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I nvention This invention relates to printed circuit substr
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maski ng sheet is renoved, and thereafter an insul ati ng support is
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resistor pattern rn conbrnation and devel oped such that the photoresist
remai ns in tWhispetentomralaes onsintebhercanpplestrafesiihcorporitivg ing@tgaieewhi ch is not
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elements, and more particularly to a printed circuit substrate which has a

pattern of impedance elements and a conductor pattern incorporated on an
insulating support. In this manner a printed circuit board with impedance

elements can be manufactured to a high degree of tolerance.

Description of the Related Axt

In one conventional method of producing a printed circuit board, an insulating -
suppotrt is provided with a resistance layer on the entire surface of the support,
and a highly conductive material layer is positioned on the resistance layer.
Using the conventional method, printed circuit substrate, an insulating region,
a resistance region, and a conductor region are formed by a subtractive mask-
etching method. In another prior art method, a printed circuit substrate is
manufactured by covering a highly conductive material layer such as a copper
foil with a removable masking sheet, and a resistance layer is formed on the
other surface of the highly conductive material layer by electrodeposition.
Then, the masking sheet is removed, and thereafter an insulating support is
combined with the resistance layer. Thereafter, the surface of the copper foil is
covered with photoresist, imagewise exposed to a conductor pattern and a
resistor_ pattern in combination and developed such that the photoresist

remains in the pattern regions. The copper foil in the region which is not

diboNi ti on. 25 Then,

t he
conbi ned



covered with the photoresist is renoved by etching, and the resistance

| ayer exposed is renoved by using an etching solution, as a result of"
which the surface of the insulating support is exposed. T cemtgerir?gzt
photoresist is renoved by using a renoving solution. Therea

substrate is covered 5 with photoresist again, exposed through a

phot ogr aphi ¢ negative, having the conductor pattern and the substrate
devel oped to retain the photoresist in the conductor pattern region. The
copper foil in the region which is not covered by the photoresist is
removed by et : si stance

| ayer correspcggécziregégJV u?l;tht %(ﬁ?[gésl?tslg E)erl%p}lgg!t% gﬁen%rl%?ﬁo%&?s@%%%%%e%& ‘%Then 10 the
remai ni ng phakpoediistenioved byrosieg abytchibignglusion exavengt cfovhith die. A sol der
stop-off or the like is applied to the resistance |la in the resistor
pattern regiSgHagsyolithe menlaing spgort & expasedn dhers dhedgl pée&oww(ss cover the
resi stance | e oard, W th resistors. A
drawback in '? %@5\6%@&&%{% Péﬁlo%m%;s'o!lh%g ﬂileﬁgéfreé’stl S§ubr§gzée|1%c%ver<? thin and
its mechasi catitlsphcdneditt aesiny&ipssédibrouhe plq%togkﬁphidqle%ad@/ﬁdvﬁg fhg steps thus
causes variations in the sheet resistance an vari ety of other

char act eri st icoductor petterarand thepubsicaserdeviehnpsd ty tetdin the gilotcfrﬂsmlm tles, anot her

nmet hod has been sed i.n ich th uct ar t ern re of t he
circuit substS Pﬁ?"é‘g ﬁ“ﬂ?%?%m‘éd’%vrgo‘g 'g‘ © hrEey S it ﬁ?t Br‘i’yt he fi nal
process the GRPPRIorkAblis havdved by%t&lﬂigf hgwe@ﬁllt BPwERR(RSRRRUL stthteo the

resistor pattern region is renpved et ching. However, persons skilled in
the art wll rcmmcbyamndrm®pmding tmahe rersmtdllpeattemegloni1stdxpo$rrdo&‘h&s,es are
rather intricate re wnng consi derahle skill. Another . method of formng a
printed dPrcdieaiFguRg BRUOTESIHS LmGysd pyiusing agemguing splupign A sgldenss.  Thi s

techni que TOL Gt ekt HkOls MBLLAII AL ARG FANAYRLRIor pREbher n Tl m on

the two surfac a coppe prede erm ned position. An
i nsul ati ng squgmn by panttmpybidadheti eatd|and euretingcoes theyrediktaticd lageritesi st or
pattern filmaon the hi gh conductive material |ayer. As is apparent fromthe

above that c@RYEYR 3 PRHED pFGUAG ROArd Vit (esiStassyd EjFaé[‘ft@C]ﬁ) ibide PEIChBroceshni que

suffer is that, the resistance layer is thin and its mechanical strength is very low. The

15  multiple developing steps thus causes variations in the sheet resistance and a

variety of other characteristics.

In order to overcome these various difficulties, another method has been
proposed in which the conductor pattern region of the circuit substrate is

20  protected by a gold plating film, and in the final process the copper foil having
a configuration corresponding to the resistor pattern region is removed by
et‘cpnin_g. However, persons skilled in the art will readily understand that in this
method the processes are rather intricate requiring considerable skill. Another
method of forming a printed circuit substrate is described in U.S. patent

25 4,368,252. This technique forms a resistor pattern film and a conductor
pattern film on the two surfaces of a copper foil in a predetermined position.
An insulating support is combined directly or indirectly with the resistor
pattern film on the high conductive material layer. Asis apparent from the

above that conventional printed circuit substrate processing technique suffer



2 7 Decenber 2004 from various di sadvantages including a | arge nunber of
intricate processing steps. Thus it takes a relatively long period of tine
for the processing, the manufacturing cost is high, the yi7§$ qﬁjnt?erlzb ) t ed,
and the auxiliary material cost is high. In addition, enbedded resSistors
made by using a resistive foil have 5 electrical tolerances which are too
high, i.e. on the order of 10%of their desired values. A significant

part of this variation is due to the inability to resolve the resistive
pattern within tighter tolerances. This invention solves these problens.
10 According to the present invention, a printed circuit substrate with
pre-formed ifrpedaitnes dishdvantdgss ooludingtsdetgeahumber e iaticaiegabdeysibg ghl y
conductive material, . attached to _a support is manufactured. An insulating
sheet is appFicBd ToUsthBKesshigllively lermpritodiof dimedopie arockssing. thie | npedance
el ements there e ol [ S e . t of
conductive n%ﬁfaglrﬁ%a\g@?@ﬁg&sthigghb@ gggéid;%rl] ugetdr %@%&g}{lﬁ%&r@%@rﬁgﬁéd to forma

desired patt ¢ Kighulihadditedn, elabédiiag resHedte madé by hsing @nekittive ¥6il hivees contact  at
| east some of the inpedance el enents. Optionally the another pattern of

i npedances el elestitcal tglserncehubich atedop highsi-goa the endareef o %R dpposi t e si de of
the insul ati .sheef . a result _ismedance ele s.ate.formed on the
i nsul ating sHgsﬁeBWﬁfHEﬁAﬁﬁﬁllﬁﬁngqrh%ﬁg{?g&"5‘(50nfalFgg?nﬁnt gfnaﬁﬁ}%f nces. SUMVARY
OF THE | NVENFdsoNeARd ickistiveasab@ft withinltip@tck BI&AALON TR W ARSn SolPELCess for
formng a printed circuit substrate 25 with inpedance el ements conpri sing
perform ng sthese paplems. (b): (a) depositing a |ayer of an inpedance materi al
on a first surface of a sheet of an electrically highly conductive nateri al
and attaching a second surface of the sheet of electrically highly
conduct i Y@ NMRAlhidily th thefprsdRPRLEntionDS Printe@Lirdlit 8584410 : urface of
t he sheet of el ect |’g‘| caﬁa‘i/ hi ghl yn::ohdglg?i velrmsit er?ﬂé{! thhi)?g?d}ﬂ]eﬁ

impedance elements on a sheet of an electrically highly conductive material,

attached to a support is manufactured. An insulating sheet is applied to the
sheet of conductive material with the impedance elements therebetween. After
removing the support from the sheet of conductive material the sheet of
15  conductive material is etched to form a desired pattern such that at least some

of the conductive lines contact at least some of the impedance elements.
Optionally the another pattern of impedance elements and conductive lines are
formed on an opposite side of the insulating sheet. As a resuit, impedance
elements are formed on the insulating sheet which have much improved

20  electrical tolerances.

© e — -

SUMMARY OF THE INVENTION
A first aspect of the invention provides a process for forming a printed circuit substrate

25  with impedance elements comprising performing step (a} or (b):
(a) depositing a layer of an impedance material on a first surface of a sheet of
an electrically highly conductive material and attaphing a second surface of the
sheet of electrically highly conductive material to a support; then;
(b) attaching a second surface of the sheet of electrically highly conductive material to

a support; then



a support; then 3 7 Decenber 2004 (c) applying a |l ayer of a photoresist
material onto the layer of inpedance material; (d) inmagew se exposing the
photoresist material thus form ng image areas and noni mage; gg er 094 then
renovi ng the noni mage areas while retaining the inmage areas; %23% et chi ng
away a portion of the inpedance |ayer material underlying the renoved

noni mage areas of the photoresist material, and then optionally renoving
the i mage areas of the photoresist material thus |eaving a pattern of

i npedance el enments on the sheet of electrically highly conductive materi al;
{f) form ng) aapplyingih lalysr ot phatbogpeikst thatbé ohtortioeigyer bhiemliget of el ectrically
hi ghly conductive material; (g) attaching one side of a sheet of an

i nsul ating mef@eridh to the sheet of electricall y highly conductive

mat eri al suych. . ' . n re. between the sheet of
I nsul at i ngﬁﬁaﬂ%gg?&gg%&g%gg%ﬂ%&r&ﬁ%%teé%tﬁpcgfrmygﬁ%ﬁ %563588 ductive
material; (h)né | dighs] AN tiMREAG NS he MbhifRgsheftwitk rehBtheal |y highly

conductive material; (i) applying an additronal |ayer of "a photoresi st
mat eri al ont olf4ge aagond surface of the sheet of electrically highly

ducti terial: (]) I | ' th ddi ti.onal | f
hot o es <@ nEePg avat Ao BheAe ERAHGRTHBdEAIERE, and t hen
removing the fe&mve@ﬁ&ﬁﬁageaﬁeaswf’hieef,hst%}eaisﬂw@ﬁah&ditﬁ%&@gg%@s; (k) etching

away the portion of the Sheet of electrically hi ghl tive materi al
under | yi ng t hremosmgikesimage anvesge therphatoredst toaterigitinsdesiigst pattemefi al , and t hen

opti onal | renovi,ng the i m areas.qf th oresist materjal thus
| 2 avi ng ay lmpedar%e eﬂments og %ne sileet of giech‘waﬁygpgg}y cony uc%lve mategal;

(f) forming a plurality of target holes through the sheet of electrically highly
conductive material;

(g) attaching one side of a sheet of an insulating material to the sheet of

electrically highly conductive material such that the impedance elements are
between the sheet of insulating material and the sheet of electrically highly
conductive material;

(h) removing the support from the sheet of electrically highly conductive material;

(1) applying an additional layer of a photoresist material onto the second

surface of the sheet of electrically highly conductive material;

(j) imagewise exposing the additional layer of photoresist material thus
forming image and nonimage areas, and then removing the nonimage areas
while retaining the image areas;

(9] ét.c’fxi‘ng away the portion of the sheét of electrically highly conductive material
underlying the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a
pattern of conductive lines of the highly conductive material such that at least

some of the conductive lines contact at least some of the impedance elements.



pattern of conductive lines of the highly conductive material such that at
| east sone of the conductive |lines contact at | east sonme of the inpedance
el enents. 4 7 Decenber 2004 An enbodi nent may relate to the,Béc 88 ?

defi ned above which further conprises performng step (1) or %rpﬁs?(oi (m
depositing a second | ayer of an inpedance material on a first surface of a
second sheet of electrically highly conductive material and attaching a-
second surface of the second sheet of electrically highly conductive
material to a second support; then attaching a second surface of the second

sheet of elaeinbbdiadehymiy ghiteto tiranetied ds\defindilBbvewhitlp fijthsewapdis&uppor t
depositing a_second | ayer of an inpedance material on a first surface of
t he secondrgfeaingstepdDee@®y cally highly conductive material; then (n)

appl yi ng a,| ayer of hot poresi.st. mat.erial onto.the second. | ayer of

i npedance ﬁjatﬁr.05‘?%?%?8%0?%%5%\%%%“@3?88‘%%36}@ °Ib?1§{sbﬁ’“§§'ﬁ%‘?fanateri al thus
form ng i magesaBad sHebi JFRRericAlySdshly 3bHub ARy IniteR ¥haditdchgAONi Mmage ar eas
while retaining the image areas; (p) etching away the portion of the second
| ayer of i npeékeasdsurticeed the secombishettyif nigctringdlyighly eohduciverageriar eas of t he
phot or esi st gg{eri aId and then optionally renoving the inmage areas of the
phot or esi st LA RRAE (e ng a pattern of second inpedance el enents

e L A S SR oy By e YL o (0
el ectrical |y hiogtigpive patedialipiasecomd seppiosti depositing a second layer of an

impedance material on a first surface of the second sheet of electrically

highly conductive material; then

(n) applying a layer of a photoresist material onto the second layer of
impedance material;

(o) imagewise exposing the photoresist material thus forming image and nonimage
areas, and then removing the nonimage areas while retaining the
image areas;

