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-1- 1.NJECTi ON MOLDED NULTL-LAYER Cl RCU T BOARD AND METHOD OF MAKI NG SAME 5
Technical Fiefd This invention relates to mul ti-layer circuit boards and
met hods of maki ng such boards. Mre particularly, it relates to

mul ti Or86¢028t8ii t boards having 10 substrate |ayers whi ch BCE/iS85402036

di mensi gnal 'y shaped to mate together thereby providing accurate .
registration of the multiple layers and facilitating reliable eIectr%%aI

i nterconnection between the layers of cicquitry. 15 Background Art Modern
el ectrical devices, particularly those -such as conputers enploying |arge
nunbers of |ntegrateg circuits require circuit boards with nmultiple |ayers
of 20 circuitry to provide the many el ectrical interconnec- tions required
in such-devices. The multiple |layers of electrical circuitry nust te

el ectricaNly connectedIHUEﬂﬂE&NEHOMnEWInu&ﬂmiﬂxwﬁaceIﬂtﬂﬂﬁiflnm
circuit fagard. RRDDA ) i ARING SAME nulti-I|ayer
circuit boards has béen in obtalnlng proper el ectrical interconnection
between the circuit |eads on one layer of the.circuit board and the circuit
| eads. on aRotTechnigal F3eld particul ar problemhas been the difficulty in
mai nt ai ni ng proper registration of the nultiple layers of the circuit

.board. WO 86/ 02518 '
PCT/ US85/ 02036 - 2This invention relates to multi-layer circuit boazds

and methods of makxng such boards. More particularly,_
it relates to multi-layer circuit boards having
L\ 10 substrate layers which are three dimensionally shaped to
mate together thereby prov:.dmg accurate registration of
the multiple layers and facilitating reliable electrical
interconnection between the layers of circu:l.try.

15 packground Azt

Modern electrical devices, particularly those such
as computers employing large numbers of integrated
circuits require circuit boards with multiple layers cf

20 circuitry to provide the many electrical interconnec-
tions required in such devices. .

The multiple layers of electrical circuitry must be
electrically connected at selected locations to produc:e
25 the final circuit board.’ The most common problem in
producing such multi-layer circuit boards has been in
. obtaining proper electrical interconnection between the
circuit leads on one layer of the circuit board and the
circuit leads on another layer,
30 _ _ _
. A particular problem has been the difficulty in
maintaining proper registration of the multiple layers
of the circuit board. |
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- The first multi-layer boards were - made of two or nore single or. doubl

sided circuit boards which were placed in proper registration and-glue

together. Holes were then -drilled through the various '1ayers,

5 inserted into the holes:- and then soldered into place. Unfortunat

~the nmany steps involved in manufacturing the individual SI rcwt boar d
I ayé‘f@“l‘)ﬂélgjdl ng. heating, masking, etching and drillingPC&

e

d

W res

ely,

)
warping or distortions in the shape of the board which made it 10
_inpossible to obtain the proper registration required for assenbl y

G her problems were encountered in naki-ng reliable electrical

n} rconnection between the mul tiple layers 15 of circuitry. - The
drilMled holes wth soldered wres often suffered - from poor sol
joints as vehe msﬁ smuqu:it-n.ayewn boawbh vargi rnﬁadegr@fes tefo sueces
ot her t-ech ue tr t hr
hol es r{ﬁé] ? e °fo éoﬁ&gmtgﬁig é&&f&l Béér%ﬁ( ??e Ye§§
Al t hough pladesd ineprtmr otegbsﬂaatncng anfie glmaﬂoetogegherx at ao&eswu t
good el C nt ct ve ENy in

Gréfé a&hﬁh EE%’H@ él?f‘%gaﬁ the 1ot la%‘é':'éd @ir

multi-1ayer boar b nt erconnect| ng , . none ﬁave

been 9rolngected Hateonphet é!?le%atalnsﬁ atheny sphdesedmsinm plageni |
and cost uﬁ&ﬂ@&seelpi &!E'é‘elﬁia:ﬁf' §Qe§fse ﬂ'{@&.ﬁf‘éd' aaenﬁa@afa&azﬁabt'-

t two rguit boar rates I C

circuit baoard for
been shafde tén,%”g%qlh EéEﬁ“ ?h&c’q a LY RSy MW@’F%\A&‘QW“W- .
mul ti -1 ayessiodegs bﬁch&n@sseﬂal ediellling, often caused warping or .

distortions in the shape of the board which made it _
10 impossible to ‘obtain the proper registration :equired |
for assembly. '

‘Other problems were encountered in making reliable
electrical inter_c‘o_n'n'ection between the multiple layers
15 of circuitry. The drilled holes with soldered wires
often suffered from poor solder' joints as well as
misregistration.' - With varying degrees of success other.
‘techniques were tried which included using plated
- through holes and/or rivets to make the electrical
20 interconnections, '

2lthough other methods of obtaining the proper
registration with go'o_d electrical interconnection have
‘been tried, including multi-layer boards with metal
25 interco_r_mﬂei:ting pins, none have been proven to be
'completely - satisfactory in .'terms'_ of :elia'bility”. and
cost, ' '

isc] B i
30 ' .

The pf_e_s_ent invention is a multi-layer circuit board
formed of at least two circuit board substrates, which -
have been shaped to mate_'with ‘each other in a manner
which allows the multi-layer board to be assembled only
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when the substrates are .in  perfect registration. A first substrate
has interconnécting , pins which project out of its surface and mate w th
mat chi ng i nterconnect-- ing holes located in a second substrate.

Addi ti 86j02518ayers of substrates may be added wi th corr PETPUSES02036

I nterconpecting pins and holes. Each |ayer of substrate may carry two
| ayers Of -electrical circuitry on its upper and | ower surfaces 10

respectively. The circuitry is forned_ from any conductive _ “U
material, wusually copper, and although™different techniques may be

enpl oyed, the conductive material is preferably applied by plating. 15

On the substr argwan ' coppgcting I (G lag s

I nterconnect i g'tnﬁ%’gt_v\t/{e%én %é%ﬁ?%#%ﬁds on tlf’uﬂ;t Pgéu%%tgtg'(\e ‘Sggé‘rt‘gﬁa jom‘?er
surfaces is afdsspansebisbyatpe hamddotersonnegtiag wpiss paBieB (DFAIRFE t he

corrponen%%{ I ?{%%tl hﬁeﬁts?éh%fh}ée Itaefdtitﬁdte iWitH hEQaQthh t ehéeReefindrk -
pi ns. imlarly, qQn e _suhstrate carryin e. interco | _
hol es, inter _cdﬁﬂec?"iﬁﬁsbehr]%éﬁeahe"‘&i r%uisteq}éé‘a%s s&%ﬁ"t‘é‘rﬁ?pper r@i@hﬁaﬁl
surface i § acqayddshed hsubsvrlacesvamapt e aladdesdi ndthhr cogbespending
I nt erconnecti Ql es. I.nterconn i tween layers of circuitry on
di fferent sub%gfgfq%g%%pﬁ%%e%g%yﬂpﬂigstont act formed between

conductive material on the outside of the interconnecting pins and the

conductive materi ag &pt tﬁ%%céo 6'Ens%gg§gfta§:ge h'& eregglgﬁct{._gg hf.’%f?rs' N he

preferred enmbodi nent, Ircuit Feads are recéesse to the surface o
the substrateelectricalt ¢heeuitminngn. its upper and lower -surfaces

A 10 respectively. The circuitry is formed from any
‘conductive material, usually' copper, and although
different tech’n_icjues may be employed, the conductive
material is preferably applied by plating.

