TI TLE OF THE | NVENTI ON METHOD AND COWPCSI TI ONS FOR

DI FFUSI &8 PATTERNI NG TAPE ON SUBSTRATE 5

FI ELD OF THE | NVENTI ON The invention is directed to a nmethod for
di-ffysion patterning of organic polynmer tapes and to polyneric tape
conposi tions which are especially suitable for patterning by 10 that

met hod. BACKGROUND OF THE | NVENTI ON The
advant ages of using ceramc dielectrics in tape formare well known,
and are the subject of nunerous patents. The advantages i ncl ude | ower
def ect counts than in 15 screen printed dielectrics, thicker coatings than
can be screen printed, and the ability to inspect filns before they

are | am nat ed. A major di vant ' Lehectrics in tape formis
t he need to nechani cal | other teatures into the 20
tape. Conpared to producti ¥ Y cu; ning or by
screen printing, the process i|FATIIERN e QURS ;d vias can be
produced at @ sustained rate of 2,000 per second, and diffusion
patterning techniques can substai n over 10 000 vias per second. Typical

via punching 25 rates, however, faEbReRTHERIMENTION | as per second.

Anot her di sadvamnttegénventiat isagéseatst the ashetippedokr Abt fineian
backi ng during g@@ﬁgﬁigg whi. el ssubie t Lapes tq, TRAGAS,; an can
g. The, fr,lr”aolfl e %a}lﬁe %sﬁ%e ﬁ%e i gfe)y9 1St

distort the tap g ] [ accur at regi stered before
| ami nating. Al sEOTRRFYERPEITRHTR ST SAPFEA 0N EHLF RN EFeRASE YT SYite

expensi ve, Whenthat nethog.conpared to roll |am nation equi prent.

Clearly, a much faster, |ess eéﬂ&ﬁi&ﬁﬁuﬂ@%;ﬁ@a&&&Eﬂ&igﬁ vias i s necessary
in order to conpetitivel roduce (nterconnets,wth 10,000 to 100, 000
vias per |ayer, and,he a\éf'gﬁ’f%%‘?q I BAYD qeFagig; ‘z’r%f&crtirécfsa%r%aﬁen a

mul tichip i fiven corneell kiwdi.t modabty , tle mapgethatf nugecapabl e of

bei ng patents. The advantages include lower defect counts than in

!5 screen printed dielectrics, thicker coatings than can be
screen printed, and the ability to inspect films before they
are laminated.

A major disadvantage of dielectrics in tape form is the
need to mechanically punch vias and other features into the

2C tape. Compared to production of vias by diffusion
patterning or by screen printing, the process is slow.
Screen printed vias can be produced at a sustained rate of
2,000 per second, and diffusion patterning technigues can
substain over 10,000 vias per second. Typical via punching

5 rates, however, are only about ten vias per second. Anothex
diéadvantage is that tapes must be stripped from their
backing during processing, which subjects the tape to forces
than can distort the tape. The fragile tape must be
accurately registered before laminating. Also, current

30 press lamination equipment tends to be quite expensive, when
it is compared to roll lamination equipment.

Clearly, a much faster, less expensive way to produce
vias is necessary in order to competitively produce
interconnets with 16,000 to 106,000 vias per layer, and,

i typicaily, and z to 5 dielectric lavers in a multichip

ok . . . I -F" - ., Imm e 4 oe e S -
interconnect. haditionally, a tape that in capanie of heinn
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2 |am nated in a roller ap.paratus than in a press will permt

much higgher throughput and productivity than current | am nati on
schenes. In addition, processes that require etch, photoresists 5
or plating are |lengthy, process sensitive and expensive. Furt her nore,
sone of the processes use solvents that are difficult to handle.
Accordingly, the need continues for a fast, environnentally safe nethod
for making high resolution i mages in &rganic polynmer tapes, and
particularly in thick 10 filnms, that avoids the problens nentioned above.
SUWARY COF THE_| NVENTI ON The invention is directed to a nethod for
maki ng pat £8PHB2EEE diydnirel bor yaRParREyer shatoipr RsPrgss hd ldegasnttal 15
st eps: . much hidhe ARPL-yLGEORY aln@n})@aaﬂi@wiﬁyataabsuﬁt&man

unpatterne [ . er. c ing a polyneric tape; :
Applying to thggh#ﬁé{’f er r?%g%lg%st | ayert a patterned second | ayer

conprising a |iqui dI3cdgiitéan20rrentsisesi Ahabframujasi etoki dlmtoasesand

pl as:i cit_zers or plating _areClgah@ﬁl’ﬁd }i,B@rbbesgaéélﬂi{tgdgsgﬁ@rléicﬂe_@q)étgbe%ﬁ ef f ect
enetration o rgani c _aci r_.base an asticizer into_the

5nder| yi ng ar egg‘gg?gf e T rsgﬁ‘el %getrhev\ﬁé'”?g%fﬁ?%euse SORRFY MRS EY FFFh in the
under | yi ng ar efdféiceHe 59 handlayerrczmriéaghes W abefi gent impesederian with
the organic acifdse! envidAs@ntaDly safe method forDma¥dshi myH hesbayesszwth

water or an agyegus ion 10 renove t ofrom

. | h |_ubi, | I g
¢ i (RS Pof i B! N L e Pl RS

patt er ned areas _ ayer. art her
directed td%a pélprerthat gyeids thomyebilemsrngyrioned akothe unpatter ned
first IYayer in a di ffusion patterning process conpri sing:

A. a filmformng soluble or di gparsible QQLL‘yﬂWE'NTIoN B. a

pl asticizer in which the pol yne¥ 15 35 conptet I partially soluble; and

C. volatile organi cTRalipgigntion is directed to a method for making
patterns in organic polymer layers comprising the segquential
15 steps:

A. Applying by lamination to a substrate an
unpatterned first layer comprising a polymeric tape;

B. Applying to the unpatterned first layer a
patterned second layer comprisiﬁg a ligquid solution

20 consisting of organic acid or base and plasticizer;

C. Heating the patterned second layer to effect
penetration of the organic acid or base and plasticizer
into the underlying areas of the first layer whereby the
polymeric f£ilm in the underlying areas of the first layer

o
i

becomes solubilized by reaction with the organic acid or
baée; and

D. Washing the layers with water or an agueous
solution to remove the solubilized polymer from patterned
areas of the first layer.
30 The invention is further directed to a polymeric tape
composition for use as the unpatterned first layer in a
diffusion patterning process comprising:

L. a film-forming soluble or dispersible pciymer;

B. a plasticizef in which the polymer is
zompletely or partially soluble; and

[
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C. wolatile organic solvent.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure

1 (a-f)glllustrates schematically the separate steps of the invention
when is used to pattern a polyneric 5 filmin tape form

DETAI;LED DESCRI PTI ON OF THE | NVENTI ON It has been found that a

t ape “of as nuch as 100 mi crons t hi ckness can be diffusion patterned
with vias of ten to 10 twelve mls dianeter. The present

i nvention poses several findings about 3 fornulation and | anination of
di ffusi on patternabl e tapes: *The fornulation is different from
standard tape on substrate (TOS), because the diffusion patterning L5
(DP) TGS never needs to support |tself It is almays ei t her supported

Taaw

NG

on Myl ar backing or on a ceBREEE B @ O ause of the

| esser strength neeg“r%gur@ lso(fat-?r) 1llust ‘?s glzl,lrn?lpivtﬁuc%g@? LBe FE’% ra(:%d then

that that is present % press
softer, nmore 2CF%5FSaB et}l’%lp’é“ﬁnltflofle‘tﬁttﬁfb 1t5hésﬁ%|%tpaﬁf'-eﬁﬁnt)s!"ﬁfy&‘}ﬁééd by

buried |ines anfilat Her tape sieenf.eat ures. This feature is hi ghly
desirable in nmultilayer applications. This al so permts roll
l'am nation to be used instead of press , | am nat| on —_— *Because

of the high solids |evel GFLAReER s , they have a
yield point. The tapgeshus|been founattlia{tow uapeloﬁ hae,ymabﬁ s8¢l @Cchitoons

pressure in ex%@ﬁ%kﬂ\%ﬁs R teig f¥h§icﬂ~r e t@ErnJé‘QJﬁfh%ﬁastQ@dfceq{ €l ess

prone to creep in aroll "for storage. Standard tapes such as
30 comonl¥’ ustéiflﬁﬁof“b?‘%s‘?’sat“?téﬁ'e not highly filled and are nor e
subject to creep. The presertTHeventien posabi béterzdf fORATANS covpared to

press | am %ﬁ%’éléﬁp& el%m%§9 %l—? Jaf?nﬁgﬁf@%?’c?rﬂip%%e‘}éaﬂipe Kes

tapes that are roll |am nat ermt nuch
hi gher production ratBg ﬁ?ﬁ“‘&%f’}‘f’r%s‘i‘tfﬁérent %ﬂ"béé§§ AR rteaFt?nW‘ one or
two | ayers of tsybstapeeu$EeR), because the diffusion patterning

15 (DP) TOS never needs to support itself. It is always eithexr
supported on Mylar backing or on a ceramic substrate.
*Because of the lesser strength needed, a softer,
more pliable tape is preferred then that that is presently
made to yield and flow under pressure. This softer, more
20 pliable tape will reduce the height of humps produced by
buried lines and other raised features. This feature is
highly desirable in multilayer applications. This also
permits roll lamination to be used instead of press
lamination. ' )

55 *Be'cause of the high solids level of the filled
dielectric tapes, they have a yield point. The tapes will
not flow until they are subject to pressure in excess of
their yield point. Therefore, they are less prone tc creep
when kept in a roll for storage. Standard tapes such as

0  commeonly used photoresists are not highly filled and are
more subject to creep.

*The extra pliability of DP TOS compared tc press
laminatable tape can also be taken advantage ¢f to make
tapes that are roll laminatable. Roll laminatahle tapes
permit much higher production rates and simplifies the

i

process where only one or two layers of tape are used.



*To optim ze the resolution of vias, it has been found that two prints

of imagipng paste (patterned |ayer) can be used: one beneath the

| am nat ed tape, and one on top. That way, diffusion proceeds fromtop
and Qottom sinul taneously 5 and neets in the mddle. *The organic
portion of the diffusion patterning tape may consist of two phases; one
resin rich, to provide strength and hardness, and one high in

pl astici zer content, whi ch aids in the4diffusion of the basic or acidic
10 patterning ink into the tape. Diffusion in the aqueous t apes
appears slower and to a | esser depth using a single phase formnul ation

than with the two phdseobboimitattilen rebblutiommf lbeadesiy allsebben aglsh-as
second resin in I : R - Yol i sWith the prjmary
tﬁ&‘@ldw@@'ﬂ5£§ 514.‘]65[111aglng ﬁaéﬂ-éco(;?ea@&épxl)go ;’f[ayg(# {f‘%xg pd'®

resin, and that w 15" substantially’ralse t VI SCOS

pl astici zer rich®€d: PRaBENGAH gy SARIPRERY it&PLer 2R ARDEFNGORX prEsed by
t he t ape wheay i tdifSusibneptetkeldes Brogh t@MEeKabyt ol mllesse6esy

In the tape £onpositdens iaf L&Y AH/geENt invention, the preferred tapes
are fornmulated so that they canlbe | am nated 20 to the substrate and
pressed toget her by ‘USin§TEeREQRAF 1o of g iffugion|nattepeirgrynat i ons
of the present wmayeniisist of twgphuessa dhghesiheyeth oftcOpganige cont ent
than conpositio cuLpe ed i -} ani ed..pr.oces e
usual appr oglfs:%engst},} %ggnﬁé%)&% ,6s‘eagéiﬁ€3ﬁ|9]rﬁl thg %’?%ﬁ%sf%tf g é@?eon:@rml ate
tapes W th nmaxi bhddsi 281 tognsiftusien of theabppis % aMPER mini mi zes the
anount of et epattramimgsink intye ther hepe outDiififuaidbnritacthe agqueous The
solids level (ipgaanicpehtaCt]i QMOENENEtAPRds3r depCPNRiNE ﬁeg‘:tx)é'lé: he
necessity to co Iet&%¥ syrgound t he 30 i.norganic qfe W t ,the vehicl e
(organic fracti% of-FfELatioq than wikh the H¥o, phags (et iehi e nust
exi st at the mawlef deeivtblhed agd sosétomn Iresdnt imssmanl ladheshve it he

substrate, or the {RahaeiniaReREREa Prifdry) Psin, 51%7'9:]@{:3@ e ¢; and
pressure, %en ) |d_tern%gﬁatur,e a”% pressure care E?]ipp ied for only a few
seconds. e t %éstcﬁntil Yartise thef YRRty Sfukherpdaidd cByet mettype of
cerem c or neta@haggugnd prevent plasticizer from being expressed by the

tape when it is subjected to high temperature and pressure.

s5€

In the tape compositions of the present invention, the

preferred tapes are formulated so that they can be laminated
20  to the substrate and pressed together by using a heated,
pressurized roll. The formulations of the present invention
requires a higher level of organic content than compositions
currently used in press-laminated processes. The usual
approach as known to those .skilled in the art is to
formulate tapes with maximum practical amounts of

W

plasticizer which minimizes the amount of matter that mus:
be burned out in a furnace.