(p) etching away the portion of the second layer of impedance material
underlying the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a
pattern of second impedance elements on the second sheet of electrically highly
conductive material;

{¢) forming a plurality of target holes through the second sheet of electrically highly
conductive material;

(r) attaching the second sheet of electriéally highly conductive material to another
side of the sheet of an insulating material such that the second impedance
¢lements are between the layer of insulating material and the second sheet of
highly conductive material;

(s) removing the second support from the second sheet of electrically highly

conductive material;



(r) attaching the second sheet of electrically highly conductive materi al
to another side of the sheet of an insulating nmaterial such that the
second i npedance elenents are between the | ayer of insulagi g natgrial and
the second sheet of highly conductive material; (s) rennviﬁg’?ﬁ r€8%nd
support fromthe second sheet of electrically highly conductive material;
5 7 Decenber 2004 (t) applying an additional |ayer of a photoresist
material onto the rear side of the second sheet of electrically highly
conductive material; (u) inmgew se exposing the additional |ayer of

phot or esi sft) maaggliiak ah MdditionbOayer 802 pliticresid MthtaHanoIB 0. réir 6ids of and t hen
renovi ng the noninage areas while retaining the i mage areas; 5a 7 Decenber
2004 (v) et chi H§ saemgd sheebofleatiicoty bighbrrendectizpmateriakbt of el ectrically

hi ghly congucti.y terial wnder.l.yi th emoved noni e areas of the
phot or esi s& rnattné'l?1 %rr?e %ﬁag“% ﬁ‘gﬁg%%%{'?ai%g ii??pﬁgt%eﬂﬁsﬁaa?ﬂ%lqﬁ%age areas of the
phot or esi st matghdigd infaBslend AddMidtirdhs RAH RN RerBbvisEMe ReniaABEMehd Ve | 1 nes of
the electrically highly conductive material such that at | east sonme of the
second conduct Whde rdtaining Sernimags areas; | east some of the second i npedance

el ements. Another enbodinent nmay relate to the perform hg steps (a) and (b)
in either order: (a) depositing a pattern of inpedance elenents on a first
surface of a sheet of electrically highly conductive material; (b)
attaching a second surface of the sheet of electrically highly conductive
material to a support; (c) formng a plurality of target holes through the
sheet of highly conductive material;

Sa



(d) attaching one side of a sheet of an insulating material to the sheet of
hi ghly conductive material such that the inpedance el enents are between
the sheet of insulating material and the sheet of highly clqyduc%é %64
material; (e) removing the support fromthe sheet of highly ESRANEL Ve
material; {f) applying a |layer of a photoresist nmaterial onto the second
surface of the sheet of highly conductive material; (g) inmagew se exposing
the | ayer of photoresist material thus form ng i mage and (h) noni nage
areas, and then renoving the noni mage areas while retaining the inmge
areas; et c{)ng eshing atvlag the@oitionof the stdoad stieedf eddctrithliihighlg@bstiietivesre nateri al
underlying the renpved noni nage areas of the photoresist material, and then
optional |y rensateigl wndstlying ghe remaved nopingage apsrveighehoieresigtmeatsrial, andhus
| eaving a patter .ive |Lines of l.ghl.y. .canducti ve materi al
such that at Itélgeélp) pgérﬁagl%%ﬁ&%%ﬁggﬁa Catrei(?a‘s/8&:91?82%@%%%&%%@3;&%%5t sone of"
the inpedance edaeRnRtpatter of sdoBfErdAhctHe BfleyWTHd @éctialp dighB dond®mYivé Ur t her
conprise performng steps (i) and (j) in either order: (i) depositing a
second pat t er nTesteriahgish drat ot ledsbppie of terseeondiconductve lingssonfhctat lsatond sheet
of electrically hi conducti.ve terial; (j) attaching a second surface
of the second éﬂlgggp%‘%s?‘ff)ﬁ W%‘fﬁ%@ﬁe{}% material to a second support;
then (lc) formng a plurality of target holes through the second sheet of
hi ghly conductive material; (1) attaching the second sheet of highly
conduct i veAnetherdndiodinentmay telate toithkepepforming etephiepnddp) iareitherswdeat i ng mat eri al
such that the second inpedance el enents  are between the | ayer of
i nsul at i nd®hmat ‘?Séit}“géergR‘?rHQQ €§ E’@PtSBFaIﬁF%ﬁ‘\‘%“eefﬁgﬁﬁttqfve mat eri al ;
electrically highly conductive material;

(b) attaching a second surface of the sheet of electrically highly conductive
material to a support;

(c) forming a plurality of target holes through the sheet of highly conductive .
material;

(d) attaching one side of a sheet of an insulating material to the sheet of highly
conductive material such that the impedance elements are between the sheet of _
insulating material and the sheet of highly conductive material;

() removing the support from the sheet of highly conductive material;

(f) applying a layer of a photoresist material onfo the second surface of the sheet of
highty conductive material,

(g) 1magewise exposing the layer of photoresist material thus forming image and

nonimage areas, and then removing the nonimage areas while retaining the image

(h) etching away the portion of the sheet of highly conductive material

underlying the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a
pattern of conductive lines of the highly conductive material such that at least some

of the conductive lines contact at least some of the impedance elements.



(m renoving the second support fromthe second sheet of highly conductive
material; (n) applying an additional |ayer of a photoresist nmaterial onto
the rear side of the second sheet of highly conductive méﬁjl al . %@84

i magewi se exposing the additional |ayer of photoresist mat&HSEF %

form ng i mage and noni nage areas, and then renoving the noni mage areas
while retaining the inage areas; (p) etching away the portion of the second
sheet of highly conductive naterial underlying the renoved noni nage areas
of the photoresist material, and then optionally renoving the inmage areas
of the phonastaed dibodient ma fiirtheBcdrgiise Pﬁ'f@'milfgaétép@ i) afd (jpiacand oedpduct i ve

| ines of the highly conductive material such that at [|east some of the
second conflct idorositingeseend paiéan af impedasice slements pn pHisstsefasa@f ai npedance

el enents. A secon of -the.inyenti.on. proyides a process for formng a
printed circui t%QCO %%@%ﬁéﬁ%ec\fft\n“taﬂyp nd crglé'ggl’%e ' corrBri si ng perforni ngg'
step (a) of) 7 autdRRHeEond QackRY tHe Secofl@ BRE! dnighPedhahdtRE thafdial NPedance

el ements on a first surface of a sheet of an electrically highly conductive
materi al and ate asdepmbsuppettidaand surface of the sheet of electrically

hi ghly congductive .material to a suppart ;. . attachin second surface of -
a sheet of&gl eé?mp%?ﬁyraﬁw&fﬁ?gﬁ%ﬁg’ﬁ@??%%ﬁe@?‘? he&t"g upport and
depositing a pabi®kfvathattigredance el enents on a first surface of the sheet

of electrically highly conductive material; formng a plurality of target
hol es t hro(ijgh twitechsigdise scofndedheettof highlyl opnhictiine yratedaldo enothe sidetofr i al ; (d)

attachi ng one side of .a sheet of an_insujatin terial tqQq the sheet of
g The sheet of an mstﬁatmg material suc?x tjnat the secon nnpe(flance elements

are between the layer of insulating material and the second sheet of highly
conductive material;

(m) removing the second support from the second sheet of highly conductive
material;

(n)  applying an additional layer of a photoresist material onto the rear side of
the second sheet of highly conductive material;

(o) imagewise exposing the additional layer of photoresist material thus
forming image and nonimage areas, and then removing the nonimage areas
while retaining the image areas;

(p)  etching away the portion of the second sheet of highly conductive material
underlying the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a
pattern of second conductive lines of the highly conductive material such that at

feast some of the second conductive lines contact at least some of the second

impedance elements.

A second aspect of the invention provides a process for forming a printed circuit

substrate with impedance elements comprising performing step (a) or



electrically highly conductive material such that the inpedance el enents
are between the sheet of insulating material and the sheet of electrically
hi ghly conductive material; (e) renoving the support fro e she of
electrically highly conductive material: (f) applying a Flé;r'?té;?e“i?erg‘s"“
photoresi st material onto the second surface of the sheet of electrically
hi ghly conductive material; (g) iInagew se exposing the |ayer of photoresist
material thus form ng i mage (h) and noni mage areas, and then renoving the
noni mage areas while retaining the 1inage areas; etching away the portion
of the shegt of electrically highly conductive material underlying the
renmoved nowww'nage areas of the photoresist material, and then optionally
renovi ng t ie[é?&‘?t' S ' ' thus leaving a pattern
of conduct@ge neslf%(r)af%?t%rgfog ct?rli}gtgﬁ%ﬁeﬁ?gﬁ%g‘%ﬁa%ctive material such
that at | east ofaskee0df dnhedecaivativhiphiyechduetse mawtidchd aftach@atsespde of the

| npedance el enents. Decenber 2004 An enbodi nent, may further relate to

8 7
perforning st eyriage of theshset ofelectrigadly bighby copdertivematkipl lgagerrar ng a second

I f h | L ' L al . f f
e e T AR

surface of theaosg anll depositinghl iitkenn TomPedunty €lefiBhte bhalfirto a second
support; -then - (1) i ew se exposi ng the photosensitive inpedance
mat eri al t hus stefaed ¢fghe sheet of electrically highly conductive material;

(c) f‘c;rming a plurality of target holes through the sheet of electrically highly
conductive material;
(d)  attaching one side of a sheet of an insulating material to the sheet of
electrically highly conductive material such that the impedance elements are
between the sheet of insulating material and the sheet of electrically highly
conductive material;
(e) removing the support from the sheet of electrically highly conductive material;
® applying a layer of a photoresist material onto the second surface of the
sheet of electrically highly conductive material;
(g)  imagewise exposing. the layer of photoresist material thus forming image
and nonimage areas, and then removing the nonimage areas while retaining the
image areas;
(h) etching away the portion of the sheet of electrically highly conductive
. material underlying the removed nonimage areas of the photoresist material, and
then optionally removing the image areas of the photoresist material thus
leaving a pattern of conductive lines of the electrically highty conductive
matertal such that af least some of the conductive lines contact at least some of

the impedance elements.



i mmge and noni mage areas, and then renoving the noni mage areas while
retaining the image areas thus |eaving a pattern of second i npedance

el enents on the second sheet of highly conductive nmateri al ng a
plurality of target holes through the second sheet of highl YD&%%%%EQF
material; (n) attaching the second sheet of highly conductlve mat eri al to
anot her side of the sheet of an insulating material such that the second
i npedance el-ements are between the |layer of insulating material and the
second sheet of highly conductive material; (0) renobving the second
suppor t frmmbmmaﬁ@ﬁhmtelaétwmmng@uaﬂmﬂ&}: material; (p) applying
a layer of a photoresist nmaterial onto the rear side of the second sheet
of highly conductive material; (q) imgew se exposing the |ayer of

phot oresi st material thus forning i mge and noni mage areas, and then N
renovi ng the nonimage areas while retaining the inmage areas; (r) etching
away the portion of the second sheet of highly conductive nmateri al
underlying the removed noni mage areas of the photoresist nmaterial, and then
optionally renoving the inage areas of the photoresist material thus

| eaving a pattern of second conductive lines of the highly conductive
material such that at |east sone of the second conductive |ines contact at
| east some of the second inpedance elenments. 9 7 Decenber 2004 A third
aspect of the invention provides a process for formng a printed circuit
substrate with inpedance el enents conprising performng step (a) or (b):
(a) depositing a layer of a photosensitive inpedance material on a first

8a



surface of a sheet of an electrically highly conductive material attaching
a second surface of the sheet of electrically highly conductive materi al
to a support; then (b) attaching a second surface of a sh of
electrically highly conductive material to a support and 33%%@???&8y5

| ayer of a photosensitive inpedance material on a first surface of the
sheet of electrically highly conductive material; then (c) inagew se
exposi ng the photosensitive inpedance naterial thus form ng i nage and

noni mage areas, and then renoving the noni mage areas mhile retaining the

| Tege ar eaf) {NiysydsFRKLAG R BB R BLo LIEHRRASELENERI 5y Sl o Sheet of

el ectrical con ormng a ity of target

hol es t hrough tsimcabee&ecoﬁd Qieetcdfreleembblyymgugbbndua@mﬁamale rrat erial; (e)
attaching one side of a sheet of an insulating naterial to the sheet of

el ectrical (& hptrhingechenndspfeccodthespeand shasho ighly comsluctivepedance el enents
are between th%la?éﬁ%?ﬁoasec sSuI %tl mat eri al and the sheet of electrically
hi ghly conductive materl F?B ving the support fromthe sheet of

el ectrical fy hmﬁﬁgemseceﬁﬁ&ﬁfgtﬂhe/@of&ér@fmaimpeﬁﬂace%n‘ﬁl #a6s @rhmyer of a
photoresist material onto the second surface of the sheet of electrically

hi ghl'y conduct iimegerand apiiaage @hds, md)ﬂlmmrgevms élcewpmlgﬂ greaswhileayer of
phot oresi-st mat thus for reas, and then
removing the %ﬂnﬁﬁabe TPy e?ﬁ/@l}sgearvﬂg% ﬁ%ﬂﬂ 0? ?F@OI? Sgaélr"%% chi ng away
the portion of ofR S&RAkhak oLhiBIEl Chitdctive Miteripdly

