi ch tRelaidedPescriptione RieIERd 8RtShat ches have been enbedded in

di el ect TR - sect f the | {
o e 8 eésh%ehlngent%%{faeeﬁteiwfm{ S'fl?ﬁeui%}%ﬂwhg*ﬁ@q{gts& e nad et

to form LOF ke oA SCription
of Certacirﬁ&@ ?ér?%%ﬁ% 8{ %@I% ?H%teéggseﬁqrg@m@??g#ﬁ@t |reBFed to thin
film cieamd ks H"@bzﬁﬁmhﬂﬁﬁfr@ﬁﬁﬁ}iﬁ& for YRIPIYE bf the preseritGaventiby & comdiftive”

"dielectric" materials. Appreciating the fact that these three 5 terms lie

on a comnbterisls bred regieivitied desd thess resfstive matepialseR edistivieangerbd eldveiresigmidesn,
"conductive" materials have resistivities less than resistive materi al s.

Resi st i heéwesntabopil M%wereraéléiabo@tr{bH%lsthﬁé@,\m@ﬁraébfdtﬁﬁwqm@@qubﬂ%%ma@bout

/ f bl b ,
and moctbgbaiatY S gedmen ripoeD Rk e afoidr DULkigap ot %Qé%qr%“f” )
D1 o e bl IR BAL AL e AL LIS ARGl Bl.SRL Al Bl it gthefipge 1 2

the materia separa |vee artesis ose
mat gy | alopdbdiRt eRAMBISYE a%s‘?sq&r Qf@sthds@ rﬁal?éi"ia[s tRAMEVELA E’l@cﬂ&ﬂ@%&r@ﬂﬁ’dﬁﬁoﬁucr‘
have resistivities greater than those of resistive materials as defi ned

her ei n. banfig)fané assuch haexpkisivti¢sqicater than thbdezf destdtive edattiiak asdefinddehetaint i al |y
descri bed and nmethods of producing such structures are subsequentlgl
descri bed. 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



Illustrated in Figure 1 is a three layer lamnate 10 in accordaM=y 2008¢h t he
present 15 invention, the lamnate 10 being circuitized to provide
capacitors and resistors. This sinple |am nate conprises two |ayers of
resistive material 11 sandwi ching a |layer 12 of dielectric material. In
this lamnate structure, the resistive material |ayer 11 is shown after
being patterned to formdiscrete patches of resistive naterial. Electrical
connects 13a-d are provided on the outside surfaces of the resistive
material |ayer patches 11. Electrical connects 14 are 20 represented as

pl at ed kigtivedags.patdhes1t.i cal connects 13a and 13b provide an el ectri cal
path vertically through the lamnate 10 which functions as a capacitor,
char ge bei ngPiaterablyom lantinhte in acicordance withahelprebant invengionrnas trdeair mong/layers 2.

El ectrical connects 14 provide an el ectrical pathway horizontally through
pat chesofgesistiye maesial. gl dvo gempzslayess qfidiclgeirie ms: straigd in s a
resistor.. Electrical connects,13c a 13d.proyvi de an el ect.ri.cal t hway

wht ch reraRneERom SHERTRE bRl cmbighe Kb Riv e Al P Ok e
wth a ' . ' I 3 13 S I r qpat ches
1. er e T S A o e e B o
three Odre MAisRatt@YEbeing PttefrR it Formalisthdtefdsidlors Gléhet VIPis@6 b&B6ted hee @ias Of
dielectric material. % | ustrated in Figure 2is circuitry fornmed from
seven |mopther thasimete af Figoep nosthegtriiciure ofdSgee 2\hes sdfieientmedapea 21 a-d 5
alternating wth three dielectric material |ayers 22a-c. The outer

resi st afteagihagpap & efree-sanding Bath efiteesp strypdresust besuprarted. Hat Wikned to form
di t i st hes. 1t i .be. .h t hat ith th
St ruct igego pragpL B doiObe subseusealy i B! BIERE S has sufficrent

i cal t - ' f :
ol oo PGB n g . 62BN AR A i i v o

subsequgrlN a hid Ei8SHEA offecki?gbafd 83d dPihEbakldeistFhce T PIRREs I 2aistivBd 23C on
t he outside surface of patches of resistive material “|ayer 2la and

el eg:t" r i materisldayee 214 pd3hleanphcdcklentridd pathubyd. The slecttiasl pathiwap 2B be23boik
restst! f;/ gimple 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



material |ayer 21d provide capacitor electrical pathways. The1ghMsytaoodal
pathway 23a to 23b is a sinple capacitor pathway. The internal resistive
material |ayers 21b and 21c have free electrons within the conductive band
and function as dipoles, thereby enhancing the 15 capacitance of capacitor
pat hway 23a to 23b relative to pathway 13a to 13c in Figure 1. Electrica
pat hway 23c to 23d functions as a capacitor and a resistor in series.

