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;e3ev")s$sn @' <(6(T") T 4 1 SEM CONDUCTOR DEVI CE HAVI NG A

THERMOSET- CONTAI NI NG DI ELECTRI C MATERI AL AND METHODS FOR FABRI CATI NG THE
SAME Background of the Invention 1. Technical Field The present invention
generally relates to a printed wiring board or senngg@bgi?g éevice havi ng
a thernosetcontaining, dielectric material and neth Q ricating the
sanme, and nore particularly, to a strudture and nethod for fabricating a

di el ectric mat egefrcbfbubeBri g rfo ce seni conduct or device. 2.
Background Art In the product?ggIg? gﬁggﬂ%cgl RAETHPTPEINING s for

packagi ng, dpe ' | [ red between the electrically
conducti ve |ayg?§?&§gFF§§?§§E§$a§§§r#@?#% S fIHR (BB RE A TING ITHE SPpafEs
include: (1) a low dielectric constant; (2) thin layers; (3) dinensional
stability; (4) a low coefficient of thermal expansion (CTE); (5) good
adhesion to the surroundi ng conductive | ayers; (6) ease of processing; and
(7) laser drillability. HerZsrofes<d theyényeneiphed to devel op suitable
naterials,lbu have fallen_short. One such exanple of this r: ., z.
3 Nov 2003—?—i§9§HéﬁﬁlFﬁi®¥$. patent no. 5,506,049 to Swei et al., hereby

i ncor porated by Eeference. Swei et al. teaches the use of a silica filled
pol yt et r af | uor oat'RyPEREP PTERY S Rhi o7 xgere B2 Hiel mdtatiess tSpecishiigakly, Swei

et al. cas%$r?n§igica filled PTFE matrix froma di spersion which results in
a nonfibrilTated SPFOftaFeSeAl CARSYRt @ hi desiqaudtaiagexhithictrmoadhesi on t o

t he surrougggggihgﬁ rsd.ig has, been shown to be both di mensionally unstable
(exhi biting as’ much®as“280°reatctToheT et Mndkmesdiodes fwel Ifads icasthy and
time consupipng pr ss (due to, the high tenperatures and pressures
required t\gh?a%gﬁ%f e%SSAnﬁ(B%%ePa’é?(’a?r‘H%ﬂoX' &9 & steqaratrer fakd msthadght in

U.S. pateng,po¢ to Ki et.al., hereby incorporated by reference.
Ki ng et al.otea%ﬁggé%ﬁgégs% %*QQ%C%&b%ﬁﬂﬁﬁﬂﬁéﬂyﬁ€Fr@ﬁﬁu@ﬂo@thybbne ( EPTFE)

matri x havpegrSehalic Part i s and thernosetting resin therein. It is
easier to process ?%an ?ﬁ%é§+§ BT i¢CH°Suei et al. because the

thernosetting resin can be cured at conventional |am nation

<Y%E

2. Background Art

In the production of organic laminate chip carriers for
packaging, dielectric materials are required between the

electrically conductive layers. Optimal characteristics for

the dielectric layers include: (1) a low dielectric

constant; (2) thin layers; (3) dimensional stability; (4) a
low coefficient of thermal eéxXpansion (CTE); (5) good

adhesion to the surrounding conductive layers; (6) ease of

processing; and (7) laser drillability.
Heretofore, many have attempted to develop suitable

materials, but have fallen short. One such exXample of this
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tienperatures. It is also easier to handle than the material of Swei et al.
Because it has a higher strength. However, the material of King et al. has
|l ess ability to re distribute stresses within the pas mdzﬁh%o its
relatively high elastic nodul us. 1 3 NOV 203 3 TheMe re exists a
need for a dielectric material that is: (1) suitable for use in high
performance chip carriers; (2) does not“require the high tenperatures and
pressures £6r shawhnani nSof phhenSurb . €5, b6, W arg Awe @k (3. | $:¢ g%?)
effective to manufacture. Mre particul arly, there exists the nee or a
di el ectri cinabepbahtedabyprevidesceopt i sgdi charact e{éa%HeCSS

characteristics include: (1) a |low dielectri c const ant; e et
thi ckness; s(3)icdi menseanpb1§tabihkiYorddn@ Fé;ﬁ' Of t her mal
expansion (CTE); (5) good adhesion t(?)rthe surroun in ﬁd co%cﬁlvealayers

(6) ease oHiipneee$sicng; spREifirahdgersgl léﬁbéi ' té’ast%UMVAR\i&fca[ -Irgéﬁr]éaldat ed

| NVENTI ON The present invention overcones the deficleéencie

art by propreéEngadrs&mr¢eRddChQk Q?é’i&ﬁ& I HAsS 3 -
t her noset - cont ai ni ng, non-fibri I ated di )Fect rl‘?ec4 mat er’ al® Hhci/rl ng i norganic

particles distailbuted theuetarand getROds, fay 1 e such
that the dielectric material has the above-ci te?){ 1it;:iactr\rla ar ac%erl stics.

Accor di ng tdhes@oaspecthef shheoprassyt 1dwent ign, he?ﬁ %%Eg-l nation J s provided
that includes: a fluoropolynmer matrix having particle | Str uted her ei n;
and a both dimensiorally unstable (exhibiting as much as 20%

reduction in thickness) as well as costly and time consuming

to process (due to the high temperatures and pressures

required to laminate).

Another example of a related material is taught in U.S.
patent no. 5,652,055 to King et al., hereby incorporated by
reference. King et al. teaches the use of an expanded
polytetrafluoroethylene (EPTFE) matrix having ceramic
particles and thermosetting resin therein. It is easier to
process than the dielectric of Swei et al. because the
thermosetting resin can be cured at conventional lamination
temperatures. It is also easier to handle than the material
of Swei et al. because it has a higher strength. However,

the material of King et al. has less ability to re-

distribute stresses within the package due to its relatively

high elastic modulus.



e t ~,t -3 NOV 200 thernosetting resin. 4 According to a second aspect of
t'he present invention, a device is provided that includes: a conductive

| ayer; a pol ytetrafl uoroethyl ene matrix, containing particles therein,
overlaying the conductive layer; and a thernosettis§ NGV2003r bonding the
conductive layer to the polytetrafl uorg)et hyl ene matrix. According to a
third aspect of the present invention,“a. nmethod for formng a device is
provi ded. The TREHPTE iR ARISS TS PoPFER AYT st ePEeLipFbYi @i ng a

fl uoropol yner matri x having particles therein; providing a_thernosetting
resin; anBFart dhtiht the filordpdiaptsr tRat Peg EB ElangﬁEFBFmﬁgFﬁg t he
thernosetting resin. According to a fourth aspect of the present invention,
a nethod FBFPfERATHYTY desd (0F% MovicdddreThaenit# th’ﬁEEEGE‘ér’Fﬁe

foll owi ng steps: providing a fluoropolymer matrix having particles therein;
coating tABAf PLBFOPEEYNEPT nbdiBa ki dh of tthér Rijsét €fnglr eBPRETARAd/ | ani nati ng
the coated fluoropolymer matrix to a conductor. It is therefore an

advant agea2Bfl {Be pPesent ehieptivn o Wonwiagéugesentesfduct or devi ce having
a thernosetcontaining, dielectric material and methods for form ng the
sane. paztioylapdy. stheresexhekef Bre wecadPantafe cdfcthé Cpr esent
invention to provide a structure and nmethods for fabricating a dielectric
mat eri al , "eh&E iphcFhaEsPEOY hef oSkt iMah FhAFRC HREL S6pCinal SER8r act eri sti cs.

of this | GRRERGRTIPER CBe HBIBIFadt | v UG Fogm CRE PO oWy
. reduced thickness; (3) dimensional stability; (4) a low
i

coefficient of thermal expansion (CTE); (5) good adhesion to

the surrounding conductive layers; (6) ease of processing;

and (7) laser drillability.