(m)  forming a plurality of target holes through the second sheet of highly

conductive material;

(n) attaching the second sheet of highly conductive material to another side of
the sheet of an insulating material such that the second impedance elements
are between the layer of insulating material and the second sheet of highly
conductive material;

(o) removing the second support from the second sheet of highly conductive
material;

(p) applyinga léyer of a photoresist material onto the rear side of the second
sheet of highly conductive material;

(@ 1magewise exposing the layer of photoresist material thus forming image and
nonimage areas, and then removing the nonimage areas while retaining the
image areas;

® . et;:hing away the portion of the SEfcond sheet of highly conductive material
‘l;—lnlqcmierlying the removed nonimage areas of the photoresist material, and then
opticnally removing the image areas of the photoresist material thus leaving a
pattern of second conductive lines of the highly conductive material such that
at least some of the second conductive lines contact at least some of the second

inipedance clements.



conductive material underlying the renoved noni nage areas of the

phot oresi st material, and then optionally renoving the imge areas of the
photoresist material thus |eaving a pattern of conductive I| t%
electrically highly conductive material such that at | east ’ 0?
conductive lines contact at |east sone of the inpedance el enents. 9a 7
Decenber 2004 A fourth aspect of the invention provides a process for-
forming a printed circuit substrate with i npedance el enments conpri sing
perform ng st &pbird gspecoidhg inyentiongirovides aoprdeess fop)foropusa printeda | ayer of an
i npedance nat eircait sasteatd witt insprdaace etdiments kertprofing pedoating s&ipl y hi ghl y
conductive matgrdb): (b) attaching a second surface of the sheet of
electrically highly conductive material to a support; then (c) applying a

layer of acphatgb&sihgta ﬁgbﬁbfalpm@&&nfshﬁzé ?éd;ﬁfce'rﬂﬁ%}ﬁﬂ%aﬁhe“ al; (d)
[ magevm Se exposi ng otoresi st nater] a formn I and

noni nage ar ea8§urf; aﬁ@oi"ﬁéﬂe?fe%% glpctmeal Hbmgﬂg’é;%dé‘%w\%ﬁpﬂ@“ etai ning the

i mage areas; ﬁ&)wl@i_rn%m 8RB fadROst henshebt bheldoimesiayeephigyer materi al
under | yi ng t he rempved noni rrage areas of the photoresist naterial, and

then opti onafPPIves PHECHMLO 3 RGP ALARENof t he photoresist material thus
| eaving a gla)t hfhohidl 4 SROBANEReITRN{lfecdbf hectBbaRy mghlgrl ectrically
c

Ty oo S S RERES I Lk o ses 2

nanof ar ads pephamhemv@ampemhee materiebos i fist satface aﬂf thaghee of r esi st ance

of from about e%ectncally highly conductive material; then

(c) imagewise exposing the photosensitive impedance material thus
forming image and nonimage areas, and then removing the
nonimage areas while retaining the image areas thus leaving a
pattern of impedance elements on the sheet of electrically highly
conductive material;

(d) forming a plurality of target holes through the sheet of electrically
highly conductive material;

(e) attaching one side of a sheet of an insulating material to the
sheet of electrically highly conductive material such that the
irhpedance elements are between the sheet of insulating material
and the sheet of electrically highly conductive material;

(f) removing the support from the sheet of electrically highly
conductive material;

(2) applying a layer of a photoresist material onto the second
surface of the sheet of electrically highly conductive material;

(h) imagewise exposing the layer of photoresist material thus
forming image and nonimage areas, and then removing the

nonimage areas while retaining the image areas;

(i) etching away the portion of the sheet of electrically highly
conductive material underlying the removed nonimage areas of the
phoiorésist material, and then optionally removing the 1mage areas
of the photoresist material thus leaving a paftem of conductive lines
of the electrically highly conductive material such that at least some
of the conductive lines contact at least some of the impedance
elements.
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to about 1000 ohns per square, or an inductive material having an
i nductance of fromabout 0.001 to 1 henry. BRI EF DESCRI PTI ONS OF THE
DRAW NGS 9b 7 Decenber 2004 Fig. | shows a deposited Iayer7qﬂm%9mggaﬁpance
material on one side of a sheet of an electrically highly conductive
material, a support on another surface of the sheet of conductive materi al
and a |l ayer of a photoresist on the inpedance material. Fig. 2 shows the
result after imagew se exposing the photoresist nmaterial, and then
renovi ng the nonimage areas while retaining the image areas. 10 Fig. 3
shows the result after the inpedance material is inmgew se etched away in
the areas of the inpedance |ayer material underlying the renpbved noni mage
ar eﬁs of tﬁhﬁomh@fa@pﬁsticﬁtthﬁﬁheéilﬁbxé@dvid&e aqmtcleseﬁdzsfomﬁnglaqmmeﬁo\d/ed. Fig.
4 shows the result after.the inpedance material. is i ew se etched away
151t he Pl e Rr S enell SPPRHS IR HEE HEPS onoved
noni nage (&) &8 (Wfint dichegphmtier:esi st material and the photoresist is not
renmoved. ows target holes drilled t.hyrough.the sheet .of highly

{ Shd et St

Fig. 5 s
Conduot | va®) fIERSIIRE aayen ot AR dmnsanse meekial R {366 9f fached 1o t he
sheet of hi githeet oF@ncslachiiziallyehiphletonductivegmabersdipws the result after the

TGN SEL T NG R M T A R
t he phot or estetdwudtiver maxpiduoe suppatevideapment . 10 7 Decermber 2004 Fig. 9
Shove, e bbb v SR MR R B AL HS TSP RS o oo
of material;
(d)imagewise exposing the photoresist material thus forming image
and nonimage areas, and then removing the nonimage areas while
retaining the image areas;
(e) etching away a portion of the impedance layer material underlying
the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus
leaving a pattern of impedance elements on the sheet of electrically
highly conductive material;
wherein impedance material comprisés a capacitive material having a
capacitance of from about .01 to about 3000 nanofarads per square
centimeter, a resistive material having a resistance of from about 25

to about 1000 ohins per square, or an inductive material having an
inductance of from about 0.001 to 1 henry.

PR

BRIEF DESCRIPTIONS OF THE DRAWINGS
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conductive lines contacting sone of the inpedance elenents. Figure 10 shows
a second |l ayer of an inpedance material on a second sheet of an

el ectrically highly conductive material which is attached a secand
support and having another |ayer of a photoresi st naterialegﬁm?W§”g@€ nd

| ayer of inpedance material. 10 Fig. 11 shows the result after inmagew se
exposi ng the photoresist material, and then renoving the noni mage areas
while retaining the image areas. Fig. 12 shows the result after the

i npedance material is imgew se etched away in the areas of the inpedance
| ayer material underlying the renoved 15 noni mage areas of the photoresist
material to forminpedance elenents and the photoresist is then renoved.
Fi g. 13 showbig ashats hddpesitai aydred at hmpedzghcd ineteshloet orefside aflal sheetonduct i ve
material. 20 Figure 14 shows the result of attaching the sggpg% sheet of

hi ghl'y conduet3tsectiieallyrhighly condustve majeria) agursort HeATOHE S HIC 4h i nsul at i ng
mat et al. P fre herr SPOYRLAR ARCANGRAURRAL be k BRRNAGi] P ifAB.aEoNd Sheet of
an p

highly 25 conductive nateria anot’her yer o otoresist is applied
to the rear gfteriahe conductive sheet. Figure 16 shows the result after the
phot or esi st has been i magew se exposed and devel oped. 11 7 Decenber 2004
Fig. 17 shows the result after the second conductive sheet has been etched

to form.conductive lines and the photoresist.,has he r . .5 DETAI LED
bEscR P o B TP e il RPNk SRR e B BRI PR IR o v o
steps in theyRheGRSEnS e nbAIMAgRGiréhs AWHIle k@BinGie! the ihagesidist rate. |t
conprises, in efther order, depositing a |layer of an inpedance

10  Fig. 3 shows the result after the impedance material is imagewise etched away

in the areas of the impedance layer material underlying the removed nonimage

areas of the photoresist material and the photoresist is then removed.

Fig. 4 shows the result after the impedance material is imagewise etched away
15  inthe areas of the impedance layer material underlying the removed nonimage

areas of the photoresist material and the photoresist is not removed.

Fig. 5 shows target holes drilled through the sheet of highly conductive
material and a sheet of an insulating material attached to the sheet of highly

20  conductive material.
~ Fig. 6 shows the result after the support is removed.

e —

Fig. 7 shows another layer of photoresist applied to the back side of the sheet

25  of highly conductive material.

Fig. 8 shows the photoresist after exposure and development.

10



material 4 on a first surface of a sheet of an electrically highly
conductive material 2 and then attaching a second surface of the sheet of
hi ghly 10 conductive material 2 to a support 8. Then one a?BIies a_l ayer of
a photoresist material 6 onto the |ayer of inpedance matef PEFE™PEr 249451 | of
the drawng figures, the dinensions are not to scale. Suitable materials
for the electrically highly conductive material non 15 excl usively include
foils conposed of copper, alum num nickel, brass, gold, silver, stainless
steel, tin, zinc or conbinations thereof. Preferably such foils have a

t hi ckness of : ' mferial is
preferably aF&%g$g§?€gkﬁ%%ggpgfﬁ?@?g%wgéggggéﬁfF%ﬁﬂﬁgapggmggiistors on the
conduct i ve nmahddrlyalg thé wmovey afdas of ihe phodecsisapacirial, Veavingdpteleivef or active
materials for the formation of transistors or other mcroelectronic

devi ces. TypFemlurijve lifey coptaeting soRtek Mecsisnpsflarce glemgéut 100 nm t o about 1000
nm Resistive materials nmay conprise nickel, a nickel containing alloy, a
sem conductor, or a conbination of at |east one nmetal or netal alloy and at

| east ones i NEwnad Y shois@fsBEcHal Ixydr BEas BEpcthhoeanMBEA dnd seB& shebisE St ance of
from about 25 to about 1000 ohns per square. Suitable ‘capacitive materials

conpri se a pai¢ladricdlynkighly icahductiverpratdriabwhitd is sitached wonstoendr material or a

conmbi nati-on thereof. Preferaply the.capacitive material has capaci tance
o "t rom abothPPoREni §edite anctheserel 26 PR it aattann Be sempn el
preferably 18¢; ssabeher 2904 fromabout 0.5 to about 2000 nanof arads per
square centinetéer. Suitable inductive materials non-exclusively include
anor phous netals such as a conposite of iron, boron and silica available
as product 2605 SAl from Honeywel| Anmorphous Metals, as well as_product
2714 A wHi chligs15skyp spit ligrmageuise expasyig, thyphespreaisimateritleand al so

avai | abl e fr g EEREYNPIH: nofTRILARE Wik HiSimin/ 15 el OduCed by pouri ng

the nolten neta

Fig. 12 shows the result after the impedance material is imagewise etched
away in the areas of the impedance layer material underlying the removed
15  nonimage areas of the photoresist material to form impedance elements and

the photoresist is then removed.

Fig. 13 shows target holes drilled through the sheet of higflly conductive
material.
20
Figure 14 shows the result of attaching the second sheet of highly conductive
mgtirial to the rear side of the sheet of an insulating material.
Fig. 15 shows the second support removed from the second sheet of highly
25  conductive material and another layer of photoresist is applied to the rear of

the conductive sheet.

Figure 16 shows the result after the photoresist has been imagewise exposed

and developed.

11



chilled drumto rapidly cool the material and | eave the result in an

anor phous state., The inductive material may be deposited onto the
conducting material by such techniques as plating, sputtering or vapor
deposition. Preferably the 10 inductive material has an i ARFEERREEYr from
about 0.001 to 1 henry. The support may conprise a netal, a polynmer or a
conbi nation thereof. Suitable netals nonexclusively include al um num and
stainless steel. Preferably such supports have a thickness of from about
0.12 mmto about 15 0.51 mm Preferably the support conprises a materi al
capabl e of being ultrasonically bonded to the sheet of highly conductive
material. Most preferably the support is ultrasonically bonded or wel ded
to the sheet Fgd. 17isBbikythe easilliciftel e RB¢oREicBhduchye shebekRMeei@chlidse! osed in

U. S. patent 5,942,314, which is incorporated 20 herein by reference. The
benefit of uferpeensdpeiivsdings ary the phieresist hasbeer semaiedhst and cheni cal or
thermal attack on the bond. This gives latitude to the techniques for
appl yi ng and processing the inpedance nmaterial. The photoresist may be

posi tive yor ki nDRFATNEDIESCRWITONOHE THY PREFERREBEMBOIIMENET Y fil m  Wien
negati ve wor ki ng photoresi st conpositions afé exposed | hagew se to

radi ati on, t Figuae tatustaiesthedirsictepadi tiei poocesefoo fernliess psokdbirenit o a

devel opi ng sol ution_whil e, the unexposed, areas of the photoresist remain
relatively s@#ﬁﬂ?@'gUxQ“HQG%F%ﬁﬁﬁﬁo ’dkpﬁﬁﬂmﬁﬁkg?“ﬁFééP f an exposed

negative wor ki-ng [ I b ée SEVELORE, ' e non- exposed
13 7 Decenbefﬂa%ggggnggwosf HF'Elhe&t‘r%e&gll gﬁﬁéggﬁuﬁgﬁﬁlﬁgfﬁgﬁ°ﬁﬁﬁ%§’gn ng a desired
portion of thmatriahdend thengttschivgt 1 sdcond surfaee of e shdwit ohhighly phot or esi st

conposition was. deposited. Wien positive working photoresist conpositions

are expoded coRugHYH aterial 7 ok wPper 8- (Hhes eneanpliss @ layeselc RISWIRESt adi at i on
become nore g, 5Q1HRlGi Re 1)6r HGUPLIRRE ni@dctil 4O WLk Bhetisigsed ar eas

remain rel ativel y
figures, the dimensions are not to scale.