El ectrical connects 24a-24b are represented as plated via holes. Electrical
connects 24a forma resistive pathway which runs through two resistive

mat er i abf resistBieSnatdrinl &iyers2had dieldchRohiteidllayetiBieginsbudtdn dlemiRabvaRsi Stive
pat hway which runs only through resistive material 20 |ayers 21b. Assum ng

equal hdﬁpbzitiom é(]:C‘éDhathdvig hyfcoutmlrlmtatmoﬁﬂmemmmbmiﬁnn ¢hemicabsvaor dcpmition t he
24b pat hwa reat er than the resistance of the 24a ]gath

d| ffere gitipy pf materipls by &LV Dh?etavghtmprsa?é@n? %.%@ﬁwlﬁa@hmys may

resi ot .hg%f?’ %ﬁi i R Tos s e e hBetPT &ehPLy kI rRap T
reSISt il e RABE rRhoREN S E 6LACAYBR, fata@{t P.S?%a%%%g “Then,

assum ng equ or| zon stances he resistan pat hway is

si gni f i gRE47 %Sgﬂﬁaéa%mngﬁaﬂwhmbreqﬁc&ﬂﬂat%&ﬁeﬂ@ﬁiWﬁ?@ren'EBECA@(l‘WﬁiseS of the
present invention are preferably produced by successive deposition 4 13 My

2004 of prefesdbdy used foradepodititg inatgrals wathdhigh @tidationipotentiblesichlas kay eatendey
conmbusti on chem cal vapor deposition gﬁ D) and/or by controlled

at mos pheeete Bepesstiancy deslesti craptetialdayersitos dayming hin laymcandjtor palsBEFStArdN of
materi al s Pat ent 5,652, 021 S. Pat ent
oot | caprgt i Erssa R 00, S inaRnes wideh fe dreohptr et BUEnBYoor por ot od

5 hﬁfel%gggnc ef erence. Deposition of materials by CACCVD is taught in U S
Pat ent 9/ 067, 975, the teachings of which are incorporated herein by

reference. Cﬁéf&é\sfiaoh%frdarsﬁtr@ma&hm @8l fr BrmARP S lahEidedBbLithRtusesttrd N hi gh
oxi dation potential, such as zero val ence copper. Deposition of dielectric

mat eri afauglayetss. Pafenﬂ@o.m%@&%nmhh sy eliingsagfachitlosre Siconafratedkeraindy t aught in
U. S. Patent No. 09/283, 100, the teachings of which are incorporated herein
by reference.

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



10 reference. Deposition of resistive material |ayers for fornmdMayt200s

| ayer resistor structures are taught in U S Patent No. 09/198, 954, the
t eachi ngs of which are incorporated herein by reference. The
above-referenced patents and applications describe a variety of materials
which 15 may be deposited by CCVD and/ or CACCVD and whi ch may provide

conductive material layers, resistive material |ayers and dielectric
material |ayers and all such materials may be wused to formstructures in
accordance with the present invention. Herein, by way of illustration, the

I nvent i with yéférendegritesity touilicapli¢lemnic nytekial lhgdriBnddilicssdoped platihaa résistivee
dielectric material as taught in above-referenced U S. Patent Application
No. 09/lag3s ispllowenies bymemedans intengedio edymidihgi | | ustrati on, the invention will
be described primarily ip terns of using silica-doped pl.atinumas the
resistive ?mﬁweagetb%@ﬁ&w&%lﬁem@i@r@h arsem%reswav%watemﬁldﬁmm i on