SUMMARY OF THE INVENTION

The present invention overcomes the deficiencies of the
related art by providing a semiconductor device that
includes a thermoset-containing, non-fibrillated q;electric
material having inorganic particles distributed therein and
methods for fabricating the same such that the dielectric
materi;l has the above-cited optimal characteristics.

According to one aspect of the present invention, a
combination is provided that includes: a fluoropolymer

matrix having particles distributed therein; and a



'det ai.l,ed descripiion of the various aspects of the invention taken in
conjunction with the acconpanying drawings in which: Fig. 1 is a side view
of an article according to the present invention; Fig. 2Ais a

cross-sectional view of the article of Fig. 1, accop 'T? \ngbg pr esent
invention; Fig. 2B is a cross-sectional view of the t Qle Fig. 1 with

the addition of a thernosetting materid4l, according to the present
i nvent i onthEirgosgtiting siedeénvi ew of a device according to the present ,
invention; Fig. 4 is a side view of an alternative enbodi nent of a device
accordi ng to t RecpreSegt tioneenttongd &sgecH oS tehesipdes adraw iofveart ialrt,er nat i ve
enbodi nent of a i I 3 NOV 1tl~~ 6 device according to the present
i nventiona Fieyi® ils @rovddedi éhadf inaladeer mtdaredwnbiod nenteof aa devi ce
according to the present invention; Fig. 7 is a flow chart of a nethod
accor di ng pod wWied pafds@mosithydeneomatany, containing particles
therein, overlaying the conductive layer; and a
thermosetting resin, for bonding the conductive layer to the
polytetrafluoroethylene matrix.
According to a third aspect of the present invention,
a method for forming a device is provided. The method
includes the following steps: providing a fluoropolymer
matrix having particles therein; providing a thermosetting
resin; and laminating the fluoropolymer matrix to a
conductor using the thermosetting resin.
According to a fourth aspect of the present invention,
a method for forming a device is provided. The method
includes the following steps: providing a fluoropolymer
matrix having particles therein; coating the fluoropolymer
matrix with a thermosetting resin; and laminating the coated
fluoropolymer matrix to a conductor.
It is therefore an advantage of the present invention

to provide a semiconductor device having a thermoset-

containing, dielectric material and methods for forming the

same.



Fig. 8 is a flowchart of an alternative nethod according to the present
i'nvention. It is noted that the drawings of the invention are not to scale.
The drawi ngs are nerely schematic representations, not intended to portray

specific paraneters of the invention. The drawi ngs a@ N to depict
only typical enbodinments of the invention, and therefore shoul'd not be
considered as limiting the scope of th& invention. In the draw ngs, |ike

nunberi ng repr gxentss thieke felrement adbehveesn dthe i avdgmt Detwidtecn
Description of the Preferred Enbodi nents Referring now to the draw ngs,
Figs. 1 ant PAshow a paruictheef khbeflebhéys FoiFifdiesh bodn L£onpri ses a
fluoropol ymer matrix 10 having inorganic particles 19 distributed therein.
The i nor gahiecl qaardtiicc e eld apir, efceaabliyictoops i s e ledaut sdi5%0 410d abroud 12690 of
the volune of the filled body 9. Mreover, the fluoropolynmer matrix 10 is

- 3 N OV Hptimabbrdhidrdddeatied iand i s preferably pol ytetrafl uoroethyl ene,
however, it should be appreciated that nmany equival ents exist. For exanple,
the fl uoropolynmer matrix 10 can be pol ychlorotrifl uoroethyl ene, or
fluorinated copol ymers. Exanples of fluorinated copolyners include: (1)
copol yners of tetrafl uopeeehybeseriwtivn sbdreDraeliaetsed from the group
consi sting of hexafl uoropropyl ene and perfl uoroal kyl vinyl et hers; (2)

copol yners of tEi¢sd |amnd aetiuld eratwireld angoagv®Enitsgtecbedeitom the group
consisting of vinylidene fluoride, vinyl fluoride and ethyl ene; and (3)
copol yner sinfechion ot 11¥ |homeetehyeand 1w thdarsooodefreel ot eflof o hde
group consi sting of hexafl uoropropyl ene, perfluoroal kyl vi nyl et hers,

vi nyl i denedétabtededesdmypt fdrucrii deheanvd rébhyl espects abddihéeomnvéhends of

it he” above |isted fl uoropol yners are also suitable as the fluoropol yner
matri x 10 bakeni ah ofnihecpiasentth mhrenticoprnpdhgingodganiogpaiti cl es 14
which fill the nonfibrillated fluoropolynmer matrix 10 are preferably
silica. Howe¥eh; it should be understood that many other inorganic
particles are suitable as well. Such inorganic particles may include glass
particles, ceraﬁi@-phr%$c¥e%%d¢mﬂkﬁwiQﬁ’Gé?@#éﬂég? eéarbsAipar tPcths, m neral
particles, or any conbination thereof. In addition, the inorganic -3 NoO
v 2003 g pQFFF@Pgslﬁﬂe%Féobfeferably spherical in shape and have a di aneter

of | ess than about 18 m crons and preferahbhly, a _
Fig. 2A 1s a cross-sectional view of the article of

Fig. 1, aqcording to the present invention;

Fig. 2B 1is a cross-sectional view of the article of
Fig. 1 with the addition of a thermosetting mater;al,
according to the present invention:

Fig. 3 is a side view of a device according to the
present invention;

Fig. 4 is a side view of an alternative embodiment of a
device according to the present invention;

Fig. 5 is a side view of an alternative embodiment of a



di amet,er of about 5 microns. As shown in Fig. 2A, the inorganic particles
19 are evenly distributed throughout the fluoropolynmer matrix 10. Such
distribution is preferably acconplished by casting the filled body 9 froma
di spersion in which both the fluoropolynmer matrix 10]3?1[}& Vfﬂg_i nor gani c
particles 14 are introduced in the formof |iquids.<. Q zUUBd body 9,
containing the m xture of the fluoropolgner matrix 10 and the inorganic
particles d4vascdescpi-f j vai | e .fromthe Rogers Corporation of
Roger s, Conn\e’ct iecut. As%ﬁ]%détga eeg Aa os\Fg,t H(S’\}\’E\r}éf? the filled body 9 is
difficult to preggssgbecayse, jinfer, alda, of the high pressure and

t enperat ure requi rgements %o%l?%nq‘%ln%ﬁ i%oﬂn O atlﬁgrpfafcllga g@ﬁ?%“‘FBtonV\Pthi n a
printed w gkggchoardspn;ilam ' rrier device. It has been

di scovered, however,ot hzlalt &%gﬁ{}t?%%%ﬁ%gd lf% 8%3}°§’i s i npregnated or coated
(integrated) w fhsa yhegnps l,al .- such . prablens _are elimpated. Such
i npr egnati on or cdat | ng gng%%%f%fntgldlfsﬁegleﬁﬁo aF88§alf‘8uE°dF§?i nct