15 ~ On the substrate carrying the interconnecting pins,
_electrical interconnection between circuit leads on that
substrate's upper and lower surfaces is accompanied by
the conductive material which passes through the
component lead holes axially located in the

20 interconnecting pins.  Similarly, on the substrate

h carr'ying the interconnecting holes, interconnection

U between the circuit leads on its upper and lower surface
is .accomplished by conductive material passing through
the interconnecting holes. . -

25 ' ' . _

Interconnection between layers of circuitry on

different substrates is accomplished by the contact

formed between conductive material on the outside of the

interconnecting pins and the conductive material on the
30 inside of"the interconnecting holes.

In the preferred embodiment, the circuit leads are
recessed into the surface of the substrate in circuit
lead channels, o



WO 86/ 02518 ' | i PCT/ US85/ 02036 21.
. -4- The conductive materi al may be coated V\Ath a .contact material such as
tin, goI d or tin-lead. 5 The i ndi vidual substrate, l'ayers wth

appl itry are bonded together with an elec '
nonc\gﬁcﬂﬁiﬁ-ﬁi adhesive material. The nethod of naking thi’rﬁ%}ﬁ#’&w '
circuit board 10 includes injection nolding the substrates to formM+he"
i nterconnecting pins and holes as well as the conponent |ead holes, and,

preferably, the recessed circuit |esdl=channels. The electrically
conductive material is then applied to defined portions of the substrate to
formthe 15 circuit |eads. It is also applied to the interior of the

conponent lead holes, the interior of the. i nterconnecting’ holes

~and - the e'X'l'gard (onh&’ﬁcti'?ﬁ h'lE‘E 9.951”?1%9 r@epbggte Owith ld ¢ ,n[ea Eg

preferred et con ive matertal
acconpl i snéﬁerayl 8HEd: A& é'é-§l:y99¥-ét PRgtiBubsadatially all. of théwd.
~surface of the substrate with conductive nmaterial, masking with a

PLALN e Hne Lodn dd, e R, VRS LU Dbl 1
- thicknesscigkuliitery coadect ibken geder n:@lgeﬂhexhe wittpsesh ar @aectficamiyt i ng _
et o RehRRhAT A a8 B3, ! o eten performed o remue
a contact material my be plated onto the electrolytic |ayer before
the plating r§y/e>! nbEnb@™¥FImaking the multi-layer circuit board =
10 includes injection molding the - substrates to form the . u
_interconuectmg_pins and holes as well as the component'
lead holes, and, preferably, _the___r__iecessed ‘circuit lead
channels. The electrically conductive material is then
applied to defined pottions of the substrate to form the
15 circuit leads.. It is also applied. to the ‘interior of
~the. component lead holes, the interior of the
interconnecting holes and the exterior of the
interconnecting pins. '

20 In the preferred method, the application of the
 conductive material is accompl_ished” by electrolessly
plating substantially all of the .surface of the
‘'substrate with conductive material, masking_with a
plating resist leaving' the areas where conductive

25 mater'ial is to remain exposed and -electrolytically
- plating .to build up the thickness of the conductive
material in the exposed areas,

The p_lating resist can then be removed and a quick

30 flash~-etch performed to remove unwanted conductive
‘material, Alternately, an etch resist which serves as a
contact material may be plated onto the electrolytxc'
- layer before the platmg resist is removed. _ |
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mul ti-layer board is then assembled as a sandwich with layers of

el ectrical :% Honconduct i ve adhesive material separ ating-: bué bondi n )

t oget: 258bst r at es carrying the layers of circuitry cﬂ‘-’r%ﬂi&ﬂ?"

Descri pt4on of Drawi ngs The iinvention may be better understood by re¥érence
o the following detailed description when read in 10 conjunction

wi.t'h the acconpanyi ng drawi ngs, in which=5=gure 1 is a perspective view

of a portion  of a four-layer circuit board in accordance with the present

i nvention. The drawing is an exploded view for greater 15 clarity. Figure

2..s an enl arged Thess-mettielalyes evbodhrdugiisanthener assetbled paas a

showi ng the a four I y r.d Fi

anot her \enbodlgérrgqufght hgil rﬁeﬁ?ggﬁ %ff ggé&é ?gﬁe}:r cul cg%éggg’fve
show ngg adpesdve cmegsréebtumramrav bufi sbondimgntogeshesghthean
i nterco cti | view in
slightly rgdugggggggtgé Eg%%?agfgge;lgﬁrseﬁwcbﬁ% cg'ergdrigwt board substrate
‘bei ng proddced inside an- |nject|on mol d. . 30 Figure 5is a
Cross-secti ongjpi{e y i bBEos 2 Ay | Nt erconnecting pin seen in
Figure 4 in a susequent Step shovm ng the electrolessly plated |ayer
on the surface of the . substrate.

- The invention may be better understood by reference

to the following detailed description when read in
10 conjunction with the accompanying drawings, in which;

Figure 1 is a perspective view of a portion of a
~ four-layer circuit board in accordance with the present
~ invention., The drawing is an exploded view for greater

15 clarity.

Figure 2 is an enlarged cross-seétiohal view through
an interconnecting pin showzng the assembled four-layer
. board of Figure 1.
Figure 3 shows another embodiment of the inventicn
~in - a six-layer circuit board showing an exploded
U cross~-sectional view also taken through an
interconnecting pin.
25 | - |
Figure 4 is a cross-sectional view in slightly
reduced scale from Figures 5-8 showing a circuit board
substrate being produced inside an injection mold,

30 Figure 5 is a cross-sectional view of the substrate

_ and interconnecting pin seen in Figure 4 in a subsequent

step showing the electrolessly plated layer on the
surface of the substrate, . -
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reS|st has been

' PCr/ US85/ 02036
Figure 6 shows a step subsequent to that seen in Figure 5 where a plating
applied to selected areas of the surface pof the substrate:

FI gure 7 shows a step subsequent to that seen in Figure 6 wherein a

trolytically deposited conductive materi al | iehtoO
P"l"fgf covered by the plating resist. 10 Fi gu?g%éegﬁﬁgeg@g '

l oY s

subsequent to that seen in Figure 7 wherein an etch resistant contact

teri al

deposited | ayer. 15 Modes for Carryi r‘l'gﬁ'but the Invention Referring to
Figure 1, an exploded view of a portion of a four-layer circuit board is

seen in

referred to 28

has been added to the surface of the electrolytically -

accordince with the present invention. The circuit board js

| ayers Ofstbe%rlsalwﬁetewar Pdﬁﬂ?fqlgftetéi%te BAS Opbgnt Wpphieds g

gure ¢, #h9wsc 2 SEePLiSUBSEANCRECER e eS&fR f’dhr

substrat es t subst first subst rate 10 athe
‘second suﬁgt?ﬁgﬁglifeﬁﬁs °§n¥'\g§p§t’" eéaFR’tf £YR%8F3%%n f ace contai ning.
circuit 25-1eads. For exanple, the f| rst subst rate 10 -contains eircuit
| eads §4 and it gd espectl % t he
second subst%gggr}e Y cont al n?c%géﬁ §&'ﬁ5§@§§§n 8 98 h\é?o seeﬁh "ltda

respect i vBigugef aG;esWhWtﬂ-@ theldy ki rf-gf sﬁéﬁstFﬁélYﬁiG%le c@rﬁﬂﬂ&iﬁ%ds on

| -a" 30 Sugéaag%nvu m%EBHE.Ql bﬁsUB‘i@nStaﬁgliéaatto'EheSOSFeé‘QPHé‘@t'O”S

will

esi rabl e coat - the upper surface substrate

the | onefovetrfaby e M#"eﬁ e‘ei%)stw th a large ar ea of

electrlcally conductive naterial (electrlcally isolated from the
10

15

20

25

30

" Figure 8 shows a step subsequent to that seen in
Figure 7 wherein an etch resistant contact material has
been added- the surface of th_e_ electrolytically
deposited layer.' | o ' '

-Ref.ezring to Figure 1, an 'ex_pl'oded view of a portion
of a four-layer circuit board is seen in accordance with
the present invention. The circuit board is referred to

as a "four-layer"” circuit board because there are four

12

or

RN

U

layers of electrical circuitry although there are only

two layers of substrates. Each of the two substrates
(the first substrate 10 and the second substrate 12) has
~an upper surface and a lower surface containing ‘circuit

leads. For example, the first substrate 10 éo_ntains:

circuit leads 14 and 16 on its upper and lower surfaces
respectively, while the second substrate 12 contains

circuit leads 18 and 20 on its respective surfaces, -

while the drawing shows individual circuit leads on all
surfaces, it should be understocd that in some
applications it will be desirable to coat the upper

surface of substrate 12 or the lower surface of

substrate 10 'with a 1large area of electrically:

conductive material (electrically isolated €from the

O
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i nterconnecting. pins 22 and the interconnecting holes 24) to provide
shi el di-ng betmeen the S|gnals ‘carried on the circuit leads of the first

substr the circuit leads of the second substr atp-figsgsodsse | !
be d@ﬁ |n greater detail herein, the substrates are preferab?/
manuf ured by an injection nolding process which provides all of the

shapi ng of the substrates 10 and 12 durln? the initial formation of the 10
substrate. This includes the forndat{on of the interconnecting pins
22, the interconnecting holes 24, the conponent |ead holes 26 which pass

axially thro onne tlng I ns_22, the circui ead els
which are ﬁ%@g&?@&f#ﬁ@ acénéf Fﬁ s‘lf’gﬁ‘r‘:ﬁ'&eéﬂn‘iz I} ol d
the circyit Rajdstdptevidee smunqt dset@@enlthearsignal®rabryiedndm of

| ectricaly t | ¢ . |
i tabl oL pi £08 o PORAED AUa8) | BN ERERE Tepebrqferiao, Cng (R N0

one, po
pol ysul f ong, CASRELES 1eﬁ§§e95u§heoﬁl¢§ﬁmdsLﬁqla%#%atﬁailéf| al's are well-known.
In the pre erred enbodi ment, the first substrate 10 is bonded to the

Sahesi ve materi e 8 Y og, Biekirale, SheSteRaY, BRI RIS, e
"“pre-preg” V\/Isuc&su&te‘s)raed pfeferably anefactieedodsy t ang ity
ATIERE iR e e e
entire multi subshrates 10 and 12 during the initial formation of the
losubstrate. This includes the formation of the
interconnécting pins 22, the inte}:connectihg holes 24,
the component lead holes 26 which pass axially througk
the ' interconnecting pins 22, and the circuit 1lead
channels which are recessed into the surface of the
5subs_trat:es 10, 12 to hold the circuit leads 14-18.

St

The substrates 10, 12 are preferably'made of an
electrically nonconductive 'plastic‘: suitable for
injection molding. Suitable plastics include
"polyethersulfone, polyetherimide and polysulfone,
however numerous other suitable materials are
well-known.

In -Ehe preferred embodiment, the first ‘substrate 10
is bo'nded to the second substrate 12 by a sheet- of
electrically nonconductive adhesive 'mat'erial_ 28, A
suitable adhesive material is known as "pre-preg" which
is formed of a semi-cured thermosetting adhesive
material in sheet form, Holes 30 are punched or drilled
into the pre-preg to align with the interconnecting pins
22 on the first substrate 10. The entire multi-layer
board is then assembled, and under heat and. pressure,
the pre-preg 28 is fully cured and bonds the upper
substrate 10 to the lower substrate 12 forming the
four-layer circuit board.

25

30
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board is
fully cu
~ Substrate

PCT/ 6 It can be seen that the conductive
(pr \Ugfiéﬁé%copper) fills the circuit |lead channels to ﬁér%gh%g

“Ci@i t
i

gAs. 14-
'the inter
‘interconn
circuit |
interior

circuit b
of the i
conducti v
Wth appr
.one of th

.exanp%
a differ

then assenbl ed, and under heat and pressure, the pre-pfeg

red and bonds. the upper substrate 10 to the |ower
12 formng the four-layer circuit board. = © W) 86/ 02518

20, and passes down through 5 the conponent | ead hol es 26
connecting pins 22 and up around the exterior of each

ecting pin 22. Simlarly,~8Re conductive material fills

ead channel s on-the second substrate 12 and is plated into
of the interconnecting holes 10 24. Wen the nulti-Iayer
oard i's assenbl ed, the conductive naterlal on t he ext

Nt er GRNNGELA NG piy ”Sse?@nco't‘hsat nteyent' %:?:Q%aét ﬁ(‘ét@r%%te

e nuateri a% er.connectli ng

28 is

<

.the.
t he

erior
t he
5 24.

nt .
dﬁﬁﬁéﬁéa&lﬁ’chPPP&fs p%#tlg |nor ghe, ‘é’cﬁﬁf\‘é"& i 6ﬁaéan‘:Bénﬁfﬁéé f¥Omdany

gofar thee\dl rou iaf waasuuw-yzo.t Oananypaséésr dadwielehroudior
#hecwt | eads 13. aéés h g&z ch of which 20 ,is '|pcat
e GoRRPneny seag | no Sﬂn e’d’t 8t RRFICORNGGHHNG Pins

ed. on

interconngtiagd wpnarciZed thed exterionned!iegcholintdcomipdctingg now

to Figure
circuit

Bba, G23kan S AARRYs HFY YodQuptile JRREFRAEE Aill5, GHF'

| eads

are IocatedrcuztcdeadtchamaGISCmmwths sebbold sulstratesiad aridit bst he

surface o

preferred®e
10

15

20

25

30

hggs&sumgsats%el%é&;&? of tdE' Sy _:ye@y&éﬁmtmg_t hgLéke

24,

When the multi-layer circuit board is assembled, the

conductzve material on the exterior of the

interconnectzng plns 22 comes into intimate contact with

the conductxve material in the interior of the
interconnecting holes 24. 'With appropriate circuit lead -

patterns, a connection can be made from any one of the
four levels of circuitry tc any other level. For
example['circuit leads 14, 16, 18 and 20, each of which-
is located ‘on a. different layer, are all connected
together through interconnecting pin 22a and.
interconnecting hole 24a.