No. 09/198 954. Thi.s patent application teach hat.. when platinum i
toped viPEPos SREIPySH T SR, sGeeH fyiing 3y GSREG dendis RGP tadl 88l | 2
such asgehicteldGauas bPgh MBIk 3lerpeCOMes resistive with its resistivity highly
dependent upon the ambunt ot the dielectric material dopant. Thus, for 25

exanpl e, si | FlRviaprd ddsaiptivnroflony alethod) fhaviflg iRShatiuvd 6f Rsudif fragiling by
orders of magnitude, nerely by varying the si%i ca content of the platinum
i n t he =mppreaiatdddyeore. wioartlingiyl skdhingthelart ghiat ther-alopesdibid @rinntatives and

conveni ently deposited by CCVD. The description_of the invention 5 13 My
2004 wi Yapatiesaf dhrcdeserihedangthagd, e the deseaibed meted i ilusigatixe.ibaf by ag Breansand
silica-d d Iba inumresistive l|ayers is, however, by no neans intended
to be H’%ﬁ&%ﬁ © ﬁ‘?%ative net hods of forming dielectric material |ayers

andg et 11 myERAL b s REETD) Bl N AL BySHLETD
an adj agRTCYDYRla supfdrt SWichfle DS For fepesdsRE ilRBtrAiond P& ndetiRasi®, teor m ng the
structure of Figure 2. It will be appreciated by one with ordinary skill
i n the sapport statctirb 28 & dAweinposil bABnpeurmiidibisiadvantapedus 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



variations of the described nmethod, and the described nmethod #8May 2004
illustrative, but by no neans intended to be limting. 10 Illustrated in
Figure 3 is a structure formed by successively depositing |ayers by CCVD
and CCVD on a support structure 28. For purposes of illustration, but not
limtation, the support structure 28 is alumnumfoil. Alumnumfoil is
advant ageous in that materials deposited thereon, such as platinum have
rel atively weak adherence to the alum numdue to the very thin |ayer of
alum na that naturally forms on the surface of alum num This weak 15
adher enhavirg) upaed rhepholad eRistibte. Sifles Slgittplating) thaftatiiing fRsistiastipsddeleatingiCt ur e.
Alternating layers of silica-doped platinumand silica are deposited by
CCVD onthgkectrical doanestnd3atand 23¢ egwhowmif Higurehi s can be acconpl i shed by
alternating the precursor solutions which are fed to the CCVD f] ane

appl i cat or oM resigds 19@?9613@@{ ? s pattenedtoifarm Bie dissrts paiches pEresiSHE whi ch

I A iSti d die]. [ i.al . Th I Sti I al
ayer o 9getpARGRERT E (LR OBl ol Bhtfieviat SR bbiE hi i -
h ' | bl | ' Mriveh : t 750

nanct o i fon, AUl RS AR Lo S

deposi t AbRough eéitide fidteribl 18Fk 21 £ R deBBAERéin %&iﬁ@ﬁﬁé’aﬂ‘o{p@d ?laﬁlli\ﬁﬂ, AfpRsi t ed
by pattern plating on resistive material layer 21 a. In this process, a
phot or emitl, itican mgypitheteds bemtahed arsltis prefenaleetelzd Hydheablfive atch tdebnighotaoglesi st
25 is patterned by exposure to patterned actinic radiation, and devel oped
in a stBfeayareTeRcsH bhyiBatent Asphivatign do. 09/1 $%9h OCKledeposited siicadapsist i ve",
it is sufficiently conductive that .i.t may be electroplated,with copper. It
s 1 ound i 5 ool AT e ST slte Bater Btk RiaalFeaiopes Habes 6 13
May; 2004k hayi 1 i r -af I e
V2100 13K B L RISRILL £ ARG A S UL AORIA Gulde, .
as showgnaipdédrgdedeviterelinithe §iB8d E&pel BlafBing abRleslad¥ e Etddingis discBafidianed to
formthe discrete patches of resistive material 21 a seen in Figure 4. To
acconpl befbretsipngjcaatmtties ofthotiicelayat??2h scappSuitahle elkiposelthntsfor Efgpahg er ned
actinic radiation, and devel oped. The resistive nmaterial |ayer 2la is then
et ched. ablative etching include fluoroboric acid and ammonium 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.



Al though resistive material l|ayer 2la is described herein as heiMygy 2004
silica-doped platinum a noble netal, it can neverthel ess be etched and is
preferably etched by the ablative etch technique taught in
above-referenced U S. Patent Application No. 09/198, 954. CCVD deposited
silica-doped platinumis porous, allow ng an etchant for silica to seep

t hrough the silica-doped platinumlayer 10 21 a. The interface between the
silica-doped platinumlayer 21 a and the underlying silica layer 22a is
degraded; whereupon the silica doped platinum ablates away. Etching is

di sconti nuedA gbed @sabofredition ﬁaﬂ?mﬁtﬂ o piedibliad sialhiold 24 Fgure ZpwhicE U S .
Suitable silica etchants for effecting ablative etching include

f | uor oboatérd padiatly amtd, tutmotrlithe v thogegh thé Adnebmiideed fthetse dbisgiecdidien | ani nat e
opposite that of the_ al umnumfoil port 28 .is then 15 enbedded in

di el ectPRE %HO&dPQPY iayer dgﬂlgng oftth%élﬁ@p@gw@@weﬁp%@l@g’ theengrgyased form and
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resistive material are 20 repeated as per the other side of the | am nate.