net hods. Speektheak hyenthgnt hegqosetting material can be: (1) applied to
the un-densified filled bo%ly, ich - 3 NOV 2003t 9 has not been

ami nated, in theqlopmofaarya) nisl ang: Lhen subsequent Ly pantially dried

A ve .
or cured to forman inpregnated core material or arcicl 8 as shown in

Fig. 2B, (2rceeatad entena fréisck bodydhiaf, is in a densifi ed state where
it is part of a partially fabricated printed wiring board of |am nate chip

carrier; (3) coatedsonbeead fRiA! EONAUGHINE I3y ehe LGRS hhEP.! Nl nated
to the filled body 9; or (9) cast in a dlin\ségerosi oned&ri %grgglltf%ﬁ(}al g??g?ﬂmcal

formation eb thalkil| edebadywngIherd harmmsetmtaiial 1s preferably a
‘thernmosetting resin 12 that serves to optirnize the characteristics of the
filled bodyeBrelsenpattibasl anot t gt d MEIIRSLIHIRG R SHBC121 1S BE?%%E@P y an
epoxy such as a cycloaliphatic type epoxy, a digycidyl et heP 0 I sphenol
A, cresol ndvehakinvehenohi ¢ eROXd LSy im Y d de%enbiesMbelrLIes. on

bi smal ei mi des-triazi ne epoxies, or a cyanate ester-epoxy m Xture, Pl%wever
it shoul d bgpappreemabedmthas GBNYhEEHWH GRS ©XidStherbir8re2Bndgpict s the
article 10A constructed in accordance with the first of the above four

met hods. Spet¢i tiecalngidehedt her hibset tnqg e Sidopes ofr eher abkgnfmdg.i nto a
varnish, prior to inpregnation into the filled body 9, with the addition of
a | ow nol el &howelirghtingsl véhke mwbering represents like elements

~between the drawings.

Detailed Description of the Preferred Embodiments-:

Referring now to the drawings, Figs. 1 and 22 show a
particle filled body 9. Filled body 9 comprises a
fluoropolymer matrix 10 having inorganic particles 14
distributed therein. The inorganic particles 14 preferably
comprise about 15% to about 95% of the volume of the filled

body 9. Moreover, the fluoropolymer matrix 10 is



as methyl ethyl ketone or the like. The varnish generally -. ~ Nov Zoo3
I0 of ordinary skill in the art and includes the heating of the coated
filled body 9 to a |l evel sufficient to renove the solvent fromthe varnish
and to partially cure or cross-link the ther m)sett-i-rsgN@V %0[}3
Accordingly, only the thernosetting resin 12 remains coated on the filled
body 9 and is partially cured. This resilits in a core material or article

| OA t hat j i i i.s..t f to.the t h of
|05 et et Eot iy LaBLEanel i herl B0, 5 SRy AR, oveh o
P LA SRR B AL ey cinials A S5BR REsCoERATYIHLoS

dh 1 i Shato1d hegfd | or) NLSQUE | pSLances wh
ccherence skiibe veca: skab e fd i BotyRe | By segy Apeiapcgs wher @

al ong the syi{ages-9f i he éféé@ﬁypgqy QM?QHUQ&Qnggggfgégéiyﬁgkgprn]Coating'

th 4
Fig. 2B shows™ a conpleted article 10A constructe éd above. As

shown, the art1 ekenb 081 Del ples { b daaiganichar tiehgac14 eyen! v

di stributed throughout the fluoropolynmer matrix ec ely referred

to as the &bbb@?mh9g¥og)t@BQaED§o£$@%ﬂgﬁﬁ§éidﬁQhrgskgnééekngé?gggégd

therein. The depth of inpregnation of t hernosetting resrn within the

article 10Arbs YRel Qranpr O¥HhEBEL Yg - OPIhexat )3 N 1.6qnprises
approxi mat el y 30-7Sgbby9meight sol?ds.I?f%uif%ﬁ%%?%gﬁgn%hgﬁgnsetting resin

12 can | nchude1uaobeanievpaytiehess; Sugh apdifRetisl bga present in the
fluoropolymer matrix 10, as well as a contrasting dye or pignent. |f

inorgani c pattiaglesraeenhplesenii thheym¥dhe el 1RQARLN 38n Bhe Lhsupil | ed
body 9 as the thernosetting resin 12 does, rather, the particlés wll

remai n al opgntsietangenfsuihatesené theofidd ed ikady fQuoli dadditi on,
contrasting dye or pignent can be included in the varnish if enhanced
optical coethydtner hhdor8scenpelvinéhsrespatiortcd ragndusicierayhauer Giks
sought. Once the solvent has been added to the thernosetting resin 12, the
var ni sh i saappnoggrosedeated énbn the gusd@cesrefisthed idfl ed body 9 in its
un-densified state in which it has not been | am nated. The coating can be
acconpl i shée=af lawwy opuebel eok , kpewhluet ballsy lsucly 1as: heact, orviblvadidege W re
rod, roll coating, screen coating, or spraying. In -addition, the degree to
whi ch the ddardniglepervérwat éduphédei phddeboyler® .cadhadcdritiool, | edebyst he
viscosity of the varnish. Once the filled body 9 has been coated with the
varni sh, t € & edporid 1@ tisedy Lgor spe hehe 5% e tadds & & vdl tdibylieng st 6heenove
t he solvent, comonly referred to as a bstaginq}operation. A b-stagi ng
Operationiﬂ;qaﬁﬂﬂ?HMquhgggrlx 10 material of the present invention.

The inorganic particles 14 which fill:the
nonfibrillated fluoropolymer matrix 10 are preferably
silica: However, it should be understood that many other
inorganic particles are suitable &s well. Such inorganic
particles may include glass particles, ceramic particles,
metallic particles, carbon particles, mineral particles, or

any combination thereof. 1In addition, the inorganic



, .3 Nov 2003 12 inches, and the overall thickness of filled body 9 is
approxi mately . 005 i nches, however, it should be appreciated that this
t hi ckness nmay vary. Referring nowto Fig. 3, two additional nethods for
applying the thernosetting resin 12 to the filled b.gé 9 are shown. First,
the thernosetting resin 12 or -varni sh can be coat edsX ce of the
filled body 9 inits densified state in8wich it is part of a partially

fabrlcategag%ﬁgﬁgg WMrbg%tg?@%grgﬁ%kag%ﬁg§lc§fl §H§§ 1&%3& Shomm in Fig.

3). The specific surfac er nosett I ng ifesih

applied d n tch e f u [, &xanp he thernDsettlng
resin 12 gg%H%Zegpp%lggggoqgﬁ hgbgﬁﬁeiﬁo%lé%h %6%1 t@ﬁféxﬁ% face (as
shown) , OBlQ&EQ e %Oﬁ&l g,has been applied, the coated filled body

9 will then Ianlnat to neta conductlve | ayer 16. After |am nation,

the filled body9 Mdun Q§N%1 @ggaghglng£§%ﬁfhlé%¥éﬁgﬁg§xﬁihereln and

appear simlar to the articl own I n wever, 1t°should be

appr eci at e onat &ﬂ%%ﬂﬂﬂdﬁ@&“ﬁ%%oﬂ OQ%p%HeOElU ﬁgﬂgﬁé 5% 1pe g,

thernosetting resin 12 nay vary. SO0 shown |n H¥d net hod of

i ntegrati rgdheifdddied ey 1% Wr%@etrﬁﬁlgh%@&&?ﬂéﬁ&d rﬁ%' @aé@lz%ag?é y, the

coating of the netal conductive |ayer t he ~ oV

t her moset tding U1 2 f@?ﬁr@aa%'s?errsli%npﬁﬁcxbl§§ct$%(g@tqet}% the Conduct' ve
| ayer 16 which will 'be coated will vary depending on the needs of the user.