Suitable materials for the electrically highly conductive material non-
15 exclusively include foils composed of copper, aluminum, nickel, brass, gold,
silver, stainless steel, tin, zinc or combinations thereof. Preferably such foils

have a thickness of from about 12 pm to about 35 um.

The impedance material is preferably a resistive material for the deposition of
20  resistors on the conductive material, but may also include capacitive, inductive
or active materials for the formation of transistors or other microelectronic
devices. Typically they have a thickness of from about 100 nm to about 1000
noi. Resistive materials may comprise nickel, a nickel containing alloy, a
semiconductor, or a combination of at least one metal or metal alloy and at
25  least one insulator. Preferably the resistive material has a resistance of from
about 25 to about 1000 ohms per square. Suitable capacitive materials
comprise a polymeric material, a metal oxide, a semiconductor material or a
" combination thereof. Preferably the capacitive material has a capacitance of

from about .01 to about 3000 nanofarads per square centimeter, preferably

12



insoluble to the devel oper solution. Thus, treatnment of an exposed positive
wor ki ng photoresist with the devel oper causes renoval of the exposed areas
of the resist coating and the creation of a positive image _jin the
photoresist coating. In either case a desired portion of ?ﬁ@“ﬂﬂﬁ%?@?ing
substrate surface 10 remai ns uncovered. Positive working photoresist
conpositions are favored over negative working resists because the forner
generally have better resolution. Suitable photoresist conpositions are
well known in the art and may include m xtures of o-quinone diazides with

an aqueous abiJucaPh B R a0RLARLE B B SREHBRUSIN AT, 1oVl 2k or

pol y(4-hydro otoreSists are described in U S
patents 4, 69%dd8Bve Ma8dils A86exAudtly BtludRRehorphodd duetfld sucBk habl e
photoresi sts may be purchased commercially as AZ-4620 and AZ-111, from

Cl ari ant Cor penpasiteef gpn.donr aid sikca aveilableasprpdudt 36@H8Aprizemss of the
present inveption e coats. and driesg the for ing,. 20 photosensitive
conposi ti on “%Y‘%%%E'BFP og%y%{aﬁl%tagweéﬁgpbqﬁgﬁgﬁggArgg}c t gsoI ution can be
appl i ed to acsHPsHite dF Botdk, RBY, oRNVARIsiIRARsIBIAA6le YRBHHbRe WM Phot Or esi st
art, including dipping, spraying, roller, whirling and spi'n coating. Wen
spi n coat i ngAnfayphaex Mgshle, Thése aremodiced dyyionong thenmdi®nankteis imd aas t o t he
per cent age of_ solids content ip_ order . to ovi de coating of the desired 25
t hi ckness gi %ﬁeé A Wéplgﬁ @arﬁlﬁ%ﬂ@éa{%@m thgreyu{tinat AMATRIGES anount  of
time all owed r Fl Ty WaT . r ' t of the

i nvention, t tgﬁﬁr%?glﬁaéglhst %}r/lglrrﬁ?ygﬁfge ﬁgi&&%@tgghﬁtd?gﬁc?gg%tﬁg aliquid
phot or esi st bypsjuhsedhniques os plbting) speteriag ol agrddpaitiont Fréfogbihwel at, speeds
rangi ng from about 500 to about 6000 rpm preferably from about 1500 to 14
7 Decenbd® 2m@actysduaterdddes apidusigncepfdiam abaub 00 A 1 bengeconds, preferably
fromabout 10 to about 30 seconds, in order to spread the conposition
evenly across the upper surface. The thickness of the photoresist |ayer
may vary depghéiipgofindy@mprise a metal, a polymer or a combination thereof.

Suitable metals nonexclusively include aluminum and stainless steel.
Preferably such supports have a thickness of from about .12 mm to about

15 0.51 mm.
Preferably the support comprises a material capable of being ultrasonically
bonded to the sheet of highly conductive material. Most preferably the support
is ultrasonically bonded or welded to the sheet of highly conductive material
by a technique disclosed in U.S. patent 5,942,314, which is incorporated

20  herein by reference. The benefit of ultrasonic bonding is the ability to
withstand chemical or thermal attack on the bond. This gives latitude to the

techniques for applying and processing the impedance material.

The photoresist may be positive working or negative work and may be a liquid
25 or dry film. When negative working photoresist compositions are exposed
imagewise to radiation, the areas exposed to radiation become less soluble to a
developing solution while the unexposed areas of the photoresist remain
relatively soluble to a developing solution. Thus, treatment of an exposed

negative working resist with a developer causes removal of the non-exposed

i3



anount of |iquid photoresist conmposition that is applied, but typically the
5 thickness nmay range from about 500 A to about 50,000 A, and preferably
from O O about 2000 A to about 12000 A. The anount of phot;(1 resi st2 4
conposition which is applied may vary from about 1 8u‘? BFH 2004
preferably fromabout 2 mM to about 8 m depending on the size of the
substrate. 10 After the resist conposition solution is coated onto the
substrate, the substrate is tenperature treated at approximtely 20 Cto
200 C. This tenperature treatnent is done in order to reduce and control

t he concentr V, 4 whi | e not

causi ng subs?{an tﬁg {%@?%‘ﬂﬁ“ﬁgé’gﬁ% a@?&?\eﬁr% %ﬁgp&;ﬁ&rﬁélgg%@%tlzer I n general
one desires hﬁddﬂymg@ubﬁrdtélﬁlrm@@@ﬁmlﬁ(ﬂitlh@ph@:f)rciﬁt cophposhion veazd thus this
tenperature treatnent is conducted until substantially all of the solvents
have evaporaﬂqwsm:fu Véhqﬂrmﬁltlﬁéél‘tqrhlgg@flOfSFﬁﬁtSbﬁa@Bﬁ’@tUO@éﬁﬁcﬁ@@fﬁf@n on the
order of a mcron. r} ct r emal %t 1& ﬁag {)ate In_a preferred
enbodi ment  t BA4EHSE Pé‘i‘cﬁ b"“ OE%WSEF&X@HS@ o TAIABBR PCBF NS about 150 C.
A nore pref egdigdle i@ i3RIl @opdrQBABR Whilé @néxpoSe POMtreMBinGelafiiély 20 treat ment
is conducted until the rate of change of solvent renoval™ becones

rel atively i omsblyblefto ¢lzendevelther sobrtper Bhus; Geaimdnt dfrmp espodsed posifivelepends on t he

resi st properties desired by the u eras wel | as i pnrent used apd
commer ci al | y aEGns BEOIRESS: Wi Herfstlops fiies Fp eyl SHCE GREASPR SRS St nent ¢ mes

for hot pl at A &tm AHd6hd BRSGoL YT o M EiorebRr € preferably up
to 25 about ng\&ﬁut gn one exanpl ea[%S sec%énld tr at(?rrgnt at 90C is
useful . Treabatigt I ithes caseardeaisal pmtla:boﬁtheﬁﬁddrlymgxmbktract@smrfmt es when

conducted in a convection oven at these tenperatures. 15 7 Decenber 2004
After depdsi FaRBHDOHICEVETRE POsE Peoring PRYICKSHISE eRmeRasKions atpdavered | ragewi se

exposed, SUCh, A% fiR e Wbriuf rbAiEheclisel I B Bhe Rl halBBki0 actinic

radi ati on.

resolution. Suitable photoresist compositions are well known in the art and
may include mixtures of o-quinone diazides with an aqueous alkali soluble or
swellable binder resin such as a novolak or poly(4-hydroxystyrene). Suitable
15  photoresists are described in U.S. patents 4,692,398; 4,835,086; 4,863,827 and
4,892,801. Suitable photoresists may be purchased commercially as AZ-4620

and AZ-111, from Clariant Corporation of Somerville, New Jersey.

In the process of the present invention, one coats and dries the foregoing

20  photosensitive composition on a suitable substrate. The prepared resist
solution can be applied to a substrate by any conventional method used in the
photf)resist art, including dipping, spraying, roller, whirling and spin coating.
When spin coating, for example, the resist solution can be adjusted as to the
percentage of solids content in order to provide coating of the desired

25 thickness given the type of spinning equipment utilized and the amount of
time allowed for the spinning process. In a preferred embodiment of the
invention, the photoresist layer is formed by centrally applying a liquid
photoresist composition to the upper surface on a rotating wheel at speeds

ranging from about 500 to about 6000 rpm, preferably from about 1500 to

14



Thi s exposure causes an inmagew se differential between the image and non-

i mge areas of the photoresist. The noni nage areas are then dissol ved away
in a developing solution. Preferably, UV radiation is used in an appunt
sufficient to render the exposed portions of the phot oresi S¥EC§eRFEF004

i mgewi se soluble is a suitable devel oper. UV exposure doses preferably
range fromabout 5 mi/cn2 to about 300 ml/cnR, nore preferably fromabout
5 mi/cn2 to .about 100 mJ/cnR and still nore preferably from about 10
ml/cn2 to about 30 mJ/cnR. 10 The devel opnent step nay be conducted by

imrersion in su bl e eI utio tiop is preferably
agi t at ed, fofi%% %ﬁ@m’bf}?ra qtsg%glﬁoungg?coga§ PATF %‘ﬁg’y Ot es are

al loned to r i Hp‘%} all, of the
resi st coati %g&!ﬁgg ngidggllg%&{‘r?‘g ead‘{HE bd) @éét’clﬁrgéve ar egsgrtﬁeadyﬂﬁg cal exanpl es

of the aqueoussrfadek®@hé m&lme&sﬁltmmmmabdtﬁrmWakgedej:euahgpﬁnhd ncl ude sodi'um

hydr oxi de, tetranet hyl g;lmom um hydr oxi de,, . aqueous sol utions of
hydr oxi des ofRTREREMJIGYY] RRYPTRYSt GmpREtiep Hli‘bbs QPPH?’FH buf typigelly e peri odi ¢

oo ot el P IBelasmy MR L lGy SAPAREHBoR Ot A nBprc kg forbas =S 11 ee

fromnetal ions suc traa ammnl um toxid

t et ramet hy| ambeuni2000 Bydradsitci200T MAH)he anffunaet Wt@mmomﬁosﬂﬁﬁﬂr oxi de ( TEAR)
and tetrabutyl arnmoni um hydr oxi de (TBAH). More Bref er abl
t et r amet hy| anvhieh is gppliedrmaay Y%Y(ffp utaienllsfp alpaut 4B gnl, aixlpre re, if

desired, the lg%yebou&%%%bouqlg fs‘%P?‘é Igéjgrg 33,522% Oggﬁ‘iesl’ %ar)t?rray addi tionally

contain any a FiVes "5 ‘der to 25 inprove
the resulting devel opnent effect. Figure 2 shows the result after inmagew se
exposi ng the photoresist material thus form ng i mage and noni nage areas,
and t hen 1p eng\ien thetrhseistronipesigien selntersiswhited onwithé milsgatehie isnispetear eas. The
i npedance material is then etched 16

is temperature treated at approximately 20 9C to 200 ©C. This temperature

treatment is done in order to reduce and control the concentration of residual

solvents in the photoresist while not causing substantial thermal degradation of

the photosensitizer. In general one desires to minimize the concentration of

15 solvents and thus this temperature treatment is conducted until substantially all
of the solvents have evaporated and a thin coating of photoresist composition,-

on the order of a micron in thickness, remains on the substrate. In a preferred
embodiment the temperature is conducted at from about 50 ©C to about 150

OC. A more preferred range is from about 70 O©C to about 90 OC. This

20  treatment is conducted until the rate of change of solvent removal becomes
relatively insignificant. The temperature and time selection depeﬁds on the
resistproperties desired by the useras well as equipment used and
commercially desired coating times. Commercially acceptable treatment times

for hot plate treatment are those up to about 3 minutes, more preferably up to

25  about 1 minute. In one example, a 30 second treatment at 90°C is useful.
Treatment times increase to about 20 to about 40 minutes when conducted in a

convection oven at these temperatures.