Thi s sialdesoéd hirebdrafiiayatsendysbetachievedrbedded in diel ectric rrat erial 30
produci ng the structure illustrated in Fig. 6. Typically, plurality of

structures ohlttmughpeoveling vip heles ofapsiiegidapthsde @wr@e@trdaféewmmembm of rgsigjize s,

, 5,29, and. 30 It -] ted o boar d.. Af
uocessPHERdpErassesatived i B ALovs ramgtn b e et L PEdiOE iR
St e Bl wiBH ESEAE L VYRS ne ALSHd AR GARGERNRL Lo form

ayer prin e crrcul oar Hoge strated
l n FI g %@m?edé}ﬁeo?ﬁ&t 1 forthifg Ry HORG t@Pftc;at- ﬁ&ﬁﬁls méiy bé Hﬂfﬁcult%ﬁ@ﬁﬁfé thifiness of
conventional, is not further illustrated herein May 2004 A good
deal ofth@ta@renssaxﬂnnaﬁbertﬁmawsmy tTo ahouliilpleapestedtireuit boari, Bpleditzéd (Figure 2)
which extend partially into, but not all the way through the nanol am nated
struct trﬂeSWwagtceéa@n@tns alﬁeg/vmb aphuality of piigted alsanitryitrades wily gerferallydbevi a

hol es recise ntrol t he energy used.
VYlammaP d together us, it may e most convenl nt 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



Alternatively, blind via holes nay be forned in a silica-doped3mMay 2004
platinunm’silica |am nate by 5 tined etching with an etchant for silica,
such as fluoroboric acid or amoni um hydrogen difluoride. By controlling
conditions, such as tinme and tenperature, depth of etching through a
desired nunber of |ayers may be achi eved. Although providing via hol es of
varyi ng depths to connect different nunber of resistive material |ayers as
described in the above paragraph may be useful for providing significantly
10 different resistances within a single |amnate structure as per the

Fi gur e witkabgshch® Such € phiftkyd &6 imp&itindinledadnic@iiiing. vi a hol es to precise
depths may be difficult, given the thinness of the |ayers, and nay be
unnecessar y. IHustraedm| Riguré yea laprinate feof forimingia RCOoeéwork im whichragplintalityadff
resistor/capacitor lamnates along with a plurality of printed circuitry
traces WFIStor glements preyin peries vt Ganacigr elegentsclhis Ippminate pamprisgs p et §ail 60
conveni ent.tp.provi. si.gnificantly different 15 resi stanc nd
capacttaubl ifapyifed adlileduic Ak atiayes o3 Bfiten sPo P aB ARFEASE f cui ¢ board.
The g esj. st.iViti - L-eSp St t.an] ' only,
a5 doacrrBEeR SR dh L ORI TE eIl B HBiosh AE00 R Al 200 ne

deposi tinRik. Phe diBRctHE ifticHal lagas Pre,feramgi QWA or iR@allol GHIE Bost SreRMbEA|
conposition, etc. of the dielectiric naterial |ayers may be varied to

cont r ol sificac The diekeuirie naeriah ayelt mhebé dépositaiist @OVD dsalssyibed sbovef lout nody t he

dielectric material 20 layers. To facilitate renoval of the |lam nate from
t he supBén be dapbsited by @ther deppsifiopagaskraypl ia theart, ¢egadsi seresp poNdBY IV Eenver y

hi I , , b b 50, and, about, 2000 ; hi ck,
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et chi ngis prefgraBl9 sBida-ABHMEL M Hubh, LEERSS hisd Be Fitl IHerdof ARaICLRALS hickél fpat hway
between électrical connects 13c and 13d is a fesistor/capacitor (RC)

pat hwaycdppeihicliisaedigivie stuotesthattinress sithe fateBiall 2 oy theQEstine nintedia Apaci t or .
Such RC pathways are inportant in electronic circuitry.
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