Moreover, fi1mdaHd End N6 LaNAUal Wad KeT i d6rghh ppicpesnpgegsary to
al so coat t he flllggnbody 9 with thernnse%tlﬁ% rég?%alz,calthough ?t could

be done i finiaicad adhesionrdyas odesiik@ddsConductive layer 16 is preferably
imetal such as copper, however, it should be appreciated that nany netal s

coul d be used. @@mm@fb@y tgbl@netialisgi bekudexphekebs €heone, or
al um num Once the conductive |ayer 16 has been coated, the filled body 9

is then | afiiust@sb I yres ety t @ik Viulathdbe hdonaok§anny paibielesi 1¢uks board or
chip carrier. Simlar to the method of coating the filled body 9 with the

t her noset tdemgergsed, 125 4l lasiiendtdoan theuRdgeesutbrporatporgaati on of the
thernosetting resin 12 within the filled body, simlar to that shown in
Fig. 2B. Hoovewes, Guuhedhjpregnatisonnsduladedaripoira, uhbherart ythad depth. A
fourth way to integrate the filled body 9 with the thernosetting resin 12
is to castfihked heodpsetis nglifeisiultl2omprearssshetnuaedi speesi eniaal ong
with the |iquidized fluoropolyner matrix 10, also a dispersion, and

i norgani c partiellesgiopreasing arnk mmgnedlureorrgtiiormehtshéotki | | ed

lamination of the filled body 9 to or within a printed
wiring board or laminate chip carrier device.

It has been discovered, however, that when the filled
body 9 is impregnated or coated (integrated) with a
thermoset material, such problems are eliminated. Such
impregnation or coating can be accomplished by at least four
distinct methods. Specifically, the thermosetting material

can be: (1) applied to the un-densified filled body, which



‘body .9. This nethod of integration would also result in the - 3 NOV
2003 14 inpregnation of. thernosetting resin 12 throughout the filled body
9. However, simlar to the above nmethods, the uniformty and depth of

t hernosetting resin 12 inpregnation would vary frome thod. In
all of the above nethods the integration of thernosetting resin 12 results
in optimal performance characteristics ¥f the dielectric material in
addi ti on tbasasperbpenckasingtedoriexanlfrnt be hararatisen apHoeass does not
require the high tenperatures and pressures normally required with such
materi al s. shhsegnentsy, paheidhhy nétiean qr eoessi need oo yinbempednated
tenperature of |120-250 C and a pressure of 100-700 psi. It should al so be
appr eci at edorhamapehealabreanat cesl @i sis fshrownoahi Mg qgei Riwer (phe filled
body 9, or the conductive layer 16 with the thernosetting resin 12. For
exanpl e, Frgatadshote ehéilibe hbddy noset tingr esidenkd fdam keapeovhded in a
sheet 20 and resin 12 can be transferred-to the filled body 9 and/or the
conduct i velFayér Pa6tpefor partaal hatfamridatdchips icasel wihdnbheeoaesgebEi ng
resin is provided on a free standing |ayer 18 of MYLAR or the |ike.

Pref er abl ylamnheateeehsprandirngetayéd) 180ats=chpprioxianateslay 'comiduceivé ml in
t hi ckness. Once the sheet 20 is positioned between the filled body 9 and

t he conductpver| gpéchlés then lanhh@e@008 ths Mildredcaodye peeled 49f f or
renoved and the coated filled body 9 can be lam nated to the conductive

| ayer 16 afafle lPedubégresapenatur enofti@eRB0naC dudprtassung ahel 00- 700
psi. Again, this results in an article 10A having thernosetting resin 12

i npr egnat ed *thEFePRAYFPg. 5 shows the use of both the article 10A and the
‘coated filled bogy 9.in a partially conpleted printed circuit board 17.
Specifically, tHESpAPEFECEFtcBAbEELRY bF iPREE @MU e sEL tilngl udes
mul tiple conductiée ga¥ers 16, 19 and 23 having dielectric layers (article
10A and fi FFEd bddy TF" SREFEBet ReBRt LTb#RIUdEY W arRfdey itg imsd of9 thee shown
as conti nuqus,, however, it _shoul d be appreciated that |ayers 16 and 19
coul d be pgﬁﬁéfﬁ%g%pg porn#@iPEEFfCP%ﬁES.tW?)q@ﬁﬁﬂQﬁﬁQ?%ﬂﬁaﬁﬁﬁl@téé éisrcui t
board 17, a _user uld first provjde a conductive |ayer 16 which woul d

positionengﬁié%ghtytSnae&PéVeEPFbga§uﬁhc%EQQQ%HQQ??ﬁﬁhFKPe FR9%¢d Body 9
! AR LIS e aa e S0V SRR pee oo
di spersi on ghyjdie Aar tﬂoquqm]i%si,Sbggﬁ\g?gigydgg,atginsgnaaj.efiinllilfeds-triazine

epoxies, or a cyanate ester-epoxy mixture, however it should

be appreciated that many equivalents exist. -

Fig. 2B depicts the article 10A constructed i;

accordance with the first of the above four methods.

Specifically, the thermosetting resin is preferably made

into a varnish, prior to impregnation into the filled body

9, with the addition of a low molecular weight solvent, such

as methyl ethyl ketone or the like. The varnish generally



‘body .9 with a varnish and then a-staging to provide a partially densified
article | OA. As indicated above, the filled body 9 does not include - 3N
0 V 2003 16 the thernpsetting resin 12 and accordingly, it will be
necessary to coat the bottom surface of the article Qar ngszpﬂg surface of
t he conductive |ayer 16, or both, with the thernosettri J\l S 2. This is
to avoid the alternative of high tenpet@ture lanination at |500 psi and 350

C to achoBverdheabondkhylofnfthé eghboghyd % M1t SORMEC LG sy &fes (18 and 19.
Such coating can be performed using any known method such as those

descri bedoabedefi Fbedexaapl , téhe oAl noLCAR iR ra¢coNRsshed oy doct or
bl ading, wire rod, roll coating, screen coating, spraying or by interposing

the sheetoROenOnteomhehéi vhedi blodynd ts ppRliad ¢t ke fd ISt ceRdygti ve

| ayer 16 with thernosetting resin 12 therebetweén, an additional conductive
| ayer 19ths thyemedeovengt hesiwplsur facenofidds fiddigd daedy 9. Again, it

