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PRI NTED W RI NG BOARD( S) HAVI NG POLYI M DEBENZOXAZOLE
DI ELECTRI C LAYER(S) AND THE MANUFACTURE THEREOF The present
invention relates to printed wiring 5 boards and the use of polynmers as the
base materi al wWdlos 63 gganel s used to manufacture printed wiri pgr/psaigHz

oar

A printed wring dis typically made from at Ieast one baS|c

buil ding bl ock referred t@RM?Eﬂ%INdMD?SYHAV N§$oé\'u§l oﬁﬁﬁ& is a
sheet of specific size conprised %2%5 uct red to and
conpl etely covering one LR AHPT‘QE'W‘@P \J ECTHIEQwr. Panel s are
commonl y thin squares or rectangles having sides ranging in |length

from 300 to 700 nillinmetere ﬁuise%tt Rhokheidh Yelaess tdaprihtdd wibingi Meter.

The uninterru ductd 0 f t o. as .cl addi ng
or clad. The S g?g’g‘{'ela@& ﬁig % ?é pﬁ?'g]goflp%/sc]%ey%@g %%t%“lﬂ'sé'nnaterlal
| ayer. The cl addpagels Qﬂﬁckﬂe@@tﬁﬂﬁﬁ?ﬁpyprmm mlﬂsehoéﬂﬂio 50 mi crons.
The base material |aygrptiti@d @Seiaig BoUTdY 1rsaa ps«:bﬂymﬁae@rbﬁ at 150

m crons. Epoxy igpregnate ( oEPYX nerally
used as the base%ﬁ%r%ﬂ %a&ﬁeg‘PﬁII% gggﬁlé g? y i e gg %%e %é'%gﬂ{g
A printed wiring28oarpanedwB) A Bawt-"]sﬁéeta sheepcof fﬁR§¢1f1§h&’gﬁEe sempsiisedi n
whi ch el ectri ggl oeoarmtc&wanwﬁmwdd to tand lcomptefely idvetringJone

el ectroni c devi CS%' P?O f:%%e Z?E%O&meli tr "?ﬁ elm)d"ﬂa el%hgrf\@% eg&%

mechani cal suppor trica connec he np
el ectrical co b‘heﬁﬂl@’?ez?u% w%@ﬁt #glng esfidesoranging iin dengthq

circuit chips (:Ebém sﬁoedBMBooaﬁnrﬂimﬁfa&evad@ 4 hthivkneast of leSED&maﬁtOSBid

SO o ALYt BRAREeR I 1 MRty

(MCM) . 15 refipered focashebaddingeorotlpadi ntkhe warphod mimi:glc lapees) :

singl e-sided, do@bl gysicifdy aatlédld idagkenaterildle layer. The cladding
thickness commonly ranges between 17 to 50 microns. The
base material layer thickness commonly ranges between 75 to
150 microns. Epoxy impregnated woven glass mats (glass—

20 epoxy) are generally used as the base material. Copper is
generally used for the cladding.

A printed wiring board (PWB) is a sheet of specific

shape and size in which electrical components can be mounted
to create a functioning electronic device, such as a

25 computer memory module. The PWB gives mechanical support to
and electrically interconnects the mounted electrical
components, such as capacitors, resistors and integrated
circuit chips (ICs). The PWB can also provide the means to
connect said components to electrical power, ground and a

30 greater device such as a computer. A PWB having at least .
two ICs is called a multichip module (MCM).

There are three types of printed wiring boards

(PWBs): single-sided, double-sided, and multilayered. The
single-sided PWB has one dielectric base material layer and

35 one circuitry layer. A circuitry layer is a conductive
layer of a PWB containing one or more electrical circuits
connecting the mounted components and/or pyuviding _
connections to power and ground of a greater device such as
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si ngl e-si ded PWB has one dielectric base material |ayer and 35 one

circuitry layer. Acircuitry layer is a conductive | ayer of a PWB
containing one or nore electrical circuits connecting the nmounted
conponent s and/ or providing connections to power and ground of a greater
devi ce such ASwo 96/36204 WO 96/ 36204 _ PCT/US96/06202 .
PCT/ US96/ 06202 a conputer. The doubl e-si ded PWB has one dielectric base -
material |ayer aadc&%@uqﬁ.cura&ydé.ﬁyd&@ﬁéuw 'H® Bnelaiel SliAEEhalle 1 N0
board is a lam nate I a .

al.ternating dielectfic ers,and, circuitry
| ayers, wherein PAtexhal &@FFFC‘?%%Y% c3reuhine ]cﬂyé%Ct r pcuplElangred o

| ayers or di el ecprinted wighogi beatdisr 8. laninaie|ofcaliteraahing \didleesric

general |y ar elapérs taadbeidch DES} NRlyelrBe whiFdil ahleadtbledtRit ilhyers
fabricating a wé\%ﬁ'iﬁé’%ielﬂ\@t ﬁ&ﬁ?ésee R‘%ﬁgi#ﬁ‘rﬂ%@dné Efelec&ﬁi ectric
adhesi ve Iayerss I ch are Fnrhe ormof aTrl'm agre iorrrmnycalled
prepregs. adhesiye:ilayarsy Thy dielsctsheadhasiye La¥ers Lenaraldy

conduct (()r )s] vvhiAc haterused @ op bofid e g e thétMtﬂlﬂéa layetecased an ted
circuit(s)]. c Ct.Qre I s _an tricatby sl ye a.printe
W ring board ci rggigﬁ%ﬁqir1§§eP m‘igé%c&yﬁﬁl gghbf %efcogt[nkd.u%c%ﬁ'gg }%éfﬁ%‘gerha’ I?I%ﬁe
(anal o?(c):lsjs to a fizelmqte)l,c adhaﬁgﬂr draygrsavhieh eatl@dé?t Itbegf/\g?érﬁﬁ)raerﬁlﬁ-ms?ch
as , CapgcCatercomady’ e8lbéd Frepregsonnected to a , a via (a
netal plated ﬁgl e inter cgngﬁcédir}q, a? Igp%s tmprisghrgyigéﬁdr egghg d an
annular ring. An annular™rTng I's Jo e contfuc or, sur,rogn Ing, a via a
circuitry |ayer.conductors whigh £oym kher printed qizsudtedlthat ¥so described

by o their dineekéctrﬂcalha&ﬁ§ﬁ£t(sﬂj.CSA Eondwotmplis, anoeliectricallyspaci ng
is the nearest e - S : . r
el ements, pitch Eg&% %:‘%%?g%ééﬂ%%%i%ﬁé@@?ﬁé%rbog qtgfgg%]h cﬁ'o%?e?i'ne to
the center of 18n ﬁﬂﬁﬁ@@hpf a conductor include a line (analogous to a
' wire), a land (an area where electrical components such as
ICs, capacitors, and resistors are connected to a PWB), a
via (a metal plated hole interconnecting at least two
circuitry layers) and an annular ring. An annular ring is
20 the conductor surrounding a via on a circuitry layer.

The circuitry layer features are also described by
their dimensional characteristics. For example, conductor
spacing is the nearest edge-to-edge distance between two
adjacent conductor elements, pitch is the distance from the

25 center of one conductor line to the center of an adjacent
line, and conductor width is the distance from one edge to
the opposing edge of an individual conductor.

Generally, a PWB circuitry layer is created in the
cladding of a panel by a photoresist/etching process.

30 Iypically, a panel is cut into more than one single-sided or
double-sided PWB. A dielectric layer having at least one
PWB circuitry layer present on its surface will be
hereinafter referred to as a processed panel, wherein the
circuitry layer is not in a state to accept electrical

35 componentry but can be laminated with other processed panels
in the production of multilayer PWBs. The typical steps to
make a double~sided PWB from a copper clad panel using a
photoresist/etching process is described by, Printed Circuit
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|l ine, and conductor width is the distance fromone edge to t he opposi ng
edge of an individual conductor. Cenerally, a PWB circuitry

| ayer is created in the cl addi ng of a panel by a photoresist/etching
process. 30 Typically, a panel is cut into nore than one single-sided or

doubl e-si ded R¥Bogdsaghi €l ectric layer having at |east one FoOdfsoé6g0i try
| ayer present on its surface wll be hereinafter referred to as a

processed panel, polaescBisidiC 2nd BAL F WS ML altRY €Mil Fer Girdean, SEah € 0 accept
el ectrical 35 CORR gﬁgg #¥ ? gcan e lam nated with other processed panel s
il

in the production ’ PWBs. The typical steps to make a
doubl e-si ded PWB from a éopppical amlsihayenspripted wiphngopeandiscfomed

DEOCGSS i's deSCrngﬂabﬂhaﬂiﬂgntﬁd précasded panels having circuitry laye 202
B8t eidenr, Thers arasegend pensls axe gﬁea%céf%&@

Boar ¢ Basi cs 2nd
A typical multil| &p8ether msidesnar PREPEREN d Ins fprming PWBs copkainizg glass-
processed panel s epaxypase materiyls 2yehe preppefold wiuldly Ahpastidllgessed

panel’s are usual logy &”%M%%ggxga?ﬁxﬁ‘er ¥ p¥oledidd o l's”ai- rfﬁﬂ&xf Vs

contai ni ng gl ass- eoprepred 1. usua
partially ~ cur e@rﬁP%%d eﬁR?x}@F-FﬁF’-%@YpFGGEEE’éEI theqizeyitryy ‘Elfﬂ-?rs
prepared for |gnwighi agcdmpdmaatonﬂatﬂawmcuhéryoﬂdm&g ofl@hei ¢irenizaypound

to facilitate thgy QQEQ 9 e pREpELECUiAL %rflatiﬁ%ef%etz‘& WBCRE P Shased

Alternating layers’o S are
die. In additionPage ﬁeand PEFGESS%&F%&*@I@ ahB ?)r‘g‘pﬁ'eggn Pfld?'gl%rﬁﬂ)r?hfo
have a pr epr epracdssédrpanelnt ahd f prrdprexegr itt picominlon tophave as 15 the

bottom and top | a¢gpses add'¢hdhCa dbEalP FoR1c08yer (typically copper) as

15 the bottom and top layers in the die. The prepregs,
processed panels and metal foil are laminated by applying
heat and pressure to the die. After laminating, the prepreg
and foil create an outer cladding on the laminate. The
laminate is then processed using the above double-sided PWB

20 process or analogous process to form multilayer PWBs.

As electronic devices, such as computers and
cellular phones, decrease in size while computing speed and
capacity continue to increase, printed wiring boards have
had to increase in circuit density and decrease in volume.

25 PWB circuit density is described by and is ‘proportiomal to
the number of component connecting leads which can be
attached to a square inch of PWB surface. Increasing PWB
circuit density and decreasing volume have necessitated the
use of thinmner dielectric base material layers, thinner

3p cladding layers, closer conductor spacing, narrower
conductor width, and smaller diameter via holes.

As the development of higher circuit density
multichip modules (MCMs) proceeds, direct surface mount chip
technology, such as tab lead frame, wire bond and flip chip

35 mounting is increasingly being used; chip being short for an
IC chip. Because the chips are direct surface mounted and
MCMs exhibit substantial thermal cycling in service, a
wiring board-chip coefficient of thermal expansion {CIE)
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processed panels and netal foil are |am nated by applying heat and
pressure to the die. After lam nating, the prepreg and foil create an

outer cladding on the |am nate. The | aminate is then processed using the
above .doubl e-si ded PMB 20 process or anal ogous process to formnmultilayer .
PWBs. ’ 6%?20‘3' ectroni c devices, such as conputers apgrusssmkion! ar

WO 9 : : . . \
phones, decrease 1n size while conputing speed and capaC|ty continue to

i ncrease, printegs Pb&m %qg\'/ﬁ%%sga‘Yﬁ"‘f %qqugrg LRCE ggl rcuit density

and decrease in ' g cul nS|ty cr| by and is
proportional to nFﬁﬁc?Rﬂﬁﬁ,tr“&f ft’bﬁﬁ"re h&’énnéh?l |3, foe V\#C 3 pe
attached to a squ&eémtnfamfrola‘ﬁﬁ :hataaﬁathlenchepswlg d3id breakage aferthe y

base Mt o1 1 8l | aeBE L e e e T ng
nar r ower céndﬁt‘?bir" 8\ PRA%R "§Hd shﬁ? c;&q’&ia f'ért@? L5 a8, 1(’){ nd ’
the devel opnent deffnedhehy @ PUBi civewitny andnbase ohdteniaduleyet MONBYis
proceeds, direct rg ﬁii‘é@ iwruasahmericaqcua%egfe Bad) 225 XYAUTE ecthdd A8,

wire bond and fli unt| gasi ngly being used; chip being
short for an Egﬁﬁ §8ntﬁgs%ii£°§v‘3'dl rect surface mounted and
MCMs exhi bi t substantlalAtnslna¢aknaﬂneng in cxeating aaPWB\is ithe degreechfp
coefficient ofjyt BRhFBImErPHE iceRchft FMeatures, such as v1as to thelr - 3-
WO 96/ 36204 N d fﬁYUSQG g

mi smatch can caudBTERAS f%’ﬁ’ﬁl‘@nore]c?l’f’pve[ FopfEher £oatures A %r?qnoﬂ | ure.

Thus, the CTE i nThemedegres mfc confommiky tte appintended posdtioncisitgldead
avoi d_br eakage ofregmstratic&up e/ gefddias %&aeﬁglmmfaueqaawe board and
chip 5 during opgLatLetsTNe o¥YeR! 808 SurifeS TR A0 id)S PROS

15 registration occurs during lamination due to permanent base
material distortion and induced stresses. The induced
stresses arise from a coefficient of thermal expansion (CTE)
mismatch between the base material and circuitry layers.
Therefore, it is advantageous to have a base material layer

20 having sufficient stiffness and strength to resist stress-
induced registration deficiencies such as warping. It is
also advantageous to have a base material which exhibits
minimal permanent deformation such as shrinkage during the
lamination process.