The solids level (inorganic fraction)of the tape is
constrained by the necessity to completely surround the

tab
o

inorganic phase with the vehicle (organic fraction) of the
tape; additionally, sufficient vehicle must exist at the
surface of the tape so it will act as an adhesive to the
substrate, or the layer of tape beneath, at low

temperature and pressure, when said temperature and pressure

are applied for only a few seconds. The type of irorganic

1
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~or :s determined by the type of ceramic or mers. layor
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needed in a 'gi ven application, and its formula wll be det erm ned by

the elegtrical and structural needs of the particul ar application. The
organic fraction, or "vehicle", is designed to optim ze the ability to
appl y; and pattern the 5 tape, to neet the needs of a given type of
appllcatlon A. Definitions As used herein the follow ng
ternms have the i ndi cat ed neani ngs: 10 The term "di spersible”
means an apparently honbgeneous conposi ti on which consists of a

m croscopical ly het er ogeneous m xture of two or nore finely didvided
phases. The term sol ubl e neans capable off mxing with a liquid

to forma honogerdedsimixiiven dgplicatiofheanderits” formulid eriddl bent" refers
toliquid orgaateeewnesplb\pe@hé mcctlh%am bes ramved: {1 amddaecenpgad t er ned
first Iayer b¥ gg ég)&o r§ C or, | atoatrmspV %

pressure. 19T SR “ﬁ%’f’n‘?ﬂ' st&FI PREPHS ?ﬁ%‘f%" Yefdrs t8 50T id 20
or gani ¢ polynen§ haﬂlg@FQNionopélminﬁ1t@boabi£ﬁﬁ% to applstagid partgrn the

The term "agi dchabi | € QP thEch&dE: 3 8 §ahid @ ygeosP app1ieBiebnis rendered
nonreactive to aqueous bases by the protection of an associ ated
functional noiety, which nmoiety 25 is readily renovable by reaction with
aci ds, thus A.dBpfiniddiangg the | abile group and rendering it anenable to
reaction with aqueops m%erleﬂntt{}% a3 eoRind NeTmbNMEWY it0R, the acid

| abi | e group |§ gca%c o tha; is easily hydr ol yzed of f t he pol ymer,
creating an aci‘dh *Haf'930 can then be di spersed using an al kali ne
aqueous el &ént . The tethéd@éP@Fﬁfs‘le\?é@d Pephs @mpePpaEst e heregeRe aitf
aﬂueolu_s fbas:@m'pawiwﬂ &hiehi doﬁ:gwsl Gfp@hy:mi’fos%pﬂdfam@nt ai ns g -
plurality of aci r e ackho o t e
pol ymer direct I%f?ggiﬁgg&lde recﬁ#géu ci)antI{E‘s géﬁ&get tfégﬁ g 4 do'“rrilmgt hé

backbone in suffici &h¢ Qﬁfﬁbép pble means capab e of m1x1ng with a 1qu1

to form a homogeneocus mixture.

o
[83]

The term "volatile solvent" refers to liquid oxganic
solvents which can be removed from the unpatterned first
layer by heating to 120 degrees C or less at atmospheric
pressure.

. The term "non-crystalline polymers" refers to solid
20 organic polymers having no more than about 50%
crystallinity.

The term "acid labile group" refers to a labile group
which is rendered nonreactive to agueous bases by the
protection of an associated functional moiety, which moiety

(%2

is readily removable by reaction with acids, thus

1

déprotecting the labile group and rendering it amenable to
reaction with aqueous bases. In the case of this invention,
the acidé labile group is an alcohol that is easily
hydrol?zea off the polymer, creating an acidic resin that

w
[

can then be dispersed using an alkaline aqueous eluant.

' The term "acid labile polymer" refers to an agueous
base-insoluble solid organic polymer which contains a
plurality of acid labile groups which are either in the
backbone of the polymer directly or indirectly pendantly

25 attached zlong the polymer backbone in sufficient number to

render the polymer socluble in dilute agueous base solution:n



render the polymer soluble in dilute aqueous base sol ution

6 ¢ Or water when the protective noieties are renoved fromthe

acid | abile groups by reaction with acids. Polyner cross-linked with
acid g abil e groups can al so be used. The term "sol vent free"
refers to conpositions from 5 which volatile solvent has been renoved
substantially conpletely, i.e., any residual anount of solvent is |ess
t han about 1% by wei ght of the remaining cenposition. The term
"acrylates and "acrylics" as used herein to descri be nmononers and
pol ymers include nethacrylates as well 10 as acryl ates. Al
proportions areshwarerghhéh whessrodtbeive IDietiesi otk caineded from tH

Det ai | ed descr'igﬂé”lagﬁlgh§%5ﬁ§§Mbggre;éEion w%§£?§?£%§flﬁglggepatternlng

process may nore eaS|L¥ be™ | appreci at ed ef erence the Figure,
whi ch i |1 ustrat@PLss-Linked it @sitPy lehble GraMRFC3R pSDPet ReePr ocess as
it is appl i ed tohet herpatdcdvenngfpée n rEdleyBetd CodrigaBiitBohaperdnor m

A layer of dj el gelh q,o&ae@l@n%&mwﬁ%g g@% exjeﬁxoggé)ldé;tﬁ%ta%(eigﬁ{'m !

| am nati on onto an _.al um na,  substrate .& el ectric tape may
contain finely SRRAGEE 1 Bar t i1 e S1Y¥f residugy aeQuphdof MAlyERtcioxI s

di spersed i n aniergabiont Medi bimMwe ight CORPEHES irkGadnpd Ydtfpodissehved in a

sui tabl e pl asti ci zer, F Lyeobh a IS USH p a
backi ng, such as 2§nhel\/f;fa§$l %{r&{}%g%%k%& %%%?Ll?% Iaéagmx“r?%?i g%%frgt"ﬁg _tape
on the suRFSHEe PARCTRIKIARG PSl¥ReiHiddipremethecrypatenrages:

| am nat i ng tthe d=aayerry3areshe | am nated tape is heated optionally at up

to 100[err]Cin an @4enpfghof R Ade Oby ARAWNE Y un1ddh WeRdl&E$sL O i nprove
adhesion. 30 att'erned second *ayer 5a I's screen printed over the

... A
t ape on substre&??%ﬁ%§ﬁgctric filmlayer 3b. The second |ayer is a
fluid solution conprised of an al kaline or acidic sensitizer, such as
p-tol uene sul f ofj i3 r : Jeli bt jAe: kN a plasticizer such as

di butyl phthal ate ) ) , ,
_ L5 The diffusion patterning process may more easily be

appreciated by reference to the Figure, which iliustrates
schematically the separéte steps of the process as it is
applied to the patterning of a polymeric £ilm in tape form.
A layer of dielectric tape on substrate (3a) is applied
20 Dby roll lamination onto an alumina substrate (2). The

dielectric tape wmay contain finely divided particles of
glass and inorganic oxides dispersed in an organic medium

- comprising a polymer dissolved in a suitable plasticizer.
Further, the tape is usually supported by a backing, such as

n

Mylar® or the like. Pricr to lamination of the tape on the

[ XY

sﬁbstrate, the backing is stripped from the tape. After
laminating the layer 3a, the laminated tape is heated
optionally at up to 100°C in an oven for a period of about
10 minutes to improve adhesion.

"
o

kR patterned second layer 5a is screen printed over the
tape on substrate dielectric film layer 3b. The second layer
is a fluid solution comprised of an alkaline or acidic
sensitizer, such as p-toluene sulfonic acid or

triethanolamine, in a plasticizer such as dibutyl! phthalate

)

5r putyl benzyl phthalate, with one or more resins such as



35 or butyl benzyl phthalate, with one or nore resins such as

7 ethyl cellulose, and terpineol as solvent. If tape containing an acid
| abi | e pol yner is being patterned the sensitizer is acidic. If an acid
containing resin is used, the sensitizer is alkaline, as triethanol am ne.
Upon formng the patterned | ayer 5b, the assenblage is oven heated, during
whi ch the sensitizing acid or base and plasticizer are diffused into the
underlying areas of thick filmdielectric Iayer 3b reacting with the free
acid in the polynmer or if acid labile hydrolyzing the weakly bonded ester
groups in the polymer thus creating free acid groups The free acid groups
are necessary f@thypdshéhulnse,t bedtepsinde). as solvbher eby ddpe sensiti zer
reacts with the L zi LQu f yier to r i i.spersible
nouater or al kel e norg et AP tle AT REL HE loetla; ERie EhEPEID Ty
sol ubl e in the peRSEFEFRris @Arddiemt hiafgapat t eAaigipsi Asidorpokients do
not form a strongef sknsiviukbrane. ensal ihejaabetr ovmanbyaninat eupeh al kal i ne
spray which I5S %‘i’gnil{zﬁ Q?é/]ﬁzjaggle}jglg? ngaé}gg gbpegfé”‘ta@s'efnbla e isTIEl) eRatter ned

| ayer 5b consists ma gg 0] J resin, plasticizer, and optionally
residual acid, peaSeRnofyaiMisc wBérh dshe |senpdtiaidite @Chbt AT RS 2388 an
al kal i ne sol uti glaatiafzepprrepdi ffesg inte tRenuricNeingderdas g dhifrusi on
patterned | ayer i i.Ng, e f

2l HPOML AR SLU0P A ANBNASHNG, chbee AU 1248 OF the

substrate 1 is exposed I n ] ar eas | l'ay the pattern of |ayer 3c
and a very preciPSeYREHaRY Vi i@fageldbhe Srdratyping &R VeRebhdorAene tape
fromwhich i1b wasteashedups iG tBabsénates thus dfmmtirbhodeofzdilde grougst i on

can be used on aifherel r@éigia@irgi.zlﬁﬁgéfé HeBssSHF EAS waLheLd ]&Iteﬁ:ﬁlaécape

SiJerr], silicon, AN and the or organi‘c substrates, suc S,
phenoxy resins, éﬁ Xy resins and the like, or conposite substrates such as
Thereby the sensitizer reacts with the solubilizing

groups of the polymer to render it dispersible in water or

15 alkaline solution. 'Since ethyl cellulose is not _
significantly soluble in the plasticizer, the remaining
patterning print components do not form a sfrong film, and
are easily washed away by a water or alkaline spray which is
used to develop the pattern beneath it.

t
<

The patterned layer 5b consists mainly of solubilized
resin, plasticizer, and optionally residual acid, plus
inorganic solids. It is washed with water or an alkaline
solution at an appropriate pH, to remove the underlying
diffusion patterned layer Sb. Upon completion of the

th

washing, the surface of substrate 1 is exposed in the areas
which underlay the pattern of layer 3¢ and a very precise
negative image 3{b) of the pattern remains in the tape from
which it was washed.

:¢  C. Substrate
The method of the invention can be used on either
inorganic substrates, such as Aly03, SiOy, silicon, AlN and
the like, or organic substrates, such as, phenoxy resins,
epoxy resins and the like, or composite substrates such as

filled organic polymers, or on other previously patterned

-
(O]

layers of TOE similar to itgelf.



filled organic polyners, or on other previously patterned layers ,f TGOS
simlar go itself. 8

D. pol yner A characteristic of both polynmer layers is that the
pol yners shoul d be substantially soluble or 5 dispersible in an
appropriate solvent or plasticizer. The solubility or dispersibility of
the polyner is desirable in order to facilitate the diffusion of a
solubility adjusting agent in a patterrfed second layer into a
unpat t er ned pol yner tape. In contrast, an addition of a platinum

catal yst, for 10 exanple, w thout solubility and non-dispersibility can
cause thermal |y i nduced selective volatilization of a non-sol uble

or non-di spersi Il.ePpbjyerer . However, the preferred pol yrer of . t he

present invention isp ls I r persrble in nature. Sone
of the many types of Séﬁﬁ%ﬁdé@&;¥i§9é%§k%F§lB?éWB ﬁ§F§ whf ch can be used
in the nethod oftbghRethe Pq%ﬁﬂ?ﬁﬁlﬁho%&QBQQ §P€§tﬁﬁﬂkﬂ&ly soluble or | .

Pol yneri zati én NishedsibOin an approprAddiet k6Ivgid WrepSasticizer. The

Condensati on po@g i teristi.cs, .29
Hydr ol i zabl e pO TBbPlity or dlspe{él%%%&t ¥§k8%+éxhgﬁg% esirable in

Ther nopl astic p ggﬁrgo facilitate the|q%%fg§bp@ qﬁﬂgyﬁg gblllty adjusting
Ther noset pol ymegsnt in a patterned second layer into a unpatterned polymer

tape. In contrast, an addition of a platinum catalyst, for

10 example, without solubility and non-dispersibility can cause
thermally induced selective volatilization of a non-soluble
or non-dispersible polymer. However, the preferred polymer
of the present invention is essentially soluble or
dispersible in nature. Some of the many types of soluble or

15 dispersible polymers which can be used in the method of the
invention are listed below;

I. Polymerization Method

20 Addition polymers
Condensation polymers

II. By Physical characteristics

25 . Hydrolizable polymers
Crosslinkable polymers
Thermoplastic polymers
Ionizable polymers
Thermoset polymers

0 Elastomers



30 El ast oners I11. By chem cal

conposi td on Pol ycar bonat es Pol yi m des

Pol yest ers A efin copol ynmers Pol yacryl at es

(i nclaudi ng met hacryl at es) Pol ystyrene Phenoxy
resins 10 Phenol - fornmal dehyde resins Cel lul osic
pol yners Poly (vinyl acetate) Poly (vinyl
butyral) - Poly (vinyl chloridé) 15 Poly (vinyl

chl ori de acetate) , The preferred polyner, suited for aqueous
processabil.ity and results in high resolution contains a - copolyner or

i nterpol yner of a (Jil.] B¢ ehedicalkgbmpesitiiame, Clerr]-Cerr] 20

nmet hacryl ate, or substituted or unsubstituted styrene, and an

et hyl eni cal | y unsat ur at ed (iar b%;(g/l i c acid containing noi ety which is at
| east 15% by wei ght of tREYSRHNEFFner, weight. A preferred
substituted styrene is aPphgimialdsyl styrene. Suitable copolynerizable

carboxylic’ agi ds includep2b gﬁt,{%lseni cal |y unsaturated nonocarboxylic acids
such as acrylic, met ﬁac?y Ic and crotonic acids and ethylenically

unsat ur at ed di car boxyl i cC2EfH#8 QRHPYRE Funaric, itaconic, citraconic,

vi nyl succinic and nal ei Podgacsylagesel(inabudimg methachdlateest ers and, where
appropriate, their anhyd@ggggtmeiso m xtures thereof. Because they are

cl eaner burning in | ow oxygen ,at nospheres, nethacrylic polyners such
as nethyl or i sobut yPRRBPHACTS 8Pes are preferred over acryiic
polynmers. 1C The nost prPreéecled foopidehyde aegenbyl nethacrylate with =

Cellulosic polymers
Poly (vinyl acetate)
Poly {vinyl butyral)
Poly {vinyl chloride)
15 Poly (vinyl chloride acetate)

The preferred polymer, suited for aqueous
processability and results in high resolution contains a
copolymer or interpolymer of a C3-Cyp alkyl acrylate, C3-Cig

20 methacrylate, or substituted or unsubstituted styrene, and
an ethylenically unsaturated carboxylic acid containing
moiety which is at least 15% by weight of the total polymer
weight. A preferred substituted styrene is alpha methyl
styrene. Suitable copolymerizable carboxylic acids include

[$1]

ethylenically unsaturated monocarboxylic acids such as
adrylic, methacrylic and crotonic acids and ethylenically
unsaturated dicarboxylic acids such as fumaric, itaconic,
citraconic, vinyl succinic and maleic acids as well as their
half esters and, where appropriate, their anhydrides and

10 mixtures thereof. Because they are cleaner burning in low-
oxygen atmospheres, methacrylic polymers such as methyl or
isobutyl methacrylates are preferred over acrylic polymers.
The most preferred polymer is a methyl methacrylate with =
20-25% substitution of methacrylic acid. Typical atomic
weight is 400-45C,

ied
Ut



20- 25% substitution of nethacrylic acid. Typical atomc 35 weight is

400- 450. *¢ 10 Pol ynmer s
can be nmade by those skilled in the art of | acrylate polynerization by
convenfional sol ution pol ymeri zation techniques. Typically acidic
acryl ate pol ymers are prepared by conbining an al pha, beta- 5
ethylenically unsaturated acid with one oy,nore copol yneri zabl e
nmononers in a relatively |ow boiling {%S[err] 150[err] C) organic
solvent to obtain a 10 to 60% sol ution of the nmononmer m xture, then

subsequent |y causi nghithRrs LaHD:SID'ﬁ% g Plureiiize  py; L he additipn of a
pol ymeri zation 10 _ catal yst such as organi per oxi Ele and heati ng the

m xture at afhgl atreeﬂ%)‘(‘“f’ﬁh‘b%rr‘é’c“u%‘ B?H‘ffmé;*é’é‘l“ut PO G at nospheri ¢
pressure. Aft epolireepcdayieni za¢hmmweeactTgﬁhda&l@ssemamldqry&atecorrpl ete,

the resulting gésar%l;g ageagg.g% g)lyygg‘&lgrg”t% aanalp’t(.ﬁl $5Q0l ed to room

t enper at ure_an rm ne“the visccoity,

nol ecul ar wei gRERY Mt iFadd i Vﬁ?%”rﬂrated agi¢ wigth CRE PHITIHS .

