7 Decenber 2004 PROCESS TO MANUFACTURE Tl GHT TOLERANCE EMBEDDED ELEMENTS
FOR PRI NTED Cl RCU T BOARDS 5 BACKGROUND OF THE | NVENTI ON Field of the

I nvention This invention relates to printed circuit substr

i ncorporating i npedance 10 elenents, and nore particularly to a

circuit substrate which has a pattern of

a?t Betember 200
printed

i npedance el enents and a

conductor pattern incorporated on an insulating support. In this manner a
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hi gh degree
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el enents can be manufactured to a
of tolerance. 15 Description of the Related Art In one

met hod of producing a printed circuit board, an insulating
support is provided with a resistance |ayer on the entire surface of the

ayer. Lblné t he conventional nethod, printed circuit

| ayer is positioned on the

MANGFACTURE TG E TORERANGESHMBERDED conduct or

prior

hi ghl y cquuctlve material |ayer such as a copper foil with a renovable
maski ng sheet, and a re5|stance Iayer is formed on the other surface of
K{IGRQUAND HEINVE!

the highly conductl ve natk4

maski ng sheet is renoved, and thereafter an insul ati ng support is
wi th the resistance Iayer Thereafter, the surface of the copper foil is
covered w t hpRDpLoLERIEENod MgewW se exposed to a conductor pattern and a
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;
(0 (g) (h)(cti dpplying &)ayérarfaiphoforesisd mutetidl bytodfie lhpsr geimpedhres t hr ough t he sheet
of electrically highly conductive material; attaching one side of a sheet
of an insul atFﬁFﬁnﬁléteri al to the sheet of electrically highly conductive .

mat eri al sych. Egs ' | n re- between the sheet of
i nsul ati ngédﬁra]tl%_ a Sggg%ds{ﬁggﬁ%%%&rg%ﬁ?gngatetél%t?nﬂsc%mmygﬁin%ﬁ %563588 ductive
material ; rewmﬁhag%ddﬂﬁsﬁdﬂﬂmtreﬁéﬁﬂgmbﬁpﬁhﬁgémeésvﬂ{il%% inflthyy hi ghly
conductive material; applying an additional |ayer of a photoresist
mat eri al ont olf4ge aagond surface of the sheet of electrically highly

conduct | ve L gL ol | TRASH 56, SXRASLAY, Lhe,add Lignal, faver of

removed nommage 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;

(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.



form ng i mage and noni nage areas, and then renoving the noni mage areas
while retaining the i nage areas; etching away the portion of the sheet of
electrically highly conductive material wunderlying the renpﬂm%mm Q%HQQG
areas of the photoresist material, and then optionally renDV|ng I mage
areas of the photoresist material thus |leaving a pattern of conductlve
lines of the highly conductive material such that at |east sone of the
conductive lines contact at |east sone of the inpedance elenents. 4 7
Decenber 2004 An enbodinent may relate to the process as defined above

whi ch f urt Aerembodipfehtr@ay repey tb dioPro@ssiselefifet)abeve Whikh filrthir doMprid@posi ting a
second | ayer of  an HTBedance material on a first surface of a second sheet

of el ect ri PEfrRng seRI( Oé@rﬁductlve material and attaching a- second surface

R

electrically becgﬁdsheemre@u&rwmngmy@éﬁ@bmtéan@teﬁaﬁﬁﬁdl&ta%mﬂg<art depositing a
second | ayer of an inpedance material on a first surface of the second

sheet of el ectacpudsuripce of tgmeyombﬁwctmtf ieleetrinaltydrighly cortduetive(miterighpl yi ng a

| ayer of a phptoresist ma onto the second | ayer of inpedance
mat eri al ; (0)9 %Rﬂs %ﬁﬁ?&"& ng the photoresist material thus formng

i mage and geNi fMEng @g&aﬁds@ﬁ&&hﬁ@s&&mea%fkﬂe&uemm@gﬁ areas while
retaining the i mage areas; (p) etching away the portion of the second |ayer

of inpedance nepndedtine materidksp Iawﬂmdsmondwmmgmmmdgweaoﬁas of the
phot oresi st rr&l'%n%r clia%lcé mai Renal ona 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;



optionally renoving the image areas of the photoresist material thus

| eaving a pattern of second inpedance el enents on the second sheet of

el ectrically highly conductive material; (q) formng a pluralit f target
hol es through the second sheet of electrically highly con L?(?P?'V%er%g‘%“eri al ;
(r) attaching the second sheet of electrically highly conductive materi al
to another side of the sheet of an insulating material such that the
second i npedance elenents are between the |ayer of insulating material and
t he second sheet of highly conductive material; (s) renoving the second
support fr@m t beplgiag anedditveal lagd ofh pledisred@maverfal @hd the re@Biduef i ve materi al ;
5 7 Decenber 2004 (t) applying_ an additional |ayer of a photoresist
material onto {&wgseqa@grsh@af:ggeleg%'lcailﬁ@ggbwn@ucgﬁ@mate@ﬁl;e| ectrically highly

conductive, nateri al ;. i-agew exposi t he additi. | layer of

phot or esi sgusrarratnélra %Vinsé?u%%npgangg‘? ﬁ#%g%%%é’g OE%BNRBERF ﬁtgnéﬁue?s, and t hen
removi ng the nehiiedithadé SabnoniideRudas Al MefJerhbVing B ABniAfaB8reaso@ 7 Decenber
2004 (v) etching away the portion of the second sheet of electrically

hi ghl'y conduct e retatniag thelimageiaedsyi ng t he renoved noni mage areas of the
photoresist material, and then optionally renoving the inage areas of the
phot oresi st material thus |eaving a pattern of second conductive |ines of
the electrically highly conductive material such that at |east sone of the
second conductive lines contact at |east sone of the second inpedance

el ements. Another enbodinment nmay relate to the performng steps (a) and (b)
in either order: (a) depositing a pattern of inpedance elenents on a first
surface of a shéet of

Sa



el ectrically 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 hi CO tive
material; (d) attaching one side of a sheet of an insulatif qyﬁé?@??&ﬁg

the sheet of hi ghly conductive material such that the inpedance elenents
are between the sheet of insulating material and the sheet of highly
conductive material; (e) renoving the support fromthe sheet of highly
conductive material; {f) applying a | ayer of a photoresist material onto

t he second(ur fe&h&g@f:vay the pehivalof the sedond Bihett sfefduiehilyRighfcafiduitive (9)
| magew se exposi ng. the Iayer of photoresist material thus formng inmage and
(h) noni nage afea@ial %rmaﬂlerr@w@mdﬁ@ntxmem@ﬁg@plmt@a@stmmr@l @8d aj ni ng

conduct ve mt S sPUofHi Rl P ARt Bk el ity alp T 2

phot or esi st mati@kinglapadé of fednd @pikth@iRe llinys dfemeéditcalil 8ighiB@ad@iieas of the
photoresi st material thus leaving a pattern of conductive lines of the

hi ghl y conduct tRaterighsush ihet atémhsmftmwc@ﬁwn@mmehmﬂscpmtect@bhmct ive |ines
contact at | east so of t eI enents. 6 7 Decenber 2004 Anot her
enbodi nent mays?rﬂ?f) 758 Wpsegguﬁ Wisng steps (i) and (j) in either
order: (i) depositing a second pattern of inpedance el enents on a first
surface of a second sheet of electrically highly conductive material; (j)
attachi ng Anstbmdaomeﬁlamey wlat¢ fodhsprionding lkeps (amndi(bglhlegthmr@mbact ive

EET Z; | ? lhr c§ h S%?t&%g@%ﬁgrg ngé@petggn%g 2 me%;ts fog%%‘:st gurﬁacg oy a ﬁlleletto% of target
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 removmg the nonimage areas while retaining the image
 areas;

(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.



conductive material; (1) attaching the second sheet of highly conductive
material to another side of the sheet of an insulating material such that
t he second i npedance el enments are between the |ayer of inzx%gtin ﬂgferial
and the second sheet of highly conductive material; (m r 9?H8§€

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 material; (0) inmgew se exposing
the additional |ayer of photoresist material thus formng i mage and

noni mage apaéther citddini0miag MRttieneprifiize Porfdrmgestes€dand Winleghérkdirni ng t he
| mage areas,; (gépetphing away the portion of the second sheet of highly
conduct i ve(hat gepaesitinggrsecon ppitgn phienedanse eldmenta onadisst suidaes 068 t he

phot oresi st materi al nd.t hen tonally. renpvi ng the i nmage areas of the
phot or esi st mat (:ropgﬁheteﬁﬂsd?cgﬁalnﬁgpgyyCﬁgfi‘tl%’rvﬁrrg?enf‘gcond conductive |ines of
the highl y(qcon%sdhm\g% sBEIng shi¥ce DUMI séddd siftkt of HBASY condi®ive natdnigl second

conductive 1ines contact at |east some of the second inpedance elenents. A
second aspect & a sdeend swppert;itemm provi des a process for forming a printed

or 77 Docthtbe BB PHRDLY (GEGGeIe ARG O R o Hsbance ol ement S on
a first surfacg,@fucvesiggtalof an electrically highly conductive materi al
and attaching a second surface of the sheet of electrically highly
conduct i ve(lirat eftachingtthe cendghosttof highhtdoadutiingmatesieltoanbtbersideof of - a sheet
of electricall ¥hehsihgeq Io an 19 gt%g' H\{SZGI%TE ts&crhi tﬁaltt the second impedance 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
matenal;
(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