25 Commercially available dielectric base materials are
beginning to limit further reductions of PWB size, increases
of PWB circuit density, and increases of PWB high frequency
signal propagation speed. Glass—epoxy base material layers
exhibit periodic roughness associated with a reinforcing

30 woven glass mat. This roughness limits how thin the base -
material and cladding can be which ultimately determines how
thin the circuitry can be. In addition, a glass—epoxy layer
typically has a linear coefficient of thermal expansion
(CIE) between 12 to 17 parts per million (ppm)/°C in the XY

35 plane whereas an IC made out of silicon has a CTE on the
order of 3 ppm/°C. This mismatch can cause chip or chip to
PWB interconnection failure. Glass—epoxy base materials
have a high dielectric constant of 4.5. This high '
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defined by a PWB circuitry and base material |ayer. This requires the
base material |ayer to have an XY CTE close to that of a silicon based

I C chi p. A critical aspect in creating a PMB is the degree of 10
conformty of circuit features, such as vias, to their i nt ended position
relative to okfipésakmat ures of the PWB. The degree of conbor/sdsweioy an

I ntended position is called registration. PWB defects arising from

T, e i) sl e e
di gtort i on and |#if}'9d§|§' ng@é yysioh c?ﬁ&“f‘ﬁﬁhc@g‘ a%dgﬁggé é:hPrﬁ

coefficient of tFRinROrcenpahsisglecyeppoxy m%%ﬁeséﬂmﬁqﬁe flaaser
material and cirgsfill bitawess than AhpoEidéric iHaseSmadeaidiageous to have a

base material .| ayer 20 F!?rﬂe{‘%eiﬂéﬁ'ﬂseé‘ﬂna%%&ﬂfgsﬁa@é‘%&%&ﬁ@% :icf‘r%ssst
I S

stress- I nduced re al so
advant ageous to #% sepmlmswsmpweékm%hs ass'r’ﬁl?ﬂ’ﬁfalbaﬁér manent

def or mat i ?)ln sucfmaaeﬁhrlsnkam cas:ramlpgb el hfiber |reiinfarted (Keveas andd |
Commercial ly av olimt
further reducti g%*fﬁ#:.%ﬁk&f&fdeﬁgcﬁﬁfgm:ﬂ baalrsip%fenaﬁsle?i Jé’%ng’ Seb and |
i ncreases of PWHeVe)iepedesq EoNsYer; shese mateniada: hawe strvaralg ass- epoxy
base materi al 1§ a&esaﬁvantagbs hédchpasi hilgh masg:hstes abaespmc&t,emugm bnﬁt,

reinforcing 30 V‘ﬁ’i’ e@;éEBFPE co;%n,;gpgoygjmes& KELi 3 M0, tJHont Eﬁf?

material and cl ad can ely éiet erm nes

circuitry can be® %19 &dFPl oeprer §I1&§§"%§>ny | ayer  typi caI |y has a l | near
coefficient of thernal quiei.mll polytétFadlvoerbethyldie t{(PTFE)phassalso been i on

(ppm/[err]C in gdeq X:Ya :ﬂi%rafﬁﬁn@rbf %@Q@soﬂﬁoﬁ Bidd maRePpg1a CTE
on the or der ?%?FB m symat ch "can Saus cl or chipto
PWB i nt er conné%t 91828‘29’"(%1%%@?: il eﬁ%\/ér& hi gh
dielectric constaequzafedAzﬁ.Pm delviaghe of its low inherent stiffness. -4-

PTFE fillers tend to cause the same problems glass
reinforcement causes in glass—epoxy base material layers.
PIFE base materials also display large lateral deformation
20 in the XY plane with respect to temperature. PTFE's large
lateral deformation limits the registration attainable in a
multilayer PWB.
Liquid crystal polymer (LCP) base materials have
recently been developed. LCPs typically are stiff strong
25 polymers often having a dielectric constant less than 3.
However, LCPs tend to lack good adhesion to metal cladding.
Also, LCPs generally exhibit anisotropic coefficients of
thermal expansion (CTE). In particular, LCPs tend to
exhibit Z direction CTE significantly higher than the CTE of
30 copper. The Z direction is perpendicular to the XY plane.-
Due to thermal cycling during MCM operation, the copper—LCP
CTE mismatch causes stress and can fracture a via's copper
plating. As the via diameter decreases, the via copper
plating stress will be increased by the inverse square of
35 the via diameter. Consequently, it will be difficult to
make reliable small diameter vias in a multilayer PWB having
LCP base material layers.
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dielectric constant significantly slows signal propagation of high
frequency circuits. In addition, due to the gl ass rei nforcenent, a

gl ass-epoxy base material causes faster drill bit wear than a polyneric
base materi al .wg 9s36204 More recent base material s have atpengsoaes620
addr ess. sone of the problens associated with gl ass-epoxy base

materials. For exanple, fnaeessse i GRdaekerible A furnSRPL fdhel

ot or) a1 o have SCREPRITEE &%ﬁi's?eﬁg%?f%e?%e%énﬁ%%ﬁsv% i dpubBBcEdnd ot "

hi gh cost, hi gelaitarexed PWBoNbLeh! cqn Naveshiighetdnguita desndtm 498 eri or
?dhesi) OE to Icoppe:‘irascl hilgh rfrequency signaFipdopdgatis et rConseqouestdby et
PTFE) has al so n : S I ' - e
material 15 (fsor@?én%?%ﬁ?p&%&?ggégtﬁéc ﬂ?&%@?%ﬂ?iﬁﬁ ﬁfglrtgggrgﬂ?égtm
required i n PTFESS8chasmads havingokhinkassmaserishckayers, phip eireuitry
tend to cause thdayets, piftcRoglitétor widuhsf,ociesendomietree spacings

gl ass- epoxy base ymt er] ""ME&% . PTFE base materials also display |arge
| at eral def or mat iagg E‘E}L?ih (Phe rplvéarllg',wi th respect, to tenperature. PTFE' s

| ar ge | ateral def or maéoAspeet tof (thd s, dgrentinm 3% 3t £atRa¥fe in a

mul til ayer PWBg polyimideberzoyazdler (BIBO) (havwingraf l«¥dctrdealbpteri al s have
recently been de : yRi ' S 5 rs often
havi ng a di el ect ?ﬁ:ﬁ%ﬁgggg%gfa?egsg%ﬁ-g%XSﬁ %é%&éi\:/e%@% £ g%# o’ | ack
good adhesi on t o "RersincthiAIRY film has, a tepsile gtzAngth.grepter than

ani sotropi ¢ coef f200i MBasanf25°C.t hTheatemsqlensiteengti Hs detegaihed ubyrASTM_Ps

tend to  exhilio-63sdsige! iR $1BOSEIN HAAN dn A iiANy! Bndd&r Ve 30
copper. TheZdlrectlgn s, perpendi cular to The X ane. Due to
thermal cycling d@fRg Wﬁﬁ_d StPoRan (M & BFPEL: LFheet, OFEPRPCRRRRY,
causes stress anganed.fracture a via's copper -plating. As the via

di aneter decreases, the %b%tﬁ@?pﬁérectlﬂfaihﬂg Hlodtion ik Repiiifenstdiny
E“h? f : Q\Jﬂ Sf Osquarb%agla IglaSv:I.nge avtI iealsgrrgttlee rdie%@%ggg eﬂ;yleyz‘ alntd \Qntl ieggt one
circuitry layer wherein at least one dielectric layer is a
20 PIBO £ilm having a tensile strength greater than 200 MPa at
25°C as determined by ASTM D-638-87B. The previous aspect of
this invention can be used to make said PWB.

With this invention, it is possible to fabricate a
PWB having a thinner dielectric base material layer, a

25 thinner conductor, a closer conductor spacing, a narrower
conductor width and a smaller diameter via, compared to
glass—epoxy technology. Consequently, using this invention
one may fabricate small, high circuit density, fast signal
propagating MCMs which can meet the expected size reductionmns

3p and computing requirements of present and future electronic
devices. ' '

In the first aspect of this invention, the PIBO film
adhered to one or two electrically conductive layers can be,
for example, long sheets, panels or processed panels. The

35 long sheets may be rolled. To minimize slicing, the width
of the cladded PIBO sheet is preferably the same width as a
specified panel.

-6-
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make reliable small dianmeter vias in a multilayer PWB having LCP base

material |ayers. -5- 42, 283-F
Recently, EP, A 0 393 826 described a pol yam de- pol yi m de

pol ymer fornmed by reacting conpounds of a novel aromati c di am no
conpound Wi t h WB9e/Seo4Or € aronatic t et racar boxyl i ecaniso@osaoad .
anhydri des t hereof. 5 Pol ybenzoxazol e- pol yi m de derivatives of such
pol yam de- POl il deefClMHNS BpRaERA 1dyBY SuiEeld 2
particul ar resuH antopg oxé r h dro§§%€g€5§|tu e .

pol yami de- pol yi nitdgctrically copgugty ‘ﬁﬁfrtéﬁi'ng Iy thegmetatiisn to

form-t he oxazol e copper, aluninukage, allogs therepfig t he pol ybenzoxazol e

pol yi m de 10 pol ym®e electrically cod@uctive layer isZfreferably less
- 5 than 50 microns and more preferably less than 17 microns
thick.

. It is advantageous to have a thin base material
bonded to a thin cladding or a thin circuitry layer to
create a small high circuit density PWB. PIBO films as thin

10 as 0.1 micron and as thick as 2000 microns can be used. The
preferred thickness of the PIBO film used as a base material
layer is less than 125 microns and the most preferred is a
thickness less than 50 microns. Because of PIBO stiffness,
high strength, and surface smoothness, a thin base material

15 layer of 25 microns or less is possible. However, it is
preferred that the PIBO film have a thickness of at least 5
microns.

The PIBO film may have a filler such as glass fibers
and ceramic particulates. However, it is preferred to use

20 the PIBO film without fillers. Base material layers without
filler typically have smoother surfaces compared to base
material layers having filler. Smoother surfaces enable
thinner circuitry layers.

Any PIBO polymer may be a f£film and function as a PWB

25 dielectric layer. It is preferred the PIBO have at least
one of these physical properties: high stiffness, high
strength, low dielectric constant, XY plane CTE approaching
the CTE of silicon, Z plane CTE of less than 100 ppm/°C and
low permanent deformation upon heating to 300°C. A filler

30 may be used to achieve one or more of the preferred
properties, but it is preferred a PIBO film without filler
meet the preferred property limitations.

Polyimidebenzoxazole is typically made by imidizing

. a polyamic acid which is the reaction product of a

35 dianhydride monomer and a diaminobenzoxazole monomer.
Imidization is the condensation reaction of the amic acid
linkages of the polyamic acid, which consequently forms the
imide linkages of the polyimidebenzoxazole. In copending
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- ba- WD 96/ 36204

PCT/ US96/ 06202 Therefore, it is desirable to furnish a pane
capable of being formed into a single-sided, double-sided or

mul tilayered PW@gaRkml can have high circuit density and pefUsdeloez .
frequency signal propagation. Consequently, the 5 PWB, and in particular

the mul tilayer PV chBisns NVeutila®No. $39, 75,2424 Luhd:"137,P2564
material |ayers, q_l ngir%lic rch'd I axe}risﬁhorhar rtowccgndugt rl Wi t’hi’ -¢lose
conduct or spaci n y ids and Me s to Convert Polyamic
into Polyimidebenzoxazole Films" and "Polymeric Acid
Precursors and Methods For Preparing Higher Molecular Weight
5 Polyamic Acids and Polyimidebenzoxazole," filed April 24,
1995 (Serial No. not available), procedures and reactants to
form PIBO films are described and are incorporated by
reference. Preferred polyamic acids, in which a PIBO film
is prepared therefrom, are the reaction products of:
10 pyromellitic dianhydride and 5-amino-2-(p-
aminophenyl )benzoxazole, pyromellitic dianhydride and 2,6~
(4,4'~diaminodiphenyl) benzo{1,2-d:5,4-d'] bisoxazole, and
pyromellitic dianhydride and -2,2'-p-phenylene-bis(5~
aminobenzoxazole).
15 Because it is beneficial to have a stiffer and
stronger base material layer, particularly for a rigid PWB,
a PIBO film exhibiting an elastic modulus of 0.5 GPa or
greater is preferred. A tensile strength of 250 MPa or
greater, as determined by ASTM D-638-87B, is also preferred.
20 A PIBO film having an elastic modulus of greater than 5 GPa
is more preferable. A PIBO film having a tensile strength
greater than 300 MPa is also more preferable.
To minimize failures of surface mounted IC chips, it
is preferred the PIBO film used as a base material layer
25 have an XY plane linear CTE between 1 and 7 ppm/°C from -
55°C to 125°C. It is preferred that the PIBO film have a 2
direction CTE of less than 100 ppm/°C from -55°C to 125°C.
To allow faster signal propagation at higher
frequencies, it is preferred the PIBO film have a dielectric
30 constant between 2 and 3.3 from 1 MHz to 1 GHz. The PIBO.
f£ilm dissipation factor is preferred to be at most 0.0l as
determined by test IPC 650 2.5.8A.
To minimize registration problems, PIBO film having
a permanent lateral deformation of less than 0.02 percent
35 determined by IPC 650 2.2.4A is also preferred.
To make the first aspect of this invention a PIBO
film must be formed. Typically, to make a PIBO film, a
polyamic acid is made by reacting a dianhydride monomer and
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and smal | dianeter vias. An aspect of this invention is a film
of 10 pol yi m debenzoxazole (PIBO having an electrically conducti ve

| ayer adhered to at | east one face thereto, wherein the PIBO fil mhas a
tensile strength greater than 200 MPa at 25[err]C. The tensile strength
is determ ned vpdg@s%{dt})(l D-638-87B. The PIBO fil m havi ng anpermsssiosmal | y
conductive 15 -layer bonded thereto can be a panel, sheet, or processed

panel . a dNeiiHobedsbREtold woNokekNYEMNY | 'é?ﬂvb%t@ prwt:%iu%;rahﬂg

b d h t st di,el ect t
“ayer wher et at] el e Y, e EpELS sy BRceRYem oy o
tensile strengt hpgkyamia acidisobvempPyidl be peferredispecasi thel noly