Sui tabl e aci d tabelwenepdlzebie Smomotendeih)a pddawnvely lobaydingngcrylic,
vinyl, pol yest gssand pej ydﬁg%hﬁ@”@ci%%‘cb‘égeébt 1(“ anq oPepdagy sao‘ihgll:ﬂb' l'e

carboxyllc esters such as al | Kox esters, secon

tertiary al kyl ©&stks é“onomers‘?"r%ulé’st éP%no‘fulb%‘Fd‘éﬁf-léc‘F%P%*é‘E FEeesters of .
ot her acids mosortdr s os pbil pnexci zCbg, thell dddiitdoachtl, a grd ypleespaohee aci d,

2) polymersying %@éf}ki @Eapagé i ggfgx:gc?eb @ RUCH; th*cl.em&)ui’e?'a}’rrmrs

described 1 n Po]yneric ter CI en Engl neerin

170- 178, 1989; t%o“%%l%‘oltﬁﬁﬁ?’éawecﬁfa%e soluigssht rkErPshiteRisci d | abil e
groups such asptréesyps .ymafser thedlpbd.mSEﬂ"ilyLdREIrsal‘:tﬁbn als esWeftidkly al No.

07,421, 546 Shplad QEth@bgé 'n;;sgg}b%xf?i o T3 el ’%}Hﬁ‘p@ e §hes gelddked

vmth acid | abi Fe gr oups nay a e ad acid groups.
A second pol ymd¥ FREL9se Gt FPP‘Ee"cF“iPr?rlaﬁEr% FRFOSHPIRE are rATOVEECHAd pol yner
i s not necnfssadétgr-amed t&aentrasmsmg,}or molecmxylmughtltaafmﬁlefqluesalénefoj ogy of

the conpositiop, ?,@,g,ces di ffusion of the solubilizing agent
(trlethanolamne In thhe terning ink, It helgs contr ol
Sultable acid labile polymers inc

ude 1} polymers
having acrylic, vinyl, polyester and polyurethane backbones
and pendant acid labile carboxylic esters such as alpha-

20 alkoxy alkyl esters, secondary or tertiary alkyl esters,
silyl esters oxr pendant acid labile esters of other acids
such as sulfonic acid, sulfinic acid, and phosphonic acid;
2) polymers in which the backbone is acid labile such as the
polymers described in Polymeric Material Science And

- Engineerinc, 68, p». 170-178, 1989; and 3) polymers which are

LY
tst

crosslinked with acid labile groups such as the polymers

disclosed by Reiser et al., U.S. Serial No. 07,421,546

(Ziled October 13, 198%). Polymers whichk ere crosslinked

with acid labile groups may also have additional acid labile
30 groups. '

A second polymer may be utlllzed in the composition.
The second polymer is not necessarily acid containing or
acrylate. It modifies rheology of the composition which

enhances diffusion ¢f the solubilizing agent

(%3]

ftriethanolamine; in the patterning ink. It helips control



any plasticizer expressed in the tape during |am nation. The preferred
second polyners are ethyl cellul ose or high nol ecul ar wei ght net hyl

met pacryl at e. E. Plasticizers. Bot h the unpatterned tape

| ayery and the patterned | ayer preferably contain a substantial anount
of plasticizer in whi ch the pol yner conponent of the unpatterned tape
| ayer is substantially soluble. The primary function of the 10
plasticizer in both layers is to facilitat¥ diffusion of an al kal i ne
or acid sensitizer fromthe patterning layer into t he underlying areas
of the unpatterned tapel ayer and to enhance |am natability. Wile it
is not absol utefyy plastigdessagxpresshgvin piestpepz@vring BoPANRBRYRETSs, it is
15 nevert hel essh@rfedier@ddDEEAUSE poli y@éYE S r@ @8LEI ¢dMAGIIBEe or high

sensitivity. The plasticizers in.the t | ayers _may be the same or
different so Io‘ﬁ% @t aﬁei?’el %’f W%g’yga?‘%?%% é’ﬁa%e‘ criteria for both .
| ayers. The plasticizer in the upper patterned | ayer nust be capabl e

of dissolving the pRQ+ipakyper in the unpatterned |ayer. It may optionally
be capabl e of formng a solid twy-phase systemw,th t mer
in the unpatterned |‘%§F£ CRen PR SERER B ?d,elatyég a_gév%hﬁ é’é‘??%f‘%ee? ijaﬁJE)t(he
patterned | ayer preferaidyacontyinta fsgbstaptial amphndert polapiérizer tie
patterned |ayerynhfo de pBOLMERcdnbodnt tde tHRPahbEeE thddayape Bdibd dis the
organic acidic or ba§L%a1 <SENSItT ZRL, ﬂg%r%nnggﬁ éqoﬂﬂo%sEhﬁ'zer used in
the |ayers 5%ﬁ?§§’mﬁéély depernidi ng ﬂ%on‘iﬁeﬁﬁpfyner_mhlc. is used. As
will be dest?i bedasEidzeri injhopt dpyeradis dadrcit Fedthalif fusigpmparof
pl asticizer in ihealipaichenbed dayatiter nirimitae pattdvniagpuayenfimpal yner
whi ch nust be byyne ff..when_ihe i i h el kiln.
It is prefer redg{’%a‘?n erly%f‘ﬁea%%ﬁ iér?guﬁ%ijwn s%c?%gfﬁﬁé % as a&gl&zg?&éwl}g at
| east 300[ err] Cenlpance lamipghabNeidrt hBheks it fisj Bok \pR9fdutgl¥df erred t hat
the - volatihééysffryt lte phostilciszetszoe JUEbthhadydhsy ieansbe 35
renmoved froggthge§g§§§g?égg B%é?%é%é%?%%b&@kéfié Bibésdgéééééi imaging

sensitivity. The plasticizers in the two layers may be the

same or different so long as they meet the particular

criteria for both layers. The plasticizer in the upper

patterned layer must be capable of dissolving the

20  polymer in the unpatterned layer. It may optionally be

capable of forming a solid two-phase system with the

polymer in the unpatterned layer. On the other hand, the

plasticizer in the patterned layer must be a solvent for the

binder polymer in the patterned layer, for the polymer in

[$3)

the unpatterned layer, and for the organic acidic or basic
sensitizer. The amount of plasticizer used in the layers

va

- B

ies widely depending upon the polymer which is used. As

will be described later, it is preferred to maximize the
amount of plasticizer in the unpatterhed layer to minimize

15 the amount of polymer which must be burned off when the
layers are fired in the tunnel kiln. It is preferred that
the boiling points of the plasticizers be at least 300°C at
i BRTM. Nevertheless, it is further preferred that the

volatility of the plasticizers be such that they can be

o

removed from the svstem by simple heating if it is desired

Lot

t. reduce the amount of plasticizer. In focl this veanniqgun.



to reduce the anmount of plasticizer. |In fact this technique

12 ,my in sone instances be preferred since the renoval of

pl asticizer in this nmanner | eaves openings in the unpatterned tape that
faciljtate escape of gaseous burnout products fromthe patterned |ayer.
5 A wi de range of plasticizers can be used to facilitate t he
penetration of the acidic or basic sensitizer into the pol yner tape
that is to be patterned and to adjust the *2 filmproperties. A

pl asticizer should be sel ected which shows reasonabl e conpatibility

wi th the binder and, other 10 conponents of the layers. Wth acrylic
bi nder, for exaRfFein Som%ll%FPEF%%rl%e PaRipresd ddngiebtiby | redevhal afe and
other esters plebtariomatiie abidsiamairelsadés éﬂpe&hﬁbbcuﬁl(ﬂﬁéam ds such as

di i sooctyl adi p%? ﬂ{@?ﬂt 't%BQthi‘ét! pﬂ%%ﬁ'lﬁtggélisq#%r 3¢9 STRE L’}ﬁ/ﬁ‘&%‘b%at es

pol yoxyal kyl ene ,. aliphatic
chl ori nated par &Bff ‘ﬁ%ts aﬁ?d’“bﬁPFoP%‘T‘ﬁQféle laY‘;'Jbes can be used.
general , water insolabbigdeplrasgecof aflnstieizers aﬁva@‘@ag@@&lstd‘ Gacgieaded hl gh

huri di ty oL o7 29En8 Bietdat B0t endMLLONTEN AL AELALLOG AL e Dt

are not required e plasticizers inc P8t hYT ene
gl ycol di acBPAYReEY {4308t RPPENES I} &SI PEFEJ‘?W%ﬁa@etOt?dJetsﬁyFéﬁe

gl ycol dicapryl awm promidrileene glpylaltidiser hyhowaldhBe, selectddd ehbyhene

gl ycol bis(2-et gpé% t igaeg I Lyc tan

pol y( et hyl ene g yco polgi é?h§ nl’lne %1%? Wltl Qh% }%k?éié’{]ﬁag‘r ?g%)gr opyl
napht hal enel0di COBRPRRANS Of thap Sfﬁﬂsener I%ﬁﬂléﬁybé%@@l Fou| ?xa‘gPly%eryl
tributyrate, pldsetdideradicpat Encdidet Rybusgbanathelade badd/ lothubeeat €xs

tributyl phosphgkesydhdSi2-ghhy! h@é@@lr)s BQO§P£%£%J.IC Polyacit&ét xleheny!
di phenyl phos;&:a'te, triacetin, dioct
Clerr]Herr]( fé???mjerafi??f‘é?r]mmattFFs?E PEARPRFAENTFIS estegRolbhat e and

pht hal at es suchgagecdisy godlyexyhliphtdmal allgcols, aiiphtylc pailhallatealkyphenyl

pht hal ate, dg U”QEQY£rﬂhtﬂ%%'s§h§tes, ctﬁ%&)ﬁhap&ﬁ'zﬁér‘a@tﬂﬂgl al 5%1%#%&{%{‘&@(3"
benzyl phthalate  an be used.

In general, water insoluble plasticizers are
advantageous for greater high humidity storage stability and
environmental operating latitude, but are.not required.

20 Suitable plasticizers include; glycol, triethylene glycol
diacetgte, triethylene glycol dipropionate, triethylene
glycol dicapryléte, triethylene glycol dimethyl ether,
triethylene glycol bis{2-ethylhexanoate), tetraethylene
glycol diheptanocate, poly(ethylene glycocl), poly{ethylene

:5 glycol) methyl ether, isopropyl naphthalene, diisopropyl
néphthalene, poly(propylene glycol), glyceryl tributyrate,
diethyl adipate, diethyl sebacate, dibutyl suberate
tributyl phosphate, tris(2-ethythexyl) phosphate, t-
butylphenyl-diphenyl phosphate, triacetin, dioctyl

30 phthalate, Cj3Hp5{OCH5CH3)090H, tris{2-butoxyethyl)
phosphate and phthalates such as dicyclchexyl phthalate,
dioctyl pathalate, diphenyl phthalate, diundecyl phthalate,
butyl benzyl phthalate, 2-ethylhexyl benzyl phthalate.



13 Suitable acid labile plasticizers include conpounds
containiyhg acid Labile esters of carboxylic acid, sulfonic aci d,
sul fonic acid, and phthalic acid. Preferred acid | abi | e groups are
esters of carboxylic acid, represented by 5 the formul a: -
CJerr]-C(Rerr])(ORerr])-CH R err])(Rerr]), wherein
Rl err] is hydrogen or alkyl; R2 is alkyl; and 10
Rlerr] and Rl err] are each independently hgdrogen or
al kyl and Rlerr] and Rerr], Rerr] and either Rerr] or Rerr]
when taken together forma 5-, 6- or 7- menbered ring.
1ﬁ - The nore psefiessbs aﬁiaSlhB%Z@Tpljasti?iz&‘as(ihéﬂﬁaéyﬂf]r@mmﬂnyl)h
pht hal at e. . RI_C . i r . nic
pl asticizer as cﬁé}st?flgggsi%{%ﬁé&%ﬁ;gt%%serr%sgﬁl g%g%%ﬁgeg&&' a%ﬁl)%t%ﬁrqg Th
reasons are twHGId. sFiferic @rdddeprd Ritthaéc preid r afrefedred REiBP
patterni ng i nk igbillBversedy are esPELPUA icapBbxyDid heianovapreafentesi byi n t he
vehi cl e, sir%cethe fo&@g %esin progressively neutralizes and sl ows down the
patterning i'nk as it |% uses in. Wth less resin, the DP ink wll
di ffuse deeper, allow ng a deeper via to be patterned. The second
reason is that the resincogist(r3e (0r2) -dHARIGAROY} wHexleha furnace; whereas
the plasticizer can be v§g0£aé§d¥3Ao§agiQ fj approximately 1 part by
wei ght of total resin tq two ar 1S nby wel g¥1 " of plasticizer has been
found to be satisfactory bothf iif 8&¥eken 3di nted DP 30 dielectrics and in DP
TOS. The exanpl es have appr @@ gabteRY are eaghl fhdeparfdehesi NhydrqajedsbicCi zer
of .2.5 to 1. Ratios of 1:1 ik L dlﬁma@ﬁt szeéi St WLl not gf ferd an
opti mum dept h of penetre‘iatlgri of the pattefning k0T

when taken together form a S5-, 6~ or 7-

e

membered ring.