' jeast some of the second conducti\'/e 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



to a support and depositing a pattern of inpedance elenents on a first
surface of the sheet of electrically highly conductive material; formng a
plurality of target holes through the sheet of eIectricaII¥Dgh%m; 2004
conductive material; (d) attaching one side of a sheet of an Thsufl at'lng
material to the sheet of electrically highly conductive material such that
t he i npedance el enents are between the sheet of insulating material and
the sheet of electrically highly conductive nmaterial; (e) renoving the
support fromthe sheet of electrically highly conductive material; (f)
applying a,layer of a photoresist material onto the second surface of the
sheet of P ctrically highly conductive material; (g) inmagew se exposing

the | ayer @%ﬁ%ﬁ@?pﬁgﬁﬁﬁggﬁeﬂeﬁgﬂ&%\fﬂ?ﬁ‘?E’ma%?“L“%‘% and noni mage ar eas,

and then r ar eas e retarning the image areas; (h)

et ching away tdfe shex bf arelafricalighighwebndictied meterialaad hiyachinghlsycopd@nduct i ve

mat eri al underlying the renpved noni mage areas of the photoresist material,
and then opt i%ﬁwqﬁméhﬁpﬁe}ew@ﬂw%%@pé%l\f@fnatewéltgwm%i st materi al

t hus | eavi ) f LV i f | ectri.cally .highly
conduct i ve&9 n:%ﬁg‘?}}t'ﬁaglﬁs%’% dsﬁﬁgﬁ%%gtéIsg%eg?f]eg%ﬁ'%a%ﬁg@ﬂ@cgg#&hﬁ W%n I nes

contact at | east sespte a0l depdr@ingetsncs itbedmbé lemsnté obPagrgtber 2004 An
enbodi rent may further relate to performng step (j) or (k): 8a 7 Decenber

2004 0) (k) depdesaciie sheated slngtricaliehighly congrive swatssialsi ve | npedance
material on a fjrst
(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
material such that af least some of the conductive lines contact at least some of

the impedance elements.



surface of a second sheet of electrically highly conductive materi al;
attaching a second surface of the second sheet of highly conductive
material to a second support; then - (1) inmagew se exp05|n(‘;}.del&g,\mber2004
photosensi tive inpedance material thus form ng i mage and noninage ar

and then renoving the nonimage areas while retaining the inmage areas thus
| eaving a pattern of second inpedance el enents on the second sheet of

hi ghly conductive material; (m formng a plurality of target hol es through
t he second sheet of highly conductive material; (n) attaching the second
sheet of hAghﬁmOmﬁmmhnﬁyﬂnﬂmmaﬂgftdﬂammmuag@hbgyoﬁmﬁe of the sheet of an
insulating material such that the second i npedance el enents are between
the layer of insulating material and the second sheet of highly conductive
material; (o) renmoving the second support fromthe second sheet of highly
conductive material; (p) applying a |layer of a photoresist material onto
the rear side of the second sheet of highly conductive material; (q)

i magewi se exposing the |ayer of photoresist nmaterial thus formng i mage and
noni mage areas, and then renoving the noninage areas while retaining the

i mage areas; (r) etching away the portion of the second sheet of highly
conducti ve naterlal underlying the renoved noni mage areas of the
photoresi'st material, and then optionally renoving the image areas of the
photoresi st material thus leaving a pattern of second conductive |lines of
t he highly conduyctive nmaterial such that at |east some of the second
conductive |lines contact at |east some of the second inpedance elenents. 9
7 Decenber 2004

8a



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 | ayer of a photosensitive inpedan mat er i on a
first surface of a sheet of an electrically highly conduc?ﬁV%mﬁﬁ¥3&¥hl
attaching a second surface of the sheet of electrically highly conductive
material to a support; then (b) attaching a second surface of a sheet of
el ectrically highly conductive material to a support and depositing a

| ayer of a photosensitive inpedance material on a first surface of the

ayer of _ | material ona first surface of
oxposi ng tfb pRotSEnES Pl B el AR AL N IRl ior ol ol g Tace: ana

noni mage ar eas surid of h sdtofidsHewi oTglctiteally iaphlyogRuaiwABateiMl] € retaining the
i mage areas thus |leaving a pattern of inpedance el enents on the sheet of

el ectrical (8 hiatnhing assermdsuiface ofthesesoni shaetiyf Hightlycengiuetivel ural i ty of target

hol es t hrough et _of .electrjcally highly conductive material; (e)
attachi ng one é@geeﬁ%g aase%%gesflppo ’gﬁni nsul ating material to the sheet of

el ectri cal {1y hhﬁk@}fm&%ﬁ&ﬁltgiwa)mwsiﬁ%irﬁpeqﬁkmtahﬁ&eﬂahﬁusfbﬁﬁ@gance el ements

are between the sheet of insulating material and the sheet of electrically
hi ghl y conduct imegerpad apmumiage §regs, angrthen mgovihg themopiorage freaywhikke sheet  of

phot or es st mmf SRPHE UEREER e dubarymednerer ot SR B PR ect i cal 1y
hi ghl'y conduct i heBéddkishéet of Bighll icdnductive material;
(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;

® . etching away the portion of the SEfcond sheet of highly conductive material
‘l;—lniqc"ierlying 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.



| magewi se exposing the |layer of photoresist material thus form ng inage
and noni nmage areas, and then renoving the noninage areas while retaining
the i mage areas; etching away the portion of the sheet of electricall

hi ghly conductive material underlying the renmoved noni magg D&Pﬁﬁéer%f’o%lhe
photoresi st material, and then optionally renoving the inmge areas of the
phot oresi st material thus |leaving a pattern of conductive lines of the

el ectrically highly conductive material such that at |east some of the
conduct i ve | i Adbirdespeatcaf the invertmn psovidesof piosesd fpddamo epembsd s. 9a 7
Decenber 2004 chchiv guhdiras patit ingpedalnee eleneerits conprresing esrfarpnog sk f or
formng a priest(bgi rcuit substrate with i npedance el enents conprising
perform ng steps (a) and (b) in either order: (a) depositing a | ayer of an

| npedance (Bt @EhELiHAR Aalbf 6F a PHotEERsRIvelimsb®iceGhatthifllcd Firgal | y highly
conductive rmaterial; (b) attaching a second surface of the sheet of ’
el ectrical |y Bgasg of asnaeice! s clestacally highly comdstive maksiale) appl ying a

llayer of a phatiQeRmiesd sdBn@Y didfac@éOhiehebabeElRiricapptiastisly material ; (d)
| mmgew se exposing the photoresist material thus formng inmage and
noni mage ar eaSONGREYHEIRFRAIE RIS mage areas white retaining the

i mage areagp) afthclingh oadayirtacR@fld sheedbftehertiionitg dighlyl ayer materi al

underlying the renoved noninmage areas of .the photoyresist. mterial, and
t hen optionaFPE}dP‘étﬁ?ﬁ‘?/Fﬁée‘?ﬂeto%rﬂﬁﬂmﬁﬁ’é‘idSPoflﬁ‘él%%‘\y(?Fé’giast material thus

| eavi ng a pat plbosehsitiveddaiianet engoiial on atfiwst shefate of tht shéet ol |y
' electrically 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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hi ghly conductive material; wherein inpedance material conprises a
capacitive material having a capacitance of from about .01 to about 3000
nanof arads per square centineter, a resistive material havi i Sstance
of fromabout 25 +to about 1000 ohns per square, or an indﬁé#%?ﬁmﬁgﬁ%fial
havi ng an inductance of fromabout 0.001 to 1 henry. BRI EF DESCRI PTI ONS OF
THE DRAW NGS 9b 7 Decenber 2004 Fig. | shows a deposited |ayer of an

i npedance material on one side of a sheet of an electrically highly
conductive material, a support on another surface of the sheet of
conductive material and a |ayer of a photoresist on the inpedance

material. Fig. 2 shows the result after inmagew se exposing the photoresi st
mat eri al , Aafsurth hgpedterihierigveigon proviRige aapeassyvfir forimghgiaprgtetine | mage
areas. 10 Fig. 3 sho§$ the. result after the inpedance material is inagew se
et ched aw&¥euitfubfaly Wi pppedance HlemeRSCoRES MRS PIPMEREPF yi ng t he
renoved ngH) M) iardagerairdeite photoresi st material and the photoresist is