0638P\%B The paeyd dbsiuvtikact The poltylainic' syEdtddlution & 4SeBd O rrake
sal

th| |nv ntd.on I bH
PWB havi ng a Bhi B n‘r’llé‘?tlcfmelr}egan b’ba dl% hF g]i' %&&%E Q g%ié)h nn erlu%
conductor, a cl os8rthemahaped smmgfllal-na%mér e pOémamtaﬁthsotlntana a
smal | er di anet er iyimade dntar @dfilm, 1tg|1&S§nB e i dtyed Gu)Toaumeghey,

using this i nvenf %%Ee\?vggy%fﬁ)@rfﬁglt ﬁa? x ﬂE ?Ilgagl Efé‘éﬁe&iﬂs' %X'EV ast

si gnal propaga |ng can iree Iz& feduct,i
and conputing r c88Y regRainingf sp E@Hhtoraﬁéhﬂﬁ'éﬁr%e@laéét fb}#cpmml@és

In the first q pect of tiipicdlMant ithe, diﬁﬁhjﬂﬂi@efmbﬁbmefuﬂﬁared to one or
i oo oS B i, Ll B Ul
slicing, the wi deéplv &aif womicel by qDlPBéashe%PrqtsmprseiEFamiﬂ%@ssalnﬂ'w dt h
as a  specifieddpnethyacetimide, N-methylpyrrolidinone, 1,3-diimethyl-5-
imidazolidinone, N,N-dimethylformamide, 1,1,3,3-

15 tetramethylurea, or N-cyclohexylpyrrolidinone. Mixtures of
one or more polar aprotic liquids may also be employed as
the solvent. Before shaping of a polyamic acid solution,
portions of said solvent can be removed by the application
of heatj extracting said solvent using a solvent which is a

20 non-solvent for the polyamic acidj} or a combination of both.
The temperature tc remove the solvent is preferably less
than a temperature which will cause imidization of the
polyamic acid. The polyamic acid typically binds some of -
the solvent until imidization, thereby making it difficult

25 to reduce the solvent level by volatilization to below 10
weight percent.

When the polyamic acid PIBO imidization product is
insoluble in the solvent of the polyamic acid solution, the
polyamic acid solution prior to imidization is preferably

3p formed into a film. An unsupported £ilm may be formed using
a technique involving shear such as extrusion. Shaping the
polyamic acid solution to form a £ilm can also be done by
coating, casting, dipping or spraying the polyamic solution
onto an appropriate substrate. An appropriate substrate

35 includes glass, aluminum, stainless steel, silicon, copper,
polyimide film, tetrafluoroethylene fluorocarbon polymers
(marketed as Teflon™). Often a release agent such as a
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The el ectrically conductive | ayer can be any electrically conductive
netal. Preferably the netal is copper, alum num or alloys thereof.

The el-ectrically conductive |layer is preferably less 5 than 50 m crons and
more pref er ablygb@gsset Nan 17 mcrons t hi ck. | tPCTAUS96/06202
advant ageous t0 have a thin base material bonded to a thin cladding or a -

]Eh: n ci rc;uh trylloﬂwlﬁfnmted 6ﬁﬁiéd%rsﬂﬁbili‘dcﬁié %Ié&cuaﬁ ﬂ@f\ﬁdé&’ tB\é\B Pl 50
il s as in n n be use
The preferre %ﬁ%l t%g%é%%ﬁ%#i} OEaEE% #i& Q& QQ nL mat er i al

layer is |ess than 125 nWRetthespgl Y#R?Qniﬁ? p?é?%r*%&ﬂ¥%§§i°n PEPRRKY s

| ess than 50 m' csaliubleBinatbe wlydmEe atid fsvdation sbleéntsi rigndishnoand

surface srmot ver ﬁil&"h@c@ @l ?tat tl@/geg%fr?g’]@m &r%cg l ess is

possi bl e. erred I ave |ckness
of at Ieast 5 Pok¥amceacid solution $REo 4 H i thay,hm eflrymsrasuéh

as glass fibers in thed potyanic gudd isollpies . isidieser imidited pmd erred to
use 20 the Pl BO &hﬂé@é‘%ﬁlﬂwtféfﬂéc}e it B2 SEL TR Ik BHEH S5 eHIO W sripus .

filler typically SO0t het  Sur fFaces conpared to base mat e
having filler. PAABF@Phsyrfaces enabl e thinner circuitry |ayers.
Any PI BO pol ygger may be Regdrdleasdof urlnd iforming améblb S itiidieation dihythe

|t 'is preferred @ SB0BR e Tk, be Ylkeallea! BERLP M Galg Q0P Li €5

hi gh stiffness, ectric co
appr oachi ng ngr aseatalyst prprembinations FB§§3? an PBSﬁFfé?r]C
and Iow1pernaﬂmad uiafbennﬂ1&mza@pmo BEBD i byy heat26@[ the |polyamiicl | er 30 may

be used to achi YL RIS br PR famcpaéifrsroq%uonpt?@@f tfe?n%vati%fl bohe

preferred a PIBO out neet e err
limtations. 15 of 'tHd Bo 8?&?n16@5@h25k%§0§%94§? £¢pi e& ¢ 5& € mi di zi ng

a pol yam ¢ aci d pelyamiicsaché sqtunmunnoprthhunohyhmacSEcddanﬂwdumdeaﬁbanner
and a di am nobenzaaf@oaql %f”?&ﬂf‘%’f the Bl | Qathiybbs asmpr&at ben
Lgﬁggaﬁgn?rytpgran] gﬁllncl Jgﬁ$%§agio£rkgé%¥syggkﬁ agléhe£¥y ch
anhydride, propionic anhydride, ketene and isobutyric
20 dianhydride. While these catalysts can be employed alonme
they are most preferably employed with an organic base,
preferably those which do not form inorganic salts.
Examples include picoline, pyridine, isoquinoline,
triethylamine, lutidine or their mixtures. The application
25 of heat or addition of catalysts may occur before or after a
film has been formed.

In this invention, the use of heat is preferred to
imidize the polyamic acid to PIBO. In particular and
surprisingly, a heating process resulting in PIBO films with

30 enhanced tensile stremgth and percent elongation is more
preferably used. In general, the process involves the
following heating steps. First, the film is imidized at a
temperature from 185°C to 280°C, more preferably from 185°C
to 240°C and most preferably 230°C, for a time of at least 5

35 minutes and no more than 90 minutes, more preferably from 10
to 80 minutes and most preferably from 15 to 75 minutes in
air or an inert atmosphere that is preferably moisture free.
Subsequently, the imidized film is preferably further heat
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i m de |inkages of the polyi mdebenzoxazole. In copending

-7- WD 96/ 36204
PCT/ US96/ 06202 applications, Serial No. 331,775, filed COctober 31,
1994, - for "Polyam c Acids and Methods to Convert Pol yam c Acids into

Pol yi mi debenzgyagsthes Fil 8" and "Pol yneric Acid Pr ecur s arcanmsiosbdzt hods
For Preparing H gher Ml ecul ar Wi ght 5 Pol'yam ¢ Acids and

Pol yi m deb q £d ! ' ' s N Ot td4abl €)
o otedur os and restred, &6 e=ttp tné 21p0 pugect R 1 HAcide LAY LA ©

S.to P
i ncor porat ed by £Tom g?ércehd’é:.‘*feﬁé&r =P 390y SR acieperatuRa; Wrich Bisgo
film i s prepdesd than 019 andeless thamcthenghassl knansitiono

py:_gg: : ! : ! g g! &%ﬁ’pgfrhﬁlﬁ’regm* ghan&aeuﬁaa&g}; PéBgaﬁﬁgoﬁ‘qe@fsl)tbQOZQém&’
py it | | - - di |
benzo[ 1, 2-d: &, 4%@% B?"g%@}%ye Fgﬁnﬁuréh PERE E]F??‘g’?%ma. yéF’FﬁBf'&?ﬂi at a
2, 2" - p- pheny| endowes( semperativrgofeomo230'@ &p. 338°C in air prcapsinextis
bentef.i c: al | tof haitmogphété { Gindattien %IﬁtBiO mf_l dbﬁﬁghé@_tﬁnipﬂrakﬁi‘érfrom dul
particul arly foryedofl Qi . @ il m_exhlbitj an s}ic_nodul us
of 0.5 GPa or ”gr ga?%(rjsﬁ.i%pl"@f BHF BT %Et‘&ﬁgﬁ ‘3*'2?%%1%% oﬁhgdfl% or
greater, as det @tmosphens incwmosh peefembly gitragenreferred. 20 A PIBO film
E?\éion?' i':m ﬁ' aptic rr?dul !Ait@i'tﬂrmwrfi‘llhahaE $&n r11nadjes gar eledefiaalye. A

il mhavin | st ren r . : re
pref erabl e. qm%duggf‘f%elrﬁyrﬁrmmgégf%?I%h%?egf t:Es’ur a%(eﬁrf%%f' %@ ?Jt&?h%s It
is preferred thdom pramplen & shegs, apanele arapeprassedyranels nihe BEBOCY

pl ane linear CTEilat haeing sihdadheppd] ébedtir@chldin condudtifve Lhfet Ocan
125[err]C It i S e{:gr%’feri}c%%teg thgl %%.I m have a Z di rection CTE of
"om - 9b

| ess than 100 ppmlerr] Slerr]Ctaq 125[err] C
15 An electrically conductive layer can be adhered to a

PIBO film by directly forming a polyamic acid film on an

electrically conductive foil and subsequently imidizing the
polyamic acid solution to form a PIBO film. Preferably the
foil is copper, aluminum or alloys thereof. The foil then

20 functions as the electrically conductive layer of the PIBO
film of this invention. The adhesion of the PIBO film to
the foil can be enhanced by use of an adhesion promoter such
as 3-aminopropyltriethoxysilane. ' '

An electrically conductive layer can also be applied

25 to a PIBO film by techniques such as vapor depositionm,
electroless plating, electroplating, sputtering and
combinations thereof. Vapor-deposition, sputtering, and
electroplating are described in Electronic Packaging and
Production, May, 1992, pages 74-76. Vapor deposition,

30 Sputtering, electroplating, and electroless plating are
described in more detail in Handbook of Tribology Materials,
Coatings, and Surface Treatments, B. Bhushan & B.K. Gupta,
Chapters 9-10, McGraw-Hill, Inc., 1991. :

Often a seed metal/metal oxide layer(s) may be

35 applied to the PIBO film to enhance adhesion of subsequent
deposited layers. Examples of seed metal/metal oxides '
include nickel, chrome, titanium, chromium, iron, molybdenum
or zirconium and is applied first to enhance adhesion of
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To all ow faster signal propagation at higher frequencies, it is
preferred the PIBO fil mhave a dielectric 30 constant between 2 and 3.3
froml MHz to 1 GHz. The PIBO filmdissipation factor is preferred to be
at nost 0.01 as determ ned by test I PC 650 2.5. 8A To

m nim ze regi sSypdsisedng Probl ens, PIBO fil m having a per manggivukssiosionl .
deformation of -1 ess than 0.02 percent 35 determned by IPC 650 2.2.4A is

al so preferred. subse uent ﬁB%aﬁﬁh€p6£¥%J'dﬁﬂh %§p€8ﬁ &, t'Tﬁ% sB¥EN AP @
Pl BO filmmust olyan1c

%
acid is made by rgchFnﬁp% ’bﬁda}&%”ﬁ’é!]}m (ﬁ%‘l;qgﬁﬂ sudh as %g L
PCT/ US96/ 06202  Platdpgni sentteringzand vanresdeppaitiony vdhe leef*&m t ant

pol yanmi ¢ acid is suyfagel tan Sdlldbbbﬁ tPedted aMewéBhlly)eplasml venien
aci'd/ sol vent vv| I I r?gtéﬁf %rgﬁ ﬁg %h &cg%?glpg Ehgcéﬂacﬁ:?ﬂﬁifg The

pol yam ¢ acid 5ol utl.on oF |on g I'ZI'ng’t he
pol yami ¢ acid i ncosductive layer Pneﬁe%#nﬁﬂxﬁﬁ koothefFIBA suxEaceme pol yanic

aci d solution i's made nnnfva orfdépBsiitiony dabecidileds! vvapbrared underor m
the . PIBO T Moallign biQ f e eel gaxr.s.?esp.mea*;e%?igfﬁ@ghtegtasgvv sER 2

remai ni ng solvent Or en I Qpéer g Al ly,
the di anhydride @&foPdasBag th endF mmxa?openmﬁﬂﬁeﬂnaﬁéergﬁﬁ ckilm 3

solvent. The 44 %Vtahhiﬂ@iéléﬂd reLStﬁva@ aastabﬁatis pasdfeeably‘urtmia@ed\l N-

dlnethyacet|n1de LN d

I m dazol i di none, N— g?%&%%% SP ]1r°3b b”‘%p rarrett:Hlf:lﬁ?zé la%er
N-cyclohexylpyrrGPFdPﬁoﬂéPoﬂﬂﬁﬁﬁuPﬁse¥#°tr° 188 ﬁ%r%iﬂﬁﬂﬁ&#eﬁﬁrﬁiﬂﬁﬂns1JU|ds
may al so be enpl ayest 8he vapdic d&tbyef'éd Rafer.e ThePIRD dile pahgeder ch d

sol uti on, POT jeORGRY cé&‘ Vg%eC@Ha eh@?"éﬁé’v@ﬁs&@edégﬂ-iﬁéﬁ' on

of heat; extracting sal usy ng ven
15 Sputter1ng 1nvolves putt1ng the PIBO film in a

vacuum chamber in which a material to be deposited functions
as a cathode in a vacuum tube. The cathode is bombarded by
ions from a gas and the subsequent liberated material ions
are deposited on the PIBO. This deposition method typically

20 results in coatings of 500 nanometers or less on the PIBO
film. A thicker electrically conductive layer can be
deposited by electroless plating over the deposited layer.
Again the PIBO surface can be pretreated as described
prev1ously.