Referring now to Figure 2, a cross-sectional.éiew of
the assembled"fourélaYer circuit board can be seen.
Here, it can be seen that the circuit leads are located
in c1rcu1t lead channels “which are recessed into the
surface of the substrates 10, 12.

conductive material which makes up the circuit leads
14-20 and which coats the _1n-t_erconnect1n_g_pin 22 and

O

Thxs v1ew shows that in the preferred embodlment the

holes 24 :is' itself coated with a contact material 32.

While the use of the contact material”32'is_optionah it



conductive material which nakes up the circuit |eads 14-20 and which
coats the interconnecting . pin 22' and holes 24 is itself coated with a

cont acla g28hg 32.. Wil l e the use of the contact material 3gcif: iyghal
TR i TN

PCT/ US8%/ 02036 -9- serves several f unctions in the conpleted board
I ncluding the prevention of oxidation of the conductive mater.i al
(preferably copper), the pronotion of ?®asier soldering of conponents
to the finished board and the 5 formati on of good ohnmic electrical

contact betwe e rior, of _.the_i.nterconnecting pins. 22 and the
interior of t%grmﬁrcégﬁ&:ﬁ%g flﬁBF§§°i‘zﬁ “AddH‘ieonaﬁ?9?aaﬁfangtb°ard"
construction dhcludingarkthe hprevenkionnmfr caiddtiohsofsdthescasdactdveh
resi st Wil haberdascr ' ti Rulaea lle { @ -
sui t abl 2Smat e}rniaalesr ?%r %%ﬁg%%ﬁég%\g %é?lag}' (gthceh é’?lr&g)t?'@gg %Irfﬁ t%ﬁ‘giel'
portion of th8ohderinga\Rf ePmERARensRr §0sckle 15inighedypeapd tapd the
parti cul afs reseemﬁie?i_rwt gb%b@ anﬁxliegodm'é&tzri@‘aqr eé@xgtﬁ'ﬂeb@tw]éél}] oghlghe
e £ Lo Shatigh, ob et b ekan ‘BIRRCoE ahd, hhR. Biiior
substrate 12, ofetjieet inteycodhektingr hviless!/y4. deAddibionallyy sduring
connection i she by, .t he n ti erj [ es
From the upper BB REEIER"hE, Fhe Bl PHE. 48reilh Hdtaritlh 2 BlSSren:
| ead hol e 26 sedvesoasdano etioh Xesiaterasowill tiee deseridvedhekelo. pin 22
which conjgcts the interior of the.interconnecting hole 24.

W} Tin, tin-lead and gold are all suitable materials

for the contact material (etch re_sist) 32,

In the portion of the multi-layer circuit board seen
15 in FPigure 2, the particular recessed circuit lead marked
with reference numeral l4a on the upper surface of the
first substrate 10, is connected to two other circuit
‘leads 18a, 20a on the upper and lower surfaces of the
~ second substrate 12, respectively. |
20 o | |
As previously described, this «connection is
accomplished by the conductive material which passes
from the upper surface of the first substrate 10 down
through the component lead hole 26 and around to the
25 exterior of the interconneéting pin 22 which contacts
the. interior of the interconnecting hole 24,

When tin_-le'ad' is employed as the contact material

32, the contact region between the exterior of the

30 interconnecting pin 22 and the interior of the
interconnecting hole 24 becomes a fused and soldered
joint after heating. However, when gold or ¢tin is
employed the pressed~fit contact between the pin 22 and
the l}ole' 24 is sufficient to make the necessary

Qi



When tin-lead is errpl-oye‘d as the contact material 32, the contact region
bet ween the exterior of the 30 interconnecting pin 22 and the *

interd pf. the interconnecting hole 24 becones a fus'e‘glcla ¢ e e. - |
j oiﬁ{d 9&9?‘&8 heat i ng. However, - when gold or tin .ﬁ?&’%ﬁ&?& ;@
“'pressed-fit contact between the pin 22 and the hole 24 is sufficie :

to make the - necessary WO 86/ 02518 _
~ PCT/ US8S/ 02036 -10- 27 electrical coh®ection. It has been found

~thatefwith i nj ecti on nol ded substrates, interconnecting pins having a

—~cylindrical shape_ are quite suitable for nmaking the necessary connection.
51t is elpgtrdfsad cemmechion.yse Iof hase beemsifewndnpthatal ¥alhi orm the .

- int _eirPO'nnﬁﬁéé&r??i nmoﬁaﬁapﬁwsgtiiﬂtﬂﬁki Iiété{@ofﬁécﬁlf.nﬁ:ﬂndorﬁabﬂﬁé avvh
resilience 1n.ti in i.ch_ pronptes el ectrical_ i'ntercqnnectiqn when
The 10 b GVLIRGEIeHY chan bl At RN EpEFRDLS Fsn aRakIdeh ERS -

i nt er conmeetesgapynsoanectdaned with tin or gold and a press fit ‘e

used dor nmintaining- the electrical interconnection. 15 Referring

to Figure 3, a different enbodi nent of the invention in an exploded
view showi nglta isi xbedi@vedrcbhatbodh® ose beofecthe subskirate _
36 15 prAAGREr fO7 T LAY ¥ttt TR 28 SRR T
. upper and3kirg Sher Rl 9&1@@&@%&5@%@% aohesitiengertwnkket PAB holes - .
44 and 46;hich N roaterél agdodi éfe PRI BttedoifdcBfon wiyén! ener s’ of
' 10 board is assembled. This is particularly importaxit when |
the interconnecting pins are coated with tin or gold and '\J
a press fit is used for maintaining the electrical
‘interconnection. |

15 ' Referring to Figure 3, a different embodiment of the
" invention in an  exploded view showing a six-layer
circuit board can be seen. In this embodiment, there
are three substrates 34, 36 and 38. The first substrate
. 36 is provided with two opposed interconnecting pins 40
20 and 42 on its upper and lower surfaces respectively
| which contact interconnecting holes 44 and 46 in the
second and third substrates 34 and 38, Two layers of
pre-preg _48' and 50 are used in this embodiment to bond
the three substrates togethé‘r. | '
25

)