BT TN T MR C T A LA
under |l yi ng t figeet @faveticanivaligdeghty eandwdtitdmaphredlpr esi st material and the
Sheet of HPURRSIEBEARREATE St ane aae oL FBEI R BIA AR ul at i ng. mater a
attached to thedwdieet maferinlgblaysutibreaheéncti ve material. Fig. 6 shows the
phot or eai S0 AR PELRNEY el B R st Brterial S BReE T ik e nauct i ve
mat eri al . Fi gnat&islhows t he phot oresi st after exposure and devel opnent.
(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

9b



10 7 Decenber 2004 Fig. 9 shows the result after etching away the highly
conductive material wunderlying the renoved areas of the photoresist
material, |leaving a pattern of conductive |lines contacting _sone of the

i npedance el enents. Figure 10 shows a second |ayer of an i AYSETRE MK eri al
on a second sheet of an electrically highly conductive material which is
attached to a second support and having another |ayer of a photoresist
material on the second |ayer of inpedance material. 10 Fig. 11 shows the
result after inmagew se exposing the photoresist material, and then
renovi ng the noni mage areas while retaining the image areas. Fig. 12 shows
the result after the inpedance material is inagew se etched away in the
areas of t heFigrpehancedipyiced laptrexfianlimpetthacd mategal dreoneesndevdch shéetnoni mage
areas of the photoresist material to forminpedance el enments and the

phot or esi st Pkat Hesiticadbrdygtly cpriyctivamaiqsil 2 SupRpst OnANCHST Bl t hr ough the

sheet of hi gﬁ'Je%hgcQ Bg H&rﬁg}ét?veorg?t%ﬁ{ﬂi Zﬁlh a léﬂeé Eg Eg F@%o%ﬁis?&?% iltnpgda[nﬁé ul't of

attaching thée second's Ighly c mat er 1 al e rear side
of the sheet maferian i nsulating material. Fig. 15 shows the second support
renmoved fromthe second sheet of highly 25 conductive nmaterial and anot her
| ayer of photoresist is applied to the rear of the conductive sheet.

Figure 16 shows.the result. atter the.photoresist S en. l.nagewi se exposed
and-dovel opefe 2 sheviBE Kt Ak ClmretFi b ARENE b BRoBERR IR AR T socond
conducti ve shRfleidfndBRMoRinkdpRArda® while retaining the image areas.

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



form conductive lines and the photoresi st has been renoved. 5 DETAILED
DESCRI PTI ON OF THE PREFERRED EMBODI MENT Figure 1 illustrates the first
steps in the process for formng a printed circuit substrah

conprises, in either order, depositing a layer of an inpeda ngﬁﬁﬁggﬁlal 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 highly 10
conductive nmaterial 2 to a support 8. Then one applies a |layer of a
photoresist material 6 onto the |ayer of inpedance material 4. In all of

the drawi ng el 94 i el RENSLARS 1362 aNehiP Stk ye BlehBP! © mterial s

for the elec y conduct non excl usi vely include

foils conposeﬁtie@tymgqhaeermoveﬂumamumhe photoedsist blagsial, |@eig a patctivelr , st ai nl ess
steel, tin, zinc or conbinations thereof. Pref erably such foils have a

t hi ckness of Condygiivsings cantagingsoms il thesmpedanta lamesisdance material s
preferably a resistive material for the deposition of 20 resistors on the
conductive material, but nmay al so include capacitive, inductive or active

mat eri al ss f oFighhe1d QoW sefor@filafer dN&h FhEYdan@ mALAA onH LEORI Setidrni C
devices. Typically they have a thickness of fromabout 1700 nmto about 1000

nm Resistiven ﬁlactemlm lggtﬂu)con@wpw grteniat wbich ltaattﬁdmblo acmnmai ning alloy, a
sem conduct or, a¢ ortbl natt5 ? éeast one rtelt é?l all oy and at
| east one i n§‘tH98ft6’P priBg ang ?raaXeHQ 7 BhotaresisEmALera ‘?”a'the ﬁ%Fé’n PESi st ance of
from about g@,%dm%atgrg@o ohms per square. Suitable capacitive materials
conprise a pol ric material, a netal oxide, a sem conductor nmaterial or a
conbi nati on thereof Pr ef er abl y the capacitive material has a capacitance
of fromabout .01 to about 3000 nanof arads  per square centineter,

pr ef er ably 1big7l bé%t?dgt resels ATPT IgHEEISE X ROSE B e alb%t%@oaeteﬁ@tnefdar ads per

squar e cent | ek e RN Rimdg NG iR TRLRHGAhS i 63s! usi vel y incl ude

anor phous netals suc

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 higtlly conductive
material.
20
Figure 14 shows the result of attaching the second sheet of highly conductive
metErtal 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.
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conposite of iron, boron and silica available as product 2605 SAl1 from
Honeywel | Anorphous Metals, as well as product 2714 A which is a 5
conposite of cobalt, iron, boron and silica, also avail able from Honeywel |
Anmor phous Metals. These are produced by pouring the nolt en’ M2 a
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 inductance of from
about 0.001 to 1 henry. The support nmay conprise a netal, a polynmer or a
conbi nation thereof. Suitable netals nonexclusively include al um num and
st ai nl ess st ggt. 17 shtsved e ad¥uyt afEthe Sedppdichaditavestet iisGeaeashd tof r om about
0.12 mmto about 15 0.51 nm Preferably the support conprises a nateri al
capabl e of bé&ragcanduetivedivies and tic photemsist hes hepe raeysd. of hi ghl y conducti ve
material. Most preferably the support is ultrasonically bonded or wel ded
to the sheet of highly conductive naterial by a technique disclosed in
U.S. patent 5, 9ARTAIAEDWESHRIFTORCOF M FRPREFERRRE BUBODIMENE! ence. The
benefit of ultrasoni¢ bonding is the abilTity to withstand chem cal or

t her mal at t atiguonl ilhmstrbes the ikl stepgiiv & pradess fod €ortming dprinteé chiciigues f or

appl yi ng and processing the i npedanc terijal. The phqtoresi st nay be
positive wor R‘&ﬁ&a@r fls%“ag‘? IQFFE‘I’%O%%“%‘ fayerptan ‘%Beqeﬂ“c%iry film Wen
negative worki.ng. s SOSROGLL ; 'H@&g .se to

radi ation, t g%“raggghgxfgiﬂs% ato I’}(?I]i %t!tdi}%ﬁ‘e%g@lg%ya%gg dsoo u Wé to a
devel opi ng sealatdriabd amhilea atthehingexquond surface afthefshédoef highlyor esi st remai n

relativel&osoluble to a devel oping solution. Thus, treatnent of an exposed
negat i ve 1hor kpnchesmateriah 2 19 asugadl So Jden et pdies & lyouet aorhotMesisfon- exposed

13 7 December, 200435,k el SGnfpeint ni0ak: RO 1hARTLERK dinGqyer ing a desired

portion of the
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



underlying substrate surface on which the photoresist conposition was
deposi ted. \Wen positive working photoresist conpositions are exposed

i mgewi se to radi ation, those areas exposed to the radiati becone nore 5
sol ubl e to the devel oper solution while unexposed areas re%&q?WQWéTFVer

i nsoluble 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 resi-st coating and the creation of a positive image in the
photoresist <coating. In either case a desired portion of the underlying

substrate SUgbaesolDo SR URFANERS:S RPSILGnMaLKE NG plgI Of esi st
foa r negati ve "Wor KI ng I’eSISS%

conpositions are vored ove ecause the forner

gener al | y hauglubeéed Miterisle fo0-vkdledivel Pitichalel agoppreug hksd1SéuchgRosi tions are
well known in the art and may include m xtures of o0-quinone diazides with

an aqueous ak®mpPesite Of Ubh.dosen ans\iliazayridatye proprodyat 2005 84dhrel® a novol ak or

pol y(4- hydroxystyr . Suitable 15 ot or esi re described in U S
patents 4, 69%3%@%?&%5’,%8%%@%@%}%9?5 BF@%C@T@@% %'BT% %5t abl e

phot or esi st Sc&fﬁ;\,{oé_ﬂ@ oPHsHaltaREs Lo RIdGIRal MsPsvaNdbid 6t H@Hé&rvﬁl’ 111, from
Clariant Corporation of Somerville, New Jersey. In the process of the
present i nveAmaphousMetaloaTbesand: podesdibypobiong theima/tenZietplhddtoaensi ti ve

conpositi-on on a,suitable substrate. The epared resi st solution can be
applied to ac@uséawgt@rs@ldfy 0 @ﬁm‘%fﬁagﬁaq? Lo {6 desylidp an AMERRAOBRot or esi st

art, 1 ncl udi Ggiedimelifthei 3@t Hmat 61 bfffositdd Urtd iﬂa%og&sﬂcagpin&[t& ting. Wen
spin coating, tor exanple, the resist solution can be adfusted as to the
per cent age oby swdhi tekshnéxet edplating, eputeting @r paeidegositival iPagfeblst the desired 25
t hi ckness given the type of spinning equipnment utilized and the anmount of