25 In electroplating a metal film on the PIBO film, the
process typically begins with a surface treatment such as a
chemical, plasma and ion pretreatment of the PIBO film,
followed by deposition of a thin seed metal/metal oxide
barrier by techniques which include those described

30 hereinbefore. Metal is then continuously electroplated onto
the seed metal layer to the desired thickness. Typically,
the metal is plated from an aqueous solution of a salt
containing ions of the element (metal) being deposited by
passing an electric current through said solution, wherein

35 the PIBO acts as the cathode and the anode is the metal
being deposited. The metal can be continuously
electroplated by unrolling a long roll of PIBO film and
passing said film sequentially through the agueous solution.
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20 non-solvent for the polyam c acid; or a conbination of both. The
tenperature to renove the solvent is preferably |ess than a tenperature
which will cause imdization of the pol yam ¢ acid. The polyamc acid
typically binds sone of the sol.vent until imdization, thereby making it
difficult 25 tyob&stusee the solvent level by volatilization tperhuebensack0

wei ght percent-. When the polyam c acid PIBO imdization product

is i nsoluble in the sg&ygp&cfgoﬁ%$§ ngfﬂg(bfﬁa s?gé#&ﬁf&hltﬂaajéfi n
¢

O
pol yam ¢ acid solutiop prior to Imdization 1S pre 30.forned 1nto a
film An unsuppordﬁgﬂsﬁf‘?ﬂwybgef‘b?"rfé %étqhafe ag, i&ﬂg]‘Yn’v‘lﬂ Gigve
shear such as exidawyerote tdeaPIRQ filn. Thel PABOccanihe prietrested ;g orm a
fi :_m can al SO be ddgpeibyd in ¢@at bf'gcedi%“gtt ip@ﬂagéhfm o elBEE¥idgLlye
pol'yam ¢ solutio 0 an_appropriate.substrate. An approprjate

P obatrare: 95 iherandustive AhyaRh  SReeamiz RBIRE Eontet, 2B PRAHEM mgn,
polyimide film t&er BIBQdfzom aybatk whih dsatpphcably mgueous. (nEh&dath as

Tgf lonferr]). G&ﬁéa&p} QR adfsh! $WdtalSsalt; a reducing agent;

PCT/ USO6/ 06202 LOBPERRITE, ARSAER, byRSeTine, sgeptan AccaleTakarg m og 1
facilitate renovambibitoms i Thefmebal raldudst Fheesource of the wekal s hdhe
pol yam ¢ aci d 4| Bedubifly Zaiene sipplies dlectrofisl bt echie) relifcPOby a0 Gnet@ild

sol uti on sol vent ’iohts i§°5'l9§e§5§’§f§?9“’%i%5§§$??’ﬁ?f%]f}?’"?ﬁérpe desirabl e

to formthe ponanPc acl ron | : ol yam c acid

in the pol yam c &omplewing iagents eentolj thei free metal a?l%%éﬁﬁ@n’éq yeheor med

into a filmas deeaetbes. | BuffferphgVvagutits mapatads oph.of the bath during
the process. Accelerators help increase the speed of the

15 reaction. Inhibitors help control the reduction reaction.
Heat is also commonly applied to facilitate the deposition
process. Commonly, copper sulfate (CuSO4;) is used as the
salt and formaldehyde is used as the reducing agent.

Another method which may be used to adhere an

20 electrically conductive layer, preferably copper, aluminum
or alloys thereof to the PIBO film, is to bond a foil of
said metals to the PIBO film using an adhesive. Suitable
adhesives include epoxy, cyanate ester, polyimide, and
polyamic acid. The adhesive can be in the form of a liquid,

25 powder or a film. The adhesive can be applied to the metal
foil, PIBO film or both. The adhesive can be applied by
casting, dipping, spraying er pressing. The PIBO and metal .
foil can be adhered together by laminating said foil and
film by applying heat and pressure.

30 After the PIBO film has been adhered to an
electrically conductive layer, the PIBO film and adhered
layer can be sliced into a specific size creating, for
example, a panel or a processed panel. Slicing can be
accomplished by methods such as laser cutting, mechanical

35 sawing and waterjet cutting.

A PWB having at least one PIBO dielectric layer can
be a single-sided, double-sided or a multilayer PWB. For a
single~sided and double-sided PWB, the PWB has a PIBO
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10 Regardl ess of the form ng nethod, imdization of the pol yam c
acid to PIBO may be carried out by heating or enpl oyi ng a catal yst or
conbi nati ons thereof. The pol yam c acid can be imdized to PIBO by
heating the pol yam c solution or the polyam c acid solution after

renoval of éonewﬁﬁﬂgk4the solvent. Catal yzing agents can be age@sosioerhkhe.
pol yam ¢ acid solution or the polyamc acid solution after renoval of

some of thﬁ sol veaiglézazcﬁlcv%agefgaﬁl drd) oRetwo @iﬂﬁ;&%@_wyéw,e dehydration
"Sobutyric 20 o aRRyTrERy PheTHE o, BarEu PO devie e bEIR AL e,
they are nost prereans|fpre sgrpgrentynaunting gadi or jaderconnee&i@abl v t hose
whi ch doI not for ncomte@ivne teakkternal @e&&néeﬁ ?MMdQnﬂVGﬁlgftﬁxndlylr Ttiene,

I soqui nol i ne, bt ' | di I ) XL .U ) i cation
25 of heat or addﬁ#@n‘i%lfﬂ&? gfyis#ié{ir&’%?’gggﬁ% glclla% c#g ea)él tgr lfg?t,ee}@‘:gtﬁ i | m has
been f or med. insulatiop bptweem eindquitry: heverse and/Reasireuisinr dayes t o
i mdize the pol yagesturds whialll Blyo |pravdding uhécharital sapport Sfdigithe a
heati ng process r lting in PIBOfiqﬁm with 30 enhanced tensile strength
and percent elongatron is nore referably used. I n general, the,
process invol ves the f3h¢dﬁwnu?fﬁéhﬂﬁnbngﬁﬂﬁiﬂn capsbe ¥igid jorpflexible.

} m di igg[ at ?Cw Geﬂwnl[wraemﬁwmiﬁﬁ PWB] Bfairbng&D[HBO] diebeceriy efa;re?bl %/
rom err I . prefe

| east 5 35 m nut egig]hgb%g,c?%%#gnﬁﬁ%%%?lﬁq r‘}ﬁt eg,ﬁ?é‘r%er-gsigggf é‘?&apéjb&‘*l%rﬁqfsa
to 80 minutes andP¥WBdhawings ar REBY dielactzicolayermiman be fhexiblkgy or an

i nert atnosphere that is Becdwselthe PWBSHEirchify daventidivhorpadakl ¥, PIBG

imdized filmis gfgf&dahley 1byblnefe rﬁakossfgbe £0d0 L3/ aﬁggéii‘l:?yﬁtlaﬁer to

PCT/ US96/ 06202 treated to ove t ropertie |
film 15 be {ess than 56 {c%gns ﬁ%ick an&’more preéerzﬁ essgt

17 microns. For the same reason, this invention
advantageously allows the circuitry layer to have one or
more desirable circuitry features such as at least one
conductor line width of less than 100 microns, at least one

20 conductor spacing of less than 100 microns, at least one
annular hole ring width between 200 microms to a landless
annular hole ring (0 microns) and at least one via diameter
less than 200 microns. Said circuitry layer and/or
features are preferably adhered to said PIBO layer.

25 Preferably the circuitry layer is copper, aluminum or alloys
thereof.

The single or double—-sided PWB of this invention may
be formed by any convenient process. For example, said
single or double~-sided PWB may be fabricated by the

30 photoresist/etching process as described previously for a.
double-sided PWB which can also be used with little
modification to form a single-sided PWB if desired. The
single or double-sided PWB of this invention is not limited
by any particular method to produce said single or double-

35 sided PWB.

In a multilayer PWB of this invention, the PWB
‘consists of multiple alternating dielectric layers and
circuitry layers which are commected by at least one via.
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from250[err]C, preferably from300[err]Cto a tenperature which is | ess
than 600[err]C and | ess than the glass transition tenperature of the
resultant PIBO for at |east 10 seconds. 5 Morre preferably the further heat
treatnment is perforned at a | ower tenperature from250[err]C to

350[err] C in awosBeap | nert at nosphere, and then at a sepeffsddbds’
tenperature from 350[err]Cto 500[err]Cin air or an inert atm)sphere

The inert at mmeriﬁplesmﬁnﬁuasvefaﬁw His! thges. c:‘tLPqu.t géf:%ean&‘
PI BO fil m has begy, gg}eg&fé ei%tsre ﬁx%?%ale)}%%%du?t' é%/ethp

adhered to said PI
processed panel . *H?é'ePFBFB nuﬁbﬁWﬁa@#W%@@dMﬁwlamm m;mcamdlMy ve

I aygr can I t herbd)adfgahtagﬁxfﬁly Rlchiavéd\bh 1:515 1nvetcliﬁb1ﬁ.| ect ][l cally
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Wb P Bavey ERR b TP Rt s SLbHGH

polyam c acid Tilmon an rreca
i m di zing the lﬁ(ﬂef&nFemm%}nsﬂoltbﬁl eﬁtem fagem af Ptimo BWE mYPlilcelbyabl y the

fﬁi I :,s co_ppelrl, ginovidenpbaces Imymo?herebéctrmecf febhpéﬁéﬂt#(}ufchn%'f’@s as
t t t
e electrically (4 'b% éé?f#d@éeranﬁ F%ﬁftfﬂcﬁ'@ and éié‘l% call ' nven %f an

The adhesi on of the can be e
adhesi on pronot er aéﬂcFr°mp°%&nt?'arrfIHSprﬁﬂltmeﬂ-ﬁﬁﬁlj'g# al'r#bthe 1nter1or ofh

el ectrical ly condiet PWB tyyiraldyn prosidée elppitrédaPScémeattioBe betwady
t echni ques such v 2nlah 0 at
el ectropl ati ng, asiltft ﬁggﬁaﬁ&%&iﬁh@ﬂgﬁb{)&ﬁ! tion Ii l{ﬁg?eg% ‘4\9%? aa p%g?‘ﬁ%'n
sputtering, and éﬁ?r‘gﬁ%ﬁﬁﬂgléyér &YPBSG iy E"b‘b‘td(e@nF-'éSPﬁéR}&gl ng and
Producti on, My, (mhanpag]esu]apo?ﬁ) vapthie F¥Boselectricil dpsulatioy,
electroplating, WtvabACtifdteyPhaybpd AIF electfscdl fﬁ&d t9Bh®p Qf‘sééAB In
Handbook of Tr| b teri Coat 1.n , u reat
Bhushan & B. K.1 O°°%g¥‘°1¥a taeFé”é‘)“ib‘Y Hﬁ‘ J’i"a@“fisg&dheswe
Often a seed net d4a/m:£ab mmluarypr(mi)desapobdms betptéed cuectzhEri’l BO film
to enhance adhesilayeek, seheaayeat msﬁiFM%nt %dtlaéé!&f&rc%&% %Qé

I ron,

tal / net al d tit
gl sbdgﬁu; oxl)r%% FEB%F%*T}%&‘E lgﬁp??%%ﬁngPh‘f‘g{]#Jﬁwéﬂ#cé &EIHSE}W of

ayer.

20 Because PIBO is not a thermoset or thermo-plastic
polymer, it generally will not be used as an adhesive
dielectric layer. Thus, in the multilayer PWB of this
invention, the PIBO will typically be a base material layer
and some other material will be the adhesive dielectric

25 layer. However, a polyamic acid which forms a PIBO upon
imidization may be used as an adhesive during the production
of a multilayer PWB, consequently forming a PIBO adhesive
dielectric layer. A PIBO film that has been coated with an
adhesive may also be used to laminate layers together in a

30 multilayer PWB process, subsequently forming a PIBO
dielectric adhesive layer. The dielectric adhesive layer
may be any material displaying good adhesion to the
circuitry layer and PIBO after laminationm. Preferably, the
adhesive dielectric layer has a dielectric constant

35 approaching the dielectric constant of the PIBO layer and is
preferably less than 4.5. A dielectric adhesive layer
derived from an adhesive such as epoxy, cyanate ester, and
polyimide may be used. Said adhesive layers may have a-
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subsequent netal deposits such as copper. The seed | ayer can be applied
by several techniques such as el ectrol ess pl ati ng, sputtering and vapor
deposi.tion. The PIBO film surface can also be treated chemcally, plasnma
or ion 5 treatﬁgg&&z‘?ﬂhance t he adhesion of the el ectricall ycrussssdezct i-ve
| ayer or seed layer to the PIBO surface. I n vapor deposition,

material is evapeflesd UpCis cerbBEEUBRPYI IR BRUEEeSRICH FaReeEabEyanCe
heati ng, LASER, goplasna %Cen t he natﬁélal |s.c0fd§Pse on t he Pl BO
film 10 The tecHl 080! BEPeranad ZRpeta ran, he Adnspirely handed Pyl (o 4
| ayer thickness athesiveolayer fiessothapn 139 aicrongy end moxe puefegepdzited by
el ectropl ati ng Oresty ¢BhahO58 SHid¥orlsl BHick. Over the vapor deposited | ayer.
The PIBO fil m adhesi on n be .ephanced .1 he reat nent s i |y
described. 15 g%tﬁ?@?’. it %f&é’&%ﬁ%{?i ﬁé‘aﬁﬂeﬁﬁﬁ BurPires 7T, 650°
vacuum chanber i%e 6B teat pewhidhydessrbbesi arald; itgnefioBWB thesmal

cat hode in a vacepudddibetwdére <58 tede253chonmbarded by ions froma gas
and the subsequent |i bergted rial 0sJ .1 he PI BO.