The first substrate 36 is provided with circuit
leads 52-60 on both its upper and lower surfacés._
Circuit leads 54-58 are running out of the drawing
perpendicular to the cross-secticnal view of Figure 3,

30 while leads 52 and 60 are running parallel to the
'~ cross-section. o |



pre-preg 48 and 50 are used in this- enmbodinent to bond the three substrates

togeth first substrate 36 is provided with circui pdﬁgggsﬁfmﬁo on
both it 3‘g%hand l.ower surfaces. Circuit |eads 54-58 are running out

of th drawi ng perpendi cul ar to the cross-sectional view of Figure 3, 30
while leads 52 and 60 are running piaral lel to .the cross- secthn

WD 86/ 02518 ~1l- PCT/ US85/ 02036 - 11&dThe
cross-section through |eads 54-58 shows m)re cI early than Figure 2 that

the ci it |ead d wh :
becssed | nto L Rhy REFE G Dol R ORATRS ARG a1 <

a flat contactlearIncethainweehigtbe snbsﬂzlhates bHe crcir:rmxm esleards e ed
‘bond bet ween SUDSI LS 1R I&?.régligs'ﬁ%dor@ﬁgﬁﬁglsmﬂ?i’ﬂ s‘iﬂ
try, 'S use can So be

under st ood- tha non- r.ecessed

enpl oyed’ 10 i@t ukhel anrfare and Gthﬁr subahratiad tghéﬁcWQﬂmu%ﬁﬂqu
Ci rcui t A-énds, & Hi | %Caff& O%oh%c%ecgeéfaee t@éwesnbs%at %%%58

The adhesi ve "mat er1 al pre e e ectr

nonconductlvé'kl@%oPeEQ“tQ;?ﬁ egé 3‘“&915}’%?@c @SLSSHM.% SEFG\gEﬁ 8% cui t

| eads on facigife sadResive pre~aaey \Aheabvweeapliu élwteldbber dnide | ed.
For exanpl e, .adhesive material ,48 .el egtrical l,sol a cwt dead 54
fromcircuit qi@gﬂ BPAGREGESIRY SiFSRIEAY Gpp%%e 451 a?: ltyhe pdv} Sutfsi’} at es

34 and 36. also be employed.
10 | | |
| Circuit leads 52 and 60 are connected to each other
St and to circuit leads 63-68 located on the second and
third substrates 34 and 38, The adhesive material or
pre-preg 28, 48, 50 must be electrically nonconductive
15 so as to prevent any electrical connection between
circuit leads on facing substrate surfaces when the
| - multi-layer board is assembled. For example, adhesive
material 48 elect:ically isoiateé_ circuit lead 54 from
circuit lead 64 _'wh_er.e they cross on opposed faces of the

20 substrates 34 and 36.

In the preferred embodiment, pre-preg 28, 48, 50 is
- used _to' bond the substrates together, The pre-preg is
U provided in sheet form and holes 30, 70, 72 are punched
25 or drilled through it to permit the passage of the
mterconnecting pins into the in'te'rconnecting holes.
Liquid or other types of adhesives may be employed
provided the adhesive is ~not  applied to the
~ interconnecting pins or holes which would interfere with

30 the electrical connection.

The embodiment seen in Figure 3 has .been shown
without a contact coating applied to the surface of the
conductive material forming the circuit leads,



In the preferred enbodi nent, pre-preg 28, 48, 50 is used to bond the

- substrates together. =~ The pre-preg is provided jn sheet formand holes 30,
70, 72 are punched 25 or drilled through it to pernit ,the passagéers of
t he WiQ-86/02818ecting pins into the interconnecting hcn@sll.sssmosis 2
other types of adhesives may be enployed provided the adhesiv

is not -applied: to the interconnecting pins or holes which would
~interfere with 30 the electrical cOmyiiion ‘The enbodi ment seen in Figure |,
3 has bgegn shown without a contact codtTng applled to the surface of the
conductTve nmaterial .-formng the-circuit |eads. WO 86/ 02518 .

PCT/ US85/ 02036 -12- Multi-layer circuit boards with as many |ayers of
“circuitry as desired may be constructed by approprlate posi tioni ng of
the inter conﬁ‘b'él#i*rglax#ms cigegithdpeards witkrasiemanyl dayersrafe nmay
carry Dot fp{if¥frGynngst Id@sﬁlé@ anrag hséeeonﬂﬁd\@ééwdbgf é\ﬁtgsw?rt;au

: NUItl-Layer Circuit Board ures hrou show

steps in Pc%“é’cﬁ@%ﬂﬁctl% tBP e r%”r%?“’s’lﬂ)st?ﬁ’f‘% #pd hofgs.

const 1suct iwmer@f degreacanduBPst 4té ema 2arwy Iboth tirmerdsinatesng34,

36. and 3%1 eﬁ in Figure 3 is substantially the same. 15 Figure
4 isin %ﬁ"ﬁ Bﬁﬁi'tad scale from Figures 5-8 and shows a portion of
an i.njection nold containing a correspondl ng portion of the first substrate
10. The RR{ hj

. portion o

10 Figures 4 through 8 sh_bw”the major steps in the
construction of the first substrate 10, The
" construction of the second substrate 12 as well as the
substrates 34, 36 and 38 as seen in Figure 3 - is
substantially the same, = ' ' -
15 | . | .
. 'Figute 4 is in slightly reduced scale from Figu'res'
5-8 and shows a portion of an zn]ectlon mold contamxng.
a corresponding portion of the first ‘substrate 10. The .
portion of substrate 10 seen within the mold is the same
20 portion of substrate 20 seen in Figure 2,

The inject;’.on' "lOld is formed from ¢two parts, an s
: upper "half 74 and a lower half 76, which form an e
enclosed area deflnmg the shape of the substrate and .
25 which may be sep_arated to free the molded substrate,

Using wé_ll known injection "molding technigques, the
substrate material is heated and forced into the
enclosed mold to form the first substrate 10, Although

30 injection molding is i:he preferred method of manufacture
" of the substrate, other methods may'be empieyed. such as



The injection mld is formed from two parts, an upper half 74 and
a lower “half 76, which form an enclosed area defining the shape of

the substrate and, 625 whi ch may be separated to free the nolded substrate.
Usi n |96/02888n | nj ection ol ding techniques, the substPETASEMA36a
is hegted and forced into the enclosed nmold to formthe first JU
substrate 10. Although 30 injection nolding is the preferred nethod of
manuf acture of the substrate, other netbgds nay be enpl oyed such as WO

186/02518 _ L ~ PCT/US8S/ 02036 -'13-
plastic stanping, rolling, machining, etc., so as to produce the
gﬁr;ogrgateggéﬁgqgggtgggﬁﬂéfﬁ Igblgﬁgng hafgﬁﬂeh§L00dténatsElgase 4cshows

portion O rger _mol.d _contai ng nUIrer ous
'|nterconnectPﬁQqﬁqﬁs?ﬂ?eﬁ?ﬁ%ﬂ?&gﬁ%eﬁ%c%éggfg fo 8RR %%e first substrate
10 seen-in Figure 1. A correspond---lng nmold (not shown) 'is used to