\ Y
tine all &hedindgetivefaatepalbas aryingdugfarcesof fram abgyt 8081 te d hedodi nent of the
i nvention, the photoresist layer is fornmed by centrally applying a liquid
phot oresi st conposition to the upper surface on a rotating wheel at, speeds

rangi ng fronTadauppofiQihy @nakiceh nied0a pelfinePses @nithhstichiRsresbout 1500 to 14

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



7 Decenber 2004 about 4000 rpm for about 5 to about 60 seconds, preferably
fromabout 10 to about 30 seconds, in order to spread the conposition
evenly across the upper surface. The thickness of the pho %resi st 6 yer
may vary depending on the anount of |iquid photoresist co?rp(?%‘?r?l?eéﬁ c{%hat is
applied, but typically the 5 thickness may 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 photoresist conposition- which is applied may vary from about 1
m to about 10 m, and preferably fromabout 2 ml to about 8 m dependi ng

on the size ?{?Sé Qﬁggkj%gg# é‘?at@ﬁ e ﬁ‘ﬁgvéfn%-ag&?igﬁ&p%‘ﬁgﬁﬁgﬂhg on solution is

coated onto e substrate ™ re treated at

appr oxi mat el yndllying bl Surfatbof witdhbe photbeesist ogiodRidvh wa done in order
to reduce and control the concentration of residual solvents in the

phot or esi st dpiasted ¥hasnesitivg woulsiss phetosist ranpasitions greaaxposedn of  the

phot osensitizer. ILn gengral gne desires t I ni i ze the concentration of 15
Solvent s and oA P n e e HER GBBeeidadhe et betPut iR
substanti al | Yoighlke to Be det@op@lsyRAiba whtk @nSHRRQY AtRde@RR Blatibélp coating of
phot oresi st conposition, on the order of "a mcron in thickness, remains on
t he subst r at exsolubleto preedeseioper sobrtivadThmentreatment drapexpesed posibveonduct ed at
fromabout 50 C.to about, 150 C. . A nore preferre nge is.fromabout 70 C
o about 90 EOTE BROGF Sl derLORo ALt et P OF RRPosed ateat o hange of

01 vent r ooV AR i ThELENEhYof )3k ANk nIpRdegeer at ure and {ime

sel ecti on depen e resist properties desired the useras well as
equi pnent usechtfpd In eithresseiaalekiycdipmtiowedf the ahderlyiig substratCowfireci al | y
acceptable treatnent tines for hot, plate treatnent are those up to about 3
i nut es, 1or Enpieg wrapipd. fostige yorkigg ghotoregishepnapositions aw faveredl e, a 30

second {1 eat geilty 81 A06d e Y88l becand RERIE oLiefHBS Ha0EbAARS [0 about 20 to

about 40 ninu en con N a convectron oven a ese
t enper at ur esyesolution. 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



15 7 Decenber 2004 After deposition onto the substrate, the photoresist

| ayer is i mgew se exposed, such as via an ArF | aser or through an etch
mask to actinic radiation. This exposure causes an i magewise differential
between the image and non- inage areas of the photoresist. ' PREETREAEMge
areas are then dissolved away in a devel oping solution. Preferably, UV
radiation is used in an anmount sufficient to render the exposed portions
of the photoresist |ayer imgew se soluble is a suitable devel oper. W

exposure doses preferably range fromabout 5 mi/cn2 to about 300 ml/cn®,
nore preferab f about /.c about, 100 [en? and still nore
preferably ftahﬁﬁlté@g@}plﬂogﬁﬁg : t?gg‘ﬂ‘ﬁ)ggtsc@ﬁd?n?f%fﬁ@wy.lfgoqﬁ O‘H'éééf’opment step
may be condughggt IketdHAB! iR loRdbr dseaithi e&hﬁosn@@vg)eﬁgﬂ dl':%s%%el{&i gn. The
solution is preferably agitated, for exanple, by nirtrogen b IpSt agi tation.
The subst r at esrfareeThd thockmelsstad theplaitoresist layee ndgwabogependingiohltheal 1, or .
substantially all, of the resist coati.ng has dissolved fromthe 15

i rradiated arBREnt ofiguidphatgresis) compgritiph thah i applied. Suk Wpically &1 ut i ons
Bk _ . : oy | .
yar oxi e’ BSEEEHE) BREE 6oRe e SaP R U I COORTE, anb BT R N0t ot he

G oups | and abbut 2000 Ahe apeiid 10800 A aieensosahoBshopsitasidoripokivieh oxi de.  Aqueous
sol utions of orgigni c bases free frommetal ions such as tetraal kyl amoni um

hydr oxi de, f &yhiclDig apRlisgdgney varg fogmetony | arhie abaniifA el and prefeqabimH) |
t et raet hyl ' i de ( TEAR d tetrabut i um hydroxi d
(Teay o o OBt 2610 40 8 sltdeadifeet e PR A B g e o O

preferred. Furihernore, if desired, the aqueous basic solution used as the

devel oper may additionally contain any additives such as a surface active
agent i n10r dédyiter theassistrpompesitivh eolnaeniistcoatgd detpaho puhsitateetht elstrate

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



Figure 2 shows the result after imagew se exposing the photoresist material
thus form ng i nage and noni mage areas, and then renovi ng the noni nage
areas while retaining the image areas. The inpedance mater becdShdr BEE
etched 16 7 Decenber 2004 away in the portions of the inpedance lfayer
materi al underlying the renoved noninage areas of the photoresist materi al
thus leaving a pattern of inpedance elenments on the sheet of highly
conductive material '6 as shown in Figure 3. Etching of the inpedance
material may be done by contacting the inpedance 5 material with an etchant
whi ch may be Aftarelepysitivor éoro titeaubsirate; ¢l ploadresistdapee yoimagedtiss pr ay type

equi pnent. Plasma s séem;_ may al so be used to dry etch the material. In
Figure 3 the CBH‘PS&HC%‘C fs yigangbilasce s Groughansichmaskip pelinia rdiationFi gure 4,

(7 oal ance oyt HeoBhiokeshind SR SR oy USROS . ° 2 21

of an insul ating teri ﬁ?ﬂ"y conductive

material suchmbfaireis s thorpledenasior. TheABiihRgakRaPAL WRANiIsBRed 202§ R Of
i nsul ati ng material_ 12 and the sheet of highly conductive material 2. 1In
r

the prefefred dsnelopingsplution. Rreferablyy &R rasiation istredin pmampynirsefficieine t hen

drills two or r raget or guide. holes 10. t hrough the sheet .of highly 15
conducti ve mat gelr%flg thgfg%o&%%wﬁogﬁ of tﬂ%ﬁﬁ%t?feﬁﬁE Tt PRFVIEDS Hwedﬁbfi onal | y
sorme | Mpedagesial aivRlioe:. 4 VW& dBES pReSy sk 8kl Lt § PGSt ation of
the pattern of inpedance material with the subsgquent y fornmed netal
lines. The sieahoudB0) ndisnd;inay prefemblafrommpoutdind/caR teatidne10®set  or

t hernopl astic ., 20, pal vier with or. without reinforcenent. Suitable

i nsul ating maH&R aqp”g sﬁﬁgnqram %ff"%‘éi\gﬂg)t"ﬂ ﬁ%‘%‘iﬁllg?JfFé‘géoéPmE@QWﬂF@gi n- gl ass
cloth, pgjyester-glass cloth, polyimde-glass cloth, polyam doi m de-gl ass
cl oth, phenol resin-paper, and epoxy resin-paper; polyimde; polyester;
pol yam doi m dé¢ davedo@mdiit step nbay Heroullattédigy Rivaetkioarnn hishimbl@de of fl exi bl e
epoxy resi n-gl ass .cloth or flexible. 25 polyam de-paper.. |Inorganic

. i de-p
material s suBAVEAYPIERFURRN. pihgselutiogdgipigfesaly pgifaied; for example, by

nitrogen 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
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I n which resins and rubbers such as epoxy resin, polyester, polyurethane,
pol yam dei m de, polyim de and rubber are enployed as adhesive |ayers, can

al so be enployed as the insulating material. Preferably th heet
insulating nmaterial conprises an epoxy or polyimde. 17 7‘?@8%"%5&%05004