Thi s deposition pethod t ﬂﬁ?;fiﬁ% é"srﬁ'lr}’t%s?di ﬁg%ggé_jielgcga?%g%gg{%angnet ers
or |ess on the Finxentionmay be ifiarmed, byl 2 mracess ynvehwing laaipgbingcan be

deposited by ¢} epio Rremordl pioduksedepahbls deprtig edrbajery layetgaon both

PI BO surface can r CLi be ' : I n

el ectropl ati ng as%s:fl @:imléfgw]ixggat[aﬁ.g B%‘?i&mdﬁ?i&xwg%%epsﬁlfp%gl 'Pi/
begins with a sUfEBEdasecmeterials Jayess o The progesged panglf, axgjupually
pret{?atnert of lémwindted togéther ub%hgowedhdhesi®poabbbtﬁb¢ﬁ prdﬁdbnstyﬁdd .
net al / netal oxi s Ler e | j chy e s¢ri bed 30
her ei nbef or e. I\/Ed?é ai@%t%%{éﬁ %tqengogg?u&e %gc%fr Ic%p:lgtﬁ%g&’ nét Eﬁqﬁ tgéegseed
netal |ayer t® tPRSYFResi Péﬁf?ﬁ@%é. aq%ﬁ’c%ﬁ i in thetorm Af asfilm o
from an aqueous &Emtepirieg).of The RIBO processed rpangli cas bé triemtedetont

(metal) being depfifidcadaléesion of an adhesive layer. Treatments can
include hand cleaning using pumice, plasma, chemical or
coating treatments. Alternating layers of the processed

20 panels and prepregs are placed in a die. In addition to the
processed panels and prepregs, it is common to have a
prepreg and then a metal foil layer (typically copper) as
the bottom and top layers in the die. The prepregs,
processed panels and metal foil are laminated by applying

25 heat and pressure to the die. After laminating, the prepreg
and foil create an outer cladding on the laminate. The
laminate is then processed by any convenient method to
create the outer circuitry layers which are ready to mount
electronic components. The creation of the outer layers may

30 include drilling of vias which can be accomplished by
techniques such as mechanical drilling, LASER drilling, or
plasma ablation. Finally, if the laminated processed panels
contain more than one multilayer PWB, the PWBs may be
finished by slicing the laminated processed panels by

35 techniques previously described for slicing processed
panels. _

A preferred embodiment of this invention is a PWB
having at least one dielectric layer which is PIBO, wherein
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passing an electric current through said solution, wh pact s
as the cathode and the anode is the netal bei ng de d%it$&HIEETrﬁh‘\SrﬁE@l can
be continuously el ectroplated by unrolling a Iong rfol | OREFIABEDS i | m and
passing said fil msequentially through the aqueous sol-utiom

-12- Wb 964630204 PCT/US96/06202

PCT/ US96/ 06202 An el ectrol ess plating process (chem cal

reducti on  depostlé @B kay becit&ﬁﬁtt dedshey o ateliagst i 160 I1eadengaet | ve

| ayer to the PIB Pl 83 ﬁﬁ;g fasg ithe
pr ecedi ng par agr%ocL Ji?h Jgﬁect ric BﬁsP @'t ucti vegﬁa er ?erqab\q bel ng
copper, is plated®rng surfaee mmtﬁﬂoﬁiacb%&%wen@%nﬁwp Il’ywﬁﬁﬁﬁb‘&s
The Ibat h typlt Cﬁki&{{mmalm leasteonke BEBO; ﬁah&dmgcn@mﬁzﬂ;ﬂ the I
conpl exi ng agepts e c i S e
netal-salt is heC:"sourlctethg% e met ﬁla ?gﬁe%% g%tg?ngh%%ent SE%SF gg’

el ectrons for the*PHHFcERER of netal i ons produced by dissolving netal
salts in water. Conpl cWhere agamptescof thle tihvehtton mxeadeacuibedl e to

the ° reaction. jRuidiSldrReraotpiss TairRhakd ﬂﬁt?fthte% Eﬁéﬁpr&y | R91ustihee
process. Accel erators h%&lﬁg fcr.eas the s reacti

I nhibitors hel p cEARRER MR kot gFEﬁg?ef(ﬂ?‘t“tel—Bgta’§ LR ?5’%&8ﬁrronl y
applied to facigitate the deposition pr BXAMBLESConmonl y, copper sul fate

(Qusderr]) is used as ﬁ&ﬁing;al PIBO F 191 FRHIRENER: S auselledfridi 1veduci ng
agent . Anot her it De DAY S tibS @lel PIBGIE 1@ an
preterably copper, alum num

electrically con & Ilgyer , or alloys
thereof to the PI s to _bond a foil of sai d meialstolhe Pl BO
filmusing an adhesive. SRt 8 neckdnexmfeFONALTRRME W SraskosavinRed st or

pol yi m de, and15 with agitation means an a Dean-Stark trap with a condenser
was fed 230 mL of N-methylpyrrolidinone (NMP) and 40 mL of
toluene. The flask was gently purged by nitrogen. Toluene
was distilled off. Into the stirred room temperature
solvent was added 12.976 g of 5-amino-2-(p~

aminophenyl )benzoxazole (pDAMBO) and 12.565 g of
pyromellitic dianhydride (PMDA) rinsed with 10.0 mL dry
DMAc. After 68 hours at room temperature, the resulting
polyamic acid was diluted with N-methylpyrrolidinone (NMP)
and has an inherent viscosity of 3.73 g/dL.

To a dry, 3 neck, 250 mL round-bottom flask having a
nitrogen atmosphere and equipped with agitation means and
inlet and outlet adaptors was added 80 grams of the above
polyamic acid solutiom. 12;1 nl of a dry mixture of 60
percent 1,3-dimethyl-imidazolidinone and 40 volume percent
N-methylpyrroli-dinone (DMI/NMP) was added to the flask and
stirred overnight at room temperature. The flask was '
chilled by an ice bath and degassed by aspirator vacuum.
The flask was brought back to atmospheric pressure with
nitrogen.

A 12.5 weight percent solution of the resulting
polyamic acid was cast on glass as a 25 micron film. The
~ film was heated in an air circulating oven at 60°C for 45

) minutes, removed from the glass and secured in an aluminum

20
25
30

35
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pol yam ¢ acid. The adhesive can be in the formof a , “or a
film The adhesive can be applied to the netal fo ﬁwaH %BrEENHot h.
The adhesive can be -applied by casting, dipping, prayﬁEBLbGEQ)resm ng.
The PIBO and net al foil can be adhered together by lamnafting sara foil
and filmby vapoddépgdg heat and pressure. 30 Af t er trloFBYdRGREI | M
has been adhered to an electrically conductive |layer, the PIBO film and
adher ed | ayer foimde Tt @@ thdd plagedCifi £n dire-cirealading foven,

example. 2 panel Bk el EECIRCHI AN o Capg 69 E@E‘nibeménu@&@f@' ged by

met hods such as | aser cutUE me ferfjet cutting.
A PVB having at |B3ditajnedp 8D Lihqurcati 8 a(}erttt"éh coo O STORR e- si ded,

doubl e-si ded or atempérdtares &WB.ida n&tragenr‘@ﬂmsphété,ahdatbmtﬂ& Q7ded
PWB, the PWB hgs gifif¥3 at 30°C (nitrogen purge ¢ ﬁlﬁggtg78 615 tes to éﬂg\c‘\??i .

96/ 36204
| ayer and one or maintained ar 400G for 12 P%‘é’ﬁ)%cﬁ%l en, faoled, 4q,goom

circuitry |ayer (steppenatibrethe means for conponent nounting and/ or

i nt erconnecti on, conne | M, reynd.
The 5 PIBO di eI ectric Ilﬁalgiiqpbrag\% géeﬁ;@ rreq};a\résgggeae?ect ri~cal e 15Y

i nsul ati on bet weeM*&Ft | ayers and/or circuitry | ayer features
whil e al so proypdi ng nech@e cRillndsppensilerstrieagth wyB 308 MPa, its femsilB

of this inventionpggit i€ walsdh fl o8 B 1éndRm kY bPed ddd B8 PVB
havi ng a PI BO di el ect r'?f agye? O, {d& bggsﬁbst anti al Iay ri giﬂyd éSl %ﬁr& si ded

and doubl e-si ded PET*# *having a PIBO diel ectric layer may be flexible.
Because the PWB oExample ilBventi on contains a Pl BO

The following procedure was used to make a PIBO film

15 baving one face clad by a 9 micron thick copper cladding. A
25 micron PIBO film made by the procedure of Example 1A was
chemically treated for 45 to 75 seconds in a homogeneous
aqueocus solution having 45 weight percent potassium
hydroxide, 10 weight percent ethylene diamine, and 10 weight

20 percent ethylene glycol. This process reduces the film
thickness by 10 percent and makes the film surface more
easily wetted so as to -enhance adhesion of subsequent
‘deposited layers. A nickel seed layer several microns thick
was applied to the chemically treated PIBO film. The nickel

25 was applied by electroless plating. After the nickel seed
layer was applied, a copper layer was deposited by
electroplating in an acid copper sulfate bath at 30 amps per
square foot for 45 minutes per 0.5 ounce per square foot of
plating over the nickel seed layer.

30 The procedure of Example: 1B was repeated to make . a
25 microns thick PIBO £film cladded by 17 microns thick
copper on one face. The procedure of Example 1B was
repeated to make a 25 microns thick PIBO £ilm cladded by 35
microns thick copper on one face. The procedure of Example

35 1B was repeated to make a 51 microns thick PIBO film cladded
by 9 microns thick copper on one face. The procedure of
Example 1B was repeated to wmake a 51 microms thick PIBO film
cladded by 17 microns thick copper on one face. The
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dielectric layer, it is possible for the circuitry | ayge+ , Hhan
50 microns thick and nore preferably |ess than 17 nf BHISASHEETOHAS BEENHne
reason, this invention advant ageously allows the cifcuit REPLAGED to Have
one or nore desirable circuitry features such as at TEasT onMme—

conduct or |i ngyybegliespsOf | €ss than 100 microns, at |east onepefrussnseet or.
spaci ng of |less than 100 m crons, at |east one annul ar hole ring width

Ibet vvteen 200 mi gr(ﬁﬁﬁcéeuﬁehfimﬂxaﬁgle 1BRRY FepBatéd Mtdhake & sa;marmd at .
raor e ¥ oot ur SEE PTR0 A0% F1RREL byfleS] 8“‘§raneﬁ@5“ﬁkc'cé%%§% e 1 abl y

and/ or features are prefer
the circuitry | af‘éFers copper, aI um num or all oys thereof

The single or doubl e-si demiePii\Bo@édﬁﬂ‘H of Bxanpl OB Rias répedtsdad Mykany

Fabr ioat ed Bry"%ce%%aﬂ'f&m‘? AR, pEB0 e1a” 18R oy YUESRATINIE el

P
for a doubl e- siPBchotnefagasch &ha E?%Q?%E‘%§§dEW'@ﬂ-Q i1B was fm#e%zﬂq on
to forma singl emakded F5\Fridronesthick PIBO f£itmngladded dguli7embetimss PVB of

hi | d
gl e o toupl o Er3Ek EEIAE Dy oBnELAR iR BE ‘*“% S ERRRBLE e U
i nvention, the PRgPeated ko makeon %I‘F’r%"@saFPéFhaﬂ% 1E'I stadded by 35
and Ci rcui typy micyens tiiclh coppetoswesitdr fagesl |Tesiprocedura. of

PCT) Usos/ 06202 LLAHRLEIR yas repepted o masgpa, 31 Wiseons, thick P13 £iim,
and two di el e(FtIPFlée‘Ba% haierpas t £OPPRBsOR Bethfaces. | HR8 easing
nunber of | ayers proeetlecenni ExampteclBuas aegeatgd to hmkedaabl agberoxsy
achi eved by this ¢ndeRNpISH £ilm cladded by 17 microns thick copper on both

15 faces. The procedure of Example 1B was repeated to make a
51 microns thick PIBO film cladded by 35 microns thick
copper on both faces.

Example 1C
The following procedure was used to make a PIBO £ilm

20 having one face clad by a 9 micron thick copper cladding.