L5 The more preferred plasticizer is
- bis (tetrahydropyranyl) phthalate.

The organic solids are formulated so that as much
plasticizer as possible is used in the resin/plasticizer
mixture. The reasons are twofold. First, the depth of -
pénetration of the DP patterning ink is inversely
proportional to the amount of resin in the vehicle, since

s
<

the resin progressively neutralizes and slows down the
patterning ink as it diffuses in. With less resin, the DP
ink will diffuse deeper, allowing a deeper via to be

tn

patternad. The second reason is that the resin must be
burned out in the furnace; whereas the plasticizer can be
evaporated. A ratio of approximately 1 part by weight of
total resin to two parts by weight of plasticizer has been
found to be satisfactory both in screen printed DP '

3¢  dielectrics and in DP TOS. The examples have approximately
a ratio of resin to plasticizer of 2.5 to 1. Ratios of 1l:1
will laminate well but will not afford an optimum depth of

penetration of the patterning ink.



14 F. Oragnic Acid used as Sensitizer for Acid Labile Resins

The deprotection reactions of the acid |abile polyner are initiated
with a catalytic anmount of. acid. The deprot ected conpounds becone
ioni zed in aqueous solution, 5 such as aqueous al kaline solution, and
render the conposition soluble. Useful acids for this purpose include
trifluoroacetic acid, oxalic acid, p-toluenesulfonic-acid,

trifluoromet hanesul foni ¢ acid, p- nltrobenz@pesulfonrc acrd and the
like. 10 It is preferred that the acid conmponent of the

patterning | ayer be an organrc aci d. Erther Irqurd acrds Iomrneltrng
acids or acid SD]lwoﬁ@\ iPepdise asl B t he

patterning | ayer, i S at th tICI r be
nut ual |y sol ubl e. ?he d%g{ﬁéecntlé’@ 5ef"5gf?res & s |§°ﬁ£éﬁ‘ ﬁep% of
acid in the pat?%s finigieved-pitne Ga§§eY%WC|aMOunﬁs©f acidpeThafficient to
provi de a cat al gég-tarReat c&@gsodﬁa% becoﬂ@pi&h%til Qﬁ é«ﬁ%&ulsoaomtﬁdrfflls' on
to the underlyin f|&§t %;i 13 At O$gﬁ%depen %%%: e application
met hod and the 2 aFB??bﬁ FHEEcAPTY er e afilict tic efficiency
of t he acrdCQWRQ$1ﬂé9pe€?lwhiQ:h@saéuh dcigis éocthKRHRﬁrpphe include
patterning Ia%/errfm&eaﬁatm %ﬂfb YOﬁaH@C&dl@n 9ttcl%énésu1fow@r:gmlcpf acid
or it may con . much, as el X

i nor gani ¢ aci dg{%arﬂlul?mmet an‘?’rs%érgé Fcf J‘é‘t Wenltloﬁﬁ%ﬁﬂas‘b‘r}ifo?h%y“ CJ not
preferred becaudrsd dtheedikeonment al and .safety consi derations. Nbreover,

they presenic probl eni is poéf&HfddOEhad ¥hd rhctlraeceﬂpunpérﬁ;ntoff @het heir
application th‘tg%.tern ar e1 rabss%g;ll %‘5%? I%lgostEgtr ani,¢ ‘?‘%Iedg“ 0 G

Organi ¢ Rase u zer orgaHrc base
used as sensiti¥ef Wﬁﬂﬁlﬁﬁea%£¢%h9§ aCIdr%%1#F%%E§thE ke lufsi-eIfnat he
resin/plasticizsYagtiedzeet Psiwsed int BRebpdttuPntiagelagyer ias iveplefdrddie

overprinted palyignniAg acial APT1akk: T¥s, Be SHELLELPridpaLkal i ne to

ionize the - i
- 15 When acid labile resin is used, the amount of

acid in the patterning over-print paste or ink must
be sufficient to provide a catalytic amount for the
deprotection reaction by diffusion to the underlying first
layer. Although depending on the application method and the
20 formulation of the carriers and the catalytic efficiency of
the acid with respect to the acid-labile compound, the
patterning layer may contain merely a fraction of 1% by
weight of acid or it may contain as much as 90% by weight of
acid,.

A
n

While inorganic acids can be used in practicing the
iﬁvention, they are not preferred because of environmental
and safety considerations. Moreover, they present problems
of corrosion with the equipment for their application which
are not associated with most organic acids.

30
G. Organic Base used as Sensitizer for Acidic Resins
The organic base used as sensitizer for the acidic
resin must be soluble in the resin/plasticizer used bhoth ir -
the bottom tape layer as well in the overprinted patterning
3 layer. It must be sufficiently alkaline tc ionize the -COOH



15 noieties in the resin, and be sufficiently water sol uble

that the patterned areas nmay be washed off by the aqueous wash step.
5 H Solid Conponents The solids conponent of the unpatterned
| ayer; wil | often be a dielectric material, such as glass or a m xture
of glass-form ng oxides, which wll densify and/or sinter when t hey

are fired at, for exanple, 850[err]C The chem cal 10 conposition of the
solids is not by itself inportant with 15 respect to application of the
i nvention so long as the material is inert to the conponents of the
or gani ¢ nmedi um The nethod of the invention can, of gourse, be used to
pattern pol ynemodetheskid idhm krayéns add bk auff jwotentilyedatdd soluble The use
of solids in ”?:%aEaEBSr éx‘?xlé@r‘i‘egaéﬂ'(ﬂ%yab%\@y%hed of REEFSSR Béqueous

di vi ded”sol i ds

Nevert hel ess, the use of finely I's a very ‘useful way of

obt ai ni ng appr SfSPafEe? heol ogi cal properties of the layer for printing
and subsequent processing in accordance with the invention. The 20
conposi ti on:of ﬁh%zﬁ%@&nﬂﬁeﬂﬁg patterned | ayer is not ot herw se
i mport ant since 't ey are physically remgved from éhlea.s stem by washi ng

after conpletion of ThResol1ds GPRPRRSTSN AFat PR REAT LEEBRC yer will The
particle size afftehebsoiidisliestalsmamirial] t swdl .as2flasbwever piktuséoul d

ordinarily be id} Qgsg- %g? 9x§aé¥l %§ﬁchn&§if”3§nsify and/or LﬁﬁtEPiCk film

tape can also confain a lar vari ety conductive materials

i ncludi ng Au, AferpihepraNtirggat EoraprayRlem ol &t urds CRETED: The
particle siive afornipheiBlorarfdihieveohisisalispapt iy essehdulinpdpsanitt Winht he

range of 0.1- re5re0 £ CLYBLEESoRANVE RIS SHADIYI P 20100/8 AOWBLErS.
|. Patterned Layer n_ of nNers in

the patterning nggi)rqr?e rsi”[eé" tabipushe ;I;rr‘:’g‘pg{ﬁlﬁg"?%éff E‘F’gt hgg‘.l"bjfe%%%ﬁ?i st ent
Wt h t he wBhei methodpy] itde toverdtsiampant epharpursgerbe Frat &bor e,
pattern polymeric thick film layers which are not fired.
.5 The use of solids in the patterned layer is not always
necessary. Nevertheless, the use of finely divided solids
is a very useful way of obtaining appropriate rheological
properties of the layer for printing and subsequent
processing in accordance with the invention. The‘

composition of the solids in the patterned layer is not
otherwise important since they are physically removed from

LX)
[

the system by washing after completion of the
diffusion patterning step.
The particle size of the solids is also not critical.

' 25 However, it should ordinarily be in the range of £.5-20
mibrons.

The thick film tape can also contain a large variety cf
"conductive materials including Au, Ag, P4, Cu, NKi, and
alloys and mixtures therecf. The particle size of the
condutive metal particles should be within the range of ¢.1-
20 micrometers and preferably 0.5-10 micrometers.

(¥}
(W94

1. Patterped Layer Polymer

. The primary function of polymers in the patterning

Ll

layer is to adjust the rheology of the layer consistent with

the way i1t is aprlied to the unpatterned layer. Therelore,



16 it is not an essential conponent of the patterned |layer in

every instance. For exanple, it is.not needed when the | ayer is applied
by ink-jet,printing. However, when the patterning layer is applied as a
thick: filmpaste, the 5 polynmer serves both to adjust the rheol ogy of the
paste and -as a binder for the finely divided solids until they are
renmoved in the washing step. The nature of the binder polyner is
not critical within broad limts so lang as the rheol ogical properties
of the 10 patterning |ayer are appropriate for the method of

application. However, when the patterned | ayer is applied as a thick

filmpaste, it i ist h@agiuy ﬁ&frﬁ&&@d Sfpdttie of ERLIHQEL HE 3o mSuch an
et hyl cell ul ose_ as t he be((::atﬁ)% of |ot s very %S{,‘I?go}[ “hi"Xot r opi ¢

properties. The 157 &8f %’?ﬁe syﬁ%nﬁ‘%‘“‘? mﬂtatlédn%‘b rt‘fl’i‘*éfac’tY‘i}ée’fblltfhl’eused
patterned adrayes danapel yeshdyednby] e monedng . Wwakivese xS peldsh the J.

Aqueous Base Scﬁz#:tt'egﬂlng la er 1£h§pgl:téd*'sésoﬁ Eﬂ%&l@rﬁqqn LEge qjhtapes Wi th

acid-labile 20§$3€% nee 21 gf erse an aqu ous base sol ution.
To obtain sati 67y SFERDR A1° t?h% %‘%ﬁtuﬁlhlel EB@OWW%N”’ Pafit® A8 dual
anount s of aci ¢ rommintier| Gyertde thaepH difvided solidmuecis bmse amashi ng

sol ution shoul d-dhRveielgr ad Wathihg§astep. 9 depending on the nature of the
acid | abile pol yner, For 25 exal ggbﬁ %f’i’f% acr I|c acid is soluble in vvater
a

whil e copol yrer 56 PBEIS) 10 Hiﬂeﬁcﬁ/l%e"ﬁh‘dl%ulwdt ir
require a hi ghérrasd fiémits ssyolivngoas Opt indeallbyicdbwrdopeet ses of athewat er

sol ubl e surlfoactpmttsgrﬂgﬁgb@aﬁxesa@et a%prémawa%or thé%%b@noéo facili tate
the interaction b(=:\L

i_l mwhen a
labile resinis L?séﬁaglo?he I‘%wevg&rp%}%‘rrf %’ﬁ pgtwm% lﬁgFﬁu’r%ta}péﬂ%%
Application as a thipk HEltheasse. t e imeamoholy i Brafereadeto préemarily for

35 use in neki rhgslfmu@tsmrpdlyh@y%r SubH ém%tfh@barbé:@idme%s the Gi8fderONi C
conronents. TWC ?1 % he, tsp%tetr%r Qgs:}.rabalyee th\i@cogpoplc properties. The
*5 solvent system is formulated so that the diffused patterned
areas can be removed by an agueous wash or spray.

J. Agueous Base Solution

The diffusion patterned areas of tapes with acid-labile
:0  polymer need to be dispersed with an agqueous base solution.
To obtain satisfactory removal of the solubilized polymer
and residual amounts of acid from the layers, the pH of the
aqueous base washing solution should be preferably at least
9 depending on the nature of the acid labile polymer. For
example, polyacrylic acid is soluble in water while
copolymers of benzyl methacrylate and acrylate and would
require a higher pH for dissolution. Optionally, low levels
of water soluble surfactants may be present in the wash
solution to facilitate the interaction between the acid and
the polymer film when an acid labile resin is used in the
composition. ' '

o
(V2]

(8%
()

The method of the invention is intended primarily for

(8%

use in making functional layers in the fabricatiecn cof
1

electronic componente. Typically the pattarned layer wr.oh



17 contains a dispersibility changing agent (in this case organic
acid or pase) will range from5 to 30 m crons t hi ckness while the
unpatterned | ayer can be of nuch greater t hi ckness, from 10 to 100

m crans. The thickness of the 5 patterned layer is usually limted by
desired resol ution and t he met hod of application, rather than by

.consi derations of’ operability. The follow ng generalization
estimates the optinmum | evel of the vardi’lous conponents for practicing
the diffusior 10 patterning technol ogy successfully with dielectrics of

t he type (nmultilayer) illustrated in this application. To optim ze
| ami nati on, patd@rgabsl &t §isgansioalipy openpieg, agerd (in thisdase m
integrity, the 5z<§alnqw aslaoaw%swaiimsa%@sasmm ﬁ%&esbeﬂb;&wd to be
advant ageous.

i nf.o.wei ght rcepta
Vet rare typi R RuE R re Wipatiesea 1 ke ast Banph DS S GRFPY be
assuned to havetrdcknesgpebidn @0gtavity nofcr®nd. anthd hdickhéss efinithe be

_?_Z;lém?d to s haveracdpesydyd ngﬁgﬂéi}'y ofimbeda by dsired resolution and

| nor gani ¢ phase the me&Bo? o%(ﬁ%pq.lcatlon, raLher6t7h§rb %lzéionsgctl]eratlons of
50% preferred operability759% preferred 25 Non-vol atil e 60 to 40%

33 to 18% Cyganﬂﬁeph@§ﬁbw1ng geﬁ@@@iﬂ%ﬁ&@Bﬁegstlmates the 4H@ﬁeferred
Si nce the tape mes§§ é% cast, fron1s| e_recipe
fFu

for the slip m ° SHVERE © |c?8htp¥§§tﬁggﬁg e it EEBS?ry of
t he cast abl¥® s|pgrtiegning mlePa@@faﬁsss?@ééMd‘s;th videdattwisrofi ther anges

arg 0.3 Ito . @ﬁaa&ahtﬁmﬁms 110dgt tdrmlihythsd m%g&eagi&wp% of pol yner
and netal oxide_di. IS not e VI SCOs sta ue
511%8% natlon egaéi%fQ%§é9 % rPurﬁgrg proP?%%ﬁ?S’bgn?aken

i nteractions bé%meen SO oxid
wher e approprleﬂ%?e@ofaéﬂs$ﬂﬁﬁ9§lﬁﬁe teadidlyewing volume relationships

have been found to be advantageous. They will be converted

+5 into weight percentages to illustrate typical formulation
recipes. The inorganic phase will be assumed to have a
specific gravity of 3.9 and the vehicle will be assumed to
have a specific gravity of 1.3.