Then the support 8 is renoved to formthe result of Figure 6. Then anot her
| ayer of photoresist 6 is applied to the back side of the sheet of highly
conductive material as shown in Figure 7. This photoresist is then exposed
and developed in a manner simlar to that described above to formthe

resul't of Fi guag iBthe@oetidnl®n el itlpRearodyct hatpal didAyRE thdRnhegt of highly
conductive material underlying the renoved noni mage areas of the

phot or esi st R@niErdgg(arcas ghthetpheipresist inmtealal thus dsavingragpattom dfiimpedamceas of the
phot or esi st terial thus |eaving a pattern of conductjve |lines of the
hi ghly conductiVi ksn%%? F‘Iiﬁet gﬁ@ﬁhﬂ'lc(??fl'ﬁ%‘tve’a’fat‘?f@;étas shaven E‘fﬁg‘llfé Jeonducti ve
| ines cont aCtEdiind GARL iiAiAned mblifial ARPOARGE 17 ERERLR, 62 iAB0MACLN i gure .
Vel | known etching solutions can be enpl oyed as the %tchl g solution for

t he condu6t i weatersul svithain etcyet whiebmayi bestoan be hofirontdl@r easiealof copper foils,

such may be ferric .chloride, amonium_ persulfate, cupric chloride, a
chromi ¢ aci d “ORYY AR SREAYIYRE SAupBEe™oFlasma systamy may plsobgrused tp &5 armoni a

chel ate-type ' : i ' ' kN consideration the
Corr osi onyPegfc?tqgén@gtegl?i ;{hﬁ%&%grﬂgpil%%%gﬁke%i&#%@&%%éélaé%aefler?rpgwdeThe

conductive | anéin Bigeref4) chehlfide bf tHegthombesise &Siot sanp®eal the i npedance
el ements contact at |east two conductive lines at different contact points
of the inpedance el ements wherein the di stance between the contact 20

points r geg.il t. out 100 . Flgur 0 .through 17 show
anot her gﬁbo | %@ﬁ%@%@{’%&e&%ﬁv@ﬁ %%qugr%gtgﬁ%{{?é? a‘f%%‘f&’&#e Fhﬁ%ﬂénce
el ement s andhighesondu&iveAste6dGuanttahie dRPaRintLelchbME 2R bt nsheet of
insulating material 12. This Figure 10 shows a second

sheet of insulating material 12 and the sheet 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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25 deposited a layer of an inpedance 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 conduct?{gc Lhi@l 102
to a second support 108. Then one applies another |ayer of a photoresist
material 106 onto the second |ayer of inpedance material 104. 18 7
Decenber 2004 Fig. 11 shows the result after imgew se exposing the second
photoresi st - material 106, and then renoving the noni nage areas whil e
retaining the image areas. Fig. 12 shows the result after the second

| npedance material 104 is 5 i magewi se etched away in the areas of the

| npedance | ayer materi al _under%i ng the renoved noni mage areas of the
phot or esi st BeRHIESIPAWES i Fgmoy tOﬂI%HPé‘F‘e@F‘S‘E of Bigum én Themauetlicr The et ching

d phot [ s done.. si.od larl y. he,steps. i bed above.
1 o1 )b A RS MR S

hol es 100 dr chddudtivdunatedhl dshowheeFigate 1.0This pRbiresRPEYRL dposaat eri al 102,
support 108 and optionally sone inpedance elenents 104. Figure 14 shows

the resuli ofnddevatamesén & mansusindardp et dederibed giovy tefomuube reseltofit eri al 102
to the rear side of the sheet of an insul ati material 12 such that the
second i rrpedgf‘fgt"’,=I ° g‘l Qﬁﬁﬁ}e eﬁ%ﬁs ayy @'ﬁtp\%éor’il qfﬁﬁgsqegﬁﬁlﬁy FHRAYCYS ng materi al
12 and the sgEeRA] sRRel i th@k&?ﬁvléd%@:i'ﬁkh%ﬁ'ai’e%s $§th@§%1§tﬁge?isf]&19%riaﬂ_hen t he

g

second support 108 is rfenoved fromthe second she ‘ y ‘conduct i ve
mat eri al 102ahthennptidradly rayevingthephogeoneas of thd Photbssistuppietigidhto t he rear

of sheet 102, as. shown in Figure 15. Figure 16 shows, the result after the
phot or esi st %‘émﬁéé’aﬂﬁré‘r?ficﬂ’g‘g’é\m’g “e%‘?ﬁg“sg@_}’]&r@“@l‘&?@Fm@l Fiw“‘@ure_ 17 shows
the prodyet WRRLAedshSormE6OME cSikRlive I?lgescgon&bgﬁllé/ sCRRuhye material 102
has been etched to forma second pattern o conc?uctlve I'Thes in contact

Wi th the seciomgkdpadetdemems as shpeddn &gt 6nWieliknown eichigrseRition cdirthe sheet of

i nsul ati ng r’rgteri al éLZ. Al t hough_ one sheet of )
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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I nsul ating material has been shown as prepared with inpedance el enents and
conductive lines on both sides, it is within the contenplation of the

i nvention 25 that structures nmay be formed having additionqkkk%¥&§§mﬁf

i npedance el enents, conductive lines and insulting sheets or Tayers.

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 material wth
subsequent patterning by neans of photoresist imging and etching to form
| npedance elenents, it is within the contenplation of the invention that
t he i npedance el enents can also be forned by depositing a pattern of

i npedance el &g rilsheyis tetrpulisiise imagewdseaixposing thelstgondiphbloyestsbnduct i ve

material . Such, nma done, for ex |l e.by direct|y depositing an

pol yneric i nﬁmﬁ%{ﬂx ﬁ@g’\?gﬁ{t]lbdﬁlsréwgf"é‘lg%%éﬁnﬁ a&gasé”lﬁgr?@f‘ﬁ“g Inggedance

el ements. SUGRap QY B shoWk $hd &@Jwﬁeertﬂteos%@mﬁmmdeaﬂced Qi 162 XBt, of San
Diego, California,. Electra Polynmers of Kent, "Eng and'1 and ar el ec, of
Rocky Hi |5, NewgeyassaghedSualy idédromedsiof henmpetence tayer tygtesialvel | 10 known
screen printin noc&;z?BAlternativel edance naterial itself may

, the i
be phot osensPFFE™ ?ngfnqn%m?wr%’é Otéﬂjgldhe f@}ﬁtﬁlaﬁﬁﬁ@l Enendct ive
material and gdyaaded iSRRG QYRR hd pHBRIAM RAVIRNALEP! NG

t echni ques. Sui e photosensitive | npedance errals i nc e those

avai | abl e fr eimiGirlyao Gei Gepsakesdibed labo@WiThz @plism of refiingtiRGhoordymers. 15
The follow ng non-1li m'ti'n% exanpl es serve to illustrate the invention.
EXAMPLE f 20150t ghoweq.i Fég. [1gyphewstargat bplsp 19(hduilladhtheough the sheetwfont o a rol | of

et PN BN g Pl TR S R L1r i
el ement. Thi glewh@sIO4h&igure 14 shows the result 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 mfiterial 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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two materials together along the edges, wth the resistor |ayer facing

outwards. It is then cut into individual sheets (nowreferred to as the
panel ). A 25 photoresist dryfilmis applied to the resistivelawsl by use
of a hot roll Jlamnator and is exposed using silver halide artvvor% and an

UV exposure unit. 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
resistor elements. The 20 7 Decenber 2004 photoresist is then stripped in a

caustic sol utb @BhddkOfonduttidddattfifivwit fbgRfusnt paaMingas medkioned in the
border area of the panel for reference. Using these targets, tooling holes
are punched iPphetorestss ipagieg andpieliag o igpedaneselainknts,beis widdn theor

f i f .the. ci i,ts i t f the t id
Lo the resi siBMEBRtoRDt BiehruPn i Wirdmphibe: PEmERBRSEEHEE (o pacsival o
the exposed q&m@rbﬁd@oﬁﬁﬁghggue‘r%_fﬁma&%%%d}f&stﬂaghéeln-%fnext step. The

panel is then placed on tooling pins in a registration plate and an epoxy

prepreg i § pleatrdlippighhscondhetivegsatetiar Shelymay bdonehforekimplediyde, anot her
panel wth a  resistor. |layer on coppesr supported by al um num can be pl aced
or a copper flge?tg}ﬁ/ ?poé’élﬁgﬁgpﬂlé’gﬁ.mﬁﬁ%ﬂaﬁé‘fge arjoys B‘F@ig’éﬁmﬁﬁ%?‘ PHEAR and

Pr essur e N C g9 5ahtiah, eichlbls ! S SHier Ml Blimfl #53 M foppne! 1S trimed
e resin as

to renmove th and the “al um num separator 1s renoved. The core
that is formémegnfSawDiego, Califosiis,dEkRyirapoly e rshfd dng Raiglaafl aplhot or esi st to
both sides and exposi nq@usj n silver halide artwork and UV expose unit.

The artwork #areic ghRac J{@lhg[eg’JP@e&SS‘E@iqﬁgoﬁiWég mavbe depertyi 29eBr evi ousl y
de. Th . . . i t ched
o ng an Gt oeaSche) BRI FodtSy PARARR R T ARRlRE oSl 5 o

resistors behew belphotqbmidree A Riyel of it heNbé bplieAed:d thewoddctive f i ni shed core.