15



7 Decenber 2004 away in the portions of the inpedance |ayer materi al
underlying the renoved noninage areas of the photoresist material thus

| eaving a pattern of inpedance elenents on the sheet of highalyspBslicti ve
material '6 as shown in Figure 3. Etching of the inpedance material my be
done by contacting the inpedance 5 material with an etchant which may be
done by horizontal or vertical conveyorized spray type equi pnent. Plasma
systens may al so be used to dry etch the material. In Figure 3 the bal ance
of the photoresist has been renmbved and in Figure 4, the balance of the
phot or esi st iAftercieposetiovedo thtGubitemte, tireeplmitstesisiflaygr sheagewfsean i nsul ating
material 12 is attached to the_sheet of highly conductive material such

that the i np&dBREd WCkABHRSNAE liser QpdFrughan cidhduiskde artiaragdiation. mat er i al
12 20 L SHafofiball Ul SRMMELUABLAA Bhon g E P B o

enbodi nent of the'invention a one BHl1s two or

more target Gnagithess dfohephotéresiby THERoiRRLS hRed arethdii BlbWed awagrguct i ve
material 2, support 8, insulatin materiaF 12 and optionally sone

i npedanceSel éfiskelopiag soltien Hiefeeblys &IV radiationazusedimaeameyitssuffitiérdn of t he
pattern of i dance material .wth the subseguently fornme tal lines. The
sheet of ins E%) getnlﬁﬁrgt %%%OF?%POIHQW %fothﬁpil%tgfeélsglﬁg‘?rﬂﬁég?w’ﬁ? S%Hgif%rﬁ)b! astic 20
pol ymer wi t hsqitabld 8@Wpef. e UTeRpERIRMses ﬁ‘éﬁfrﬁmr ?aﬂlg@?llblni"ﬁﬁdl%gS@f/&fl’ als are

| am nat ed structures made of epoxy resin-glass cloth, polyester-glass
cloth, pol yiarklpat §0Qas/cei’onhie greferably fammbdet-Sgindem’ o attont 1ghenol

resi n- paper, d , epoxy resin- er, polyimde; polyester; polyam doi m de;
and a flexi bﬁ%ﬂ?ﬁéf‘ﬁﬁ@mﬁﬁ@é‘%}gﬁy ffqnﬁ)ﬂ?‘ﬁ’éag“g{c‘?glt%@%téo ‘k‘}ly-r esi n-gl ass
cloth or 41 exi ble 25 pol yam de-paper. Inorganic materials such as ceramc
pl ates, and glass plates in which resins and rubbers such as epoxy resin,
pol yest er, pdhydeatibmmat step adaydri aedumtetchy pohyisivnde a anigeblaibber are enpl oyed
as adhesive Ia‘}/efirs, c(gn, al,fho be enpl oyed as the insulating material.
Preferably t ASvepRiBg sption, sthesolutign inpieksrably agitigsh ferexamaleaprxy or

polyim de.  pitropen burst agitation. The substrates are allowed to remain in the developer

until all, or substantially all, of the resist coating has dissolved from the

15 irradiated areas. Typical examples of the aqueous alkaline solutions suitable
as the developer include sodium hydroxide, tetramethylammonium hydroxide,
Of aqueous solutions of hydroxides of metals belonging to the Groups I and 11
of the periodic table such as potassium hydroxide. Aqueous solutions of
organic bases free from metal ions such as tetraalkylammonium hydroxide, for

20  example, tetramethylammonium hydroxide (TMAH), tetraethylammonium
hydroxide (TEAH) and tetrabutylammonium hydroxide (TBAH). More
preferably, tetramethylammonium hydroxide (TMAH) are preferred.
Fﬁr‘tagnnore, if desired, the aqucou:; basic solution used as the developer may
additionally contain any additives such as a surface active agent in order to

25  improve the resulting development effect.

Figure 2 shows the result after imagewise exposing the photoresist material
thus forming image and nonimage areas, and then removing the nonimage

areas while retaining the image areas. The impedance material is then etched

16



17 7 Decenber 2004 Then the support 8 is renoved to formthe result of
Figure 6. Then another |ayer of photoresist 6 is applied to the back side
of the sheet of highly conductive material as shown in Fi 7. |,S
photoresist is then exposed and devel oped in a manner si mgiﬂ%rger{'tf?r?@ét
descri bed above to formthe result of Figure 8 One then etches away the
portion of the sheet of highly conductive material underlying the renoved
noni nage areas of the photoresist material, and then optionally renoving
the i mage areas of the photoresist material thus |eaving a pattern of

conductive | ianag infhetpoetidis @inkhe infpraact TMRr fRteihi @ﬁdeﬁ?ﬁ? thel@nidey at |east
sone of the conductive |lines contact at | east sone o he i npedance

el enents as RBiMRALearas glithe photoygsist matesiah thes ddaiving aseittatn afiimpedance be

enpl oyed as the etchi olutj.on for .the conductive nmaterial |ayer. For
i Lns)t a%ce, i n StHE" Sa%trﬂgfﬁec%B{)fé'lggjfyo(iof‘g‘,“’t’é’ﬁ SIRIGHE) 058 shasyy indige Gr ?/de,

anmoni um - pemEstih@bOhe fHPEdaficRhREihGay Se l&&{eqm &)n?a%{ifti% léli&HEc!lal%c cid mxture

solution, and a 15 variety of ammoni a chel ate-type e Ing solution is

enpl oyed By tedtérng withtan etchantswhieh atadydr done by horiemitalor kegicsit ance of t he
mat eri al of the i npedance material. The conductive lines are fornmed such
that at | easCORGHRIEAY PHY YPHHEURHEY- &lasmssysemsmayaisode usehiordiywo

conductive || L: i f.the.i ance el enents
Choroin the SEinenaRint A03ug SUMAGRRRYE Mo bPRARRERORLTE ° 005

mm t o about iAdimFigulei4gdrectsidie bhtheyhibtolesiss ot adadfrdar enbodi nent of the
i nvention where another |ayer of inpedance elenents and |lines are produced
on the opposite side of the sheet of insulating material 12. This Figure

10 shows S 0si | r of .an . .npedance erjal 104 on a
first sur ?ac gﬂgl?g%gsggggﬂg%&%ﬁ%&% %?‘Magﬁlgépggﬁli%% ?@Pcﬁ?%%ﬁbe ﬁlﬁﬁﬂﬂ%t ive

mat eri al 102 hiphth EdidictaletraabiidlGueh thaete ilpsdiutagemehts bidheahastmo!f hi ghly
conductive material 102 to a second support 108. Then one applies anot her

| ayer of a pﬁlaﬁeépgigstglgtinmm@qerial] 1219wl theyshget of highly conductive material 2.

In the preferred embodiment of the invention as shown in Figure 5, one then
drills two or more target or guide holes 10 through the sheet of highly

15 conductive material 2, support 8, insulating material 12 and optionally some
impedance elements 4, which holes serve to facilitate registration of the

pattern of impedance material with the subsequently formed metal lines.

The sheet of insulating material may comprise a thermoset or thermoplastic
20 polymer with or without reinforcement. Suitable insulating materials are
laminated structures made of epoxy resin-glass cloth, polyester-glass cloth,
polyimide-glass cloth, polyamidoin’lide-glass cloth, phenol resin-paper, and
eﬁc;;‘)-(_resin—paper; polyimide; polyester; polyamidoimide; and a flexible
insulating sheet or film made of flexible epoxy resin-glass cloth or flexible
25  polyamide-paper. Inorganic materials such as ceramic plates, and glass plates
in which resins and rubbers such as epoxy resin, polyester, polyurethane,
polyamideimide, polyimide and rubber are employed as adhesive layers, can

also be employed as the insulating material. Preferably the sheet of insulating

material comprises an epoxy or polyimide.
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the second | ayer of inpedance material 104. 18 7 Decenber 2004 Fig. 11
shows the result after inmagew se exposing the second photoresist material
106, and then renoving the noni nage areas while retaining ' ar eas.
Fig. 12 shows the result after the second inpedance nateringig& Igmg

| magewi se etched away in the areas of the inpedance |ayer materi al
underlying the renoved noni mage areas of the photoresist material 106 and

t he photoresist is then renoved. The etching and photoresist renoval is
done simlarly to the steps described above. The option of retaining the
photoresist is not shown. Fig. 13 shows target holes 100 drilled through
the sheet of _10 highly conductive material 102, support 108 and optionally

some i npedand&en @eéﬁﬁ?ﬂfég F(fﬁmoF?‘b’tﬁ’rf@H&Ahf‘_sﬁ%oﬂﬁgurﬁés dihen grothen achi ng t he
secone oot Py G, A MRS My, 2,05 o e

sheet of an at " tne séec |yrrpedance el enent s

104 are bet weeitukties mh@ﬁ@!as@ho%ﬁ&ﬂll:%‘uimﬂ TRis photdtesikPisaRdh ddpBsegecond sheet
of highly conductive 15 material 102. Then the second support 108 is

rermoved f¥ onfRdédevetapeddn 2 maaeer syileritg ithay dessribed atiove torformrthatestloaf and

h | . of ph [ 106 i | i he.rear of, sh 102
ahown 1 n 7 gtieire 8" BpP iR kned Bax e oR BB o S HigiRe oyt RS st 106
has been i Wﬁﬁﬂrﬁﬁun&%@ﬂ%ﬁe Aihch @ Ve hRRed ardal BPIE itgtofe@f&l"ﬁlafeﬁﬁl product

where the second sheet of highly conductive terial 102 hds been
et ched to foamd thes epaorlipatmeving ¢ie ivmge achs vEthe phateresist mattialcthuwi t h t he

second patt ﬁ&g of | rrEeda ce elenents aon il,he rear of the sheet of
i nsul ating g 3 patern ACORdichKe Haes dibehisBly sorduntiye matprishsushi al has been
shown asr Saaf fdeth bdind BPRERBERCRLEHRY OnARh IERNAAIeYfe | | nEs on both
sides, it is wthin the conterrlgcﬁlati on of ?ﬁe Elinventl ondfggethat structures
may be for nmebnfraluicegeladetits aost@ival iaFénse 6f Wellkadan eehileeohifioss carconduct i ve
| i nes and ingultipg 3he ts or Ia}/e,rs. . )
e employed as the etching solution for the conductive material layer. For
instance, in the case of copper foils, such may be ferric chloride, ammonium
persulfate, cupric chloride, a chromic acid sulfuric acid mixture solution, and a
15  variety of ammonia chelate-type etching solution is employed by taking into

consideration the corrosion resistance of the material of the impedance

material. The conductive lines are formed such that at least some of the

impedance elements contact at least two conductive lines at different contact

points of the impedance elements wherein the distance between the contact

20  points range from about .025 mm to about 100 mm.

Figures 10 through 17 show another embodiment of the invention where
aﬁdﬁi;r layer of impedance element's and lines are produced on the opposite
side of the sheet of insulating material 12. This Figure 10 shows a second

25  deposited a layer of an impedance material 104 on a first surface of a second
sheet of an electrically highly conductive material 102 and then attaching a
second surface of the sheet of highly conductive material 102 to a second
support 108. Then one applies another layer of a photoresist material 106 onto

the second layer of impedance material 104.
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Al t hough the above description sets forth details in which the inpedance
el ements are forned via the application of a full sheet of inpedance
material 19 7 Decenber 2004 to a sheet of conductive naterqum%%&gz(m
subsequent patterning by neans of photoresist imging and etching ?o form
| npedance elenents, it is within the contenplation of the invention that
t he i npedance el enents can also be fornmed by depositing a pattern of

i npedance el-enents onto the sheet of 5 electrically highly conductive
material. Such may be done, for exanple by directly depositing an

pol ynmeric ink having various netal |oadings as a pattern of inpedance

el ements. Such polxner i nks include those available from Onet, of San
Di ego, Calif &igild shows thetresulipdiey irpagewise expoing Bingéeond photdresiBar el ec, of

Rocky Hill, New J . h depositing.may be done by. 11, 10 k
soreen pri nt PR JBEHad AR SRR RS DhiRde Hasoure i T F APaF% sl el
be phot osens iagéay.eﬁi%/ﬁ B tRf rebitle SRY (RSB infd A1k mafté}§1 g@muct lve

material and i maged by standard |ithographic i'naging an evel opi ng

t echni ques. 3Suiagexbectpiedtavsgnis ilic areasioftedmpedamraiayer mherinihcl ude t hose

avai |l abl e fron1CLpa ﬁ%ig of Basil, Switzerland, and El ectra Polyners. 15
The fol | owi ng™$Sh2eg hee ‘ﬁ%"‘@)&%&’i’i‘ﬁp%%e azeas b thephpforesdst mptcsial K6 andent i on.
EXAMPLE f 20 |.St: i . | oaroll of
oot ro- depolit G e e fYeHhoRy, The SenifaRhafesls AP BRE S 2 10 1

an ul trasoni sintitualyi toghe N@sicseibat abeveniTha optio®bf re@iniag HEi phofbrésgsta Support
element. This welds the two materials together alongthe edges, with the
resistor | ay&ngtshowy &ig-idshews target hales hdhhdllad thraughitheibostplial sheets (now

oot 0 SRS o G0 P e BBARLS, 1,1 v
hal i de artwoeknRag 184, Biguex pOShiivs B kdsult of attaching the second sheet of
highly conductive material 102 to the rear side of the sheet of an insulating
material 12 such that the second impedance elements 104 are between the
layer of insulating material 12 and the second sheet of highly conductive
15 material 102. Then the second support 108 is removed from the second sheet
of highly conductive material 102 and another layer of photoresist 106 is
applied to the rear of sheet 102 as shown in Figure 15.
Figure 16 shows the result after the photoresist 106 has been imagewise
exposed and developed. Figure 17 shows the product where the second sheet
20 of highly conductive material 102 has been etched to form a second pattern of
conductive lines in contact with the second pattern of impedance elements on
the rear of the sheet of insulating material 12. Although one sheet of
iné;l’ia_ting material has been shown‘as prepared with impedance elements and
conductive lines on both sides, it is within the contemplation of the invention
25  that structures may be formed having additional layers of impedance elements

2

conductive lines and insulting sheets or layers.