<0 IAPE
Volume % Weight %
Inorganic phase 40 to 60% 67 to 82%
'50% preferred 75% preferred
zs
Non-volatile 60 to 40% 33 to 18%
Organic Phase 50% preferred 25% preferred

Since the tape is usually cast from slip (see

'R
(&)

Examples 1), the recipe for the slip must include solvent
sufficient to lower the viscosity of the castable slip to
under 10 Pascal-seconds; typical viscosity ranges are 0.3 tc
6 Pascal-seconds. Additionally, since some types of polymer
and metal oxide dispersion will not be viscosity stable due
33 to interactions between soluble oxides and the resin, care

mist be taken where appropriate to passivate the reastive



i norgani c species, either by renoving water fromthe slip (see Exanple

1), renpving surface ions by |eaching with hot wat er or acid or base,
or, in the event of an extrenely react.i ve conponent, by adding an inert
coatiing to the 5 surface of the reactive internediate. Since acid |abile
resins reactive groups are nore protected, they may be expected to be
significantly |l ess reactive than straight aci d containing resins.
Renoval of water fromthe vehi cl e as iiﬂ Exanple 1, together with
removal of 10 adsorbed water by heating the inorganic phase, is often
sufficient to stabilize the slip for one or tw weeks ‘storage before
casting. Due tondAadli0Bp¥Eseosidiknel E{)eremoviﬁgs&aﬁé.peﬁrobagﬁé 8 usual ly
stabl e once cast. SLIP | . /ol urme %

Vi ght % ($6f &ML S Phhs er emovABg1 895 Bt doPEdPY Leapdusgoy Prihit ed

20 Non-vol at i b¥&ter or ad5d1680bywf epredin t132-e@%Ur Poefar reetiremel©r gani c
Phase Vol:ééédi%esgb\ﬁﬁgﬂenth, 30 Zgg‘h%} ef & i8drt coatintPta0tpér ef erred
25 The above val ues of the slip are gul delines that I ncl ude the

more |ikely® r afiget 3t iHoF§ant2LoiviEddnterRRhiate .  StRFs ASidahdPstt vent s
that are apt toedinsnceantévedsroups aracthord rhroteutedi artey mbyabe extrenel y

- heavy solids spgh.asa ro 96! Qié’:ﬁ}’ﬂ%rané§fei3ese9Fx%\éctfvégthan‘l)stﬁig'ﬁ@d1 the
i norgani c 30 hase wei ght fraction nus

be @e%her. E’he above range is
most useful foRCTAGTYIATE PRaERE SucROUSVHt e dPFPEst¥Om the

vehicle as in Example 1, together with removal of

10 adsorbed water by heating the inorganic phase, is often
sufficient to stabilize the slip for one or two weeks
storage before casting. Due to the high viscosity of the
cast tape, tapes are usually stable once cast.

.5 | SLIP
Volume % Weight %
Inorganic Phase 35-15% Preferred 58-30% Preferred

:C Non-volatile 35-15% Preferred 32-20% Preferred.
Organic Phase '

Volatile Solvent 30-70% Preferred 10-50% Preferred

N
ut

The above values of the slip are guidelines that
include the more likely range of inorganic solids, organic
solids, and solvents that are apt to be encountered in
actual formulations. If an extremely heavy solids such as
gold powder (spec. grav. = 19 . 4} .is used, the inorganic
30 phase weight fraction must be higher. The above range is
most useful for inorganic phases such as dielectrics,
resistors, lighter metals such as copper or silver, or a
sc:ids phase with specific gravity under 7 and over 3. The
particle size of the inorxganic phase is also a determinant

(T4
m

of sclids loading. In general the finer the particle size

greatery the organic solids fraction necessary for a DF

oal



resistors, lighter netals such as copper or silver, or a sol i ds phase

wth specific gravity under 7 and over 3. The particle size of the

i norgani ¢ phase is also a determ nant 35 of solids loading. In general
the finer the particle size the greater the organic solids fraction
necessary for a DP 19

tape. Also, by mxing particle sizes, ofteyga hi gher i norgani c solids
fraction is nade possible than by using a single particle size. The

opti mum sol vent for slips using the resins in the exanple is ethyl

met hyl ketone, Qr ' i xture of ethyl acetate wi th ethyl nethyl ketone
or acet one, Qta§%l cgﬁgy}] g’éf/ Tbx%rt’%ﬁa%&giﬁt%ﬂ\ﬁ( 8F T&R et gHgher I'n
addi tion, the coRpsdiri®padfidehérattiion ésuhade ippsaible v dgt uking ol yner
plasticizer di spengiénpatiichel §ize. SHRCHbAIdWM WIVEHE 6L W81 pkt b6,

t heori zed t hat kg avgol mer %g S gﬁ% smoot h and glos§¥, a second phase is
present which ~odf ?ﬂé &1 fE® SHEBEHRedE SFh&SERY I K45PNehe OBr Bsent

i nvention it3ismagtureckssahylt hegtaet wdehsethitli ortbel ketcaehbeved for DP
of the resultingcbtbm, 1ty idgliy 910 ecB¥l SIQRNGRPhER $2GRRUoLR! asti ci zer
rich phase i s postul ted<§ .because of the fact that tpe appear ance of the
fil m changes Wi t PP 3 lgaaf‘t ?%ihe SPTROERLNY Fol PRefliPresaLksl he |
printing ink apﬁ@é?%nﬁrfqﬂ§n@9inm%¥rnﬁagtieézhﬂyéﬁSpeosaon whigdl yeer filmthat
has a second phapecyBiAlis ndnge P& RRASCIL is fide@rilBe dR Rl ¥MBESsed in
ATernate Phiterfi Ao ooy and toety? e dioa BRERE I Biucert which a
systens whi ch c8astdrts thet grogidinaas ¢ e ubilin.zalhothemnesepte to
generate thick 2hveftion rmfj Lerfst nebagspay teddt @azrﬁ@ MSjttiioYzeler Be?ati \ée
wor ki ng, i.e., care qverprint (.1 ther be sol ubilize

as i n Exanpl es %Qﬁjzg\;%ﬁ#% ?Eaépﬁoqel 6\??”%&?‘-‘{%1‘“-@& brga‘itnsﬁf‘ﬁbi |1 zed, for
exanpl e by over PEiE§THE &F 2 secerpfbond Ryt Hedasxopabhepasey risr pastlatadat er

i nconpat i bl €5 3; be@h@sd idH 286 FRAPMHRCEhE NGHR8ABHNGEINRALN 1 nt BRI &V NY
the unplaSt'C'Z%Etﬂm%ﬁgwd%hi9¥ogqﬂggy%eggﬁéwggff%%gtOnThgwgikaline

printing ink appears to penetrate more readily into a

polymer f£ilm that has a second phase versus a single phase
film. The two polymers used in Example 1 are in fact
:C  incompatible in most proportions.

L. Alternate Patterning Systems
There are many alternate material systems which can use
the selective solubilization principle to generate thick

™
tnh

film patterns. The pattern may be positive or negative
wdrking, i.e., the area under the overprint may either be
solubilized, as in Examples 1, 2, and 3 that follow, or it
may be insolubilized, for example by overprinting an
aqueously developable polymer with a water incompatible

33 plasticizer to protect the areas underneath, then removing
the unplasticizer material by aqueous solubilization. The
following Table illustrates a number of approaches to
formulating materials systems by the permeation method.



followng Table illustrates a nunber of approaches to formul ati ng
materials systens by the perneation method.

20 Over print Over print Under pri nt
Sol ubj l'i zer Desol ubi li zer Patterning Resi n
(Negative) (Positive) Sol vent Pol ynmet hyl met hacryl at e
*Di butyl Phthal ate Met hyl Chl orof orm Pol ynmet hyl acryl ate
*Butyl Benzyl - Shthal ate
*Et hyl hydr oxy- et hyl cellul ose
Pol yet hyl net hacrylate ~ *Tri et hyl ene- Met hanol
dycol Bt panglia.  PolvetRylacryl ate e eon
TE Undexprint Solubilizer IPebiphblilfpt - Patterning
Et hanol / wat er/ Rresin (Negative) {Positive) nmesRagd yl at e
anmoni a Pol ybut yl net hacryl ate *Tri et hyl ene Et hanol
Pol ybut yl acryl at e A ycol Car boset 1234 *Tri et hanol - am ne
Vat er Polymethylmethacrylate *qngxq}e?htpalate Methyl Chlorofory
Di butyl _ K[ @it ekt er  +Butyl Benzyl-
Pht hal at e Phthalate

*Ethylhydroxy-

ethyl cellulose

Polyethylmethacrylate *Triethylene- Methanol
Glycol - Ethanol
Polyethylacrylate Freon MF
Freon TF
Polymethyl- Ethanol /watex/

methacrylate ammonia

Polybutylmethacrylate *Triethylene Ethanol
Polybutylacrylate Glycol
Carboset® 1234 *Triethanol-amine Water
*NaCOy
Dibutyl KoCOy /Water
Phthalate

The above resins may be combined, for example, methyl and
ethyl methacrylate, to allow positive or negative working

5 vresists. In the case -of methyl methaérylate/ethyl
methacrylate combinatibns, plasticizers such as criethylene
glycol would produce a negative working resistor in ethanol
pattern generéting solvent.

Other resin systems that are not excessively

§t
.

- crosslinked, such as polyesters, may be patterned in &

[

ubilizer

e}

similar manner. One merely needs to determine a so

0]

“
! -
LaET

cr desclubilizer and a suitable pattern gensrating



The above resins may be conbi ned, for exanple, nethyl and et hyl

net hacry) ate, to allow positive or negative working 5 resists. In the
case of nethyl nethacryl ate/ et hyl nmet hacryl at e conbi nati ons,

pl astjcizers such as triethyl ene gl ycol woul d produce a negative working
resistor in ethanol pattern generating sol vent. O her resin
systens that are not excessively 10 crosslinked, such as polyesters, may be
patterned in a simlar manner. One nesely needs to determne a

sol ubili zer or desolubilizer and a suitable pattern generating sol vent.
21 If no solubility envel ope exists for a highly

crosslinked pol ynerif tbasopabyrasy wauklopwiexigta Fokel mighlycandi date fOF
the process. crossxlnkggepbfyﬁgyJ %ﬂaW‘£$1§§% WLLRE All ustrgggd py the 5

foll ow ng exanpl e EXANPLE
1 10 Tap%a%%HEH§iFPSn%n%dﬁ§F§Fsof dielectric SO|IdS a resin
capabl e of bei ng i amiezadvantdismaa waber fisaiHed e1bysorted b§l| Kadine ink, a
pl astici zercto e e of penetration of the alkaline
sensitizer, Sangafﬁﬁgggffera.*ég a second resin that need not be ionizable,
to 15 increase the viscosity of the plasticizer rich second phase t hat
is desirable in diffusion patternabl e gxdMmeso further enhance
di ffusion of the al kaline sensitizer of the patterning layer into the
unpaterned first |ayer tape. The formula foll ows: 20
(gr arrB) EXAMPLE 1

=0 Tape compositions consist of dielectric solids, a resin

capable of being ionized and made water soluble by an
alkaline ink, a plasticizer to increase the rate of
penetration of the alkaline sensitizer, and
preferably, a second resin that need not be ionizable, to
15 increase the viscosity of the plasticizer rich second phase
that is desirable in diffusion patternable films to further
enhance diffusion of the alkaline sensitizer of the
patterning layer into the unpaterned first layer tape. The
formula follows:

20
{grams)
Dielectric Solids 200
{Table 1)
Organic Vehicle 180
(Table 3)
Trixotrope 1.60



Dielectric Solids 200 (Tabl e 1)

Organic Vehicle 180 (Tabl e 3)
Tri xotrope 1.60
22 . TABLE 1
Anmount (wt. % G ass A (Table 2)
31.51 G ass B (Table 2) 47. 41 Al um na .
6.56 Cal ci um Zi rconat e 23.76 Cobalt Al uni nate
3.00 Ti t ani um Oxi de 2.62
TABLE 2 d ass A d ass B
(Wt. 9 (wt. % BaO IABLE 1 12.56
11.78 SrO 10. 82 10. 15 CaG
6.70 - Zn0O %r@ 0Q 21. 29
Al[err]Qerr] 5. 50 - 90 Se
46. 01 47. 64 Zrgerr] (we. %)
Glass 2 {(Table 2} 31.51
Glass B (Table 2} 47.41
Alumina 6.56
Calcium Zirconate 8.7€
Cobalt Aluminate 3.00
Titanium Oxide 2.62
TABLE 2
Glass A Glass B
{wt.%) {wt.%)
BaC 12.56 11.78
Sro 10.82 10.15
CaC 6.70 -
Zno 16.00 21.29
Al~05 5.50 6.380
Si05 46.01 47.64
Z2x 0o
TABLE 3
Amount
_ (wt . %)
Acidic Resin A 13.5
XPD 1034 33
XPD 1708 67
Resin B . 0.9
Plasticizer C . . 25.0

Methyl Ethyl Ketone 60.7



TABLE 3 Anount

(WM.% Acidic Resin A 13.5 XPD 1034

33 XPD 1708 - 67 Resin B

0.9 Plasticizer C 25.0 Met hyl Ethyl Ketone

60. 7 23

TABLE 4 Amount

(grams) Al um na 23 60 5 Vehi cl e
40 B.F. Goodrich XPD 1234 8. 33 El vacite
2051 0.3 Tri et hanol am ne

33 Ter pi neol 15 10 Butyl Benzyl

Pht hal at e 17.7 dass A & BAmouﬁtass particle size
is 4 to 5 mcrons aver age di aneter eqU|vaIent T gl asses are

noi sture sensitive with relatively large psd to n|n1ze the surface 15
ar eas. ResPAUAinaB F. Goodrich XPD 1034, ~355800 MV ~20% free

acid, pol ynmat hyl net vagiyiat e/ net hacrylic acid copol yma.