The conductive traces_are now formed on top of the resistive elenents to
conpl et e t hemAtgrEalppd 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



20 The core is oxided to passivate the copper and give better adhesion and
| am nated with other cores into a multi-layer printed circuit board.

EXAMPLE 2 The process of Exanple 1 is repeated except the p ' S
not stripped 25 after etching of the resistive el enent. EX%\%%E&%&@# ol |

of copper foil is attached to roll of alum num support el enent using an
ul trasoni ¢ bondi ng machine. The rolls are cut into individual panels.
Tooling 21 7 Decenber 2004 hol es are punched into the panel for reference
for the subsequent operations. Onto the copper side of the panel (the
copper foil iphotoossidedt then dthippeal inmicaustic selutibn (KOH).r Bedddétidn, sirgkes f aci ng
either inward or, ou d a resistive ink using a screen

t d)_ i |
printing techAYGRRSD d\é\\%{l‘%ﬁiﬁéﬁff 8‘559; a??fh‘éf the\ranehfor peferspen. Usineshessi ng an

aut omat ed di NG ' | §..951 [ |.n ven. This
forms the rez#g%}%’rt&gf%ﬁ@trl{%gr © @E&g&%@ﬁﬁ ﬁ}eg)a{ﬁ‘ﬁgg%gggoﬁoﬁf’ %%Plleﬁﬁﬁ @Pgs in a '
regi strati onugddafoe redfrende| BQI8GgInE @ kheClitcets MRORY cOppet FlafT @k asssidel S pl aced
agai nst the resistor elements. On the other side of the prepreg is placed
anot her panelo tietresistersionithe/ether sidee dihe pagel jsiben exideblotpastividofhser foil (al so
attached to _10 al um nu d Th@ ganel dia | am pat e und?r'heixh and. pressure
to cure the SPPUHY SQPPeAR pgyide Jotgood aghesinn furing fhe neat Sep.c Lhepapel 1 yed.
The al um numjs ihen PRERVEGHBRAL bR £ RipRrati 8 aR8poty | SrePle@HeSS i N
Exanpl e 1. EXAI\/PLE 4 15 Exafrﬂrgpf)e 31is repeg?gﬁéea?ceptbth%%rgglggstei ve materi al
i s phot osens placgdagumbt ite rpuistor pemOarthe dtberesidel, amothappael withrf ace. 1t is then
I mged using a.sil an UV expose unit with the

unexposed ar &Y, l%rfﬁg\%éf?%géﬂﬁ{?}“\éﬁ w?‘ﬁ'@‘%‘é‘ﬁﬁ?’h"%@”ﬁé’s‘?‘@ﬁ%@“n&t erial is
g ully curgd ifyePRnBeER@Mhe!RAA it prebRuhAUE hebMidPrQSER SeldsOiiy &5 I N Exanpl e
. 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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20 Wi le the present invention has been particularly shown and descri bed
wth reference to preferred enbodinents, it will be readily appreciated by
those of ordinary skill in the art that various changes a?%egggﬁgrbg@gions
may be made w thout departing fromthe spirit and scope of the 1 nvention.
It is intended that 25 the clains be to interpreted to cover the disclosed
enbodi nent, those alternatives which have been di scussed above and all
equi val ents ‘thereto. 22 7 Decenber 2004 What is clainmed is: 1. A process
for formng a printed circuit substrate with inpedance elenents conprising
perforning steps afeqjunokied(ibo: th§ finetl R QsfetdnBg ot thextBEeq@bntdpeiafiBgglance
material on a first surface of a sheet of an electrically highly
conduct i ve m&inée the|copprd sigerod thei pageld theseopperdfod Uis bardeddé therrdurninest ~ of
el ectrically_hj.qghl onductiye. erial- to a support,;.then; (b) attaching
a second surfz é@gn% re%tmé?ﬁteséée %Fmglrggé?rﬂ“@%ﬁdﬂf OHP’&H&}S a%f?&li‘crﬁlvﬁe"ermt erial to
a support angnlo@pesd §drét@ printidy &chfu@nAld ' gga first
surface of the sheet of eplaectgi ca ‘Iﬁy hi%ﬁ?@%ﬁ%u{:ﬁﬁc\%bﬁgggﬁial; then (c¢)
appl yi ng & | agieg aphutempatedidispensisg systene Thel inloistdviet! hed baye in af ovennpedance
phot oresi st material thus formng

material; (d),l ew, se exposing .t

i mage ar eas%Qﬁgg%%ﬁ%ﬁgt‘grei%%t%&gePH@ﬁ 13 Rlagsdiofgoelg mMehinfage ar eas
whi | e retaini p=ToloN : _ ' ' of the

i npedance Iag/éeg?kntr?g?réh al Sﬁfﬁ???%l(s%’? Cﬁeg%g’%{)ve eﬁ%ﬁ%&rgasgﬂeﬂg%rdeas of the
phot or esi st agdiestitla resistodeleinents. Optheanksrisiderctnmvpragres heplidvdagomeeas of the

phot oresi st material thus .
pantl 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
ordi;ary 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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| eaving a pattern of inpedance elenents on the sheet of electrically
hi ghly conductive material, (f) formng a plurality of target holes through

the sheet of electrically highly conductive material; (Q) one.
side of a sheet-of insulating material to the sheet of el g?%%?q‘g&a%}‘?@‘@hi ghly
conductive material such that the inpedance elenents are between the sheet
of insulating material and the sheet of electrically highly conductive
material; (h) renmoving the support fromthe sheet of electrically highly
conductive material; (i) applying an additional |ayer of a photoresist.

mat eri al ont §Viatés ck surface of the sheet of electrically highly
conductive material; 23 7 Decenber 2004 U) (k) inmagew se exposing the
additional |ayer of photoresist material thus form ng i nage and noni nage
areas, and theA precess fog foheingaprimed chtaisubbirhte wahdtipod@ntbe i mage

areas; etching a t he portion of the sheet of electrically highly
conduct i ve n&%%oﬁﬁﬂéﬁﬂ% fHas F@Rﬁ@%oofrﬂ??ﬁ nmage areas of the

phot or esj st terial, and then optionally rempving the image areas of the
phot or esdat OSTRE ef of frnignredpnceanatygial epaditst sustaceis2 of the

hi ghl y conducihie¢e offabesleadricIBhhidlay cdndueesle ﬁﬁ@&iﬁaﬁcﬁﬁttaéﬂﬂ%"ﬁt ive lines
contact at |east sone of th 'gpgﬂance el ements, 7 Decenber 2004 2-The
S

process of cIS&PARF uftHare c8 Bl &t sertgaly e pighly Gondpyptive

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;

23



(1} 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 (m attaching a second §Lefeseher 04,
"second sheet of electrically highly conductive material to a second
support depositing a second |ayer of an inpedance material on a first
surface of the second sheet of electrically highly conductive material;
t]be_“ (“é @pp! Yi'rﬁﬁg_aw{li@é’@rx)plfsiﬁgpdlﬁ aﬁﬂﬂiish_amhﬁﬁf Qifhphbﬁbﬂd_sestsﬁfaleﬁi_aﬂ ayer

of inpedance mgteri.al ;. (0). i magewi.se exposi ng the toresist materjal thus
Cormng | age TS SRanif A 2 HagoniRass NP eritl HECR MESHBRTHagBear cas
whi | e retai ni ngohineageragasavkis refaisihicnpedwipet dreaporti on of the second

| ayer of jRpedance material. .underlying t removed poni e _areas t he
phot or osi &0 e BHRE, S0y Fh PUGADed 1ot SRESE nl  FleerregLoariabls e
phot or esi st natetdwadtiveh msateral innglealyiag t thenrahosed anshintpedarss of ahent s on
t he second she ot%lrg(its ica%l 1|'i¥1 of dﬁjij/_g{lcl)ﬁ/.corﬁyct' ve.mag_ﬁri.al; 24 7 cenber
2004 (q) 'form’ﬂg ap Gr a9 o2 % X i fﬁ]?lgﬁ'élﬁgt @ LRSS U8h &t of
el ectrical |y hilghphotoredisit macerral ¢hnslica¥img atpattdriongf tdomdimtoned limleeet of
electrically hj ClLl ] Lal.: 10 t i f of

i nsul ati ng mat *é?mé?é fshfgﬁyt %%Iiﬁltl%tg@é %é%,l%ﬁ 1i F‘rpglga@l%é aZ[I iejeer?g(reltss&gge %gﬁ\%\een
the sheet of icenducting lines epntdctaatdlenlse sesond thhdapoiandectenads. y

hi ghl y conducti ve
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material; (s) renoving the second support fromthe second sheet of
electrically highly conductive material; (t) applying an additional |ayer
of a photoresist material onto the-rear side of the secong sheet of
electrically highly conductive material; (u) inmagew se exp EFﬁﬁﬁPh%m4