W Il be necessary to coat either the top surface of the filled body 9, the
bottom sthéameseftihg condncl?veehayes déhted POthanirih ithe Jhgr psetting
resin 12. At this point, the circuit elenents 16, 9, and 19, wth the

requi r edangdai sngsrofal her cosetit i Nph i €sies A Arie f0r0Be e A S Rg! e

el ement by | am nation as previously described. After |am nation, conductive
| ayers l1lérahndlé910antbetphtterasin as2 r aamid@th e ftodRGiT GHd i@ enents of a
partially conpleted printed : 3NOV2003 17 wiring board of lam nate chip
carrier. tAfkefreantpnathentoanhaovfi &l esdPA i s then positioned over the
conductive layer 19 to forman additional dielectric |ayer. However, unlike
the filled bo@ptdonehdyar thel €ilsedl bedylyd icqr egnated adddy the a
{thernosetting resin 12. Accordingly, there is no need to apply additional
coat i ngsPéRSFRePROSESEI RGipEsta 1Rst coaiimerwittie trd ivdmiSr tzhe
conductive |layer 19. Although it should be appreciated that a user is free
to add aBUPPMBNRIFOEESET KEELEEienar s et s frra exi thk2 fid lany bafdyt fte | ayers 9
or 19 if _enhanced adhesion is desired. Finally, conductive |ayer 23 is

pl aced ofBF EhESarti dPRreYANISHATFabiyity tand jddhroterisee mefcegsary to coat
the top surface of the filled body 10A or the bottom surface of the

conduct i Vérpéﬁgr to3tier Fithedt Redolet t Fngs s imsangeswedese such coati ngs
can be usgd if the user so desires, Once all of the layers 16, 9, 19, 10A,
and 23 hBvE HEeRTRESEMDIMEG BASTdBSEF PHRE Or thth tdhasinAsedit et izgdion, the

layers formed beads along the surfaces of the filled body 9 and did
not form a uniform coating.

Fig. 2B shows a completed article 10A constructed as
deséribed above. As shown, the article 10A includes the
inorganic particles 14 evenly distributed throughout the
fluoropéiymer matrix 10 (collectively referred to as the
filled body 9) and the thermosetting resin 12 impregnated
thereiﬁ. The depth of impregnation of the thermosetting

resin 12 within the article 10A is up to approximately .001



.can bhe |lam nated using the reduced tenperatures and pressures indicated
above to formthe printed circuit board 17 shown in Fig. 5. As previously
i ndi cated, the thernosetting resin 12 cures during |lam natign at the
reduced tenperature of 180 C and pressure of 500 psi3 NBWZ2B03 2003 18
After lam nation, the thernosetting resin 12 is incorporated into both the
filled body 9 and the article 10A HowdVer, because the article | 0A was

| TPr egnat el ed AN IRSELLY b T8 Byl Zchefor ecthadl amipatfon, the

article 10A should exhibit an i'npregnati th greater an the filled
body 9. Aldhpughn ! hendrimdatheddcitid hLaand %%@ﬂsi %%d%hgwteﬁgtam t he

filled body 9 and the article 10A, 1t shoul d be understoo t hese

mat eri al : . e , « Dod i ri:c Layer f int ed
circuit %%%?gl%gé%éngﬁihf%%?@ggﬁz ié%ig?%%%%% égntgé §?P95P§§§¥§%? or any

combi nat i pa Egr €61 - abfudi 1SeE yarted-44 ;3dd JR %qdiptiig%f%g't cogguctive

| ayers) 21 to the printed circuit board 17, they woul I'Tow the steps

outlined ahg¥gankerpexalples ardisereyW dqeat fihae elthed eenduetive |ayer
23 or the underside of the additional filled body 9, or both, with the

thermoset{hag tg&i RiileaTheAy bhes addh tinaloddddied; hedy 9 1vouldshe
positioned on top of the etc%ed conductive |layer 23. Next, to achieve

adhesi on ekthBe,addet hanak cCOBANCL i VEehaWera1Zhd @ Hheaddi tdamlceki | | ed
body 9, the thernosetting resin 12 would be applied to the top side of the

addi tionabff thkedibody Boay the undgasieeof ddig addiftipnrale eanductive
| ayer - 3 NOv 2003 19

pigment can be included in the varnish if enhanced optical
\ contrast or fluorescence with respect to conductive layers
is sought.

Once the solvent has been added to the thermosetting
resin 12, the varnish is applied or coated onto the surface
of the filled body 9 in its un-densified state in which it
has not.been laminated. The coating can be accomplished by
any number of known methods such as doctor blading, wire
rod, roll coating, screen coating, or spraying. In
addition, the degree to which the coating penetrates the
filled body 9 can be controlled by the viscosity of the
varnish. Once the filled body 9 has been coated with the
varnish, the coated filled body 9 is then subjected to a

drying to remove the solvent, commonly referred to as a b-

staging operation. A b-staging operation is known to those



21, or both. Then, the additional conductive |ayer 21 would be placed on
top of the additional filled body 9. Finally, the newy added | ayers 9 and
21 would be lam nated to the printed circuit board 17 using the reduced
tenperatures and pressures descri bed above, again resks ng 2g 'srrpregnati on
of the filled body 9. It shoul d be understood, howee® t q lieu of the
additional filled body 9, an additiondl2 article 10A could be used. In this
case, it wouthdsno e C t.Q, he .t itional article 10A or the
Ander RECSSSAL VY 'é;r\dlg‘i‘%ﬁests &t £2q4LY gogﬁeg

conductive layers 23 and 21 W't onal | ayers o ndSetting resin

12 becausgpophexthit&l e | Ods i snivi ded mth resi | r,eady i npregnat ed
t her ei n. f%%ever, as gescribed é%%Ve, 5%%§2rl?sSBPgédtgedgpggefgagﬁﬁanced

adhesi on {ﬁage§ﬁ{§dth§@k§@g§rma§tvégyyﬂ d be appreciated that all
applications of thernosetting resin 12, either in the printed circuit board

17 or in the Sﬂéﬁéﬁﬂfﬂé.ﬁéﬁiééquféf%ﬁ%§k§ad%QHk%n%hs%eQ%Pég he form of

the sheet 20, as shown™in Fig. . shows "an i ntegra Pfcuit chip

carrier 22obhatngnehudese thss coated ﬁééj{]r?qﬂ)‘ﬁgygr%'.?E%}I{L%Er%mur ot the

chip carrier 22 is generally known to those o i nary skiPFYi R £RE art

and al t howghwhhe piestsechorim : hi gocarrsier of._the present
i nvention generally iniludes é@%?{?%%vxégggqgoﬁghgrfgﬁ Séﬁﬁgcgénggnents:
(1) diel ecbatedl apessai petagdeagfidhede bodi v 62)nekect pigal

conductive layers 16; (3) plated throudﬁpﬁﬁf§§%¥8? %2)l§%|§§§§é ¥8d

connect orsta6e {B)whakh gtidsapsay $04112,GARNAGE Fap2fcatbl ?k%%hca' ly
conductive pads 30; (7) integrated circuit chip 24; and (8) ernosetting
resin 12' whonngsbdaad arsbhdefat@skhigheacdlied qalti @hodd GANERE . Made in the
‘sane manner as the printed circuit board 17 descri bed above. Specifically,
the conduthevepkayéis)stbrasel anivatied tix: the riiddeed ibedi-es i 4sing a
thernosetting resin 12 (not shown). The various nethods of coating the
filled bodyl® hrdhpplihe depdudsive tiayetedss aire thle usane asogescri bed
above or the sheet 20 could be used. In addition, the resulting chip
carrier 22xappld,i hbkeudbermpseghang oneoin tite dfainl lbed apepdy e Wict Bither
thernosetting resin 12. As a further option, any of the filled bodies could
be | am natk& Weprheurferer nbset bongomesunfd® by sushognhi,gbrpbessur e and hi gh
tenperature | am nation (1500 psi and 350 C). Sol der mask 12' can be applied
to the | of&tesn§hengicested hasFpgencapyl iy, dhe wateand iprlev doslyy o
described. Preferably, solder mask 12' is applied above the electrically
conduct i v¥1pddshsn by %é§h§aéﬁdlégemeﬁblaﬁQQJ;Q§iVﬁhd@yﬁheléLecﬂﬁkealIy
conducti v %gds are exBosed for 3 N OV 2003 21 connection to solder chip
connect or 23673 C8no G dFddeBePaphr dct Bt bd avatt heFmesEteiagl@Asimi t h t he
thernnsetghp%_resin ead egnated therein, could be used in |lieu of