Although the above description sets forth details in which the impedance

elements are formed via the application of a full sheet of impedance material
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The unexposed resist is devel oped away in a carbonate sol ution, exposing
the nickel phosphate |layer. This layer-is renoved by etching in a cupric
chloride solution, thus |eaving behind the now defined resistohnsh nts.
The 20 7 Decenber 2004 photoresist is then stripped in a caustic solution
(KOH). In addition, targets have been defined in the border area of the
panel for reference. Using these targets, tooling holes are punched into
the panel. These tooling holes will be wused for reference, i.e. imging of
the circuits into the copper fromthe topside to the resistors on the

ot her side. The shaef comiutthemansiiderdtt abpasshtvRitemifbyareesed copper and
provide for good adhesion during the next step. The panel is then placed
on tooling piPhetoresish ipaging exdetriung 1 fore impedaace dpogryis. it spridunike pl aced

inst th i stor. | . On.ih her. sid th | with |
?ggz gts or ISy«rggg%ﬁlpgaglﬁﬂy%dﬂ%e&?gﬁjag@e%’ﬁs ﬁ%@%ﬁ“‘ﬁg&bﬁg@& \cl)mr a gopper '10
layer can be fyigR@ byl®ofianeh phiferR bEANRAaMRMImdAeAIni AN SREQFUr € necessary

e
to cure the resm.y‘%?ter pressing, the panel is trimed to renove the
resin flash ekatiicalp highlypnéandneisepaatetiasr Sish meyrby deke, ivexample tyhat is forned
can now be flnifh d by. apgl gi nge a.layer of ,photorgsig,t to both sides and
exposi ng usi AFedly dno§iting i pplymtedic inlohaving yprioys weisbloadings 8s 2 Ry t wor k i s

aligned Lo tUeifRl@ndeltifbdd S0% dodihdi 18685 BoSVAAHENY sRfle. . The

unexposed areas oped a e copper 1s etc usi ng an
ammoni acal ermet, vdSanii¢gonGhlifaiiiacKlectrhBolyineksadf Keng Hulghind ah@si st or s bel ow.
The photoresist is then stripped |eaving a finished core. The conductive
traces are né#ds pRERodHy H’é‘pﬁg‘f" Jersey-r Sughodepodtingmayhe dene by £wedl et e t he

circuits.,,20 kI{Skgn 891%%13 %ﬁntﬁ{gﬁg%ﬁéé ?ARS%&E%%?het &%ﬁgﬁﬁg fﬁ}ratea}xnaij itgei e better

adhesi on "and m na W cores 1Mto a ayer Inted circuit
board. EXAVPufaybeproidzenadss OfayExaipingy be hsplicd parttBécad@emie t he

photoresist is not stripped . -
material and imaged by standard lithographic imaging and developing
techniques. Suitable photosensitive impedance materials include those
available from Ciba Geigy of Basil, Switzerland, and Electra Polymers.
15 '

The following non-limiting examples serve to illustrate the invention.
EXAMPLE 1

20 A resistive layer of nickel phosphate is plated onto a roll of electro-deposited
copper foil. The roll of copper foil is pﬁssed through an ultrasonic bonding
machine along with a roll of aluminum as a support element. This welds the
t\x'/f:)r;l;éterials together along the ed;ges, with the resistor layer facing outwards.
It is then cut into individual sheets (now referred to as the panel). A

25  photoresist dryfilm is applied to the resistive layer by use of a hot roll
laminator and is exposed using silver halide artwork and an UV exposure unit.
The unexposed resist is developed away‘in a carbonate solution, exposing the

nickel phosphate layer. This layer is removed by etching in a cupric chloride

solution, thus leaving behind the now defined resistor elements. The

20



25 after etching of the resistive elenent. EXAMPLE 3 A roll of copper foil
Is attached to roll of al um num support el enent using an uItrasoni C

bondi ng machine. The rolls are cut into individual panels. 09 28 7
Decenber 2004 hol es are punched into the panel for ref erence or tﬁ
subsequent operations. Onto the copper side of the panel (the copper foil
I's bonded to the alumnum wth the treatnent side facing either inward or
outward) is applied a resistive ink using a screen printing technique.
Alternatively, the ink can be applied 5 using an autonated di spensing
system The iph&toresisdisitbeh ﬂﬁﬂpﬂddnad:ailmicanludwﬁ(IKOH]'hIIBacfdtiIIiO’!E tdrgas r esi st or

el emrents. The panel is placed on tool pins in a | stration plate and
prepreg (senﬁﬂ%l?eéﬂ defimsdindhe Wreerr@faa%fége P@ebf%é“eflmn%ﬁgglsﬁgtt h¢s¢e resistor

ecistive of hanpabafls RIGSebyldifa B BT TR PRI RS FINREL " o 1o

al um num) . Theedfnlferesice, BElimabing of Ak rchitdintAhe c%ﬁ;ﬁﬁﬁ@ﬁﬂh&ﬁ) iee the
prepreg. The panels are renoved fromthe press and trimed he al um num

is renovedl afithenesivorseathe efhgreidendhp ppnel hseth@fr@@éettmmsmmee 1. EXAMPLE 4
15 Exarrple3|sr eat ed except there stiv eri al ot osensitive
and is put @ﬁ%ﬂ%% IOV@ © o580 Etﬁ‘?‘s Oé‘ccgmngﬁh‘?%ﬂxf ﬁgﬁ ﬂ’]& Fu3| ng a
silver hali d%th@ﬁ&l&@é&%@ﬂ%@hﬁ’ﬁ' Hyue%e%%eaﬁaﬁﬁlawahhahlag W ‘i»‘éj area being

devel oped of f e remaining resistive material is cur ed in an oven
and then it ptaICbtbagalnstﬁJerpmtoeiegerf Dovhasthersidey amgshe pﬁnelzaﬁtlmhl | e the present

i nvention has bee artlcularl nd descr| bed reference to
preferred enﬁ"t?éﬁ“ffgi’\f% OHCE’PWIS'F 8@%8&’%’“‘3}3&%% B‘ivf\fq{f ORBYe of ordinary
skill ing§he ALt catnftetusmrﬁh@lﬁanahéaeeed%ﬂgerrmge Il G H0 SieBRYarP o MRAE
cure the resin. After pressing, the parel is trimmed to remove the resin flash
and the aluminum separator is removed. The core that is formed can now be
finished by applying a layer of photoresist to both sides and exposing using a
silver halide artwork and UV expose unit. The artwork is aligned to the core
15  using the tooling holes previously made. The unexposed areas are developed
away and the copper is etched using an ammoniacal etch that will not attack
the nickel phosphate resistors below. The photoresist is then stripped leaving
a finished core. The conductive traces are now formed on top of the resistive
elements to complete the circuits.
20  The core is oxided to passivate the copper and give better adhesion and

laminated with other cores into a multi-layer printed circuit board.

EXAMPLE 2
The process of Example 1 is repeated except the photoresist is not stripped

25  after etching of the resistive element.

EXAMPLE 3
A roll of copper foil is attached to roll of aluminum support element using an

ultrasonic bonding machine. The rolls are cut into individual panels. Tooling
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W t hout departing fromthe spirit and scope of the invention. It is

I ntended that 25 the clains be to interpreted to cover the discl osed

embodi nent, those alternatives which have been di scussed abgyg. 2844
equi val ents thereto. 22 7 Decenber 2004 What is clainmed is: 1. process
for formng a printed circuit substrate with inpedance elenents conprising
performng steps (a) or (b): (a) depositing a | ayer of an inpedance
material on-a first surface of a sheet of an electrically highly
conductive material and attaching a second surface of the sheet of

el ectri cal | y hbleghteypumohsdliaiol tie parih i@ réflentofar thdubSiguentlopeAtiohd) attaching
a second surface of a sheet of electrically highly ‘conductive material to

a support an@niepEsoppa§idg of Sieeranef (thercoppenfetl ais bendedtte tcadluoimug f i r st

s e o b A oD SR S TR 1o
material; (dinhi WEREENEEEnDHRERE lﬂ&hﬁilqge.phﬁ&&%ﬁ@élﬁ?thé’ﬁk%ﬁﬁBJ: ?]%Sﬁliéﬁ form ng

i mage areas and noni mage areas, and then renoVing the noni‘nage areas
whi I e retai nupige aheufomatyd dispensing §ysjene tihei inlgisalsiey and pared i ofent he

[ d I terial .underlyin t he renoved noni mage areas of the
Ipm'? o?ggfstaﬁsﬁﬁﬁﬁeﬁéaﬁb&%}ﬁi‘ﬂngl &Pﬁﬁ%qlﬁs Plé?ﬁSl\ﬂ“r‘?@Oli%é’lFW}j’e ar 1(_'aas OftL ge

I FIAE C enments on
photoresi'st pak&fatigh gra%&ﬁrgﬁg%ggm@c&é%ﬁgﬁ & ﬁI;,{IEl?gs@%f Hla&d

sheet of electtricall ucti1ve teri a _ mng a plurality
of target hohgaingt theoasibtot blemsinee®n tfe theraidei ofalhd preprby Ghlacedanoiuet | ve

mat eri al ;

panel with resistive elements or just a sheet of copper foil (also attached to
10  aluminum). The panel is laminated under heat and pressure to cure the
prepreg. The panels are removed from the press and trimmed. The aluminum

is removed and the copper imaged as per the process in Example 1.

EXAMPLE 4

15 Example 3 is repeated except the resistive material is photbsensitive and is put
down on the entire copper surface. It is then imaged using a silver halide
artwork and an UV expose unit with fhe unexposed area being developed off.
The remaining resistive material is fully cured in an oven and then it follows
the process flow as in Example 3.

20
While the present invention has been particularly shown and described with
reference to preferred embodirnentsz it will be readily appreciated by those of
or;ii;é;ry skill in the art that various changes and modifications may be made
without departing from the spirit and scope of the invention. It is intended that

25  the claims be to interpreted to cover the disclosed embodiment, those

alternatives which have been discussed above and all equivalents thereto.
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(g) attaching one. side of a sheet-of insulating material to the sheet of
electrically highly conductive material such that the inpedance elenents
are between the sheet of insulating material and the sheet.gh) n(tle)-zﬁ]@ :
electrically highly conductive material; renoving the support Fron the
sheet of electrically highly conductive material; applying an additional
| ayer of a photoresist. nmaterial onto the second surface of the sheet of
electrically highly conductive material; 23 7 Decenber 2004 U) (k)
| magewi se exposing the additional |ayer of photoresist material thus
fornming i mag & ¢lawnsfbi§e areas, and then renpving the noni mage areas
while retaining the i mage areas; etching away the portion of the sheet of
electrically highly conductive material underlying the renoved noni nage
areas of thel. Aoboessiostforming b rinted dirchizrubptraaithyinsdencsg t he i mage
areas of the1 hot oresist material thus |eav] 519 a pattern of° conductive ’
lines of th&HICHRPYOPERHERS g 8P (ARt hat at | east sone of the
conductiyve lipes contact at | east sone of the inpedance el enents. 7
Decenber(® OOAF{]QP-OFHéH%_ E¥8E ogﬁndF%P?ﬁaIloﬁdPtaF%rﬂalc%ﬁrﬁ%ﬁtﬁb‘fﬁ?@ﬁf‘b‘-‘r% ng step
]g_l) or (m f (dhbegaﬁaﬁl élbagi@gl%ﬁﬁ@lﬂf y'cﬁﬂﬂl uc@i‘vef\;:ﬁaltef]ﬂi’ﬂd@ml Qttﬁgﬁﬁ{g gl on a

t conductl ve

'rstosur acs%cgndasglgfggg o tlelgt leAeete oefC erlécct?ica y Ih?gﬂ%/f conductive
material to a support; then;

®) attaching a second surface of a sheet of electrically highly
conductive material to a support and depositing a layer of an
tmpedance material on a first surface of the sheet of electrically
highly conductive material; then

(¢) applying a layer of a photoresist material onto the layer of
impedance material;

(d) imagewise exposing the photoresist material thus forming image
areas and nonimage areas, and then removing the nonimage areas
while retaining the image areas;

(e) etching away a portion of the impedance layer material underlying
the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus
leaving a pattern of impedance elements on the sheet of electrically
highly conductive material,

€3] forming a plurality of target holes through the sheet of electrically
highly conductive material;

(g) attaching one side of a sheet-of insulating material to the sheet of
electrically highly conductive material such that the impedance
elements are between the sheet of insulating material and the sheet
of electrically highly conductive material;