- produce ‘the seco[ﬁ %pﬁidﬂse & e ré@@od mphde @rﬁj‘@{@bky gabﬂgy a

nunerous 10 circdit LORS,  as can be seen indi cat ed
ref erenc nuseall ETRrsdienciofhraj Bach argee PRI intFining n%‘l’B§‘e9Hcf‘

define the C'th#ﬁEoln féct Iﬂﬁ‘ ?iﬁs' pd hagswibate ¥ nb&%ssmlydedo form

substr at es. circuit | ead th Fi
‘produces theth® cﬁirfciﬁ tsqlé%'élr%%n?ﬂél s\ﬁrﬁ’bkﬂ’bo%ﬁg\l{‘?é &'rcfﬁeeg?tga Iggﬁrdgeen
in Figure 2. jnfhe g ongbt | §Rewhg! ess 26.1§>é@ a0 proFueceblohd oseedndlr i ng

B B T
SUbS”at&OIScﬁQEﬁ\iedpfatmaYIeprOJectlons, as can be seen md:.cated by
N : reference numeral 78, which project into the interior of
the molds and define the circuit lead channels in the

surface of the molded_ substrates.  The particular

circuit lead pathway 78 seen in Figure 4 produces the
15 circuit lead channel which contains circuit lead 1l4a
| seen in Figure 2. The component lead holes 26 are also
preferably formed during the injectio'n process by pins
- 80 which projeét downwardly from the upper surface 74 of
the mold to the lower surface 76.
20 o '
After molding, the substrate is removed from the
mold and an electrically conductive material is applied
W to defined portions of the surface of the substrate.
The preferred method is .to cover substantially all of
25 the surface of the substrate with a conductive
‘material, This can be accomplished by electrolessly
plating a thin layer of '. copper or other conductive
material over the entire surface of the substrate.
Figure 5 shows a portion of the first substrate 10 as
30 formed in the mold seen in Figure 4 which has been
_plate'd over its entire exposed surface with a thin layer
of conductive material 82, It will be noted that the
conductive material is plated over all of the exposed
surface including the interior of the component lead
holes 26. - | '



nmol d and an el ectrically conductive material is applied to defined portions
of the surface of the substrate. The preferred nethod is to cover *. '
substantially. all of 25 the surface of  the substrate with a‘conductive s
~material. =~ This can be acconplished by electrolessly plating a thin
| ayqyoWe/28pper or other conductive material over the enPiCTPLS8S/62036 . he
~substrate. Figure 5 shows a portion of the first substrate 10 as 30 fo d
in the nold seen in Figure 4 which has been plated over its entire exposed

surface with a thin layer of c-onduct_i.gg_ mat eri al 82. It will be noted
t haB It he conduct ive  material is plat over all of the exposed surface
including. the interior of the conponent |ead holes 26. = WD 86/02518

PCT/U888/02036 31 o "-14- Figure 6 shows the
next step in the construction of the multi-layer circuit board in which a
pl ating resi sFigdreas$ bebawspliednenbr etep iin ithelesonetiructjoaveft 5 '
t he deposjt, ,of Vi . idJ opal, d ' t erds n . -bgf'éjé' fﬁ*{ wSt ep,
t he condgfcl; i\}nemr%a.?'e iéa Fg%:%‘ gg E%tri&er\ghi?hgﬂpﬁ%a |!rl1gpr1§ts:|1§§ 4. W be -
renoved, 8#d kagobgiefy JpphiednIwhareysindt ckscfedifedoitr i R§EY®Rtesi st in

Figurs 6 phbl gdeposieseranngs adeits ol W dieceB €M hatergall timtely to
remain. These areas include the interior of the circuit |ead channels 85,
as well as the interior of the conponent |ead holes 26, and the exterior of

the interconngati g psubsaFudhtThateps Cuiliel cadnduvtive nbdtestah in
Froure  6)08a{Q8 Mien dattt "en¥ "SHAL1d 52T R Wa "Hit] 1€ ' URSILE)
- ‘and accordingly the only areas not covered by plating _
10 resist in Figure 6 will be those areas where conductive -
' material is ultimately to remain. These areas include "
'the interior of the circuit lead channels 85, as well as
the interior of the component lead holes 26, and the
 exterior of the interconnecting pins 22. ' |
15 . S )

The circuit lead channel 85 seen J.n Figure 6 1is
formed by the circuit lead pathway 78 in the injection
mold 74 seen in Figure 4 and ultimately will contain the
fin_ished circuit lead 14a seen in Figures 2 and 7.

20 '

‘It is at this point that one major advantage of the’
use of recessed. circuit lead channels can be seen. On v
the upper surface of substrate 10, the plating resist 84 N
~ can be applied by a smooth, ,cylindri_cal- roller, and
25 because all of the areas where conductive material is to
remain have b_e,en"recessed, the plating resist 84 |is
easily and gquickly applied to ‘the appropriate
locations. In the ‘construction of the second substrate
12, which has no in,térconn_ecj:‘ing pins 22, this téchnique'
30" can be applied to both the upper surface and lower
surface of substrate 12 as - well as to the second and
third substrates 34 and 38 as seen in Figure 3,. | |



mol d- 74 - seen in Figure 4 and ultimately will contain the finished circuit

| ead 14a seen in Figures 2 and 7. 20 I't is at this point that one nmajor
advantage of ‘the use of recessed circuit |ead channels can p&. o %’I the
upper’jefsélﬁslﬁ substrate 10, the plating resist 84 can be ﬁ;%g(éa

a s th, cylindrical roller, and 25 because all of the areas mhere
conductive material is to remain have been recessed, the plating _
resist 84 is easily and quickly ' appbted to the appropriate J,
| ocations. In the construction of the second substrate 12, which has no

i nterconnecting pins 22, this technique 30 can be applied to bot h the upper
surface and- IoweWithrfmnperﬁt stibsttlee elavezxs swiface ©of tsnebgbcehq a9

t'hird substr; Egs %41%&8 ?%s%. xﬁ'?E\:gurbee B BP]J»Y-\QC‘%/"Q st shaped

PCT/ USSS/ 020 resp ec | ower s ace of t he
pl ati ng —r esRBPliGRLRLS par ap(pmeans\/m#h CONFRREA U |%B'E’cﬁ%l o?rb9thﬁ5ns of
conventlonalmggkhﬁgl telchfikRiedlaski ng techniques. 5 Figure 7 shows the next
step in the construction of the circuit board. In the preferred

nmet hod, 3 the substrate 10 is inmersed in an electrolytic plating bath and
the conductive nRilgatel 7 sshoesedthetmext| stepoaadt}(:e censt rwosionf oft he

ubstrale Phg Arsul Soalh | oI E! RIBALERdY plenplnt | phe
preferred nszmhetl;ataelm rig i inmereetr dinesan yelectrplsatui phakingobathseen
in Figure 5 éﬁdc‘%wrcoﬁ@@cttlﬁe material is plated onto all exposed
10 port:.ons of the substrate 10. All areas of the
A substrate masked by the platmg resist 84 do not receive

any additional conductive material..