I i nmpr.
each | ayer "6F T Béﬁﬁe n %Bgi PPERT st B e d$e, tha akddicdend®Pne
necessary 0 i;ther, the articles) 10A or the conductive |layers) 16
W t h addif%%ﬁ%l%%hgkﬁﬁséPfingowgg?ﬁ’l£F %F?ﬁ%héﬁ’fﬁﬁﬁﬁc%iﬁﬂqumﬁ%m)for
enhanced esi qn. | t usi-ng_eit her,_.the ticles 10A or the
coat ed fi?ﬁgh§%igﬁqgé gy{%%ﬁhgeﬁﬁppoga??Pﬁ$g?%§%ﬁﬂuégfﬁp%ﬂ electric

char act er ii${d, &S V& 1Rt 1/026d 4 ,FQL € le, simlar to the printed circuit
board 17, IaninatiOHQE#riﬁeﬂcﬁﬁpﬂégrﬁge "22 is performed at the reduced

tenperature of ph2Qs 230.fx and MAKESSULE th%pp%&%urt' .ofg%li&% r;tarh]ci%gigs gue to

the presence of the thernosetting resin 1 er
ther noset tdHeg QSN HIHLHO with the thermosetting resin 12, namely,

the coating of the metal conductive layer 16 with the



‘mask .12' is selectively di sposed between the sol der connectors 26 and the
electrically conductive pads 30 as well as along the underside of chip
carrier 22. These are the normal positions where a sol der nask woul d be
posi ti oned. The sol der mask aids in strengthening the.};ﬂgr]q[j\grzq@ ween the
integrated circuit chip 24 and the chip carrier 22 as™wel'l'¥a junction
between the chip carrier s NOV ~~3 22322 and the underlying substrate
(not showtherToedturicty arshiet ween dheechgaih] €hé Pp29cand shersdd pogarrier
22 is often referred to as the flip-chip or as the controlled collapse chip
connect i orther codduldiriewydayetrhe 6r @hiiahi Lily & therehi pitarvigy 22 under
thermal cycling can be enhanced by using the thernosetting resin of the
present i miegrindimgasomn thel dedsasi. thkt aebat i vebyeotbe, t her8®seitdng resin
| 2can be supplied with various inorganic fillers for this application to
alter its trechamdaltiard layernale, piapesli a6t beFh@Sesfaandt§ shew two

nmet hods of form ng a device using the materials described above. Referring
first to Fapt Hhe He fliastostye® 39 tof thethode82ihg t0spPhovR deaBthough
fluoropol yner matrix 10 having particles 14 therein. The next step 36 is to
provi de a ittheramiskthia mprreesii ebhanteel kidhakishepa88dekssred.| am nate the
fluoropol ymer matrix 10 to a conductor 16 using the thernosetting resin 12.
Thi s net hdibraddovisvd ora e forimpirefeafabdivt hecal heuphi atedoppeepi t board
17, the integrated circuit chip carrier 22, or the |like using either the
filled bodyowetwat et wiltdu tchdramegetineaigtedsithatomahhemattilsl ecdDA aér eady
havi ng thernosetting resin inpregnated therein. Next, referring to Fig 8,
the first s3ep. 4Exdmphes met hod b lies rted agsovndéudef huokepol gheoment ri x
‘havi ng :.3 NOV 2003 23 particles therein. Next 44, the fluoropolyner
matrix i s @oatBenien. a neg idsetadnty atdgien 1 aPemal by haé, beke coated,
fluoropolynmer matrix is lamnated to a conductor. Once again, these steps
al l ow for Ehe fblhedi®edni® the Pramtlednigiated thesate 125 whelfnbegr at ed
circuit chip carrier 22, or the |like using either the filled body 9 coated
with the tﬂg?ﬁn%‘ét??%gplf’e%"r?fi oF L EHE arlt9ad% CF0 APERaawdd SEoat 4B K

t hernosettjng resi scri bed atﬁ\ove. The net hods and structures

descri bed E\BOVéeirlﬁ‘Lc]F}&%‘g ‘g TR it Hildiese by fat'dtibalthehat has opti nal
Chi s i nventIBETAIE bLBR FPebanten Tt HIPRARIeRor b Rt foRrand
Lot he pr obMBECFBF s F oEB, L AHIGERA LGl 1o Sy 2 POt onE L
vart a1 onsyags POSS DL - SUERa B L5 o, 2 vapallans iR, M be
impregnation would vary in uniformity and depth. -
A fourth way to integrate the filled body 9 Q;th the
thermosetting resin 12 is to cast the thermosetting resin 12
or varnish in a dispersion, along with the liquidized
fluoropolymer matrix 10, also & dispersion, and inorganic

particles 14, during the original formation of the filled

body 9. This method of integration would also result in the



«tncluded within the scope of this invention as defined by the acconpanyi ng
¢l ai ns. -24 What is clainmed is: ~ 3 NOV zoo3 1. A device, conprising: a
conductive layer; a polytetrafluoroethylene matrix, containing particles

therein, overlaying the ' conductive |ayer; and a the& Wﬁgvnggpgea n, for
bondi ng the conductive |ayer to the polytetrafluoroeth 2. The

device of claim1, wherein the polytetkafl uoroethylene matrix is

nonfibril Lapedgndtidheodevheemobe €t Bhdn des Whereigh ARgHRe! @‘P&%etfé'llgdr esin
is inpregnated into the polytetrafluoroethylene matrix. 4. evice of

claiml, Wwhelyeion t HewtkernDsenling t&Sime i HHAtRE YO thg conductive
| ayer. 5 The device of claim1, wherein the thernosetti ng resin is coated

onto the polifoetiafyl uatoaepyhese ﬂﬁéfméﬂse*@tm'ﬁ‘a:é%q\ﬂ e qup‘ije @l pwherein
the conductive layer is copper. 7. The device of claim1l rein the

t her noset wiond o @2irly ifsopr aektHed t0 A=6he@t positionabl e bet ween the
conductive | ayer and the pol ytetrafl uoroethylene matrix. 8. The device of

claiml, whereim the pdrthel esolrs hbenp@s vt rafddpraatdylgne matrix are
inorganic particles. 9. The device of claim1, wherein the thernpsetting

resin i nclthdesdseatdani cepant L2l essulds il'ﬂﬂea;ﬂtel\m&le fr @Mk Wherein the

device is a printed circuit board. 11. The device of claim1l1, wherein the

devi ceis @élacmioaea‘arsrtiiels ofAthe AHiAlect Al c At A A Al . AABAIN A 9. A
A(9.Aa %A YA LA Y9 A | % A9. A; | . AY9. AF6ost $/ bg<s

\ zupkf [ Vje@&]lm\/jpaf@]qea]saa]gca] €alcaksmptra)] ced caad irad thiajre &aerldsc aleRa) cRa] ¢
a] ca] ca] c"a] ca] c”a] c*a] cna] cta] ca] cal c(a]c(a \c$V
not require the high temperatures and pressures normally

;
required with such materials. In contrast, the lamination
process need only be to a temperatﬁre of 120-250° C and a
pressure of 100-700 psi.