XPD 1708, copol yner 20 f aBt yl at e/ net hacr
~20% free 20 acid. E Gooa@fgy& Bﬂiﬁé %é

rcul es et hyl
T- 200, - used confBiRgite 3Hiick fil m pastes;
50%

sol ubl e i n comMmeReSRANGIHENneVi SCOSity of 200 in33
15
17.

Terpineol

LO Butyl Benzyl Phthalate

Glass A & B:
average diameter equivalent.

Glass particle size is 4
These glasses

B. F. Goodrich
acid, ~7,000 Mwy
| ose, grade

oy

et hoxy0- -3ubstitution of 48-

-

4

to 5 microns

are moisture

sensitive with relatively large psd to minimize the surface

areas.

Resin A: B.F. Goodrich XPD 1034,

~35,000 MW,

~20% free

acid, polymethy¥lmethacrylate/methacrylic acid copolymer.

B.F. Goodrich XPD 1708, copolymer of
methylmethacrylate/methacrylic acid, ~7,000
acid.

Resin B:

MW, ~20% free

Hercules ethyl Cellulose, grade T-200, used

commonly in thick film pastes; ethoxyl substitution of 48-

50%,
ethanol/toluene.

Plasticizer C: Butyl Benzyl Phthalate;
"éanticizer(tm) S-160".

soluble in common solvents, viscosity of 200 in

e.g., Monsanto

Thixotrope: Microcrystals of hydrogenated castor cis
(25%. in a hydrocarbon/glycol ether vehicle. Commerciaily
supplied by Bake MPA-60.
z3 B. F. Goodrich XPD 1234 (Carboset®) - is a copolymer

»f methacrylic acid and methyl methacrylate

methacrylic acid units and a molecular weight of ~7000.

+S about 100°C.

with 25%
T¢

-~



et hanol / t ol uene. 25 Pl asticizer C. Butyl Benzyl Phthalate; e.g.,

Monsant o, "“Santicizer(tm S 160". Thi xot r ope: M crocrystal s
of hydrogenated castor oil (25% i n a hydrocarbon/-gl ycol ether vehicle.
Conmeycially suppl i ed by Bake MPA-60. B. F. Goodrich XPD 1234
(Carboset) - is a copol ymer of nmethacrylic acid and nethyl nethacryl ate
wth 25% nmet hacrylic acid units and a nol ecul ar wei ght of ~7000. Tg

is about 100[err]C. 24 24

The vehicle was prepared by dispersing the resins in t he sol vent,
according to techniques known to those skilled - in the art. The paste

\évas roll mll ed as a:héypéﬁaélet RiagKpreparddd WyPass et @HHCL £ 30G6
| sper si on.

ar atl on _poses a robI m becaus e.resin
contai ns sever aﬁhepesf’% ‘rml K oﬁsgngﬁ‘n% WGP%S own El}f‘??ecl Z‘H‘EHFS cause
surface dival eritn itbgsarb. | étieh pebteofas rold aséb@damlaoxvues
dival ent ions tiam 9595@ td uce a écni alksbaxylcgroups on the poI ynmer and

caused severe 10 vi hat it sible to cast the
Cape . W th the uNERIBHE BHdRETSTE R eRsaci HOORLED FEGo110 ity eed
descri bed bel owxdeias seveirdl ewemoest raistureof Tihe modstnratwas  hi gh

tenperat ure befgirriaddhnoed hfau\é@ ahtf &S Aivanbnt vmirrsh to 1emwdtfe\s§por ate
rapidly if it present at The .vehi

preparation vvavéelagrsﬁ Fed” u?xnldr?s A th‘?%sqlﬁ’al%gf"f ngm\’/ﬁ E‘egt FFeThg Bye | r
nmot or. The resivighAcanboryl grompsechethedalyger hand wianiseg| agvensd zer C to

110 degr ees.of Orviscos3@yMaALLES soTEBaifn xd H\fa% \!\L@Foééﬁ{le(?@@' e8lst a1t rdpgr ees

as rapidly & Sl bI fte vent thyl 20 ket one
was added. The' %hgtgz‘re vva%abs G rFLéH at ?3%%“9 srz%gs f ¢ cieﬁrﬁ“‘eﬁettle

with a reflux cnfgaibed below sgrypeako der@omewwwtaéﬁu ‘éh/%cresm ékcl ude
noi sture the keiidre téRperatuRAUBAESrvi 4ditd tBgEeRo T I1RY sbeGem divisehut | on.

The solids, wer o, s aRLgb ol Sddy) oIPVS, URLE! Breodik 28 chEatidia ot 450

degrees C for our ature: bero re addi ng
to the vehi-® e. temﬂgrﬁﬁpggtw(ghe vehlcle preparation was carried out in a

resin kettle with stirring by air motor. The resins A and B
were heated together with plasticizer C to 110 degrees for
30 minutes. The mixture was then cooled to 40 degrees as
rapidly as possible, after which the solvent methyl ethvl

20 ketone was added. The mixture was stirred dt 40 degrees
using a resin kettle with a reflux condenser until a clear
solution was achieved. To exclude moisture the kettle was
padded with nitrogen during resin dissolution.

The solids were also pretreéted to remove moisture by

25 heating at 450 degrees C for 4 hours, then coolinc to room
témperature before adding to the vehicle. The moisture
removal greatly enhanced the viscosity stability cf the
slip. The solids were weighed into a 1 guart jar mill with
an appropriate volume of grinding media, along with the

32 thixotrope and vehicle., The mixture was rolled in jar mill
at 60rpm for 3 hours. _

After milling, the material was filtered through fine
mesh, and allowed to roll slowly for at least ar hour and
preferably overnight before casting using a 14 mil knife orn

35 silicone treated Mylar. & dielectric tape approximately 147

ricrons in thickness was produced.



removal greatly enhanced the viscosity stability of the slip. The
solids were weighed into a 1 quart jar mll wth an appropriate vol une
of grinding nedia, along with the 30 t hi xotrope and vehicle. The mxture
was rolledin jar mll at 60rpm for 3 hours. After mlling,
the material was filtered through fine mesh, and allowed to roll slowy
for at | east an hour and preferably overni ght before casting using a 14
ml| knife on 35 silicone treated Mylar. Agjelectric tape approximately 100
ricrons in thickness was produced.

25 The tape is lamnated in a roll |am nator using spring

| oadi ng on the roll Sﬂheakaﬁet%m‘%rn@hﬁf:@dofn JaZQOQQQI&@ﬁaator usHhd SdpLiQld
| am nat i ng, anngﬁ d far hour ees C Whl ch
es

de
i nproves tape adhesion °f’o ﬁb%‘flrlé:t e§ arh‘éempeg858§%r%’cr1el&s %ﬁgr??ﬁen stri pped,
and a patterninfteyeicll lamirdrimgl aannedlds dof) L wasudeposit edernratt 49 Cof

the tape. Oven degreé@@t b:ﬁgclatln@otv@s 90 (H’d%%%lé&rtcl%\fbgtggt_% nutygs
sufficed to fusgthel_gh ls|ne sol ubi ljizer into etag)é Washing in
s. Th d

wat er then genef? Yerfh\?e &g tErRRT 1 45¢ Waga‘ftrfe’??lf@ gy at 850
degrees at 30 ahtPBOLE ﬁnt'éable |4ringSocﬁ¢p®lted onusdmoptt ghentapr es Cverpeak

{ emperature. heathify tasevgftlzcs?ﬂ; 8@?9&% sy fio' Bol 54 gﬂt@ﬁqfﬁosﬁﬂ%cbhe
St 0 i e C a | e (] |
: kiR B kadte BTl R 180 eBes oFERNTE BB i on

second phase whiCth Cah exi S
of the tape whi¥¥4% thewy 9?%@%%@@1 i sThe patteured d@pgsuvasfthdre film

under |am nedi ngifan@ict BOOSA&rdisglt 30 ard¥ @BSHELuBN K ir@RPepAStR, It 1S
t heori zed t hat ‘}]geng ten §1§&9 dsaréé éggf( n.Jm eragncent rate in the
ase

plasticizer-ric and rease I'ts viscosity to Er event | oss of
20 secondary ph'ﬁ%%‘bﬁ?rioﬁgth%rﬁeﬁé’ﬁpoﬁesm i otendeddes tbigken the slip
l'ami natability of inpeobapeastnyinecgybsisatie Buykeepis@ thechickerlaastici zer

e i AR LS PO nino b LRRLoA 8 11
: organic portion of the tape which is low viscosity and is

squeezed out of the film under laminating conditions of high
pressure and temperature. It is theorized that the
secondary resin may concentrate in the plasticizer-rich
phase and increase its viscosity to prevent loss of

+0 secondary phase during lamination. It also enhances the
laminatability of the tape to the substrate by keeping the
plasticizer rich phase from interfering with the bonding
between the resin rich phase and the substrate.

25 EXAMPLE 2
The chemical composition of Example 2 is identical to
Example 1. However, the processing is different, the objec:
of the variation being to reduce the attricion of the
relatively soft glasses, while providing more milling time
:2  Zor the oxide powders in the dielectric solids.
*The vehicle preparation is carried out in a resin
Xettle with stirring by air motor. The resins A and B are
neated together with plasticizer C to 110 degrees for 36
minutes. The mixture is then cocled to 40 degrees as
3 rapidly as possible, after which the solvent methyl ethyl
“setong Is added. The mixture is stirred at 40 degrees using



The chem cal conposition of Exanple 2 is identical to Exanpl e 1.

However,. the processing is different, the object of the variation
being to reduce the attrition of the relatively soft glasses, while
providing nmore mlling tinme 30 for the oxide powders in the dielectric
sol i ds. The vehicle preparation is carried out in a resin
kettle with stirring by air notor. The resins A and B are - neat ed
together with plasticizer Cto 110 degreedéfor 30 m nutes. The m xture
is then cooled to 40 degrees as 35 rapidly as possible, after which the
sol vent nethyl ethyl ketone is added. The m xture is stirred at 40

degrees using & resin kettle with reflux condenser until a clegmg sclutiop resin

kettle }M t][l refllﬁ.uxcﬁeére@mser'rhunﬁﬁeh&zﬂee&brsehm lgﬁ:ftbcess 5.§ ahisawedasThe

rational e for t.hi pe LS the sane .a . to renove

noi sture from t*heif{%él £t TENo%H €' Stéfeg f‘/\zére prg% %ed as in Exampl e
1, then weighed 5 Wh@omal@swer@ prehagtield @t in Hxaappeopr i ghan welighedof

grinding nedi a,m@looaglvu;aatttt Bart Jauptmme aandpyﬂgﬁlaee Y8Bume offM Xt ure was
rolled in jar nmll uce

r L 9L
amount of fresi? %u?if%%em%dn aPhe 811% m}}& ‘the kﬂl’f 8P g%}fnt gfl as%ges not
i ntroduced unt mlxéflrerW%ﬁe‘foﬂdeéxildesama\ﬂélbéénmi’nH‘Hﬂeéof-“o# ks -hods. The
gl asses were ordehedoagstathe @Rd ahcurd id¥F \BREsKHI dU @ canoadehd iarals, f our

hours. EXCGSSigﬁﬁgE'Tgtfwkfyiéb@E gi&%?%%;%%HS?§%£J§hé% 'Qaéfﬁ aftegegﬂge

VISCOSIty unst ecause o ['ent nmeta
i ons, whi ch%ca@pxésesi %%‘b%ﬁt%?ndF‘FHedafénl@O&FsE@l‘é‘é"ed TheERhppies pere
After mlling, tthl&ﬁ Eﬂ&ecﬂl adnavasef 51igned wildaghad iadditionaksigurand al | owed

to roll SlOMAy f ﬁﬁ%ﬁ%sfy% B?Eﬁdfﬂqjof th9r§i é%? ¥a9¥§£rﬁﬁgnsﬂ35fgﬁe

casting using a icone t | ar. dieléectric

t ape appr oxi natb@ICQmEOV{%)‘EP%Jd'YlQ‘GSW}&J‘%@WU&n‘égst}}esl 6ﬂﬁc%?f‘ted’épé? di ng on
t he anount difrapessstgtaloiohbe shi¢h afauske kmdcesa@gdrlft, as The t ape
is lam nated i r&flg %ggjédlﬂmmgngﬁeu ing spring | oading on the rolls, at
aterrperatu'reo T egrees fter roll |amnating, annealing for 1
hour in an oven at 25taPHoridddigestifrahredatapas dfnd$s 68 ERreyr rate.
The mesh, and allowed to roll slowly for at least an hour and

preferably overnight before casting using a 14 mil knife on-
silicone treated Mylar®. A dielectric tape approximately
0 100 to 190 micron thickness is produced, depending on the
amount of pressure on the slip at the knife edge.
The tape is laminéted in a roll laminator using spring
loading on the rolls, at a témperature of 125 degrees.
After roll laminating, annealing for 1 hour in an oven at

N

160 degrees improves tape adhesion to the substrate. The
céversheet {(Mylar®) was then stripped, and a diffusion
patterning patterned print was deposited on top cof the tape.
Oven heating at 70 to 90 degrees for 10 tc 20 minutes
suffices to diffuse the alkaline solubilizer into the tape.
%0 Washing in water then generates vias. The patterned tape
was then fired at 850 degrees in either a 30 or 60 minute
firing profile, using ten minutes at peak temperature.



coversheet (Mylar) was then stripped, and a diffusion patterning
patterned print was deposited on top of the tape. Oven heating at 70 to
90 degrees for 10 to 20 m nute's suffices to diffuse the al kaline
solubilizer into the tape. 30 washing in water then generates vias. The
patterned tape was then fired at 850 degrees in either a 30 or 60

m nut e firing profile, using ten mnutes at peak tenperature.