_ In the preferred method, the initial electroleesly
15 plated layer 82 as seen in Figure 5 is copper, and the
subsequently plated electrolytic layer 86 is alsc
copper. Accordingly, for the sake of clarity, Figure 7
shows only the thick layer of conductive material which
remains in the exposed areas identified by reference
20 numeral 86. The copper from the electrolessly plated
layer 82 is substantially indistinguishable from the
subsequently plated electrolytic layer 86, It should be
_ b noted, however, that the first layer 82 may be comprised
of a different conductive material than the subsequently
25 'plated"_ electrolytic layer 86. It is also poseible for
' the thickness of the layer 82 to be increased by methods
other than electrolytic plating, such as electroless
plating, ‘and such methods are within the scope of this

invention. | '

30 ' ' . .

' Following the deposition of the eléctrolYtic' layer
86, the next 'step is optional, but preferable, and
comprises plating the exposed electrolytic layer 86 with
a contact material 88 which serves as an etch resist.



subsequent|ly plated electrolytic | ayer 86 is also copper. Accordingly, for
the sake -of clarity, Figure 7 shows only the thick layer of c‘ond_uct Ive
materi al which remains in the exposed areas identified by reference 20"

numweI86ﬁH518 The copper from the electrol essly plated POTFUSBE/02036
substantially indistinguishable fromthe subsequently plated el ectrol yt\

| ayer 88 It should be noted, however, ‘that the first |layer 82 may be
conprj sed of a different: conduct ive r’rfgerl al than the subsequently 25
plated electrolytic |ayer . 86. It T3 al so possible for the thickness of
the layer 82 to be i ncr eased by met hods other than . electrolytic plating,

ich | d hi f
Sueh ;e mEkecudeRern! sduve 200 2060 THAVESY Rhbiohd "SoRRYP ayer
'86, the furgtiornse@s j Basoheemapreviqusiy eﬂcs&lsllbed.andFO&bmylinges

pl ating tmeewﬁc@i&ﬁtbel ¥hiel é@ugtrgféew tébéh CoRt golgywd €gl, Al n’P - ‘M“ ch
. 'serves as etch resl WO 86/

" PCT/ US85/R)€"‘8‘§6‘9 1625t8E  Réniifkt reﬁé’cve?‘? alSiRgoa SolRAnt hgwitapde of her
functidDnfaors itise bpe.latmngw oash.stdessaedbednd toe! Oé!utﬁlgti:QEeprmUClts on of

corvent - UERBERRE°OLE0 A IS pRER PUBHER® ali Shecten AR e 10° 1s

i mer sed $races aofd the: lelddtxto dsslly- edepes:.'aédi lagees 8 éRcep he(ﬁn][ ol ﬁSS| y
~ deposite t o) ort, t hi of the
s rﬁ.% e MREC R od (. L PR ién S

conductive mnate A8 beeh | ncrense
- material has been increased electrolytically.

10 -
| ‘During. t_he" step of flashéetch'ing, the etch resist 88
serves to protect the electroiyticaily deposited layer
86 from attack by the etchant. ' Hovéev_er, when the etch
resist 88 is not used, the “thickness of the
15 elect:olytic’ally deposited -layer 86 |is suff:.c:.ently
.~ 'greater than the thickness of the electrolessly '

deposited 'layer_'sz that the flash-etching step

completely ':e.m'oves" layer 82 without significaotly

affecting layer 86.  The resulting substrate 10 is
20 substantially as shown in Figure 2. o B

Substrate 12 is produced in substantially the same
way as described above, The two substtates are then
sandwiched together with a 1ayer of . adhes:.ve matercial

25 such as pre-preg between th_e_m (with holes punched or
drilled into " the material to permit the unobstructed
passage of the mterconnect:.ng pms 22) and the complete
multz-layer circuit board is placed in a lamz.nat:.ng
press under heat and pressure which completes the cure

30 of the semi-cured ‘pre-preg and bonds the substrates
together. '



During the step of flash-etching, -the etch resist 88 serves to protect the
el ectrol ytlcal l'y deposited layer 86 fromattack by the etchant. However,

when t i'st 88 is. not used, the thickness of

el ect @ Z‘Hs?ﬁ deposited layer 86 is sufficiently gr egfgn 2036t he
thicknegs o the electrolessly deposited |[ayer 82 that the Jf;,'
flash-etching step conpletely renoves |la er 82 without significantly
af,fecting |ayer 86. The resulting iuﬁst rate 10 is 20 substantially

as shown in Figure 2. Substrate 12 is produced in substantially t he sane
way as descri bed ghov. wo substrates arg then, san to et her
with a |layer of agﬁ‘esﬁ\" PE(?H‘%?”Q% sBth R %td'}%’d'% d’% “S'irr

hol es punchedctrecdit| bedrd may blee refeiraredal td oagethet 'fuﬂéy-udditﬁth ed
passage_of thgeﬂr&acowegiém PLA% 2208 kG eCOREAaTY! ik~ | BYP11ed

circuit™ “hoar press un heat an pressure
whi ch comgpl et esca.heiesix by @fleFN(SOlgéﬁr Pééﬁgﬂg-pre preg and bonds the
subst rat eset oget her. - WD 86/ 02518 o

PCr / USB5/ 03036 - 17- Ap alter 3L.e 4Tt od of nuf act uring the Whl |
circuit board mayIBe FBEZ BEEPEdas & 1TV e | L gg Brel 'the

conductive map6yi al8i saagpl eed dxcl gdi \nadey ny ehaatrehessophatrr ngefﬂ.nedt hi s
[eihod, {he CORURINECTIOHL LERRS d endOrat Bl ARKEFSM Sob) ol
exterior of testepniercofnédte qmmmeatmhg hpinst &3 oandothfe J.uﬂten.o:
mterconne%rgg RUES itk e?'onABRYIAEY holes 24 are deposited
\_/ electrolessly without additional -electrolytic plating,
- | Furthermore, the electrolessly deposited conductive
material is applied only to those defined areas where
_ the material is to remain on the completed multi-layer
15 board, thus: eliminating the flash-etching step required
in the pfeviously described method. Electroless
deposition in the areas which are to remain
nonconductive is prevented by the application of a
plating resist as previously described, except that in )
20 the fully-additive method the plating resist is applied
directly to the surface of the siubstrates.