" To enhance adhesion of subsequent deposited layers, the PIBO
film of Example 1A was treated using a plasma generated by
an MRC 603 sputtering system using an argon or argon/oxygen
gas flow of 75 standard cubic centimeters/minute (SCCM) at

25 75 to 125 millitorr pressure for 5 to 30 minutes at an RF
power of 500 watts. A seed layer of copper 1000 Angstroms
thick was sputter deposited.onto the plasma treated PIBO
film. A thicker layer of copper (9 microns) was deposited
over the sputtered copper layer by electroplating in a

30 Standard acid copper sulfate bath at 30 amps per square foot
for 45 minutes per 0.5 ounce per square foot of plating.

The procedure of Example 1C was repeated to make a
25 microns thick PIBO film cladded by 17 microns thick
copper on one face. The procedure of Example 1C was

35 repeated to make a 25 microns thick PIBO film cladded by 35
microns thick copper on one face. The procedure of Example
1C was repeated to make a 51 microns thick PIBO film cladded
by 9 microns thick copper on one face. The procedure of

- 1 9. e e e e
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5 In the nmultilayer PWB of this invention, circuitry | ayers
conprising the outer faces of the PWB typically provi de places to nount
el ectroni c conponents such as IC chi ps, resistors and capacitors and

el ectrically connect said conponents. The circuitry layer(s) in the
interior of 1GQydb@kdB typically provides electrical connectpcemsIdnszoreen

t he nount ed conponents, external devices, power and ground. The base
material | ayer(SExhﬁpleam Wodd) Q!bd&ﬁedlﬂi Giake a 51 NELd¥UNsC 2hiskPPPE0 )filh

the PWB, el ectri algpy rftwamogstm% oppuk! b W%%eﬁ?é’?ﬁ Lectrical

I nsul ati on between rcul ectric
adhesi ve I ayelegfe?"}’b‘F [Exapphei §"%r¥&i’ﬁ§t%§t%&?’lﬁﬁ Acditpicrons

| ayers, electricahicksPIBO ifiimbeladded diy Q5 mu.;zrbnqetrlncckndoppetl entonecal

i nsul ati on betsvvegg cgonductors of a circuitry I ayer Because
PIBOis not a therrmset t her no: pl asti ol | enerally wll not
be used as an adhesive i Brecedyze I°§y§?‘am "'ﬁst HEP%ﬁ 'ilté’yé\akPV\B of
this i nventi o025 mﬁerdihBCﬂhM'ckl P[B@l fiilla y:lladdedbh;s@ nmifcaonal thiglercoppeind

sone other mater iy ﬁhbp’t aﬁ sfééfe%ﬂle ?Ci‘.{: 1?e51'ca¥r§l's rtgmeea o
pol yam c acid whic o(r)gg | za ¥’J g used as an
adhesi ve during M#&epd d‘!‘l"(?ﬁns t Fc‘& mq ifP%?eF ‘F‘WEF nadqBEFFPRS f or ni ng
a PI BO adhesi ug thidketepper on bpth. facdd BOThel prodeduteofbErampbat M waist h

an  adhesive ngy ahéed btfﬁ)%%%ge%ffﬁa@&%% kY Srixftﬁg&*iﬁr clﬂd&‘e@ﬁwe 35

mul tilayer PWB prQ ess Q % BS’&I eetrlc
| ayer. The di el e@PFFenﬁd °PH§Er°n br?%‘ acshy & ArIce P‘s’ﬂ%& ng good
adhesi on to t he ExempleilC wadsayepeated RicB@aket ar51 axdcramisothi &k cPEBG Hiim

the adnesive diethaabaiby 9 4kzbas ﬂiue'c%g. ek Coff BB Facds. APEEQACHI NG
the dielectric constant Of PO él er a | S %ﬂﬁ’é& ablg ess than
4.5. A diel ectlPi (?rgﬁ‘ﬁ ure L g}np %A%y TEPEREeG: LORLGROnS, oy |

cyanate ester, atbickpBIRQ fiidm ghgdded hyed? Birdonalthiicke copper somhotihave a
-15 | faces. The procedure of Example 1C was repeated to make a
51 microns thick PIBO film cladded by 35 microms thick
copper on both faces.
20 All of the claddings of the above examples passed
IPC-TM-650, Method 2.4.9 adhesion test.
Formation of a PIBO Multilayer PWB

ample 2
A63.5m x 48 mm x 0.18 um multxlayer PWB having 4

25 circuitry layers and 3 dielectric layers was made in which
the dielectric layers were PIBO. The multilayer PWB
includes: 76 microns wide conductorsj 76 microns wide
conductor spacingss 152 microns pitch and via hole diameters
of 203, 305, and 508 microns.

30 The PWB was created by the following procedure. The
cladding of two 9 microns thick copperlsingle—faced cladded
25 microns thick PIBO films of Example 1B were coated with
Dupont Riston 9015™ photoresist, masked by an artwork photo
tool and exposed to UV light. The resist was developed in a

35 2 weight percent sodium carbonate aqueous solution. The
copper not protected by the photoresist was etched away by a
sulfuric-peroxide solution. The remaining photoresist was
etched away using a caustic solution and then the surfaces

-20-



WD 96/ 36204 | PCT/ USB6+06202 filler
such as ceramc particulates or fibers. Preferably t\/\B“ﬁlW&ﬂM&ﬂEEﬂf
panel s can be adhesively bonded by an adhesi ve | ayer| | ess RERBACELBO '_

m crons and nore preferably | ess than 50 microns thiCK. 5 .
PWB of this ingeskbée desirably survives | PC 650 2. 6. 6B tmatysosbseen .
describes reliability of a PWB thermal cycled between -55 to 125[err]C

e Loy P bbbl 5 S naag VLAY SEIDEHOT L0 <
pr ss i nvol vi | . O s |
circuitry |ayer sq‘c?ﬁ’ 3fnone gﬁzﬂcﬁeg?vﬁ\ﬂ%r%i%rﬁg‘llg§§sfa¥)‘?‘£%?’h§"ﬁf:ﬁg'é§%ed
panel s has a Hidm)sase materi al | ayer. The processed panels are
Elj_ﬁu_al ld% | aninated tggemi&ez PEBOWL iditud €9 SEiEndle X icobper PEGIL O Widy 3 -
€ adhesive may . [ r a e e
P fihofalereRi S BldfLL wlch LILRIcdiel hell oty ofogg

Preferably the’adhesive IS 1 repreg

processed panel déh@8Bcepernadhesive £ilm LRIB0,qREEY siye £dbwidivere ayer .
Treatrents can plaeedufis barﬁiﬁheaﬂﬁrﬁ::cﬁiﬂg PUheCEayatsawere ebatkéd!idr
coating treatnent . S L OC a .
prepregs are pl actcsahde @%ﬁgﬁ%ﬁ%ﬂd‘gﬁ%@ég%iﬁ)ofé %trlgmfgﬁe Gfégﬁéc%g?e%s?ﬁgrgo%ﬂd
prepregs, it is d@RdohayerhRIBO,epoxy adhasivendilngn(3rddayerd PIBPayer
(typically copﬁ,eréimétrytflﬂnhol(;em F;lfeif)(;smmyepgxy _nfilhﬁ;%d'gth Ihlyei;) -
prepregs, Pr OGS ppe Qéﬁﬁr 2? mytE6th '"Qlyerd' P G”éﬁlﬁ%f d ¥s§9§ %’iﬂ?

heat and pressure to ﬁe I e. tef am natin tﬁe repre an ol
create an outer (ﬁn&ld(g%ﬁb ?q?ecPHH?ﬁaF%ﬂ'Th e °F5E‘i“rffe)ﬁ7eq-ia§efﬁeﬂfp?%essed
by any conveni entPIBft+-kcddctitry fdlmatwetdcfamingr ther&th thaydrayar shahstdelar e

ready to mount r'li'tﬁI E‘i&c&ﬂ?écarﬁoﬂ Eﬁhr%ére @%c%ﬁe%iﬁsﬁfea BmeRikChag AV Er S

may 30 include dril.ling of vias I ch_can ‘be_ acco t echni ques
such as mechanisc B 'gPFn%ﬁaclPﬁE - dr 7€ | §hgckopas ﬂmdaéyaﬁé%ng the
Finally, if the |evdicnated magpdasacprebeatexd presenand rpramsdnghah 40@ psi
mul tilayer PWB, tdie 300BfF £&Y dd® houfl Ni shed by slicing the | am nated
processed panels by Holes were drilled in the laminate using a drill
rotating at 110,000 rpm. Hole diameters of 203, 305 and 508
20 microns were drilled. For the 305 and 508 microns holes,
the laminate was covered with an aluminum/phenolic material
to minimize damage to the laminate upon drill entry. The
drilled holes were then plasma etched to remove debris and
desmear the epoxy adhesive. Vias were created by
25 electroless plating copper in the holes followed by
electroplating copper to a thickness of 2.5 microns.

The outer copper layer was coated with the Dupont
photoresist, masked with another photo tool and exposed to
UV light. The photoresist was developed using 2 weight

30 percent sodium carbonate aqueous ‘solution leaving areas of
exposed copper. The exposed copper was plated with 3
microns of copper by electroplating which was then overlaid
by etch resist consisting of 2.5 microns of nickel and then
0.25 micron of gold deposited by an electroplating process.

35 The copper having photoresist was removed by a sulfer-
peroxide etchant. The copper coated with etch resist
remains making up the outer circuitry layer. To the outer
circuitry layers, a solder mask was added to protect the
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35 techni ques previously described for slicing pr oces | 1SAS BEEN
A preferred enbodi nent of this invention is a PW\B 8%
dielectric layer which is PIBO wherein '

-16- . 42,283-F the PMB has a circuit denS|ty of at |east 25
| eads per oosnseduare cm (160 | eads per square inch). Arainmsndaust .
preferred enbodinent 1s an MCM havi ng surface nounted el ectronic

f%&myPg@at@é @wl%asaulh&m b2 QR6aPt @%&sﬂ ectric

| ayer and the cir e IS greater t

|
| eads per square &é’éﬁ"’ﬁ@?“s such as 1ip@s o i nch).
VWer e exanpl es of the [ n\'.l'bﬁt same and tddsyerbBWB was formedhby gimociedare of s

intended that thesgmprélfy wakUbpédted for twd09 mildidms! BRfck édgpde

conmponents (1 Cs) r
ogw i %‘:l

gener al nature of .th

EXAVPLES single Facey (cdaaded A% mimons o i o REE0, Sime crE ey
Conducti ve Layer 1Ce the PIBOFiIm | Exanpl e 1A

Into a 3 neck, 25-nlL round-bottom flask equi pped vvlth agltatlon
means an a Dean-Stark trap with a condenser was fed 230 nL of
N- net hyl pyrrolidinone (NWMP) and 40 nlL of tol uene. The flask was
gently purged by nitrogen. Tol uene was distilled off. Into the
stirred room tignperature sol vent was added 12.976 g of

5-am no- 2- (p- 20 ani nophenyl ) benzoxazol e~ ( pDAVBO"and
12. 565 g of pyronel litic dianhydride (PMDA) il §56%.de Rep Qm% mL
dry DMAc. After 68 hours at room tenperature,

polyami c acid was diluted with N-methyl pyrrolidinone ( l“ IIl and
has an inherent viscosity of 0.037384 cnferr] (3.73 g/

To a dry, 3 neck, 250 nL round-bottomflask having a ni trogen
at mosphere andsequi pped with agitation means and

20

25

30

35
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inlet and outlet adaptors was added 80.grams of the above

polyam c acid solution. 12.1 nL of a dry m xture of 60 per cent

1, 3-di net hyl -i m dazol i 1"“‘5‘%3““13 \“ me percent

N-met hyl pyrroli-dinone i(RBRE/IEERE fded to the flask and _
stirred ovér niygkzébs  0OM tenperature. The flask was PCT/US®ENA202d by

an ice bath and degassed by aspirator vacuum The fl ask was
brought back to ghA®SPHeFiLMEDESS§Hre Wth ni trogen. .
A 12.5 wei ght percent solutign ofx.t he, resultin .polyari c acid was
cast on glass as a 25 ni 3r’oanP? 1%%9““"“ ef(iqlﬁp\kaglf@ﬁae‘fﬂgna&n air

circul ati ng ovenedectoieaklyCcoodudtive layer adhered ¢ atedeast énerfiadee

gl ass and secur e¢hpPefd WHetrEiRUbhe PIBO film has a tensile strength greater
-17- 42, 283-F was then placed in an

fr It

air-eircul atiry GU8R 200 MPa at aﬁggt.ed for 20 minutes at 225 C, for 20
mnutes to 300 C, 2. whenpelyimidebenzokarnlent(PI80) Filmaf Cdefimdlt o
g oo_mﬁ t t 30} m]e%a%m% PIBY EDlm 3M ure;ageehgﬁ NT5Q hﬁr&otnbeahgéki orc27

m futes a err Niat r ogen . i . r
mai nt ai ned at 400[err]C Por ehﬁ‘ﬁ flgﬁgeg%\%’ﬁa%c}cﬂ ggl?é)rg%ﬁﬁ? o Crl]a:.in 1
t enperat ure. wherein the PIBO fhimaimlesgr than3Q mikperonspshiel. t o produce
a 51308 P _1tom' cron_}‘i & The pol,iﬁidlehenzoxérmé‘ i(bna)ém_ k| 6f TlaeRoth
was a, its_tensile . . | i on
at break was 8. 5w§ixgr§.in tht'e ﬁé.re&gﬁ%cm C%%d\égét%%ng%rlgg 1k58 Fﬂlaq'p &Y
The fol |l owi ng pr 3d68ere tickesed to nmake a PIBO film 15 havi ng one
face clad by a 9 mcron Bhi cEheopekyinildetdhsgxazole (PIBO) £ilib of ClaimP4BO
filmmade by thewﬂgggﬁqUfl?%%flelf_:{gﬁméﬂyl%o%ﬁctive layer Q_QerﬂaQQ' J:H%rl rgat ed
for 45 to 75 seconds I'n a honogeneous aqueous “sol ut I on having 45
wei ght per cent15p8t&Eepgnfbick. hydroxi de, 10 wei ght percent ethyl ene

di amine, and 10 weight 6. TheOpgkyixddebehnbytaatle)/(PIBO) Film of @laim 1
reduces the fil Myherein the electrically conductive layer is selected from
the group consisting of copper, aluminum or alloys thereof.
7. The polyimidebenzoxazole (PIBO) film of Claim 1
20 wherein the polyimidebenzoxazole (PIBO) film is selected
from the group consisting oft
a) the reaction product of pyromellitic dianhydride
and 5-amino-2-(p-aminophenyl) benzoxazolej
b) the reaction product of pyromellitic dianhydride
25 and 2,6-(4,4'-diaminodiphenyl) benzo[1,2-d:5,4-
d']}bisoxazole; and
¢) the reaction product of pyromellitic dianhydride
and 2,2'-p~phenylene-bis(5—-aminobenzoxazole).
8. The polyimidebenzoxazole (PIB0O) film of Claim 1
30 wherein the polyimidebenzoxazole (PIBO) film at 25°C has an
elastic modulus greater than 0.5 GPa. .
9. The polyimidebenzoxazole (PIBO) film of Claim 1
wherein the polyimidebenzoxazole (PIBQ) film at 25°C has a
tensile strength greater than 250 MPa.
35 10. The polyimidebenzoxazole (PIBO) film of Claim 9
wherein the polyimidebenzoxazole (PIBO) has a tensile
strength greater than 300 MPa at 25°C.
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t hi ckness by 10 percent and nekes the film surface

nor &
wetted so as to enhance adhesi on of subsequent J‘“ WM jl ﬂﬂlr
A nickel seed |ayer several mcrons thick wa

chemcally treated PI'BO film The nickel 25 was appl ed
el ectrol ess plyghbfiskandf ter the nickel seed | ayer \m'mwrinad a
copper | ayer was deposited by el ectroplating in an acid copper

sul fate bath at 323 anps 11, The pol i fPenz8xABOREé (BBONMES1HCHE SCLE 1
foot) for 45 m ”%h%%em %ecﬁd 1%[1 § %:?hmqnl%ex EH?r 11@5’.‘6 éopéngau e:?t

per square foot) seed
The procedure of latexpledeformarioayeht bess Fhamkd. 92 percent aszéeﬁﬁemmed
thick PIBO film cuyactwedaw 22464 ons thick copper on one face.