(h) removing the support from the sheet of electrically highly
conductive material;

) applying an additional layer of a photoresist material onto the
second surface of the sheet of electrically highly conductive

material;
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material and attaching a second surface of the second sheet of

electrically highly conductive nmaterial to a second support; then (n
attaching a second surface of a second sheet of electricall hi ghl
conductive material to a second support depositing a secoﬁﬁe? 2%*1 an

i npedance material on a first surface of the second sheet of eI ectrically
hi ghl y conductive material; then (n) applying a | ayer of a photoresist
material onto the second |ayer of inpedance material; (0) imgew se

exposi ng (jhe plnbgeasistexpisihpalhe hdaw‘i@ﬁm ﬂgyéﬁ&ﬁeph@ior@s@btnﬁfm&ﬁg@
areas, and the vi ng t.he noni areas while r ﬁl ni ng the%gﬁg
areas; etchi ngﬁ’é\ﬁag‘) TRES JF4&5h @@é‘%nﬁrqaﬁyearn fIRPH EAEATE rial
under | yi ng thenomma/@iamslvnhgereiramsxgaheuh@gml“m’easem st material, and then
optional | y.renmpyvi,n the |maeares of p Qr es t.eri h

| eaving & ék)pat liacrbﬁ & 2etond S ’a%e ’Iéqzlr‘?e ?‘?eén HlesLush Ysﬂﬁégﬁy

el ectrically otondiahitey mnmﬂal:tdndeﬂrymﬂgrnh&l rerddved D&nﬁrﬁme AHE ()ﬂ)théor m ng
a plurality of ﬁa&%gg ho%gﬁ ﬁg thetgqﬁ nd_sheet ﬁ% .el ectrical

hi ghly conduct PUSIRETEE [t SENPPUOTHILY Zemoyang fae imERe areds of caIIy
hi ghl'y conductthﬁephuacbmmsa:l mtacbezaabtlimes leadimpeph pdteermheftcoafductsud dimieng

mat eri al such t e . al t r h et of

i nsul ati ng %gﬁbglﬁgﬁg§ %@Hg%@%ﬁ%qgﬁ g?gggﬂgﬁeca?ﬁﬁaﬁi WQ§ﬂﬁ%yg%§ﬁ uctive

material; (s) ¢enductiyetlpeseontattsatpleast sbnomof Hhesiaqmwhmdteelenménts
electrically _ hi ghly conductive material;
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(t) applying an additional |ayer of a photoresist material onto the-rear
side of the second sheet of electrically highly conductive material; (u)

i mgewi se exposi ng the additional |ayer of photoresist natgh%al tgﬁé
form ng i mage and noni mage areas, and then renoving the & af'€as
while retaining the image areas; (v) etching away the portion of the second
sheet of electrically highly conductive underlying the renpved noni mage
areas of the photoresist material, and then optionally renoving the image
areas of the photoresist material thus |eaving a pattern of second

conductive lin i eallyv highly conductiyv erjal such that
at | east sone ?Tﬁ%g}&ggﬁﬁ%ﬁgﬁﬁsgmﬁpﬁég p(%%%g %?pnﬁgggtmi'one of the
second i npedance elenents. 3. The process of claim1l wherein in step (e)
the renovi i of t hdeposigegas aasondflaybe oftmt anpeidahcaahetdréd]l o8 acfinstuct ed.

4. The process of | m, 2 erein in _ste ) ithe.r ving.of the inmage
areas of the photsﬁlrrgé%t()fn\g‘} esrel‘%indi E%SSE cteéa?&§ﬁ¥3geh , Xeggngflcgilavgi m 1
wher ei n t he hi ghl ymaterthicend eatbertlengad seoopdi seface afpths sacokd|sheat W num
gold, silver, bras - shal l.:..6. . Qr.Qce f i m. erein
t he i npedance nmat e@ﬁﬁfﬁ%&ﬁ%ﬁ@é "g’t"r?@é’%’ i%g&?fla étgicaa%%o%g Sﬂ‘%&%#ﬁ‘er 2004
7. The pro€ess of aftzihing akeswidsutface adisse¢amdrabesti of elestpealys ni ckel ,
a nickel containi I ' , 40 ' 10O . | east
one nmetal or net alﬁk%gﬁ 093%%%%?&7} I_gl%g%f i&)fng{)i ﬁs%?_gotr%?%%%%e& rosétg}slg gf

¢l ai m 6 wherein tecoadi Byeyofancimpedanpse mategakvangelist surfage affdbe 25

to about 1000 ONms;agh, SHERE &f ectHa1N BERTS cBhahbAvE nlatdRel Sl d he
i npedance naterial conprises a . )
m) applying a layer of a photoresist material onto the second layer

of impedance material;

(o) imagewise exposing the photoresist material thus forming image
and nonimage areas, and then removing the nonimage areas
while retaining the image areas;

)] etching away the portion of the second layer of impedance material

underlying the removed nonimage areas of the photoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a

pattern of second impedance elements on the second sheet electrically of

highly conductive material;
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capacitive material. 10. The process of claim9 wherein the capacitive
material conprises a polyneric material, a netal oxide, a sem conductor
material or a conbination thereof. 11. The process of claim9 wherein the
capacitive material has a capacitance of from about .01 tb6PasEbe %860
nanof arads per square centineter. 12. The process of claim1l wherein the

support c rises a nmateri capabl e f bein | t rasoni gcal |l y. bonded to the
shebt of #Pgni JoTBMAR PRyalSERfRrS nols HEMAR BelEBB8TER R 1 hher el 1 t ne
support is ul t@m&g@ﬁ%@@g&é@gﬁﬁeﬁpeet of electrically highly
conductive material. I4. “The process of claim1 wherein the support

conpri ses(d ”?Ta%a’ch@ng(ih¥@%Eonﬂrs}ﬂee‘imlaéfﬂié’ﬂlfrhﬁfgﬁ%coﬁaucﬁ% process of
claim1l érein the support conprises alum num” 16. e process of claim1l

wherei n the suppdterialdppinatber sidg af thessheet of ingdatmgeatepal suahothat the The
process of cl aisBtdndiapeidhdd CleRRAIPARSbEIw SR Bhé Bhebf APRIsLestigs a |iquid.
18. The process of claim gherel n the_ phot %r?m st naterial is applied as a
dry film 19. Wrﬁlo@ergi 18 Jegomd shiet ef slersicalbehighly; senducting

mat eri al conpringgergdl; epoxy or polyimde. 20. The process of claim1l
wherein the sheet of i1nsulating material conprises a ttrernoset or

t her mopl \fﬁsl)i C pemuEhgWhelbeRbnd diliirt b ML @BBBhd shbet DTR1REQT@ASy Of
claim1l erei a]tﬁ Ieas& sone of t ge i npedance el enments contact at 1 east
two conduct i ve PigRBscoRdugtvEdpatsiakont act points of the inpedance el ements

e 05 1 P A kAL S T 1
conducti ve mat é}m af:coné) sheet of electrically highly conductive material; Y oy
(uw) imagewise exposing the additional layer of photoresist material
thus forming image and nonimage areas, and then removing the
nonimage areas while retaining the image areas;

§2) etching away the portion of the second sheet of electrically highly
conductive underlying the removed nonimage areas of the photoresist
material, and then optionally removing the image areas of the photoresist
material thus leaving a pattern of second conductive lines of the
electrically highly conductive material such that at least some of the
second conductive lines contact at least some of the second impedance

elements.

3. The process of claim 1 wherein in step {e) the removing of the image areas

of the photoresist material is conducted.

© pa—

4. The process of claim 2 wherein in step (v) the removing of the image areas of

the photoresist material is conducted.

5. The process of claim 1 wherein the highly conductive material comprises

copper, nickel, aluminum, gold, silver, brass or stainless steel.

6. The process of claim 1 wherein the impedance material comprises a resistive

material.
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conprises copper, the inpedance material conprises nickel or a nickel

all oy and the support conprises alum num 23. The process of claim!l
wherein the electrically highly conductive naterial conprises co

i npedance material conprises nickel, or a nickel alloy, thE°EUHS EE‘EO“
conprises alum num and the insul ati ng material conprises an epoxy. 24. The
process of claim2 wherein the electrically highly conductive materi al
conpri ses copper, the inpedance material conprises nickel or a nickel

al | oy, the BUPTREHrEOERIIfrTRAnRb WhIEM thdRdsikitee iRsetiatdondhiRiselitadl, a
conprises an epoxy, the second 27 7 Decenber 2004 highly conducti ve

mat eri al conpr hirkel e@@p@mgtaﬂe}fs@e@n@pqn@eﬁm@ea coptbendtzin ebatdeasteneni ckel

or a nickel e ort rises alumnum 25. A
process for fobﬁﬁlgoramﬁ'%f 833& raéa?%egffﬁgﬁlﬁgp Twi t h i npedance el enents
conprising performng step (a) or (b): (a) depositing a pattern of

i npedance el errents on a first surface of a sheet of electricall y hi ghly
conduct i ve gmat ' ﬁ{eq@ fAGe

el ectrical I8§/ hi g Iy conciﬁt(%lfﬁ\flrgbrrqg]%%ﬁllg toglgﬁg{appor?gf?%{@attac |ng a
second surfaceﬁ@fmabeh(em twib@iteX100 clank pehkgldrg. conductive material to a
support and depositing a pattern of inpedance elenents on a first surface
of the sheet of el ectrically hi ghly conductive material (c) formng a

Do Yot SRt B U SHStnel BRIl |

materi al to theasddtve ﬁ{atenal

10. The process of claim 9 wherein the capacitive material comprises a

polymeric material, a metal oxide, a semiconductor material or a

combination thereof.

11. The process of claim 9 wherein the capacitive material has a capacitance

of from about .01 to about 3000 nanofarads per square centimeter.

12.  The process of claim 1 wherein the support comprises a material capable

of being ultrasonically bonded to the sheet of highly conductive material.

13. The process of claim 1 wherein the support is ultrasonically bonded to the

sheet of electrically highly conductive material.

© e

14.  The process of claim 1 wherein the support comprises a metal, a polymer

or a combination thereof.

15.  The process of claim 1 wherein the support comprises aluminum.

16.  The process of claim 1 wherein the support comprises stainless steel.

26



electrically highly conductive material such that the inpedance elenents
are between the sheet of insulating material and the sheet of electrically
hi ghly conductive material; (e) renoving the support fron1§Qﬁm§“$ Emﬁ

el ectrically highly conducti ve material; (f) applying a layer o
photoresi st material onto the second surface of the sheet of electrlcally
hi ghly conductive material; (g) -imagew se exposing the |ayer of

phot oresi st material thus form ng inmage and noni nage areas, and then
renovi ng the nonimage areas while retaining the imge areas; (h) etching
away the portion of the sheet of electrically highly conductive material
underlying the renoved noni mage areas of the photoresist nmaterial, and

t hen opti difal | ¥he precess gf clagni Imnahercan tdwsphaftortekist mpkaiad iespsliedst eligalkd. t hus
| eaving a pattern of conductive lines of- the electrically highly
conductive material such that at |east sone of the conductive |lines

O acs o8l PaThe PRSROLE Sl (TRECAREMePHOMROLiS maill (50BTREL: A0 20 The
process of claim furt conprising orm ng sPép f])
depositing a sBhnnd pattern of inpedance elenents on a first surface of a
second sheet of electrically highly conductive material and attaching a
second surface of the second sheet of electrically highly conductive

mat eri al a ARds ; of a
second shgg't O}Iﬁgﬁect rslsd(’:ﬁ;&%%& anﬂé%%lﬁ té‘%if@%ﬁ%@:?%ﬁlﬁf&ﬁo a g{es%%%g
support and deﬁ@@@ﬂmﬁgﬂﬁmmécond pattern of inpedance el enents on a first
surface of the second sheet of electrically highly conductive material;
then (k) , forming a plurality of target hol es through the second sheet of

20. The process of claim 1 wherein the sheet of insulating material comprises a

thermoset or thermoplastic polymer with or without reinforcement.

21. The process of claim 1 wherein at least some of the impedance elements
contact at least two conductive lines at different contact points of the
impedance elements wherein the distance between the contact points

range from about .025 mm to about 100 mm.

22. The process of claim 1 wherein the electrically highly conductive material
comprises copper, the impedance material comprises nickel or a nickel

alloy and the support comprises aluminum.

23. The process of claim 1 wherein the electrically highly conductive material
comprises copper, the nnpedance material comprises nickel, or a nickel

alloy, the support comprises alummum and the insulating material
COMPrisSes an epoxy.