27 EXAMPLE 3 This tape cgyposition consists of the
dielectric solids, a resin mxture capable of being ionized and nade
wat er soluble by an alkaline ink, a plasticizer to increase 5 the rate of
penetration of kal i ne sensitizer, and preferably, a second resin
t hat need not be |on zable, to i ncrease the viscosity of the
plasticizer rich sedBhdl RS &omPositipn cpasyess (dbltdei ALehgatadicon
patternabl e filswaitie, fartdeim mixtusnhapebldi 6f usiiog abnifei alngahbae

sensi tizer intQgkhe ggluﬁjieelb%gﬁ' 184198 1ndhe; TG rsntl..l:.gligi lt%"@&:rease

(grams) c %helectrlc Sol ganlc

Vehi cl e e rate of penetfgblon or(f58|%1%511ne senq+ﬁ5&ﬁﬁﬂoﬁg

1.60 20 preferably, a second resin tFABLEedsd not be ionizable, to

Anmount increase the v1scos1ty of the Blast1c1zer(?&ch@secondAﬁhégé: Resin
Qé@b XPD170§hat is d651rab£e 1n dlffu51on patterqg?@§ films to further

enhance diffusion of the alkaline sensitizer into the
L0 dielectric films. The formula follows: )

{grams)
Dielectric Solids 200
.5
Organic Vehicle 180
{(Table 5)
Thixotrope 1.60
<0
IABLE 5
Amount
(wt.%)
Acidic Resin A : 14.4%
XP'D1034 33%
XPD1708 67%
Plasticizer C 25.0%
Methyl Ethyl Ketone 60.7%

2
[*h}

The components of the formulation are described in
Example 1.

Vehicle preparation posed a problem because the resin
contained several percent moisture. This moisture is
sufficient to cause surface divalent ions to leach off of

2 uglasses and oxides. These divalent ions will cross link

‘\

wich carpozyl groups on the polymer and Cause Sevares



Pl asticizer C 25. 0% Met hyl Et hyl Ketone

60. 7% 25 The conponents of the formulation are described in
Exanpl e 1. Vehi cl e preparation posed a probl em because the resin
cont ai ned several percent noisture. This noisture is sufficient to
cause surface divalent ions to | each off of gl asses and oxi des. These
divalent ions will cross link w th carboxyl groups on the polyner and
cause severe 28

viscosity drift, so that it is inpossible to cast the tape with the
unstabl e slip. The preheating to 110 degrees descri bed bel ow serves to

drive noi sture vdscosfityhérifesi moathat ithiigh itnpﬁ@eﬁalteurteaScbei ofe: adgieng t he
vol atile sol ve%thweh@hunétam@ glﬁﬁapof}?et "isrreﬁgégiﬁ’ '1&0"‘@&%93! Fsent at

t he hi gher 4 ng‘er ature. The ve eparati on was carr out in a
resin kettle wdsFCSEPRe| vt S&Ff’eﬁntf‘brdrl‘l’ﬁemiaé%‘ﬁfﬁe Witeof theyapsdg at
t oget her with plight temneratmxte@ béfore@dtngf ohe 3@latile Bolesnt Therirhxt ure

vas then codl edohatOvasaraes 2pidly APl %eps PRAS e Bhl Higilich the

sol vent nethyl et hyl ket gne was e. mxture was sti at 40
degr ees usFr?ﬂ‘p&rFE%T‘ﬁ ket é{eW"t’ aP’?eé’FPfﬁﬁl%rﬁPén§éFr 8¢ i Puta i® &ar
sol ution is achiesiedkefolexclthdetimrsiqihy e ketdd.e wae resimpadded with

ni trogen duri n%éa%guntgééa@wwleﬁ piléstm LE}%S%I&% \&%gﬁﬁéé SQ, P! I eat ed

to renove noisture ¥ heat | n e%r ees ours, then
cooling to rooffrPute errp"é}?eat“l}t"é“ f%?% tgifﬁl‘l goted \fé’ﬂl“@l 8e9%¢RS A st ure step
greatly enhH&ncewptiddyvascusistiyolet abftert whikcht e sdalyentheethyl salhyds were

wei ghed into akJet%ewagaaacmdl %&hnﬁ&&% QBB OPL UL a¥Oh B el | Ndi Ng
nmedi a, along with t hicle. The m xture Wwas rolled in

n p( tﬁlr O& th %l
ajar m il @0 rfﬁﬁ]f‘b RGPSt Y e APRUESEE| FRhyL & St eri al
was filtered tmodughohi he achievesh, Bmcxaliludeedoisture thsl bedyid omsat | east

an hour and 25 jsekar abty ﬁwo@bgh&upﬁ{é)r&sgﬁsgig&lq&ll@,g a 14 ml knife on

»5 The solids were also pretreated to remove moisture by
heating at 450 degrees C for 4 hours, then cooling to room
temperature before adding to vehicle. The moisture step
greatly enhanced the viscosity stability of the slip. The
solids were weighed into a 1 gquart jar mill with an

:0 appropriate volume of'grinding media, along with the
thixotrope and vehicle. The mixture was rolled in a jar
mill at 60 rpm for 3 hours.

After milling, the material was filtered through fine

mesh, and allowed to roll slowly for at least an hour and

ny
o

preferably overnight before casting using a 14 wil knife on
silicone treated Mylar®. A dielectric tape approximately
100 microns in thickness was produced.

The tape was laminated in a roll laminator using spring
loading on the rolls, at a temperature of 125 degrees. '
After roll laminating, laminated parts annealed for 1 hour

IR
jw ]

in an oven at 100 degrees C improved tape adhesion to the
substrate. The coversheet was stripped, and a patterned
layer is deposited on top of the tape. Oven heating at 70
to 90 degrees for 10 to 20 minutes sufficed to diffuse the
*2  alkaiine solubilizer into the tape. Washing in water ther



silicone treated Mylar. A dielectric tape approximtely 100 mcrons in

t hi ckness was produced. The tape was |am nated in a roll | am nator
usi ng spring | oading on the rolls, at a tenperature of 125 degrees. 30
After.roll lam nating, |am nated parts annealed for 1 hour in an oven
at 100 degrees C inproved tape adhesion to the substrate. The
coversheet was stripped, and a patterned | ayer is deposited on top of
the tape. Oven heating at 70 to 90 de@fees for 10 to 20 m nutes
sufficed to diffuse the 35 alkaline solubilizer into the tape. Wshing
in water then : , 29
generat es vi as.9°PeE2paterated Thpepakizrhiedetape B850 fdsghedts 50 dagrees and
60 mnute firing pookhéieso USintEet EOr A YEBEi 8, usinkeaknlRIMALAt HEE. 5
EXAMPLE 4 ak ghe gpqglcal conposition of Exanple 4 differs fromthe
others in that 8% contal o ‘8ﬁry a single resin. The caonposi tion
fol | ows: .0 (grans) Delectric
Sol i ds 5 EXaMpLE ¢ 200 Organi c Vehicle 180
ngLE(gabgg 6) Thghégggfggaecomposition of Exagﬁ%ﬁJﬁtdifgé§¥)from the

others in that it contains only a single resin. The

composition follows:

) {grams)
Dielectric Solids 200
Organic Vehicle 180

.5 {Table 6)

Thixotrope . 1.60
TIABLE 6
=0 Amount
(wt.%)
Acidic Resin A 13.5%
XPD1034 100%
Plasticizer C 25.0%
Mgthyl Ethyl Ketone 60.7%

The components of the formulation are described in
Example 1.
The vehicle preparation was carried out in a resin

KA
i

kettle with stirring by air motor. The resin was heated
together with plasticizer C to 110 degrees for 30 minutes.
The mixture was cooled to 40 degrees as rapidly as possible,
after which the solvent methyl ethyl ketone was added. The
2, mixture was stirred at 40 degrees using a resin kettle with
reflux condenser until a clear solution was achieved. This

Was carried out Lo remove moisture fror the regit.



(Wm. % Acidic Resin A ' 13. 5% XPD1034

100% . Plasticizer C 25. 0% Met hyl Et hyl Ketone
60. 7% The conponents of the formul ation are described in

Exanple 1. 25 The vehicle preparation was carried out in a resin
kettle with stirring by air notor. The resin was heated together with
pl asticizer Cto 110 degrees for 30 m nutes. The m xture was cooled to
40 degrees as rapidly as possi bl e, af 38 which the sol vent nethyl ethyl
ket one was added. The m xture was stirred at 40 degrees using a resin
kettle with reflux condenser until a clear solution was achieved. This
was carried out to FBRADVELMS SefrePTekpatiase inr BXppple 1, then weighed

30 Ehrcoxi deguaey ejapr abeatwrti anExpppberiatd henuvei ghed into

a 1l quart jar rgJ, i . APRS i v.Ql une . ri.ndi di al ong
with the thi xoﬁ#&%g%ﬁgm%haﬁc%égggfh@& i THifoerone dhanILREAE j Theli 1

at 60 rpm for AWGYFS. WEH TOrl@er ipod rBRIudE ILhat afdumm dPrf f ekopxsur f d8e on
the glass, s dd@Rxr ebatédatey thef bngh@s oMEs Bt shitdRduvaedhengidssafter the
oX| 085 NaV® DL pLEELLOT, (4L, DOUES, oSl SiEERR s TR U
mlling, the mevddesl hags ean avidded nfoudiouri heurs. Mdshglassesiweswed to
roll slowy forcrath heass, ahdiewe andy was priehesabh yadMerBhahtsdigf ore
casting using 6},1014 ml| knife on the silicone treated Mlar. A

dielectric tape *e approximately 100 to 190 micron thickness was produced,
15 dependi n§ on t heAdrpurtilfingr esbereatmriglewssi pltenefethnddah fineedge.
The tape was | amdsngt afdi &1 Fowed ltol a8l DA IDwlYSEDY SPridigt an headiax@ on t he
rolls, at a te%ﬂ%&%&ﬁﬁfyO@vé%%%g%%gﬁgfgfe casting using a 14 mil knife on

the silicone treated Mylar®. A dielectric tape

approximately 100 to 190 micron thickness was produced,

Ut

depending on the amount of piessure on the slip at the knife
edge.
The tape was laminated in a roll laminator using spring
loading on the rolls, at a temperature of 125 degrees.
After roll laminating, annealed for 1 hour in an oven at 100
20 degrees C improved tape adhesion to substrates. The
coversheet was then stripped, and a patterning layer was
deposited on tép of the tape. Oven heating at 70 to 90
degrees for 10 to 20 minutes sufficed to diffuse the
alkaline solubilizer into the tape. Washing in water then
25 gqnerated vias. The patterned tape was then fired at 850
degrees in either a 30 or 60 minute firing profile, using
ten minutes at peak temperature.

EXAMPLE S

) Two compositions are formulated: one a dielectric tape,
and one a patterning paste. Neither the resin nor the
dielectric solids in this Example are moisture sensitive, as

was the case ir Examples 1-4, so no particular precautions

o

1]

taker. to avoild excessive moisture in the composition.

B

n

(0

covpositicn follows:



After roll |am nating, annealed for 1 hour in an oven at 100 20 degrees C

i nproved tape adhesion to substrates. The coversheet was then stripped,
and a patterning | ayer was deposited on top of the tape. Oven heating
at 70.to 90 degrees for 10 to 20 mnutes sufficed to diffuse the
al kaline solubilizer into the tape. Washing in water then 25 generated
vias. The patterned tape was then fired at 850 degrees in either a 30
or 60 mnute firing profile, using teBl m nutes at peak tenperature.
EXAMPLE 5 Two conpositions are fornmul ated: one a dielectric tape,
and one a patterning paste. Neither the resin nor the dielectric solids
in this Exanpl e are noisture sensitRielectsic Tapgs the case in Exanpl es
1-4, so no partlcular precautlons are taken tqwavej d excessive noisture
in the conposition. The co ition foll ows:
31 class & rT'PQ%I gotri c Tape30-0%
(Wt . % Glass © (’Iraakblleeﬂ) 1.80. 0%
G ass D (Table 7) AlumlnalAG 5 1Al.gm na A
15.0 q B 6
Cobal t Al uninate ummao 15 P3l ymet hyl net hacryl at e
10. 2% Wldahalg Ageminate 0.253 10
t - but yl ant hr aqui none Pol ymeth$l Ofkthacrylate 10 Bytylhydroxytoluene
0.05 Et h‘y Acet ate
Et hyl nethyl ketone ettingpAgent u?yl Benzyl Phthal ate
1.4 :5 .0 t-butylanthraquinongABLE 7 1.00
d aSOS c d ass D pyutylhydroxytoluene 0.05 (wt. %
(wt. %9 Ethyl Acetate 26.6
Ethyl methyl ketone 5.5
Butyl Benzyl Phthalate 1.4
:5
IABLE 7
Glass C Glass D
{wt.%) {wt. %)
Siop 56.2 16.5
z0 PbO 18.0
Al503 8.6
Ca0 7.4
B>03 4.5 38.3
Na,0 2.7
25 ) K50 1.6 .
MgO 0.8 4.3
yAqeD 0.2 3.0
BaO 37.5

i Glass C has a Dgg of ~4 to 4.5 microns; it is millec
and classified-to remove coarse and fine fractions. 1Its Dj3g
is about 1.6 microns; its Dgp is 10-12 microns, surface area
is 1.5 to 1.8 m?/g.

Glass D is a calcium tin borosilicate glass used to
>, lower the sintering temperature of the dielectric composite,

due to the large particle size of glass C.