The procedure of Exanpl e § 3@@ polyn&’debe'i&gﬁg&?ﬁl Cgﬂﬁﬁefglg%gi Hﬁ*ﬁé

thick PIBO filn cl.added 1\1/ COpper on one Tace.
The procedure of %Whexgipcthe polyimidebengaxazale, ﬁhﬁ@lﬁ%i m crons

thick PIBO fil m dopf¢édient of therhil%:ﬂpéﬂsﬂiﬁx KUII'ER topies XY dipectbee.

The procedure of fREa6d, 01 84 a 51 microns
thick PIBO film between 1 aﬁﬂryﬁbéﬁi%{cronsgﬁhl Ic’gco per,.on one face.

The .13. The polyimidebenzoxgzole IBOBr Fdlm ef Gkaim 1
Exanpl e 1B wasiy afhetedd th)e nElerimidébenzoxarole (PIBR) PpdIufer lfnttinalideda by

35 microns thick &@pg! Qg%m o [

1B was repeated to nma 189% mlg)raoﬁgm kCPF1§ -?rr I%np(ci: ligﬁ m crons
t hi ck copper P hcfaces The procedure of Exanpl e 1B was repeat ed to
make a 25 mierons thick A4BOThe potyiuitebengokizoler (REBO) fibincéf cGigpar lon

both faces. The RjHaee ?Hr Elixg P ggé&&@a%ue f(@ﬁgéi egh fyp lﬁ%k‘?magf% tic

m crons thick Pl BO Il m.cr, Q? I ck copper on
faces. The protefRd HF gre 33 ed to make a 51 nicrons
thick PIBO film cl addekb.byrh@e potyimidetenzbxasgber (RiBMofilhact SCldlne 1

procedure of Exa C
film cladded by r1{3‘7H nﬁ%rﬁgggf i”rl K %%%% GBiifactive Thféf'¥s bonltllCdifléily
16. The polyimidebenzoxazole (PIBO) film of Claim 1
20 wherein the electrically conductive layer is adhered to the
PIBO film by means of an adhesive.
17. The polyimidebenzoxazole (PIBO) f1lm of Cla1m 1
is a panel or processed panel.
18. A printed wiring board having at least one
25 dielectric layer and at least one circuitry layer wherein at
least one dielectric layer is PIBO film having a tensile
strength of at least 200 MPa at 25°C.
19. The printed wiring board of Claim 18 wherein the
printed wiring board is a single-sided printed wiring board.
30 20. The printed wiring board of Claim 18 wherein the
printed wiring board is a double-sided printed wiring board.
21. The printed wiring board of Claim 18 wherein the
printed wiring board is & multilayer printed wiring board.
22. The printed wiring board of Claim 18 wherein the
35 dielectric layer is PIBO, said dielectric layer has a
thickness of less than 150 microns.



15 faces. The procedure of Exanple 1B was repeated to na
thick PIBO filmcladded by 35 m crons thick copper on "I"aﬂE Emur
Exanpl e 1C The follow ng procedure was used to*

20 having one face clad by a 9 mcron thick copper cladding. To enhance

adhesi on of" sr.rp@gﬁmfdgt deposited | ayers, the PIBO film of pExesiloeze3 A wWas
treated using-a plasna generated by an MRC 603 sputtering systemusing an’

(5500 “at 25710 1 g 26, 7 pre ol phinfod BRHY Boptd 67 CURIMTE PRI the
30 minutes at an é%é%ﬁﬁﬁgg ? Fﬁgo’ s q%ééﬁhFﬁ § c*ayer'gﬁﬁpér 1000
Angstrons thick vﬁ?)%ﬁsepfdM|M bAtmictons. pI asma treated PIBO film
A thi ckler ! aygr of Cf)ppf«‘rﬂ(?l{he W:@ﬁ@é&)x:ﬂﬁslgdsaaiat@fi Cléedh ublewﬁfi-ﬁib@[aﬁﬁ t
copper | ayer el.ectropla r_su e _bath a
3957 amwe ped XRARC bt £ Kge. thaf, JOPBCrmRe RIS T,
per 305 grams per square Zﬁa-t e printedceiniang bgand co lear;é‘t J8owherein maf:
fThle prfcggugl ebof lfeew7 I@el%fﬁﬁﬁ:@pia yed 19 Tede thad512midron@ntehibikck Pl BO
i | m%l added by m cro 0 ¢ c
Exanpl e 1C was repeat egfﬁ %%kgnﬁgg&)%ugo%ﬁs%gﬁ; kg’TDIcé%q'mePg 3?%%%1% %’y
35 nicrons thickeasippse Shf@i?émaéé}’eﬂ'hbsrﬁﬁ;&?&& efsom EhangTOUP 1C was

repeated to nmake corslistiagosf ddppee,PhBomininnod addegs thwrddfli crons thi ck
copper on one face

VO 96/ 36204 ' The PIPCOHY prthred wiring b“ﬁ‘érﬁ%%@/‘ﬁ’a%z“he“’l&anpl e
1C was repeat ed t¥pifhidielestirig dayesr basck dHeloctrim consfantybetypgens2
m crons thick copgad 3a3 overfacfreqbieicy range of 1 KHz to 1 GHz.

28. The printed wiring board of Claim 18 wherein at

15 least one circuitry layer has at least one conductor having
a line width of less than 100 microms.

29. The printed wiring board of Claim 18 wherein at
least one circuitry layer has at least two conductors having
a conductor spacing of less than 100 microns.

20 30. The printed wiring board of Claim 18 wherein at
least two of the conductive circuitry layers have at least
one interconnecting via having a diameter of less than 200
microns. '

3l. The printed wiring board of Claim 18 wherein at
25 least one circuitry layer has at least one annular hole ring
having a width between 0 (landless) and 200 micromns.

32. The printed wiring board of Claim 21 wherein the
multilayer printed wiring board has at least one dielectric
adhesive layer, wherein the dielectric adhesive layer is an

30 adhesive or derived from an adhesive selected from the group
consisting of:

a) epoxy;

b) polyimides

c) cyanate ester}

35 d) polyamic acid and
e) PIBO film having an adhesive joined to at least
one face.

.25.



procedure of Exanple 1C was repeated to nake a 51 m crons, thiclk PlBO

filmcladded by 35 microns thick copper on one 5 face. | THIS SHEET HASTBEEN:
procedure of Exanple 1C was repeated to nake a 25 m ¢rons REPLACER! BO
filmecladded by 9 microns thick copper on both faces. -

Exanpl e 1C wasypopfadsed to meke a 25 microns thick Pl BO frdmosedmaied by

17 mcrons 10 thick copper on both faces. The procedure of Exanple 1C was

repeated to make a 25 m N hj Qilhing 6baH Pla3n 18 Gh h

t hi ck copper on bot.h f cgsa?. '?HE ?ﬁééeaéddjrel (#@ ang £ Ji% Was i,gi%{.ﬁg?ecf teo
FYEHthe EeRtcLPEoBAdr o

meke a 51 nmi cr onPHMEER BHEOE ﬁﬂ"ﬁ'i‘g PRISER Sparpra
both faces. The B6&®Bsedure of Exanple |IC was repeated to nake a 51

mcrons  thick PIBO filyg,clgdd diﬁlyedlz:im'iagoasawi&ﬁ C1Q3RE210Ra P4 N
faces. The procedure 08 Exasg%)tl e 1C was reg%a eq bo rrage a 51 mcr %s
thick PIBO filn TFIGH4E denssty of, greater shan 100 1eads per, square inchy

Al of the claddings of t3% &bevprixter wiripgsbeard of mlaim 850vheseiroa
2.4.9 adhesion tQﬁil-tichig module (MCM)FRisBdt Qeagt 8wdl Ri2fddd moaneea PYEs,
Exampl e 2 A 63.5 mMmx 48 nmx 0.18 mmnultilayer PWB having 4 25

circuitry layers and 3 dielectric |ayers was nade in which t he
dielectric layers were PIBO The nmultil ayer PWB i ncl udes:——#6-m-crons—-

wi de conductorg 76 microns wide conduct or spaci ngs; i kgD
and via hole dianeters of 203, 305, and 508 mcr ons.u |WIZWMH!&/\B
was created by the follow ng procedure. The cl addi ng+0T¢ s S

t hi ck copper single-faced cl added 25 mcrons thick PIBO filns of Exanple
1B were coated with Dupont Ri ston 9015[err] photoresist, masked by an
artwor k photo tool and exposed to WV light. The resist._was_developed in
a 35 2 weight percent sodium carbonate aqueous sol ution. The copper not
protected by ttse photoresi st was etched away by a sul t  Bgplaced
sol ution. The renmini ng photoresist was et ched away us H I
solution and then the surfaces

20

25

30

35
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4$?§§§}f were further cleaned by hand using pum ce. Each PIBO
fTeAP=" now has one face having a circuitry layer (PIBO-circuitry
film. The 2 PIBO-circuitry fil:ns, 2 copper foils and 3
5 plasma etched PIBOfilns in which each face has been joi ned : to
an epoxy adhesive fi eppXxyaadResipyeqghil I laced in
a | am nati on fixturé#éﬁég%ngegg'm%febs?gékgabigkswgl%ed a1ﬁ%§ﬁ%ﬁ% Tat i on
fixture as PBLYéMRde  pedymeyefprawshdy msdcting compoundsidof ay endvéEl BO
epoxy adhespyemhihtl df3fenba¥SibolnBOwith one %Jﬁ'éxfé&né%%&” (4h layer)
PI BO epoxy film 5£h | ayer) PIBO-circuitry film th | ayer)

Pl BO epoxy S8REEFFERPKYMEC aclds ang@nhwdyridgserbhergafer foil. The
circuitry |ayeybeﬁﬁokhﬁole—polyimiBbBQéﬂﬂvaﬂﬂdégfdﬂrghaﬁﬂﬁbj§%ﬁf&blhe 4t h
| ayer in the stack. The fixture and stack were placed | n an
elastonericp8§§lmlde POL{EMGHS. ArRaDTEPRLSS &Y SURMEH IR MvdRarirwbaed by

pl aci ng theresultant akkegyabedhidgoky-Supsefitaited PESfamiik BESH pat

; §al
2.76 nPa si) . at, 171[err] C (340[err]F) for one hour.
Hol es were E?i?I%8h§§98ﬁgnPaﬁpﬁa9515§ﬁ&bgé&&ﬁ4q104 o é£rmf§h%ﬂ?¥ﬁf9&e
110, 000 rpniiklkegedi Blveser §ooniRg3 tha0podybendxazole pHlyiid®s were
driIIed.Mfo%oigﬁe?OS and 508 Wi crons hol es, t he | am nate was
th an aj

covered um nunm phenol i ¢ materi al to mnimze danage to
the lami nate upon drill entry. The drilled holes were then plasm

etched to renove debris and desnear the epoxy adhesive. Vias were . .

created by 25 el ectrol ess plating copper in the holes foll owed by

el ectropl ati ng copper to a thickness of 2.5 mcrons. The
out-er copper |layer was coated with the Dupont : phot oresi st, masked
w+ h anot her photo tool and exposed to W light. The photoresist
was devel®ped using 2 weight 30 percent sodi um carbonat e aqueous
solution | eaving areas of exposed copper. The exposed copper was
plated with 3 m crons of copper by el ectroplating which was then
overlaid by etch resist consisting of 2.5 microns of niftkel and

t hen 0.25 mcron of gold deposited by an el ectropl ating process.
35 The copper having photoresist was renoved by a sul fer-

20
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peroxi de etchant. The copper coated with etch.resist . remai ns
making up the outer circuitry layer. To the olter S C|rCU|try
l.ayers, a solder nmask was added to protect the -

-21- + 42t12@3PWB has a circupbt dengitrvuptr ptf dsesite ¢ SnHiegdsnites not be
used to nou @I c Rent s uUch as JuHis t

The sanme nu 5?e$m fg% nggr QEHrroe?iurcel*o e nmE& anple 2 and

was repeat emr%er—rmé @“lﬁ?@i‘r-@ﬁ§tt hlscf%nc SHehaving surfgqeymeuyrd@sd cl added

25 microns éfé&grgﬁfg)ébﬁﬁ@n@ﬁtgxaﬁﬁg?, wherein the PWB has at least
1 5 one PIBO dlelectrlc layer and t%g circuit density of said
PWB is gréater than 25 leads per square cm (160 leads per
square inch).
. Where examples of the invention are described
hereinafter, it is intended that these examples illustrate
10 rather than limit the general nature of the invention.

. EXAMPLES

'Forming a PIBO Film and Adhering an Electricallx
Conductive Laver to the PIBO Film

Example 1A

Into a 3 neck, 25-mL round-bottom flask equipped
with agitation means an a Dean-Stark trap with a condenser
was fed 230 mL of N-methylpyrrolidinone (NMP) and 40 mL of
toluene. The flask was gently purged by nitrogen. Teluene
was distilled off. Into the stirred room temperature

20 solvent was added 12.976 g of 5-amino-2-(p-
aminophenyl)benzoxazole (pDAMBO) and 12.565 g of
pyromellitic dianhydride (PMDA) rinsed with 10.0 mL dry
DMAc. After 68 hours at room temperature, the resulting
polyamic acid was diluted with N-methylpyrrolidinone (NMP)

55 and has an inherent viscosity of 0.037384 cm3 (3.73 g/dL).