It should also be appreciated that other alternatives
exist for coating either the filled body 9, or the
conductive layer 16 with the thermosetting resin 12. For
eXample, Fig. 4 shows that the thermosetting resin 12 can be
provided in a sheet 20 and resin 12 can be transferred -to
the filled body 9 and/or the conductive layer 16 prior to
lamination. 1In this case, the thermosetting resin is
provided on a free standing layer 18 of MYLAR or the like.
Preferably, the free standing layer 18 is approximately s

mil or 1 mil in thickness. Once the sheet 20 is positioned

between the filled body 9 and the conductive layer 16, the



.y hHHR} xsni d_ZU] ca] ca] ca] ca] ca] ca] ca] c(aU] ca] cal] ca] ca] ca] ca] ca] ca] ca] cal ca]
c™a] ca] ca] ca] ca] ca] ca] c(aU] ca] ca] ca] ca] caV] ca! R, DER7gTg3W
=?@ | wgl gb] X] c] ca] ca] ca] c(a] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cal] ca] c™a] ca] ca]ca] ca] c&a] caljcalcalca!)Yi}MII!! a Ugﬁ ﬁaﬁ | $$9846 &b&
"| wrlgb] X]c]ca]ca] ca]caV]ca]ca]ca]ca]cal ca] ca] cal ca]-c ]N a] ca] ca] ca]
calc(a]ca]ca]calcalc”alcalcalcalca]calza!l''' ((3)m]|))D+s++,Y,,,,, . 0=0u00!
1Y11113%666)as mah Hecldeelalc alfcabeakeabcad c&ad cal s atsat €@l £al tad ca] cajcalc
aJ c8a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]c(a! 66&7D7x7h88>:;9;t;
;5 =97 ?27)AR GoEatNACCIGEGHeni d oZ]bk] cab@a&cﬁ]@aigﬁécaicadtcadrcg aj ca] caJc
aJ cal ca] calca]ca]ca]ca]calc, a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal D=D Ef EEE
EEFF#G | | <JedIID XrinBN g ©DODCRIRERS G thrd ¢ldetalod] drl100ahea] cal cal cal
cal calca]c(a]ca]ca] ca]ca] ca]ca]ca] ca]lca]ca]ca]ca]ca]ca]calc(a]ca]lca]calcalc
a! 9PPPRORAS iISSTJAGRAN,r WHIS* Ve ts in an article 10A havin
VWAPWYYYY) z* 22"~ wr mhc”Y] c] ] c(a] ca] ca] ca] ca] ca] c(a] ca] ca] ca ?ca] ca]ca]ca]ca]c
a] ca] ca] cailvajroo sdf] toire aagial da) dapaalealeal eageal gal cal A " b}ccceerdgf ff fgK
gg&hchhhhhhAkBkmmmBnooo{ vpkf a\ W] ca] ca] ca] ca] c&aU] c&a] ca] ca] ca] ca] ca] c(al]
c(aly] ca] ca] ca] ceiga]Tajloalcaeajer] o] ealnatréahee] 624 capgad cal©ad 002pgqaqq
rr3rrrss"ttttuu;
vvvnBnooof{ gkt el Wi tedd ajen] calickaladaleal ¢atcaprat 6al peajead cal cal cal calc
aJ ca] ca] ca] ca] ca]ca]ca] c, a]ca] ca] ca] ca] ca] ca] cabocEF 10%&' ()- 10% & ()-s
10% & () - y@ig@%& IQc)arCF F 10%RNE i(Cp-1 lyl O%p € &pey £ Z3 124 36p1@ted

1094 & ()-1"610% & ()-! "!10%&k ()-z P "!1109% (& ()-z "'10%& ()-z PF
10% (& () - g;tk@*p-,eqwgqu@gmp&qr)d 47 includes multiple conductive layers
\1OW&|& O)-1'1"110% 4| & ()-s!'10%| 7| & ()-Zl " 10%| & ()- 10( 10(<sdEH

10(. 310%4| €8 () 1°+and (B4 R ()ngld ki t&'ic) laFens0t@t&ic)e 10A and
109%4| & ()-10%4| & ()- $V~\: 10! 10%m m & ()-!10%f& ()-G H s10%& ()- 104|
104| 104| Stiibed| Roqy - 304 | tloosr @ teemy  gBrductive layers 16 and 19

are shown as contlnuous, however, it should be appreciated
that layers 16 and 19 could be vatterned to form circuit
lines. To fabricate the printed circuit board 17, a user
would first provide a conductive layer 16 which would
positioned adjacent to a dielectric such as filled body 9.
Filled body 9 and article 10A are formed as described above.
Specifically, filled body 9 is formed by casting a
fluoropolymer matrix with inorganic particles in a
disper;ion while article 10A is formed by coating a filled
body 9 with a varnish and then b-staging to provide a
partially densified article 10E.

As indicated above, the fiiled body 9 does not include



10! |, @ 10%& ()-!10%m& ()-f 10%r& ()- Y10%r&' ()- mLO%& () -
10%r&’ ()-, hHaB~\: 10! /10%r& ()-F - 10%r& ()-!' S&10%=& ()- Y&z
10%8 () - F$10%m& ()- ":10%m& ()-bC 10! 9s109%&Z& () -

109Z& ()-1 109%ZE& ()-d s10%Z& ()- 10m 10m 10mi10%&' () -+ 539”"5”
1092Z& ()-F 109%Z& ()-!z#10%Z& ()- 10%&Z& ()- 9! 100/<z&' () ?a & ( ABCDER~ @
10! s10%Z@' () - Gs109%&Z& ()- 10Z 10Z 16

10Z1109%Z&t 13- LBEONAOREERN () r &1 9! 1D IR (JccDREIAB1y@ 10! will be

necessary to coat the bottom surface of the article 9 or the
top surface of the conductive layer 16, or both, with the
thermosetting resin 12. This is to avoid the alternative of
high temperature lamination at 1500 psi and 350° C to
achieve the bonding of filled body 9 with conductive layers

16 and 19. Such coating can be performed using any known

method such as those described above. For example, the
coating can be accomplished by doctor blading, wire rod,
roll coating, screen coating, spraying or by interposing the
sheet 20.

Once the filled body 9 is applied to the first
conductive layer 16 with thermosetting resin 12
therebetween, an additional conductive layer 19 is layered
over the top surface of the filled body 9. Again, it will
be necessary teo coat either the top surface of the filled
body 9, the bottom surface of the conductive layer 19, or
both with the thermosetting resin 12. At this poi;t, the
circuit elements 16, 9, and 19, with the required coatings
of thermosettlng resin 12 are formed into a single element
by lamination as previously described. After lamination,
conductive layers 16 and 19 can be patterned as required to

form circuit elements of a partially completed printed
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After lamination, an article 10A is then positioned
over the conductive layer 19 to form an additional
dielectric layer. However, unlike the filled body 9, the
article is already impregnated with the thermosetting resin
12. Accordingly, there is no need to apply additional
coatings of thermosetting resin 12 to either the article 9
or the conductive layer 19. Although it should be

) appreciated that a user is free to add additional coatings
of thermosetting resin 12 to any of the layers 9 or 19 if

enhanced adhesion is desired.

Finally, conductive layer 23 is placed over the article
10A. Similarly, it will not be necessary to coat the top
surface of the filled body 10A or the bottom surface of the
conductive layer 23 with the thermosetting resin 12.
However, such coatings can be used if the user so desires.