Illustrated in Figure 7 is a lamnate for form ng a RC networ k3iMawitogh a
plurality of resistor elenents are in series with capacitor elenents. This
| am nate conprises a nmetal foil 60 on which is deposited a dielectric
material |ayer 61 between about 10 and about 750 5 nanoneters thick and a
resistive material |ayer 62 between about 10 and about 250 nanoneters
thick. The dielectric material layer is preferably a netal or netalloid

oxi de, nost preferably silica. The dielectric nmaterial |ayer may be
deposited by CCVD as descri bed above, but may also be deposited by other
deposi t dielectnie amteriah baper 63 such es prepregellgs diclegtrivanaeninl yvienisibagiende forns o e
deposi tion nethods are used (usch as screen printing), the resistive and

di el ectHgid sppnpeing lavercan be as thick as several microns and even as much as

25 mcros. T resistive material_ layer. is preferably silica-doped

pl ati num bu ‘ﬁﬁﬁ‘i}‘e ?Jétﬁsﬁ‘?ndn Fﬁ“ﬁe1%%§08130ﬁ%555ﬁ3{n°§3’¥I’i‘ycﬂg"%n@@I gr copper
whi ch i .stlve. due t-hipness of the terial. ain, th
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then patterned to formdiscrete patches 62a o resistive eri

pr ef er afibypliytha rg@henes tedxgh g2eocess as shown in Figure 8. If the resistive
material layer is silica-doped platinum it nay be patterned by an ablative
etch technique as described above. Metals, such as thin |ayers of nickel
or copper are pa_t_terggéj,by conventional , etchants. Patches of resistive
materi al couP@pPositien caaditiensfartopping theyaiaus wsistiepend dicleeirip laseinates 319 aphi ch

deposi tstfog@gﬁﬂe\égpgai erg al g%rs” y on selective portions of the dielectric

mat eri al° a catal yst could be applied in a printed
patfgern to the dielectric material ég%gre,l and a thin netal resistive |ayer
bui]]t up thereon by an el ectrol ess depOsition process. Patches of resistive

material coOUAHerBhtit 1bferd OF piBchuby arfdl siliial vide BdpoSREERa ST sAbdtAtetdsS or ot her
process, materials such as netal |oaded polyners, netal pastes and ot her

printabfoBo®s materials which are at least partially conductive when cured
or treated, on selected portions of the dielectric material |ayer. Next,
as shown i n Hiegghusion for platigumdepesitiqn weaspaenaraddly fisgrlirasenieply apiging d@deed in a

9 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 wt% toluene anc_i 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.

10



1 3 May 2004 dielectric material |ayer 63 such as prepreg. Thil3 Miyedoedtric
material |ayer is hardened to forma rigid supporting |ayer. Subsequently,
as seen in Figure 10, the foil 60 is patterned by a conventi onal

phot oresi st techniques to formelectrically connecting traces 60a and 60b.
Bet ween traces 60a 5 and 60b is fornmed an el ectrical pathways conbining
the capacitances of 60a to 62a plus 62a to 60b plus the resistance through
62a. Deposition conditions for formng the various resistive and dielectric
| am nates are as set forth in the follow ng Exanples. 10 Exanple 1

Al t er naThewgapheitancsoftd 4.45 aim’sacticandassidasarad wet .83 dBpasiig edigital capaditdicet
substrate as follows: The solution for platinumdeposition was prepared by
first ume¥hsonically nixing 0.625g of Pt-ac-ac with 84nl of toluene. 384
m of MeOH was then added to this mxture to produce 15 a precursor having
0.33 wt% platinum (I1) acetyl acetonate, 19.30 w % tol uene and 80. 37 w %

nmet hanol . The silica solution was prepared by m xing 12.25g of TECS with

6. 659 i sopropyl alcohol and 240g of propane to produce a precursor mxture
having 0.87 wt % tetraethyl oxysilane, 7.76 w % i sopropyl alcohol, and 91.37
wt % propane. 20 A substrate of SiTiPt was first coated using the silica
solution via CCVD as the substrate was noved past the flame. The coating
was applied using a precursor flowrate of 3 m/mn. for 30 sec. with a
flame tenperature of 800 DEG C. After depositing the silica, the platinum
precursor was used to coat over the silica using CCVD and noving the
substrate past the flame. The platinum precursor was applied at a flow
rate of 2m /mn. for 15 seconds with a flane tenperature 25 of 550C. 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 |ayers.
Each of the | ayers deposited was between 5-100 nmthick. Gold was
sputtered onto the nmultilayer thin filns to form el ectrodes.