To a dry, 3 neck, 250 mL round-bottom flask having a
nitrogen atmosphere and equipped with agitation means and

e inlet and outlet adaptors was added 80 grams of the above
polyamic acid solution. 12.1 mL of a dry mixture of 60

30 percent 1,3-dimethyl-imidazolidinone and 40 volume percent
N-methylpyrroli-dinone (DMI/NMP) was added to the flask and
stirred overnight at room temperéture.t'The flask was
chilled by an ice bath and degassed by aspirator vacuum.
The flask was brought back to atmospheric pressure with

35 nitrogen. .

A 12.5 weight percent solution of the resulting
polyamic acid was cast on glass as a 25 micron film. The
film was heated in an air circulating oven at 60°C for 45

minutes, removed from the glass and secured in an aluminum

-17-
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pol yi m deb&x28Razolld MESBORST hARRA gt A al"’éT"eH?% %\Fi'ﬂ’/éc%ﬁ‘aﬂct i ve | ayer

adher éd t Onala e Foron® higfites tderEdd ahef®r ¢ heikhBesftbnzbasca tensile
strength g%\%%&l%rainedhaf%rzgo hl\c/>|:1)1%:' aa:[t %S&Oeré,] C%—Lhen cooled to room

10

15

€N

20

25
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35

temperature; and in a nitrogen atmosphere, heated for 27
minutes at 30°C (nitrogen purge cycle), 75 minutes to 400°C,
maintained at 400°C for 12 hours, and then cooled to room
temperature.

The above procedure was repeated to produce a 51

-

‘micron film.

The film's tensile strength was 308 MPa, its tensile
modulus was 11 GPa? and i;s elongation at break was 8.5
percent.
Example 1B ' i

The following procedure was used to make a PIBO film
having one face clad by a 9 micron thick copper cladding. A
25 micron PIBO film made by the procedure of Example 1A was
chemically treated for 45 to 75 seconds in a homogeneous
aqueous solution having 45 weight percent potassium 2z
hydroxide, 10 weight percent ethylene diamine, and 10 weight
percent ethylene glycol. This process reduces the film
thickness by 10 percent and makes the film surface more
easlily wetted so as to enhance adhesion of subsequent
deposited layers. A nickel seed layer several microns thick
was ‘applied to the chemically treated PIBO f£ilm. The nickel
was applied by electroless plating. After the nickel seed
laYer was applied, a copper layer was deposited by

- electroplating in an acid copper sulfate bath at 323 amps

per square meter (30 amps per square foot) for 45 minutes
per 305 grams per square meter (0.5 ounce per square foot)
of plating over the nickel seed layer. - '

The procedure of Example 1B was repeated to make a
25 microns thick PIBO film cladded by 17 microns thick
copper on one face. The procedure of Example 1B was
repeated to make a 25 microns thick PIBO film cladded by 35
microns thick copper on one face. The procedure of Example
1B was repeated to make a 51 microns thick PIBO film cladded
by 9 microns thick copper on one face. The procedure of
Example 1B was repeated to make a 51 microns thick PIBO film
cladded by 17 microns thick copper on one face. The

-18-
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2. The pol yi m debenzoxazole (PIBO filmof Caiml wherein . the PIBO film
is less th r Qs & | al e
¢PIBO fil ?T]'Bréégd{{k‘é %@ Jl:'Sc\?\%‘%‘rigl %Bt Hrgsplrgaefa% % Fylr‘%&gt an gtgL m%r?‘(z)ns
thick. 10 thick PABO fhémpelLpidiedeben 26x MiaronsrIFAC!t i9aRRAT Qmina
wherein thegglgctrically conductive layer is less than 50 m crons thick.

5. The pol yi m debenzoxazole (PIBO filmof_Claim4 wherei n t he
el ectrically conductThe PEGRFIRES| @EsEXABRLE71E WASCFEREFRFCKS make a

6. The pplypri lebepagxarobk PRBBOY iflim @mﬂd@daw 19 mld/ﬁ‘tﬁ{é?ld’hitcfle copper
electrically cond C%I ve | ayehgl s sel %ct ed ffr consi s n of
copper, alu nBﬁ'F!EJ} 8FPSys th&r EgPcedure of Exampl el' %ﬁﬁ%ee% zol e

(PIBO fil nmakeChabp hiz@onketdiiakt PERIOIDIIN dalalvakanpl €7 (nBlcﬁQnsil I mis

e phS R bRSeBEOHR BT B8 O e proceduzg U ESE 18 ke
5- am no- 2- ( pepaanefghenyimpkkeenz @6amilceons thick PIBM)filmwe aleabdedroypriBiuct
of Pyromel |t LEGHLaBRXHK! €8pBRx on bpish, sadll! 2ad bt A nggl Pheny)
reaction prEgavplef 1Byweselrebented, é;@hyrtduhed@ Sf mlcrons t:hlclamltBO film
2y heeTLE8Rel SloanneBip XLy Shopper, on boch iqdl® e

pol yi m debenzosadbre (3lf5l E@)ampullernl@t WS ére:p]e@tre&% th makeelaas‘il dukRIERm SIS

greater thapn9ecR P80 film cladded Sy 1he A e debeiz e dPIRARfilm
of aiml wherei n the pol ylnldebenzoxazole (PIBO filmat 25[err] C has

a tenss | éagﬁﬁeng{rhegpéafz@ﬁuﬁfﬁaﬁ LG e 3B was repegjedrjp make’a

pofyi m debepzomaeebas( PhBOk Prhm ¢ild ailadliied MhaRiniddehs thick

ggl‘ggg debenz&)gg]zrolcn@l ﬁPkgO)fahas atensile sErength greater than 300 MPa

Example 1C

The following pfocedure was used to make a PZBO film
20 having one face clad by a 9 micron thick copper cladding.
To enhance adhesion of subsequent deposited layers, the PIBO
film of Example 1A was treated using a plasma generated by
an MRC 603 sputtering system using an argon or argon/oxygen
gas flow of 75 standard cubic centimeters/minute (SCCM) at |
o5 10 to 16.7 pascals (75 to 125 millitorr) pressure for 5 to
30 minutes at an RF power of 500 watts. A seed layer of
copper 1000 Angstroms thick was sputter deposited onto the
. plasma treated PIBO film. A thicker layer of copper (9
w® microns) was deposited over the sputtered copper layer by
30 electroplating in a standard acid copper sulfate bath at 323
amps per square meter (30 amps per square foot) for 45
minutes per 305 grams per square meter (0.5 ounce per square
foot) of plating. ¢
The procedure of Example 1C was repeated to make a
35 25 microns thick PIBO film cladded by 17 microns thick
copper on one face. The procedure of Example 1C was
repeated to make a 25 microns thick PIBO film cladded by 35
microns thick copper on one face. The procedure of Example
1C was repeated to make a 51 microns thick PIBO film cladded
by 9 microns thick copper on one face. The procedure of

-19-
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pol yi m debenzoxazol e (PIBO filmof daim1l . wherein the ,
pol yi mi debenzoxazol e (PIBO) filmhas a permanent | at eral . def or mati on of
| ess than 0.02 percent as determni ned by IPC 650 2.2.4A. 5 12.
The poryin1ﬂ§beniﬂxﬁhef6c18hﬁéﬁ byl ant Gbah@ bumldd“ﬂ%ﬂatHfFIBO fllm
pol yi m debenzo zol e %’Plg L Il m_has a. ef fi.ci ent (3; d& I anS| on
(Cr) | n' CHROUERRr 8861 GRce bRYEREeR PiERESFippheyer (GrPET TN |
125C. film). 13. The pol yi m debenzoxazole (PIBO filmof Caim 1 10

wh th | | e, i . |
than 100 ppm e Tt B ire S-iFb ety Do Y, 2LEObBER TosisCihals | 000
14. The polylmmabehzbgézalréo( PiBOF finl whitchCesich face Wwiesy é:ienart hxplned

pol yi m gebepgo Z%&&%&Q&&%%Q;ﬁ %I%'oa% oGyl AR GG Gleddan 5

GPa at 25[err] nzoxazol e (P B m of
Claim1l phecedninha dpminarian y‘cl@s@n@@ct i Fae dypaterss Wﬁjéii%ﬂl?%i:tllly

to the PIBQfil Mmination fixthBe ABE £BYhVWE:dehanzoxazals (B fﬂd im of
Claim1 20 wherein the electrically conductlve | ayer 1S a here to t he

PI BO fil m by2RBahdY8¥) aRIBENERPHY. adhesive f£ilmy7 (31ce 188K InidfdRnzoxazol e
(PIBO fid mofc@ieiy tilm;i $4éhpma9ter@r PYBOC @3%6d [@Nel; (Sth Layer) 18. A

printed W ring board havin e el ectric |ayer and east
one circui t??g@a%’f %EF&% i’tn E(\%It%‘agla 3 %I& Ce SBFY | ]1Vse B&film
havi ng a teasdl ¢7th 3ayenyt boppeadt fbeast 2GR Mi&o@:tlt&@{ arayl€zs of the

19. The pri MArIn boa d,of Claim.18 mher n r|nt W 10N
board is a giﬁgﬁé“éf‘d r}Srl ng‘mﬁ W e ngaﬁéglgd %?04th lay HaH %%lee psrtlan ed
Wi ng boarThef fikaunel8ndherark weee plpcied éd iy Hi@slme:rmcs g
deuble-8|€egagéﬁn&§g %bébﬂgtgaard he stac waszaaﬁgﬂé ﬂMJl rd

of daim erein printed wiring board is a nu til"ayer prlnt
Wi ring boargvacuated bag »p aTREehEARLEd PFISSISN GRISo ALESHFLNY & tn2-& Gwid2ei n

the 35 diel eghoissipyet 131PEBO34%ard dogl @eler Mourayer has a 2

Holes were drilled in the laminate using a drill
rotating at 110,000 rpm. Hole diameters of 203, 305 and 508

20 Mmicrons were drilled. For the 305 and 508 microns holes,
the laminate was covered with an aluminum/phenolic material
to minimize damage to the laminate upon drill entry. The
drilsded holes were then plasma etched to remove debris and
desmear the epoxy adhesive. Vias were created by

25 electroless plating copper in the holes followed by
electroplating copper to a thickness of 2.5 microns.

The outer copper layer was coated with the Dupont
photoresist, masked with another photo tool and exposed to
UV light. The photoresist was developed using 2 we}ght

30 percent sodium carbonate agueous solution leaving areas of
exposed copper. The exposed copper waé'plated with 3
microns of copper by electroplating which was then overlaid
by etch resist consisting of 2.5 microns of nickel and then
0.25 micron of gold deposited by an electroplating process.

35 The copper having photoresist was removed by a sulfer-
peroxide etchant. The copper coated with etch resist
remains making up the outer circuitry layer. To the outer
circuitry layers, a solder mask was added to protect the
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s\%%gnpss of |ess #hah 150 ni crons. - 24-

/36204 “~ - PCT/.US96/ 062602
23. The printed wiring board of Caim22 wherein the drkel'ectric layer is
PIBO, said dielectric layer has a t hi ckness of |ess than 50 m crons.

24. The prlomltt@d' Wi aarkkagfuG i wirish el ki noht b§ neadt tonmouiktcui try

| ayer is | ess 20 4 &{ésnt{é"'&‘ﬁch 11 25. The printed wiring
board of Q%Zﬁ m 18 %ereln{rﬁ at | east %Sne J(':Ill?i?:uitry | ayer is |ess than 17
mi crons .t hi ck. The sameppultdayiemFa® was fpiet PHPIIEHUSB eher ei n

at | eastExQi@ 16 ' Wrld stﬁ)ieépéé'té&l ?&fe&ncf:@%i@?oﬂéotéﬁléﬁ Eeﬁéb&‘rt' ng of
copper, alum num or al]| oys there rinted Wring

board i ® CSANSles fAseeidladdeqZp dFJeCFJé‘?:lﬁl'éhl-‘é]?ePIﬁ@sfa B ePEcExpmple
const ant batween 2 and 3.3 over a frequency range of 1 KHz to 1 GHz.
28. The printed wiring board of Caim18 wherein at 15 |l east one circuitry

| ayer has at |east one conductor having aline wwdth of |ess than 100

m crons. 29. The printed wiring board of Cl aim 18 wherein at

| east one circuitry |ayer has at |east two conductors having a conduct or
spacing of less than 100 m'cr,zons. 20 30. The printed wiring board
of Cl aifqpl8 wherein at | east two of the conductive circuitry |ayers have
at | east one interconnecting via having a dianeter of |ess than 200

m crons. - 31. The printed wiring board of C aim18 wherein at 25

| east one circuitry |ayer has at |east one annular hole ring

15
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Jpzazsgg:a wi dt h be@n 0 (landl ess) and 200 m crons. 32. The
iprinted wiring board of Caim2l1 wherein the - nultilayer printed wring
‘board has at |east one dielectric adhesi ve | ayer, wherein the dielectric
adhesi.weé | ayer is an_30 adhesive qr derived fro dheswe el ect ed from
the group consi s$3ngT E—F printed wiring %eeﬁﬁ}]"afﬁ aim 18 whareif \Ehe e

C) cyanatepesheed 33ring board) pap@lesmihemeild @pslling test IPCceg5@ BO fi | m
havi ng an gdg gbve joined to at |east one face.

- 25- 8 33. The printed wiring board of
Claim 18 wherein thg4. The prinpetdntédiwgr brm@::{aba:rfd qiaﬂme§11 exsred cycling
test IPC 6

board of Ogélrﬁ]uif ﬁlaeélsé Y qugrfa(Flerrcutl a0 den3| eyad rea %Pguf% %ﬁlﬁi%%ads

per squareleadglfer square 1nlcéx_ads per square inch).
The printed wiring ?S’ar &lhg glﬁlt@d?’ yifxggho%a&d of Claim "4 %g?éy&ir@ad“' e

(MCM has at | east SUrface nount e
multichip module (MCM) has at least two surface mounted ICs.
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