addi tional |ayer of photoresist material thus form ng i nage and noni nage
areas, and then renoving the noninage areas while retaining the inmage
areas; (v) etching away the portion of the second sheet of electrically

hi ghly conductive underlying the renoved noni mage areas of the photoresi st

matoria thus 1630 REESp ke TR SaiFeb IR R e O P e '

el ectrically highly conductive material such that at |east sone of the
second condlcti ve depesitingna aetoat lhgasofsomimpedahee snaterihl opedfincte

el ements. 3. The p cl al erein.in step.(e), renpvi ng _of the
i mage areas of t h%‘%%%% o‘?és% & c?&t%e\lg?lgFFi%f ceroiﬁﬁﬁ(]:‘?aé%’.' lzll.gliﬁﬁe °3P§8g§§’ Cof
clai m 2 wherein i matapal( ehdtdtactengva mgcohdt hefacomgd tHreeascafd sheet of
phot oresi st materi ' . . f.clai rein the
hi ghly conductive %g?{er?ﬁagﬂ’pg%%ﬁi%gggucg;ggﬁg%;%%ﬁaﬁgﬁce% ?e%é)?‘ggl#ﬁ)m ’g‘%ﬁﬁ,
silver, br#&sy or sattachings stewmid serfathefm scewwd cheetl @ff elettriballyi n t he
i npedance materi aly,; ri : st terj e[géﬁ;- 4_7.
The process of cl a?l%%gpmﬁée{rfczﬁlﬁn{t}ﬁzl_h%éﬁ{% iqéegrr% _eorrllgall:)sug)g%?i SES Sﬁﬁg ef a
hi ckel contai ni ng wecPpyl, layes erff apnidupedanceomateiahisiunat fitst sirfane €ale one
metal or metal allQyoaudilet bF2icPRaIlyWighT Qonductive material; then

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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8. The process of claim6 wherein the resistive material has a resistance
of from about 25 to about 1000 ohns per square. 9. The process of claiml
wherein the i npedance material conprises a capacitive material. 10. The
process of claim9 wherein the capacitive material conprisé8eEmusefPferic
material, a netal oxide, a sem conductor material or a conbination

capaci tarl ofSHb BNuRIooe (ks BTt ke e B .

centimeter. 121 hq-RIPhGHly bndh@tvBrhatfigl;ei N the support conprises a
mat eri al capablee o? bygi ng ¥J| tIrlasoni caial y bonded to the sheet of highly

conduct i vg)mat @kixdhhingd 3he HeRoRHAGRSE df elebBiSaity WIBhE) Roh@@ciport is
ultrasonically bonded to the sheet of electrically highly conductive

material . 14. Theiestaldesanefheg sidepf thgnehest gf mf‘éﬂ%%mg%tméwhs@@t thenet al |

a polymer or eSEHPiMpbifite d18HRMs akbbeitheeR E06 8RseOfoftimuMtnpher ei n the
support conprises alagm nu . e process _of claiml wherein the support

16. Th
conpri ses st ai ARZEEL teaé}‘{.n@ﬁ ﬁ%@@é‘nﬁgPeEG@iEl%’mcﬂ%b’ Bighlyseondugtize m 1

wherein the phehsteeidlst material is applied as a liquid. 18. The process of
claim1 wherein the photoresist material is applied as a dry film 19. The

process ofs)cl airfidoviligrttesdco@ dsiigfior®ffrbmstt A tdeBBn TR VT 108RIdABp an
e process of claim1l wherein the sheet of

?ﬁgﬁra?ir nSOlrrélt E‘gﬁb’ %%Q}Ht]‘é’&énﬁtenta termoset or thernoplastic polymer with or
he | mpedmnce. D S e e ent
cont act poi nt s th¢ se¢end sheet of electrically highly conductive material;
(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.

© -

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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i npedance el enents wherein the distance between the contact points range
fromabout. 025 mmto about 100 mm 22. The process of claim1l wherein the
el ectrically highly conductive material conprises copper, _the inpedance
mat erial conprises nickel or a nickel alloy and the suppo?PGE%W%y?%%s

al um num 23. The process of claim| wherein the electrically highly
conductive material conprises copper, the inpedance material conprises
ni ckel, or a nickel alloy, the support conprises alum num and the

i nsul ati ng 71at TheProSQRRI A 8RWIRREMYhe 4dsistI e QA SonPriddsHifked, pher ei n
co

the electrically highly conductive nmateri al nprises copper, the

i npedance mat enickiel eontgining allay ck s¢mionglustarker a cambayatiarhef atipasirome

conpri ses al umj and. the insul ating mat.eri.al conprises an epoxy, the
second 27 7 Dg§§ﬁ§%ﬁ' Hﬁaﬁ?ﬁﬁﬁ&‘%&ﬁﬁ%@??&%“ﬂﬁ%ﬁriaI conprises copper, the
second i npedance material conprises nickel or a nickel alloy, and the
second support conprises alum num 25. A process for formng a printed
circuit sulstr i i i-Si J: (a) or
(by - (2) " depos e oG R oS TRt P BAa L, PR NG B0 0
sheet of el ect fiot@bbypui2$Hid ybaanDOt vivies Pt eqhiak. and attaching a second
surface of the sheet of electrically highly conductive nmaterial to a
support; (b) attaching a second surface of a sheet of electrically highly

Clomonts on & Trearoee LAY by BT e i B omciuct i ve

mat eri al ; " capacitive material.

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.
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(c) formng a plurality of target holes through the sheet of electrically
hi ghl y conductive material; (d) attaching one side of a sheet of an
insulating material to the sheet of electrically highly c tiv
material such that the inpedance elenents are between theggggg &%gmm
insulating material and the sheet of electrically highly conductive
material; (e) renoving the support fromthe sheet of electrically highly
conductive material; (f) applying a |layer of a photoresist material onto
t he second surface of the sheet of electrically highly conductive
material; (g) inmagew se exposing the |ayer of photoresist material thus
formng 1image and noni nage areas, and then renoving the noni mage areas
whi | e r et di’ni nghe peodasngEchaimpdswhétein ttegihatgresistynatérial poapplosd of a ligaids heet
of electrically highly conductive material underlying the renoved noni nage
areas of the photoresist nmaterial, and then optionally renoving the imge

areas of the I rd i r f tive

i hes of the BIGRRKES: BFclEE 1 \itrell WS phoRbd BoRBR! Sl Rea SPUL o oc,
some of the cHbductive lines contact at |east some of the inpedance

el ements. 28 7 Decenber 2004 26. The process of claim25 further conprising
performng step (i) or (j): (i) depositing a second pattern of inpedance

el enent s a St CL L i y
conductivgghatE?%g%xgﬁ%&gggggzFﬁgmgﬁg@%%ﬁﬁp sur?%ceéﬁ?&%kg%é%%%%éggﬁeet of
el ectrical ly hérfyyorpoidimeitieve material to a second support; then _ (j)
attaching a second surface of a second sheet of electrically highly
conductive material to a second support and depositing a second pattern

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 impedance material comprises nickel, or a nickel
aﬁ(;y, the support comprises alun&inum, and the insulating material
comprises 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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of i1 npedance elenments on a first surface of the second sheet of
electrically highly conductive material; then (k) , forming a plurality of
target holes through the second sheet of electrically hig?kﬁ &%&95 4ive
material; (1) attaching the second sheet of electrically hig Fy conducti ve
material to another side of the sheet of an insulating material such that
the second inpedance el enents are between the |ayer of insulating
material and the second sheet of electrically highly conductive material;
(m renoving the second support fromthe second sheet of electrically

hi ghl y conductj BE?&cﬁfc . i I t.d F !%&% f a
phot or esi st n%i eria onftlgé%aéé}?aéggm%sggoﬁbegﬁgééé%%%ﬁ eetcegf

el ectrical | y imatgriaj comprises nickelmataaritiadl;allofypind thegevbrsdsupgresi ng t he

addi tional |ayer aof photoresist material thus .formng inage and noni mage
areas, and th%‘r‘F“P’é‘ WYMHE noni mage areas while retaining the i nage '
areas; (p) etching away the portion of the second sheet of. electrically

hi ghly ceadugt. I.al ' . v, ni of the
Photor esi 28 i eierefFHol irlin A HRirkod Al GGl RABLARRE AERRRS° ' e
phot or esi st naiepiigihg phdemheg\stepg(aa opi)t ern of second conductive |ines of
the electrically highly conductive material such that at |east sone of the
second cofmluct depodiiing s poterncif intpddease ebonentsfont hAdirsesunfacd ofadance

el ements. 27. ' [ ' n el ement s
conprise a DO%%?%?W?&%WC%%%E%ﬁa%Q& %ﬁg%%%gcgﬁllof claim 25
wherei n the i npragadcuridcerndiths sheet oegissiriedlsblrighly conductive

material 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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screen printing process. 29. A process for formng a printed circuit
substrate with i npedance el enents conprising performng step(a) or (b):
(a) depositing a layer of a photosensitive inpedance material on a,first
surface of a sheet of an electrically highly conductive n%?g??"%er%‘{dt‘;achi ng
a second surface of the sheet of electrically highly conductive materi al
to a support; then (b) attaching a second surface of a sheet of '