Once all of the layers 16, 9, 19, 10A, and 23;have~been
assembled as described or in a similar variation, the layers
can be laminated using the reduced temperatures and
pressures indicated above to form the printed circuit board
17 shown in Fig. 5. As previously indicated, the

thermosetting resin 12 cures during lamination at the

reduced temperature of 180° C and pressure of 500 psi;
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into both the filled body 9 and the article 10A.

However,
because the article 10A was impregnated with the
thermosetting resin 12 before the lamination, the article
10A should exhibit an impregnation depth greater than the
filled body 9.

Although the printed circuit board 17 has been shown
with the filled body 9 and the article 10A, it should be
understood that these materials can vary. For example, both
dielectric layers of the printed circgit board 17 can be
filled bodies 9, both can be articles 10A, or any
combination thereof.

If a user wanted to add an additional conductive
layer(s) 21 to the printed circuit board 17, they would
follow the steps outlined above. For example, a user would
coat the etched conductive layer 23 or the underside of fhe
additional filled body 9, or both, with the thermosetting
resin 12. Then, the additional filled body 9 woulé be
positioned on top of the etched conductive layer 23. Next,
to achiéve adhesion of the additional conductive layer 21 to
the additional filled body 9, the thermosetting resin 12

would be applied to the top side of the additional filled

"body 9 or the underside of the additional conductive layer
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21, or both. Then, the additional conductive layer 21 would

be placed on top of the additional filled body 9. Finally,
the newly added layers 9 and 21 would be laminated to the
printed circuit board 17 using the reduced temperatures and
pressures described above, again resulting in impregnation
of the filled body 9.

It should be understood, however, that in lieu of the
additional filled body 9, an additional article 10A could be
used. In this case, it would not be necessary to coat the
additional article 10A or the conductive layers 23 and 21
with additional layers of thermosetting resin 12 because the
article 10A is provided with resin already impregnated
therein. However, as described above, a user is free to do
so if enhanced adhesion is desired. Moreover, it should be
appreciated that all applications of thermosetting resin 12,
either in the printed circuit board 17 or in the subsequent
addition of layers, could also be in the form of the sheet
20, as shown in Fig. 4. | |

Fig. 6 shows an integrated circuit chip carrier 22 that

includes the coated filled body 9. The structure of the
chip carrier 22 is generally known to those of ordinary
skill in the art and although the precise form may vary, the

chip carrier 22 of the present invention generally includes
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filled bodies 9; (2) electrically conductive layers 16; (3)

plated through holes 28; (4) solder chip connectors 26; (5)
ball grid array solder connector 27; (6) electrically
conductive pads 30; (7) integrated circuit chip 24; and (8)
thermosetting resin 12' now used as a solder mask.

The chip carrier 22 can be made in the same manner as
the printed circuit board 17 described above. Specifically,
the conductive layer(s) 16 is laminated to the filled bodies
9 using a thermosetting resin 12 (not shown). The various
methods of coating the filled body 9 and/or the conductive
layer 16 are the same as described above or the sheet 20
could be used. 1In addition, the resulting chip carrier 22
would include impregnation of the filled body 9 with
thermosetting resin 12. As a further option, any of the
filled bodies could be laminated without thermosetting resin
12 by using high pressure and high temperature lamination
(1500 psi and 350°°C).

Solder mask 12' can be applied to the locations
indica;ed in Fig. 6 by any of the means previously
described. Preferably, solder mask 12' is applied above the

electrically conductive pads 30 by means of laser ablation

so that the electrically conductive pads are exposed for
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It should also be appreciated that an article 10A, with
the thermosetting resin already impregnated therein, could
be used in lieu of each layer of filled body 9. Again, in
such a case, it would not be necessary to coat either the

article(s) 10A or the conductive layer(s) 16 with additional

thermosetting resin 12, although a user could do so for

enhanced adhesion. The result of using either the articles

10A or the coated filled bodies 9 in the chip carrier is
that the dielectric characteristics are optimized. For
example, similar to the printed circuit board 17, lamination
of the chip carrier 22 is performed at the reduced
temperature of 120-250° C and pressure of 100-700 psi.

Again, this is due to the presence of the thermosetting

resin 12.

As further shown in Fig. 6, thermosetting resin solder
mask 12' is selectively disposed between the solder
connectors 26 and the electrically conductive pads”30 as
well as along the underside of chip carrier 22. These are
the nogﬁal positions where a solder mask would be
positioned. The solder mask aids in strengthening the
junction between the integrated circuit chip 24 and the chip

carrier 22 as well as the junction between the chip carrier
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referred to as the fllp chip or as the controlled collapse
chip connection or C4. Moreover, the reliability of the

chip carrier 22 under thermal cycling can be enhanced by

using the thermosetting resin of the present invention as a
solder mask, Alternatively, the thermosetting resin 12can
be supplied with various inorganic fillers for this
application to alter its mechanical and thermal properties.

Figs. 7 and 8 show two methods of forming a device
using the materials described above. Referring first to
Fig. 7, the first step 34 of method 32 is to provide a
fluoropolymer matrix 10 having particles 14 therein. The
next step 36 is to provide a thermosetting resin 12. The
final step 38, is to laminate the fluoropolymer matrix 10 to
a conductor 16 using the thermosetting resin 12. This
method allows for the formation of either the printed
circuit board 17, the integrated circuit chip carrier 22, or
the like using either the filled body 9 coated with
thermoéétting resin, or the article 10A already having
thermosetting resin impregnated therein.

Next, referring to Fig 8, the first step 42 of the

method 40 is to provide a fluoropolymer matrix having
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fluoropolymer matrix is laminated to a conductor. Once

again, these steps allow for the formation of the printed
circuit board 17, the integrated circuit chip carrier 22, or
the like using either the filled body 9 coated with the
thermosetting resin or the article 10A that was coated with
thermosetting resin, as described above.

The methods and structures described above include or
result in a dielectric material that has optimal
characteristics.

The foregoing description of the pfeferred embodiments
of this invention has been presented for purposes of
illustration and description. It is not intended to be
exhaustive or to limit the invention to the precise form
disclosed, and obviously, many modifications and variations
are possible. Such modifications and variations that may be
apparent to a person skilled in the art are intended to be

included within the scope of this invention as defined by

the accompanying claims.
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a polytetrafluoroethylene matrix, containing particles therein, overlaying the =

conductive layer; and

a thermosetting resin, for bonding the conductive layer to the

polytetrafluoroethylene matrix.
2. The device of claim 1, wherein the polytetrafluoroethylene matrix is nonfibrillated.

3. The device of claim 1, wherein the thermosetting resin is impregnated into the

polytetrafluoroethylene matrix.
4. The device of claim 1, wherein the thermosetting resin is coated onto the conductive layer.

5. The device of claim 1, wherein the thermosetting resin is coated onto the

polytetrafluoroethylene matrix.
6. The device of claim 1, wherein the conductive layer is copper.

7. The device of claim 1, wherein the thermosetting resin is provided in a sheet positionable

between the conductive layer and the polytetrafluoroethylene matrix.

8. The device of claim 1, wherein the particles in the polytetrafluoroethylene matrix are

inorganic particles.
9. The device of claim 1, wherein the thermosetting resin includes inorganic particles.
10. The device of claim 1, wherein the device is a printed circuit board.

11. The device of claim 1, wherein the device is a chip carrier.