Si 2 56. 2 16.5 20 PbO

18.0 . Allerr]Jerr] 8.6

CaO 7.4 Blerr]Jerr]

4.5 . 38.3 Na20 2.7 25
Klerr]O 1.6 MyO

0.8 4.3 Zrerr] 0.2

3.0 BaO 32 37.5

G ass C has a D50 of ~4 to 4.5 microns; it is mlled and classified
to renove coarse and _fine fractions. Its Derr] I's about 1.6 mcrons;

its Dlerr] is 10- 12P4PRiphsh iSupf AcBigrn powder yithy asnpgraw PSRy §io0-
Gass Dis a calg, usnti Dopoiasi regpéer eAss used, t10.1, 3ha I Oneficbes.
sintering tenp tat'usr gég%ipleeéjlb%l gg%éifngc%gpggrlné\?é coarsesdgx?d thJ.r;[e@e. large

particle size of glas ' ) 32
Alunina A is a SurRaceoAT pdvidRe@bRMEh2 a7 Thar e%/PsD: Dierr], Derr], and
E[e”] Ia're’ srespect pughyna ®.i% agi-eg-fi ko Zvﬂlz‘&@fg@ﬂ% powdei’twitﬁﬂ. classified
y settling to remve coarse n nes Surface area is about 2.7-2.8
n2/g. 5 %r&rﬁcﬁaaﬁe?soé a%’?}ftmgc“r‘c/r?'average PS powder with surface
area of about 5 nferr]/g. _ Patt erni na Paste
10 Patterning PEEE4TS) Al uni na
A 60. 0 Hydr ogenated Castor Q| 1.4
M neral Spirits 4.0 Col or ant
2.2 15 10 Et hyl Cel | ul ose T-200 4. Zrams)
Alumina A 60.0
Hydrogenated Castor 0Oil 1.4
Mineral Spirits 4.0
Colorant 2.2
L5 Ethyl Cellulose T-200 4.3
Ethyl acetate 11.9
Ethyl methyl ketone 2.1
Butyl Benzyl Phthalate 16.2
20 The above compositions are prepared in a manner

familiar to those skilled in formulation of thick film
materials, and prepared for lamination. As in Example 1-4.

The patterning layer is then printed by using a via

£ill screen with several sizes of via openings. The
5 patterning paste was then dried at 80 to 90 degrees C for 5
’ £o 10 minutes.

The pattern is then generated in the dielectric by
immersing the overprinted layers in chlorothene. with
ultrasonic agitation until the overprinted areas were

36 removed and the areas under the overprinted patterning paste
are dissolved away.

Vias as small as 4-5 mils are resolved in dielectric
films as thick as 85 microns, with good edge definitiorn.



Et hyl acetate 11.9 Et hyl met hyl ketone

2.1 . Butyl Benzyl Phthal ate 16. 2 20 The above
conpositions are prepared in a nmanner famliar to those skilled in
formulation of thick film materials, and prepared for lamnation. As
in Exanple 1-4. The patterning layer is then printed by using a
Vi a fill screen with several sizes of via openings. The 25 patterning
paste was then dried at 80 to 90 degrees Efor 5 to 10 m nutes.

The pattern is then generated in the dielectric by ‘i nmersing the

over printed Iaégéﬁﬁéﬁeghlorothene wth ultrasonic agitation until the
overprinted ar 30 renoved and the areas under the overprinted

patterning paste Thareomfivcsokveabawayp. formulated Vil espmmalbbwdsr4-5 nils

are resolved i pgdirgh e&ldi C filmse as thick as 85 mcrons, with good edge
definition. ' 33 EXAMPLE 6
The conductor tape was fornulated with copper powder, as follows:
(grams) 5 Copper powder, 3-4 mcron (graws). 0
d ass Powder E Copper powdex,03-4 micron Poly methyl
met hacryl at e 6. t - but yl ant hr aqui none
0.6 10 t - but YIPEr BRYIHT Fene 0.3:0
Et hyl Acetate Poly methyll fne2hacrylate B hyl nethyl ketone
2.6 . t-butylanthid@isoRowder E 15 4 ¢
(wt. %9 10 t-butylhydroxytoluene 0.1
Ethyl Acetate 15.2
Ethyl methyl ketone 2.6
Glass Powder E
L5
_ (wt . %)
BixO3 82.0%
PbO 11.0
Bs03 3.5
20 . - 8i0;p 3.5
The above copper tape was prepared from the above
ingredients by techniques familiar to those skilled in thick
film tape preparation.
5 One coat of the conductor composition was laminated

onto alumina substrates; a negative of a screen printed
conductor pattern was printed on top of the coppey print,
using the Patterning paste in Example 1. Both prints were
dried at 85-395 degrees C. Dried parts were immersed in

30 chlorothene with ultrasound agitation for 15-25 seconds to
generate the desired pattern. Parts were then fired.
Precise four mil line/space patterns were generated. Fired
parts were 10-12 microns -thick, with a resistivity of abourt
3 milliohms/square. Results in four mil lines/space

(8]

resclution are difficult, if not impossible, to achieve, ir

z pattern with 2 milliohms/square. In additiorn, the



Bi[err](err] 82. 0% PbO
11.0

. Blerr]Jerr] 3.5 20
Sigerr] 3.5 The above copper tape was
prepared fromthe above i ngredients by techniques famliar to those
skilled in thick filmtape preparation. 25 One coat of the
conductor conposition was | am nated onto alum na substrates; a negative
of a screen printed conductor pattern_yas printed on top of the copper

print, using the Patterning paste in I%Carrple 1. Both prints were
dried at 85-95 degrees C. Dried parts were imersed in 30 chlorothene with
ul trasound agi ta{ se d cdgnerate he desi red pattern.
Parts were then 1&;%@3{)% &15I5’2hge0| sg@ o%lrnes " PnerRpace rtat TetHE were
generated. Fir g¥intedppayks wetichl po19 pHatisss ethe fmltchoa, ragd siliaki ty of

about 3 m ldurghressan afes tB@%Ubfscdn{% @k mhgéwes/ space 35
resolution are difficult, if not inpossi to achieve, in a pattern
with 3 mlliohns/square. In addition, the

34 t opogrE¥@iRLEf 7t he 4 mi | lines were superior to screen printed

parts, with nore pr QC§§Ede<§&QiLQQEknt£ﬂ>@ﬂntQﬂ@1fnL§ér cond%!ér:iai:@s agmthe t ops
of conduct or f| duct or #a lateré
0

simlar conduct Ct)??eﬁﬁdto twﬁogﬁﬁﬁs%mf%u(ﬁ% ggp% ndutt exanple 6
is fornul ated usingsitaghpiewrf d@adliani 49 dbose %hot‘s‘ee ia¥ttheTh@t. The

conposi tion folddpsition follows: (grams)
Gol d Powder 72.0
{grams)
Gold Powder 72.0
Copper Bismuthate .5
Polymethylmethyacrylate .1
.5 t—butylanthraquihone .3
Echyl Acetate 10.4
Ethyl methyl ketone .7
Butylhydroxytoluene .1
0 The above composition is coated on a smooth tape

substrate. The gold composition is laminated with a single
coat onto an alumina substrate, and dried at 85-95 degrees.
The patterning paste is then overprinted by screen printing
with a negative of a thick film conductor pattern, and dried

wn

again at 85-95 degrees C.

The pattern is then generated by immersing the part
intc chlorothene that is ultrasonically agitated for 10 tc
2C seconds. The resulting pattern is then fired at high
temperature in a manner familiar to persons skilled in thick
3) film art. A highly conductive gold pattern will result.

EXAMPLE 8
This positive working conductor paste system is
formulated in copper, as follows:



Copper Bi snmut hat e 1.5 ' Pol ynmet hyl nmet hyacryl ate

3.1 15 t - but yl ant hr agui none 0.3 Et hyl
Acet at e 10. 4 Et hyl met hyl ketone
2.7 - But yl hydr oxyt ol uene 0.1 20 The above
conposition is coated on a snooth tape substrate. The gold conposition
is lamnated with a single coat onto an alum na substrate, and dried at
85- 95 degr ees. The patterning paste issthen overprinted by screen
printing with a negative of a thick filmconductor pattern, and dried
again at 85-95 degrees C. The pattern |s then generated by
i mrersing the part 5t . % i a&soni cally agitated for
10 to 20 seconds. The resultl ng pattern is then fired at hi gh
tenperature in a manner familiar to persons skilled in thick 30 filmart.
A highly conductive gold pattern will result. {EDoWPLE 8 Thi s
posi tive working conducteppPaspeederst 0% isicron fOrmugated in copper, as
fol | ows: 35
Copper Positive Working “T4g& Fowder E (Ex. 6) 2.0
(grans) ge?e‘ﬁ%v\b@r‘i Resdnni cron 383.0
d ass Powder E (Ex. 6) Benzotn_az%le Cag hoset 1234 Resin
3.2 : Benz |, az Et hyl
Acet at e ' %BBEISRéeetate Et hyl rre%hyl ket one
2.0 10 Ethyl mefgpgekePate erni ng Past e2-0
L0
- \ .
(grams)
Copper powder, 3-4 micron 46.00
.5 Glass Powder C 1.25
Ethyl Cellulose T-50 0.75
Santicizer® S-160 2.83
Terpineol Isomers 2.29
:0 The copper tapes are prepared from the above

ingredients by techniques familiar to those skilled in thick
film tape preparation, using similar technigues to those
used in the first Examples. The‘patterning paste is
prepared using techniques familiar to those skilled in thick

i
n

film paste preparation.

' One coat of the conductor composition is laminated onto
alumina substrates; a negative of a screen printed conductor
pattern is then printed on top of the copper print, using
the Patterning paste in this Example. Both prints are dried
3) at 85-95 degrees C. Dried parts are then immersed in a 1%
potassium carbonate agueous solution with ultrasound
agitation for 5-15 seconds to generate the desired pattern.
Precise four mil line/space patterns are generated. Dried
parts are apbout two mils thick. The quality of the .



(grams) Copper powder, 3-4 mcron 46. 00 15

d ass Poyder C 1.25 Et hyl Cel |l ul ose T-50
0.75 Santicizer S-160 2.83

Ter pi meol |soners 2.29 30 The copper tapes are
prepared fromthe above ingredients by techniques famliar to those
skilled in thick filmtape preparation, using simlar techniques to

t hose used in the first Exanples. The patterning paste is pr epar ed
using techniques famliar to those skilled in thick 25 film paste
preparation. One coat of the conductor conposition is |am nated
ont o al um nai stibsitarapastefnaBgRhidver6f Bra@seen PENEGrcong et or

pattern is then i op of t 0 rint,_usi t he

Pat t er ni ng past%‘%%ﬂ%ﬁi%sfo'gﬁ%rr%!xgl.l I%g?‘ﬁgp‘??]f’:{ sb%arsépaff%]ar% S5F¢88- 95 degrees
C. Dried parts BFERGSe®arfier €Eth iMers pugcise soggsdefiniddononat e aqueous
solution with ultrasound agitation for 5-15 seconds to generate the
desired pattern. Precise four m | |ine/space patterns are generated.
Dried parts are about two mls thick. The quality of the -

36 di ffusion patterned conductor traces is very high. The quality of the
4 ml lines will be superior to screen printed parts, with nore precise
edge definition.



37 CLAI V5 5 What is clained is:
Claiml.. A nethod for naking patterns in organic pol ynmer | ayers
conprising the sequential steps: A. Applying by | am nation
to a substrate an LO unpatterned first |ayer conprising a polyneric tape;
B. Applying to the unpatterned first |ayer a patterned second | ayer
conprising a liquid solution consistiq97of organi c acid or base and

pl asti ci zer; C. Heating the patterned second |ayer to effect
15 penetration of the organic acid or base and pl astici zer into the
underlying areas of the first |ayer whereby the polynmeric filmin the
underlying areas of the first |ayer becones sol ubilized by reaction
with the organic acid or base; and 20 D. Washing the | ayers
with water or an aqueous sol ution tocpempve the solubilized pol ymer
from patterned areas of the first |ayer. Claim2. The nethod
of claim1 wherein the | am nation is performed by roll or press. 25

Cl ai m 3. The® ne¥hdldiet cdramgd 1is:n which the- pol yneric tape contains
flaﬁ|y lelgEd di el exdimc1. A ﬁéﬂ%g@?for m?klnghpgkﬁéfﬂél1ﬁTQ§gHE§?Od Ff claim
1 wherein t e e S n aye urther rises a vo atile

sol vent . pséigﬁé}'que%f %%é%ﬁﬁs % é? sﬁﬂggngé ﬁﬁ?lynerlc tape in
the first unpatterned | ayer in a diffusion patternlng process

conpri si ng: A. Applying by lamination to a substrate an

10 unpatterned first layer comprising a polymeric tape;

B. Applying to the unpatterned first layer a
patterned second layer comprising a liquid solution
consisting of organic acid or base and plasticizer;

C. Heating the patterned second layer to effect

.5 penetration of the organic acid or base and plasticizer
into the underlying areas of the first layer whereby the
polymeric film in the underlying areas of the first layer
becomes solubilized by reaction with the organic acid or
base; and

0 D. Washing the layers with water or an agqueous
solution to remove the solubilized polymer from patterned
areas of the first layer.

Claim 2. The method of claim 1 wherein the lamination
is performed by roll or press.

25 Claim 3. The method of claim 1 in which the
polymeric tape contains finely divided dielectric
solids.

Claim 4. The method of claim 1 wherein the patterned
second layer further comprises a volatile solvent.
2) Claim 5. A composition for use as the polymeric tape in
the first unpatterned layer in a diffusion patterning
process comprising:

AR AR AT



38 A a filmformng soluble or dispersible polyner;

B. a plagsticizer in which the polyner is conpletely or partially

sol ubl e; and C. volatile organic solvent. Cl ai m 6.
The cenposition of claim5 wherein the ratio of polymer to plasticizer
bei ng such that when the organic solvent is renoved fromthe organic
medi um the resul ting sol vent-free pol yger/pl asticizer dispersion is
specularly 10 nonrefl ective. Claim 7. The conposition of claim5b
wherein a second polymer is ethyl cellul ose. Claim8. The

conposition of claim5 ipn l=ch _t : : at_ | .
100[err]C. 15 d ai n%n 9\.Qhﬁgmc€%pmol§|gt. igg!}]x%?é cﬁ?ﬁgglgﬁ%%ee&mégﬁ%%f si ng
finely divided particle®-of BLafetd¥ger 48| vhsch the polymer is

completely or partially solyble; and

C. volatile organic solvent.

n

Claim 6. The composition of claim 5 wherein the ratic
of polymer to plasticizer being such that when the organic
sclvent is removed from the organic medium the resulting
solvent-free polymer/plasticizer dispersion is specularly

10 nonreflective. )

Claim 7. The composition of claim 5 wherein a second
polymer is ethyl cellulose.

Claim 8. The composition of claim 5 in which the
polymer has a Tg of at least 100°C.

.5 Claim 9. The composition of claim 5 further comprising
finely divided particles of dielectric solids.

R