11



10 13 May 2004 The capacitance of a 4.45 mmR section was neasus &thy290d. 83
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 promBxample® produce a precursor mnxture
having 0.87 wt% tetraethyl oxysilane, 7.76 10 w % i sopropyl al cohol, and
91.37 wt % propane. A substrate of glass was first coated using the

pl ati num sol uti on V|a CCVD as the substrate was m)ved past the flarre The
coating was ﬁpﬁt&% grsrhef platgretandsalicarygpdenpsiiedm ag %S/Sﬁbﬁﬁratef@r oligws: sec.

eSOy S SRR R BB R 0, 5L
subsg r ?61%’#1%?% \751{?1984“11{1 lueTllé d8345m156f‘M %&%n%ﬁe&%%h@%kﬁf&g% cPacE hese

rate o SECOI’] wth a flanme tenperature

coat i NgsredRE® ha{zﬁagomatv&b/a/plamm et deetylaretonital 19080 vkds fobaht RESS®BE7 @@gh with a
final coating of the platinumapplied thereafter for a total of 29 |ayers.

Each ofmtthendlayers deposited was between 5-100 nmthick. 12 13 May 2004
Exanple 3 A layer of Pt/Si Q2 resistive material was deposited by CCVD on
pol yi mi de usHipilica 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
10 wt % isopropyl alcohol, and 91.37 wt % propane.
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



deposition conditions as follows: 5 10 15 Sol ution preparati on3 MRt i on
conditions: Solution flow. Deposition tine: # of passes: Deposition
tenp. Variac Tip Oxygen flow 1.23g Pt(COD) 250 ml toluene 0.43g TECS
(1.5 W% 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 ohnms per square. This is an
exanpl e of a 65% concentrated solution with 2.5 wt % Si Q2. The vari abl es
that can be changed include the amount of Pt (COD) and TECS added
proportionally to reach concentr atxamplet3 100% sol ution (e.g., 1.89g Pt
.(COD) and 0.65g TECS (1.5 wt% Si)) and the

A layer of Pt/Si0; resistive material was deposited by CCVD on polyimide using

deposition conditions as follows:

5
Solution preparation: 1.23g Pt(COD)
250 ml toluene
0.43g TEOS (1.5 wit% Si in toluene)
150g propane
10
Deposition conditions:
Soluation 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



anount of TEGCS that can be added to change the resulting wei ghs MéySi002
(typically 0.5-5 w 25 %are used for this project). 13 1 3 May 2004
CLAIMS: 1. Amulti-layer lamnate for formng thin | ayer capacitors,
resistors or conbinations thereof, conprising at |least two | ayers of
resistive material and a dielectric material |ayer interposed between said
two | ayers of resistive material, wherein said resistive material |ayers
have a thi ckness of between about 10 and about 250 nanonetres and said

di el ectri €LAIYH®: has a thickness of between about 10 and about 750
nanonetres. 2. The multi-layer |am nate according to claim1 having at

| east three |ayers of resistive material alternating with at |east two

di el ectrit matarinplitillgpeer Bmidate The Mornlihg | G¥9@1 layadm dAphdtods; C edsibidg bO cl ai m
1, wherein said resistive materi al | ayers have different resistivities. 4.

| The mul t | conabyjstionsnihereoh eqversisingn gt depsk | taonlayarshel resistive pmatesinl epd or pl at ed
via hol e@iele@@ﬁ*?na{téha?'lﬁél} ié%&?ésgﬁ%@fv@e%ﬁ séﬁ'dtrQo?agJ %S&ﬁ%]ée%{b%uﬁﬁl&n@a' d resistive

material [ayers to I'stive pat hwa ayer |am nate
according to cwmranﬂsmd/\deam&maandl g have/zeﬂﬂﬂdness afl betwenedbsuc huid se

pl atini um.t ha sdo ed w Iectrl material. 6. The Iti-Ia er
| ani nat e %h?ebﬁ%d irgs %ﬁiﬁﬂﬁ digleeiri aves Jaga dnemess of tetweanerbout 10 s or
conpri Sesab%h{’vﬁﬁnangme{'f@§ mul ti-I ayer | ami nate according to claim1, wherein
said dielectric material layer and said resistive material |ayers are

formed by conmbustion chem cal vapor dep05| tion and/ or control | ed
ust i nche cal, va it | ayer

t h ,
am nat & Zccor TG agPE Rrsiae pREREng P alrtn fievis, A ok IeSP e o
sai d | am RgkeveanhateRAlARFAAHg With{a0 [eabi e it Atetial MGelAat C hes -