24. The process of claim 2 wherein the electrically highly conductive material
comprises copper, the impedance material comprises nickel or a nickel
alloy, the support comprises aluminum, and the insulating material

comprises an epoxy, the second
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el ectrically highly conductive material; (1) attaching the second sheet of
electrically highly conductive material - to another side of the sheet of an
insulating material such that the second inpedance el enen en
the layer of insulating material and the second sheet of Z?E%%ﬁ?%g§¥§

hi ghly conductive material; (m renoving the second support fromthe
second sheet of electrically highly conductive material; (n) applying an
addi tional layer of a photoresist naterial onto the rear side of the
second sheet of electrically highly conductive material; (0) inmgew se

exposing the ﬂ@j &gﬂg ' 3¢ ]-Msaé rmng i mage
ang nonigmage a eas}s{: an u%rﬁ}e&%&?r%ﬁngv}l}%gﬁ%f%dxﬁ%ﬁ’ﬁﬁn%géedogllrdea |%6g retaining

t he i nage ar eamiterighromipckesmickelayr athiekqlallbypmdthetseeorsesgpsbrsheet of

el ectrically highl, onductive material underl.ying the renoved noni nage
areas of the “PHBE &Yt erial , and then optionally renoving the i nage
areas of the photoresist material thus |eaving a pattern .of .second

conducti vezl i ]ﬁhg ri - R ngt‘!ﬁ-' tepial such that
at | east gg'neﬁgém? %Ses ftoggocon é%ﬁrﬁ%‘ﬁ% ?%Qh?%%gg%on aér{r&ﬁaf |§:é3aésl‘lfr%g%tr'%re of the
second i npedarmeprighg perfosnin2ateplfag op(icess of clai m 25 wherein the

| npedance el enents conprise a polyneric ink. 29 7 Decenber 2004 28. The

process ofa)cl adep@btingermittern d impreldanc elehenwsnirsa dirst stegfoss o€d by a
ST L | PSS OSSR RO IR B BB €1
second surface of the sheet of electrically highly conductive
rf;aterial to a support;

(b)  attaching a second surface of a sheet of electrically highly
conductive material to a support and depositing a pattern of impedance
elements on a first surface of the sheet of electrically highly conductive
material;

(c) forming a plurality of target holes through the sheet of electrically
highly conductive material;

(d) attaching one side of a sheet of an insulating material to the sheet of
electrically highly conductive material such that the impedance
elements are between the sheet of insulating material and the sheet of
electrically highly conductive material;

(e) removing the support from the sheet of electrically highly conductive
material;

(63 applying a layer of a photoresist material onto the second surface of the
sheet of electrically highly conductive material;

(g) imagewise exposing the layet of photoresist material thus forming -
image and nonimage areas, and then removing the nonimage areas
while retaining the image areas;

(h)  etching away the portion of the sheet of electrically highly conductive
material underlying the removed nonimage areas of the photoresist
material, and then optionally removing the image areas of the
photoresist material thus leaving a pattern of conductive lines of the
electrically highly conductive material such that at least some of the

conductive lines contact at least some of the impedance elements.
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(a) depositing a layer of a photosensitive inpedance material on a first
surface of a sheet of an electrically highly conductive material attaching
a second surface of the sheet of electrically highly condyﬁgé%1er dgrial
to a support; then (b) attaching a second surface of a shee )t

el ectrically highly conductive material to a support and-depositing a

| ayer of a photosensitive inpedance naterial on a first surface of the
sheet of electrically highly conductive material; then (c) inmagew se
exposi ng the photosensitive i npedance material thus form ng i mage and

noni mage areas, and then renoving the noni nage areas while retaining the

i mage ar &8s "lthprtb@as' bﬁglalanr% fther obmiprisegppaformhiegstes (ipor (e sheet of

electrigally.h con ucwemaerlal form ng lurality of target
hol s t ) ougATPAd 8 seou Ratiees p eap?@a#@lﬁrg}emé&ﬁm% PruTheaefd al : (e) .
attachi ng Ones@doﬁd sﬁéet&)f'iiltﬁj&ﬁcﬂ& Haghlly mﬂaéﬁv&naﬁharmﬁiaﬁ&hiﬂgea segs of
electrically ? g conduct i ve materl aJ u hat the inpedance el enents

are between H’éFétEe scond shiet of plgetnge BANQUCEVE Redendftogd| ectrical |y
hi ghly conduggcbﬁgsﬁﬁ;(gf itdn () rermw ng the support fromthe sheet of

electrically highly conductive materi al applying a layer of a
phot or ediikt ~ matt@ehing 3 pecpnd grfasevige §€ﬁ‘iﬂl§'é%1 I?Lcéﬁéé}c}’@ﬂghlé’l ectrically

hi ghl'y conducdan\a%cﬂ%%a@hal {h sw@ﬂ@\éhﬁﬁoﬁxamsaéiﬂ)ssm% Layebnpakfaph Or esi st
material thus formng i mage and noni neEge areas en rermw ng the

noni mge ar ed® IWPQ@méteé‘?lﬁ?ﬂﬁ qh frstagacerefihe sepyndsbegtef away the

portion of t@e&ﬁggnyqﬁgﬁlyeégﬂdugﬁ%xn@eﬁm WheQnductive material underlying
t he removed noni nage” aréas of the photoresist material, and then

opt i onal(ky reﬁ@ﬂﬂﬁ@%@é‘ﬂ%@f%@%hﬂesﬂi@mt@%@%ﬁ shaesdfal t hus
| eaving a paglg%a é, %ngg&llcy@ct V55t Qiait he electrical l'y highly

conductive materi al |'east sofre of the conductive |ines

cont act @ | eaftachingrthescqonel shestefstestriealdnbighly conductive material

to another side of the sheet of an insulating material such that the
second 1mpedance elements are between the layer of insulating
material and the second sheet of electrically highly conductive
material;

(m) removing the second support from the second sheet of electrically

highly conductive material; |

(n) applying an additional layer of a photoresist material onto the rear

side of the second sheet of electrically highly conductive material;

(o) imagewise exposing the additional layer of photoresist material thus

forming image and nonimage areas, and then removing the
nonimage areas while retaining the image areas;

(p) etching away the portion of the second sheet of electrically highly
conductive material underlyingI the removed nonimage areas of the
photoresist material, and then optionally removing the image areas of the
photoresist material thus leaving a pattern of second conductive lines of
the electrically highly conductive material such that at least some of the
second conductive lines contact at least some of the second impedance

elements.

27.The process of claim 25 wherein the impedance elements comprise a

polymeric ink.
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30 7 Decenber 2004 30. The process of claim29 further conprising
performng step (j) or (k): v) depositing a second | ayer of a

phot osensitive i npedance material on a first surface of a7%g&§mgﬂ§¢ﬁet of
electrically highly conductive material and attaching a second surface of
t he second sheet of electrically highly conductive material to a second
support; then (k) attaching a second surface of a sheet of electrically

hi ghly conductive material to a second support and depositing a second

| ayer of a photosensitive inpedance nmaterial on a first surface of the
secdhdllahpicess of ¢pbn 265 wherein tedmpedeseriglemants argtdaposited blien (1)

| mgew ' phot osensitive i npedance material thus formng
[ nagevg%geﬁéﬁlg%gg’ré%g’gs, and then renoving the noni mage areas while

r et 29 NA Rodd8 hPREtiAE AT IkBESircARGUBSrACRAH GhPe@naoMdntdRAHBASR:
el emen édgﬂnhﬂfmﬁggg ieet of electrically highly conductive material;
(m formng aplurality of target holes through the second sheet of

l egtrizcal .y _highl j.ve. materialk: ttachi ng th heet of
o <60 a8 ALY o BFAAEHT S abine AR PR PRSRgER o2t o
i nsul ashery ofmnesleatricaliyhhighlly cohdustéeonuiteriapattiasiungel swentsutarchet theen
ho ol e S MRl TR EoRloBlmbib G PUBENPIAT B Ootr S0l 1Y

hi ghl'y conductriv renovi ng the se stipport fromthe second

she@) aftachingtarjasandysunfaghlof a shaed of eleadrigally highly ¢qnduapipieyinaterial taper of

Gy e i adrivally
o Doty Pt pdRBobHng e 8 o SiroSLAGOL iiEdBREOMCHICEh atinet | | o
of phovwiess of Tinslaaat aff elenrics by hishis m@vg:cam material, then

(c) imagewise exposing the photosensitive impedance material thus forming image

and nonimage areas, and then removing the nonimage areas while retaining the
image areas thus leaving a pattern of impedance elements on the sheet of
electrically highly conductive material;

(d) forming a plurality of target holes through the sheet of electrically highiy

- conductive material;

(e) attaching one side of a sheet of an insulating material to the sheet of
electrically highly conductive material such that the impedance elements are
between the sheet of inéulating material and the sheet of electrically highly
conductive material;

(f) removing the support from the sheet of electrically highly conductive material;

(g) applying a layer of a photoresist material onto the second surface of the sheet of
electrically highly conductive material;

(h) imagewise exposing the layer of photoresist material thus forming image and
nommage areas, and then removing the nonimage areas while retaining the
image areas;

(i) etching away the portion of the sheet of electrically highly conductive material
underlying the removed nonimage areas of the p_hetoresist material, and then
optionally removing the image areas of the photoresist material thus leaving a
pattern of conductive lines of the electrically highly conductive material such that
at least some of the conductive lines contact at least some of the impedance

elements.
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noni mage areas, and then renoving the noni nage areas while retaining the

I mge areas; 31 7 Decenber 2004 (r) etching away the portion of the second
sheet of electrically highly conductive nmateri al underlquq)ggﬁb J-ehpyved
noni mage areas of the photoresist material, and then optional renDV|ng
the i mage areas of the photoresist material thus |eaving a pattern of
second conductive lines of the electrically highly conductive materi al
such that |east sone of the second conductive lines contact at |east sone
of the second inpedance elenents. 31. A process for formng a printed
circuit substrate with inpedance elenents conprising performng steps (a)
and (b) in either order: (a) depositing a |layer of an inpedance material on
a first surface of a sheet -of an electrically highly conductive nmaterial;
(b) attaching a second surface of the sheet of electrically highly
conductive material to a support; then (c) applying a |layer of a
photoresist material onto the |ayer of i npedance material; (d) inmagew se

exposi n e i t hus .f.orm | mage a li mage ar eas,
and theﬁ?’é 2%10{% tcg OZEC?I%"&PE ‘?fe%’s’“’%S’P%PC?%F&“ﬁgﬁspiﬁé’f' ge areas; (e)
etchlng away a portlon of the i npedance | ayer material underlying the
removBd noHiPaRtEnSaseeanshiayer of pehptecasiedmnrsipasee materialcon hdmsiopt i onal |y

removi ng thefideaerea SRl sqteet BE Rl O41 %%hlsméo%h%tw& H'Ha?teh%iiéhag a pattern
of inpedance el.enents aﬁBQ% sheet of e rical y hi ghl'y conductive

materi al ; 1R 2 SyHen ﬁﬁﬁgﬁhﬁﬁeﬁﬁﬁﬁﬁh§%§)d3§§%§%45’@%ﬂ$hterlaI havi ng

a condugtwe material to a second support; then

(k) attaching a second surface of a sheet of electrically highly conductive
material to a second support and depositing a second layer of a
photosensitive impeédance material on a first surface of the second sheet of

electrically highly conductive material; then

(1) imagewise exposing the photosensitive impedance material thus forming
1mage and nonimage areas, and then removing the nonimage areas while
retaming the image areas
thus leaving a pattern of second impedance elements on the second sheét of
electrically highly conductive material;

(m) forming a plurality of target holes through the second sheet of electrically
highly conductive material; '

(n) attaching the second sheet of electrically highly conductive material to
another side of the sheet of an insulating material such that the second
impedance elements are between the layer of insulating material and the
second sheet of electrically highly conductive material;

(o) removing the second support from the second sheet of electncally highly
conductive matenal;

(p) applying a layer of a photoresist material onto the rear side of the second
sheet of electrically highly conductive material;

(q) imagewise exposing the layer of photoresist material thus forming image and
nonimage areas, and then removing the nonimage areas while retaining the

image areas;
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capaci tance of from about .01 to about 3000 nanof arads per square
centineter, a resistive material having a resistance of fromabout 25 to
about 1000 ohns per square, or an inductive material havi ng an b'n%b%t ance
of from about 0.001 to 1 henry. 32 ecember

(r) etching away the portion of the second sheet of electrically highly
conductive material underlying the removed nonimage areas of the
photoresist material, and then optionally removing the image areas of the
photoresist material thus leaving a pattern of second conductive lines of the
electrically highly conductive material such that least some of the second

conductive lines contact at least some of the second impedance elements.

31. ‘A process for forming a printed circuit substrate with impedance

elements comprising performing steps (a) and (b) in either order:

(a) depositing a layer of an impedance material on a first surface of a
sheet of an electrically highly conductive material;

(b) attaching a second surface of the sheet of electrically highly conductive
material to a support; then '

~ (¢) applying a layer of a photoresist material onto the layer of impedance
material;

(d)imagewise exposing the photoresist material thus forming image and
nom'niage areas, and then removing the nonirﬁage areas while
retaining the image areas;

(e) etching away a portion of the impedance layer material underlying the
removed nonimage areas of the photoresist material, and then optionally
removing the image areas of the photoresist material thus leaving a pattern
of impedance elements on the sheet of electrically highly conductive
material;
wherein impedahce material comprises a capacitive material having a
capaéitance of from about .01 to about 3000 nanofarads per square
centimeter, a resistive material having a resistance of from about 25 to
about 1000 ohms per square, or an inductive material having an
inductance of from about 0.001 to 1 henry.
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