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

| ayer of a photosensitive inpedance material on a first surface of the
sheet of electrically highly conductive material; then (c) inmagew se
exposi ng 26heThapressss of tlaim A fethen cempaisorg pérfommusgistemi{ingr (jdmge and
noni nage, aregs, and then renovi ng_.t he noni nage areas ile retajning the
i rage aléas W‘%@ﬁﬁ@rgmgﬁ“ﬁPe@a}?ﬁég‘%ﬂ%“%P@ st s@ifage@t heet of

electrically §Eio@hﬂ)ﬁh@@:ﬂﬁ%ﬂ@ﬂ@?ﬂﬁgﬁl}y@ohdﬁ@ﬁvefrﬁéﬂéﬁﬂgmﬁi #tdehild 4 decehdt ar get
hol es t hrough ltg_?e S 1%_tlat of electrically ﬁi g{'ul conductive material; (e)

at t achi ng oneSWfafs B ihesecpad ghest of pleptrisally %k‘éyﬁ%lf‘g}cpéf?%e@ﬂéo%eet of

el ectrically &dcghli¥ugsditlwedd ve material such that the inpedance el ements
are between the sheet of insulat i&g@m&teri al and the sheet of electrically

hi ghly @bnduditachings second surface @np vesrnd sheet of sipatricalmbigllysheet  of

el ectrical |y dynditlchive eRskeEhl ¥&a BBESAA 3lippokt BhdalobifiEe A dR%EH éﬁftte‘?n_
photoresist material onto the second surface of the sheet of lectrically

hi ghl y conducfiipepedaneeielgments)on adgsh sutace,qiobe sgcond shegtedf of phot or esi st

mat eri al thu%lé@tﬁﬁhﬂgHi%ﬂ@%&i&ct'%%ﬁ@ﬁ%l;%ﬁ@ﬁ& and then renoving the
noni mage areas while refaining the inmge areas; (i) etching away the

portion &) théospEg a plualisy. of fauget holisghrgugly Heisedonst shaesofal ~ under | yi ng
t he renoved r@g&mﬁ 'Eﬁ 9311&1.'[& oL ist material, and then
|

: 1 > : .
optionally renoving the ge areas of the photoresist material thus
| eavi ng @ attaching the second sheet of electrically highly 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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pattern of conductive lines of the electrically highly conductive materi al
such that at |east some of the conductive |lines contact at |east sone of
the inpedance elenments. 30 7 Decenber 2004 30. The process ff.Slfbiis29
further conprising performng step (j) or (k): v) depositing a seconé | ayer
of a photosensitive 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 suppor then (k) attaching a second surface of a sheet of

(-
el e2%.rThaprogess ghelgim gdaubereietherimnadpace elsmenteaterdeposiipdby 2and deposi ti ng

a seco . ot osensitive inpedance material on a first surface
of thegcgg%:rgﬁg‘{lgﬁé&%%?%g' electrically highly conductive material; then (1) .

| MBPeVA $RoER IS RENtiNG a8 SRS hitisvBsh AR G HBp BB R eﬁémbﬁt&scgrﬁgii‘f%ig%

I mage RAMHIBEE(B'HFE). and then renoving the noni nage areas
retain ngot he %T%aggﬂar gg)s thus | eaving a pattern of second inpedance

I . f..el p.cal l i ghl ' i al;
o S5 hSp bl BFEPBEy MAAes el SRR ol b SIS o1 2
el ect r sleexltlof anhglghiricationitighly eenductevé algtexial athachangiansecond setardoStheet of

el ect r%ﬁéét'o\f e@é&?ﬂcﬁug‘iﬂgﬂ@ﬁ éﬁ/ﬁc}u{?ﬁxﬁ‘é Jn%'t%rﬁaci.toaa[‘gﬁ cﬁrt;st]‘h%ﬁ of the sheet of an
i nsul at'i ng materi a uc ha e secon I npe ce el'éments are between
t he(Waglachingiarsagoadiswgfacatcdia sheed of eldntricaldy bnghlyhaetdustivel reatarial 4 lay

hi ghl y aha:\é@glsgfﬁ,%’ e%Lafyyewgg[@g@\sg&%mbs i BeARce HRRAGEI bR AMRikshe second

sheet of ‘el ectric _ juctTve mater i
surface of the sheet of electrically 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 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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(p) applying a |l ayer of a photoresist material onto the rear side of the
second sheet of electrically highly conductive material; (q) |Inmagew se
exposing the layer of photoresist material thus formng |n9qﬁagﬁaﬂzagplnage
areas, and then renoving the noni mage areas while retaining he I mage
areas; 31 7 Decenber 2004 (r) etching away the portion of the second sheet
of electrically highly conductive material underlying the renpbved noni mage
areas of the photoresist material, and then optionally renoving the inmage
areas of the photoresist nmaterial thus |eaving a pattern of second
conductive lines of the electrically highly conductive material such that

| east some of the second conductive lines contact at | east sone of the
second i npedance elenments. 31. A process for formng a printed circuit
substrate wi th i npedance 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 naterial (b)

attachi s f sheet. .of electri y conducti ve
mat er i alngq’ eéf&%gsosr#@@ﬁgzﬁ erccr%%smgpf’ gpnﬁsgp 6’f sist materi al
onto the | ayer of inpedance naterlal (d) inmagew se exp05|ng t he

phot ofidsi secnpsiterg arseeonsslaysy af ﬂg?hnoﬁwesvéw& impsseregmatedalon afist hen
removi ng t{iﬁfmfﬂ%ﬁ&o@ﬁeﬁﬁe%fbfecuﬁéﬂw ?ig}ﬂ ltéb%dwﬁ% TRARAR ah§) et CQ' ng
away a portion.o e i nce | ayer nmaterial under]yin removed noni
nip age ar¥Rc %é'ﬁgtarﬁcﬁﬂ‘gtgﬁﬁ%’tﬂhﬁﬁ@??ws hegitf lestrissd gth‘&lhlby renovi ng
the i mage edmbstile bt aber &iohld ;&her hus leaVI ng a pattern of

i npedance el ements on the sheet of e ectrlcally hi ghly conductive

(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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materi al ; wherein inpedance material conprises a capacitive material having
a capacitance of fromabout .01 to about 3000 nanof arads per square
centineter, a resistive material having a resistance of fr9r5| ab%uta(ﬁ)ﬁ to
about 1000 ohns per square, or an inductive material havin§ & ™°hEUCt ance
of fromabout 0.001 to 1 henry. 32 7 Decenber 2004 ABSTRACT A process for
formng printed circuit substrates incorporating inpedance elenents in
which a pattern of inpedance elenments and a conductor pattern are 5 ‘

i ncorporated on an insulating support. The process involves depositing a

| ayer (rbfetelringrfyeaiatheepontioar ofthemecandisheet alieleatrécally highitget of an

el ectri calgngubiiob! : [ ' | cond surface of
t he sheet of “Ef‘gﬁ lr%ate%%ﬁ%%ﬁl%@gjn%%g_%@vetﬁ gﬂ) aIﬁ {31%1%24?1{[&93 %ﬁﬁe one applies a
| ayer of Phosprsstit @aaterial, maddhiealopsinellylreniaasing thé iinagedasaeofititeer i al wit h
| TBgeW S kBRI nABHa LG 9¥EY] g@gauexﬁféﬁéec%&ﬁha RIRY ik JOGL! on of

t he i npedance | ayer material undertying the renoved noni nage areas of the
phot or esied¢ctpgaly imghlyconguctivg materiahpucia Heat lehsirsoms of dmaseramd t he sheet

of hi ghl yoranglet s WBheick 3t 1east B’)’[ﬁxleg{]fi b REc5hd itipealRAL iehddls| MPedance

el ements can be manufactured to a egree o I"'ectrica ‘erance. 15
33 '

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;

(@ imagewise exposing the photoresist material thus forming image and
nonimage 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
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 ohms per square, or an inductive material having an
inductance of from about 0.001 to 1 henry.
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7 December 2004

ABSTRACT

A process for forming printed circuit substrates incorporating impedance
elements in which a pattern of impedance elements and a conductor pattern are
incorporated on an insulating support. The process involves depositing a layer
of an impedance material on a first surface of a sheet of an electric_ally highly
conductive material and attaching a second surface of the sheet of highly
conductive material to a support. Then one applies a layer of a photoresist
material onto the layer of impedance material with imagewise exposure and
development. After etching away the portion of the impedance layer material
underlying the removed nonimage areas of the photoresist material, a pattern
of impedance elements remain on the sheet of highly conductive material.
Thus printed circuit board with impedance elements can be manufactured to a

high degree of electrical tolerance.
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