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 -



-14 13 May 2004 9. The nulti-layer |lam nate according to clai m3@Jaywdtddei n
resistive material |ayer patches on opposite sides of said | am nate have
el ectrical connects, whereby capacitance pathways are provided through
said | am nate structure between opposed resistive material |ayer patches.
10. The multi-layer |lam nate according to claim1, wherein said at |east
two resistive material |ayers are vapor deposited. 11. The multi-I|ayer

| am nate according to claim1l, wherein said at |least two resistive
material |ayers are screen printed. 12. The nulti-layer. |am nate according

to claimy, i id at .l east t i St terial | i
el ecti vedar oolhe iR Rl BininSE oo diRe of SRR S, el Ksfun niSl wet "
capaci t anggclek e6h I biRbitd HidyaYs said dlam@sits LIRRNE Cclebiicll ic6lecRat WHAYSy the

met hod conprising the steps of: degrositi n_% on a substrate a first outer
| ayer of ¢aPacitanrs pathiiaps peg proidrd dhroysh seid lamingtel semrive bebgeanaernostd es

t hi ck; deﬁ%{é&é‘ﬁ%ﬁﬁﬁﬁ?&g@aﬁﬁwyer of dielectric material between about 10

and about I'cCk; optionally depositing thereon alternating
| ayers of resistive material, each between about 10 and about 250

nanonetres, thigk, and dielectric material |ayers, each hetween about 10
and about f0750 ﬁ%é‘ﬁ'&l?l%‘éer tipminate geepsding; togclaing oh owherginy g3id | afylepstofwo
resisti V%e%ﬁ%&%ﬁgq%W?&e%Pwde}Qsi d about 250 nanonetres thick;

ayer o

patterning said second outer resistive material to formresistive
material patches and providing electrical connects to said resistive

mat eri al t Chﬁ}%}; ﬁqq@égy%%:lglﬂ@?elr %Ecs = 'Og(rjiioggl%% ll,a\Xrﬁerrei%f sgig s&tsfelagf[emn(’)at erial

to | am nate- suppo i
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 -



renovi ng said substrate fromsaid first outer layer; - 15 1 33Muay 22004
patterning said first outer |layer of resistive material to formresistive
material patches and providing electrical connects to said resistive

mat eri al patches, resistive material patches on opposed sides of said

| am nate providing capacitance el ectrical pathways; and providing

el ectrical connects so as to formresistance el ectrical pathways
horizontally through e resistive material |ayer(s) of said |am nate. 14.
The et hod of pdteimng S3id flvstraiter layerl cfassistiver meterialstosformeresmtiveer materiahyer s
are deposited and at, Jea twri) dielectric,materials are deposited. 15. The

met hod of PAFHES g Arovifine FOoRiSEs: (o) saud Tesisiiye dpateqH AGHSSeRISHYS ont al
resi stivenglRat patsidls &abpﬁm& sRle§ dfl BlehmihAe RS B8ing 1&paditaitd tlectRYET

laminate for formng thin layer capacitors, resistors or conbinations
t her eof mﬂmpayssandg one | ayer of resisti ve mat eri al and one | ayer of
dielectric materi nul t - L ayer m nat e .accordi ng t%l aim 16,

wherei n said |%{%@m§r %’I"@e C?ﬁ“&e" 5738 ealslta?l QU Xeefces elepi 51181" itk
nul ti-| ay@:fnzioammaireu@mfb@iﬂnwmmnﬁl Bfmngsmmhﬂesal d dielectric

material is an oxide. 19. The multi-layer |am nate according to claim 18,
wherein said dielectric materl al is SS2. 20. The nulti-layer |amnate
according 4o S L el [

screen- prlént eélbh?elﬁq &%ﬁ a@‘}é‘rg” lg?‘hpélea?tfethg%zger% !u\é&‘ d{@ﬁe}q L2 ri§§e wherein

sai d | ayedepofitademtiat least twrmlieéeatrat miterialstahe deplokited. | ess t han a m cron thick.
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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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13 May 2004 22. The mul ti-layer |amnate according to claim 163 Mdy0e4n

said resistive material |ayer is vapor deposited. 23. The nulti-I|ayer

| am nate according to claim 16, wherein said resistive material layer is
printed. 24. The multi-layer |amnate according to claim16, wherein said
resistive material layer is in selective areas. 25. The nmulti-Ilayer

| am nate according to claim 16, further conprising a |layer of conductive
material. 26. The nulti-layer |amnate according to claim 25, wherein said
| ayer of dielectric material is between said |ayer of resistive material

d id f t t h df i tipl
Thin Layetter obgs rRRPRE TR ROHRE 1o St SpoPheiRin seitbreoilith Belal ey oo,
t he net horay@qgrpapoildelg)mt&@e step of: providing a conductive nmaterial |ayer;

depositing on said conductive material layer a dielectric material |ayer;
producing patches of resistive material on said dielectric material |ayer;

and  pattey ni ngy, Sai i i %&dl"ciﬁn?a\féa éE%}cﬁflé gdaglhf?é{ §6, %rgm é%ﬂf}é%fs ¥ m %F 5 S0 as

to formresistor/ capac Ao ways’ I rs second

el ectri calayérispsntedr pairs of electrical traces; each such

resi stor/capacitor el ect rical pathway being from a first conductive trace
through said dielectric material |layer to one of said resistor patches as a

capaci t oryg, thrwgm@%ysa?gﬂ%é 2 co&ﬁﬁgh) aammgT%h &rsalmglsawma&ﬁfaﬂ

resi stor patch throug ectrTc materi ayer to a secon
conduct i Viey¢maoeselestive a@paci t or, wherein said resistive material |ayer has
a thickness of between about 10 and about 250 nanonetres and said
dielectric layer has a thickness of between about 10 and about 750

nanonetresgs, - 1¥he 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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13 May 2004 28. The nethod according to claim27, wherein s@*@ rﬁﬁéftive
material |ayer conprises platiniumthat is doped wth a di gY

material. 29. The nethod according to claim27, wherein said dielectric
material |ayer conprises silica. 30. A structure providing nmultiple
conductor resistive pathways conprising: a layer of circuitry traces
providing pairs of first and second circuitry traces; a layer of resistive
mat eri al patches; and dielectric material interposed between said pairs of
circuitry traces and said patches of resistive material, whereby

resi stor/gapacitor electrical path s,are,formed .bet ween first, and second
el octricatst r abis o pitoidingc® Sl 2l cNhpsth Ry TrHYe kil Popy
conduct i Vémgprisas platifiupiibihk is abpkddiith galeldcidmbetibial | ayer to one of said
resi stor patches as a capacitor, through said resistor patch as a
resistor, and fromsaid resistor patch through said dielectric materi al

| ayer to se uct | r.ac L.t QF e o cordi ng
to clai m30, 3ﬁgféﬁﬁﬂga?§b%§2é§?i@%ﬁﬁa éﬁgﬁﬁghagg?(ﬁégagp %?%Qngggpof

bet ween advmnpiriséOsideed about 250 nanonetres and said dielectric |ayer has a

t hi ckness of between about 10 and about 750 nanonetres. 13 May 2004 32. The
nmet hod according to claim30, wherein said resistive material |ayer

conpri sesypl at jni A ] i { gk ..33. The

met hod aéggrdrﬁShﬁgh%ﬂg§ﬁggﬁ?ﬂﬁﬁg?ﬁ?ﬁaggfgbﬁ#@%&%?ﬁ?@g%@@%ﬁ?ﬁ?'|ayer

conpri ses si | ichyer of circuitry traces providing pairs of first and sedaniDtitditdAT&EsTHI N FI LM

G RCUITRY MA‘TEﬂaSAAIe‘rSof 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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Abstract of the D sclosure Nanol am nates are forned by ?%k%r %Bing
deposition, e.g., by conbustion chem cal vapor deposition ﬁ;, fayers
of resistive material and |layers of dielectric naterial. Quter resistive
material |ayers are patterned to formdiscrete patches of resistive
material. Electrical pathways between opposed patches of resistive

mat erial on opposite sides of the |lamnate act as capacitors. Electrical
pat hways horizontally through resistive nmaterial |ayers, which may be
connected by via plated holes, act as resistors. No suitable figure.

32.  The method according to claim 30, wherein said resistive material layer

comprises platinium that is doped with a dielectric material.

33.  The method according to claim 30, wherein said dielectric material layer

comprises silica.
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