Those skilled in the electroless plating art will
- recognize that the process of electroless plating a
25 conductive material onto a nonconductive substrate
typically includes several steps designed to improve the
bond between the nonconductive substrate and the
electrolessly plated material, Such well-known steps
. include chemical or mechanical roughening of the surface
30 to be plated, sensitizing or catalytically activating
the surface to be plated, and intermediate cleaning and

- ' washing steps. |



el ectrolessly w thout additional electrolytic plating. Furthernore, the
.electrolessly deposited conductive material is applied only to those
defywergl/giqags- - Where the material is to remain on the copi/eisgd/onnid i -@/er
15 board, thus elimnating the flash-etching step required in the
previously -described nethod. Electroless deposition in the areas
- which are to remin nonconductive iqu_prevent ed by the application of a
_plgbiyng "resist as previously descri'b]e , except ‘that in 20 the .
fudby-additive nethod the plating resist is applied directly to the surface

of the substrates., Jho Ll 1 ed_{ el gctrol.es lgLin L
recogni zg thzilf[aﬂ t h%eb?)rongggéggf ' §?5E{?P§I}%§ S gl.%gtc%ﬁge?'?SQ%Engﬁgégv\gohat'eri al
- onto a nelectdwdesse plbtingt eingpuded| ysuch udetandami alpseepssigi ghed to -

| mprove t hand. b ng uctd : tr L
elrrgct r ol .£?€g'pl-at§ .rrgt e?’?‘a : ngg% V\Eﬁ,&iﬁg\%g s?e‘g‘éf?ﬁg ude %hem’ cal
or mechaflestrodegrdli nplakedne Shrf a8EeB0 £§ bhelprhrelessenBiabriRdigusr
cat al ¥t i @y ¥gachievakijrey dde §yrfaces%gg?g pkakpd. wMI¢H ntc%‘pggji ape

cl eani ng and, washi.ng steps. - ND 86/ :

CCT USBURBIERF I aS, LRI, ARKe ObctREd AN %y CORNOrCHabiY | BYALIaPAE i ep
of .el ect pcRedssé8.at i ng. included such standard processing steps. ,
Since the entire substrate surface was electrolessly plated, the step
of electroless plating 5 could be viewed as -a -single step which
could be perHowewerysi wgthny thfe t fuliywadditirei ahéyghadai |ahly pRocesses..

10 portion of the substrate surface is electrolessly .
plated. Accordingly, there are two similar variations u
of the fully-additive method de-'pending'on- whether the
substrate _surf’ace is catalytically activated before or

after the plating resist is applied. |

15 . .
Both variations start with the formed substrates
(10, 12 in Figure 1) which are preferably made by
injection molding, as pre_viously «described, but which
may also be manfuactured by hot stamping, conventional
- 20 machining, etc. ' " '

The substrate may then be chemically or mechanically
'roughened to improve the adhesion of the electroless
layer, 4 - | |

25 | |

In the first variation, the entire ‘substrate surface
is then catalytically activated. . Next, the piating'
resist is applied to those areas where the conductive
material is not to be electrolessly deposited. The

30 plating resist 84 is applied to the same areas and in
" the same manner _(wit_:h" roller coating, shaped applicators
or with conventional imaging techniqdes)- as shown in
Figure 6 to delineate the desired circuit pattern and
contéct areas. ' However, in the fully-additive method,



However, with the fully- additive nethod, only a 10 portion of the
substrate surface is. electrolessly plat ed Accordingly, there are tvvo
simlar vari atlons of the fully-additive nethod depending on whet her t

substr is catalytically activated before.

pl ati ‘é’sﬁ%zq S appl ied. 15 Both wvariations start Wi th Pﬁg‘%ﬁ%
substr es (10, 12 in Figure 1) which are preferably nade

ipjection nolding, as previously described, but which may also be

manf uact ured by hot stanping, conventiormal920 machining, etc. The substrate
may then be chem cally or nechanically roughened to inprove the adhesion
of the electroless layer. 25 In the first variation, the entire substrate
sirface is t¥RR SIAHIRG caFppissct Bt ok appibed  digectvat %R rede st

Ib S alopj Jﬁedl tact fveitted agazTaceh g€ thle Wﬂyelwtﬁﬂiﬁ: tﬁa?nfttc? aoth
e el ectrol ggs SIS i S p|e 0 the
care ar ons_arkhih HREEEESherres Ses T pRrEER JBVRS (L 1o RT Bl or o
or with convexsiimathe nmethgd: prteviipueslly abestmibedn Figure 6 to deI i neat e
the desireg circuit pattern and contact areas. However, in the

full y-additive nethod, 36 WO 86/ 0218
PCT/ US85/ 02036 - 1Bhet sondnekivey maseriel g8 then aﬂsﬁcﬂwleﬁsléttp%t%

the activatedypid f e OlleERe8UDSoEELEnd0 JBt bR A vt ed t Bk fatid | B
electrol esslys£ggé§gtéa¥8r vg tza:'evr}ellzrl lf!ree agsence of the plating resist
84 leaves that surface exposed. The electroless plating
10 continues until the desired thickness for the conductive
' material has been built up thereby forming the
conductive circuit leads (14, is, 18 and 20 in Pigure 1)
and the conductive contact areas on the exterior of the
interconnecting pins 22 ang the interior of the

15 interconnecting holes 24,

_ A contact material 88 may optionally be
electrolessly plated onto the conduct:.ve material, The
plating resist 84 is then removed with -an appropriate

20 solvent as previously described.

The second substrate 12 may then be produced using
v the same method and the completed becard is assembled
with the pre-preg 28 as previously described,
25 | |
The second variation of the fully-additive method is
to apply the plating resist 84 to the substrate prior to
catalytically activating the surface. With the
selection of an appropriate plating resist 84, the
30‘subeequent step of catalytic activation occurs
essentially only on the exposed surface of the
substrate. The substrate is then electrolessly plated
to apply the conductive material to the defined portions
of the surface of the substrates. The plating resist is



as in the method previously described. 5 The conductive material is then
el ectrolessly plated onto the defined portions .of the activated surface
of substrate 10 wherever the absence of the plating resist.84.1eaves that
surface: ed. The electroless plating 10 continues unpgqtnt kI

t hi 9&53@@52@? t he conductive material has been bui |tn§€E’Lﬁé@§§§ e@
formng the conductive circuit |eads (14, 16, 18 and 20 in Figure 1) and
t he3¢onductive contact areas on the exterior of the interconnecting pins
22 "and the interior of the 15 im2@rconnecting holes 24. A contact
material - 88 may optionally be electrolessly plated onto the '
conductive material . The plating resist 84 is then renoved with an _
appropri atke®0 sonoved sandr dheusiPs§saseshcaassenbledcitt sapPlese 12 may

t hen be p{gQUﬁgqégggggeEhgdiyga53H§¥5b§@@si eqegppiskad board is assenbl ed:

with the pre-pre s previously ‘described. 25 The second vari ati on. of

the fully-additive method is to apply the plating resist 84 to the "~
substrate prior to catalytically activating the surface. =~ Wth the
~selectjon of an appropriate plating resist 84, the 30 subsequent step  of
catal ytic activation occurs essentially only on the exposed surface
of the substrate. - The substrate is then electrolessly plated to apply -

the conductive material to the defined portions of the surface .of the
substrates. The plating resist is WO 86/ 02518 S
PCT/ US85/ 02036 37 ' o

_-10_.. | o o
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30



-20- them renoved and t he substram'sen‘bl—ed—t | ete the rrultl-layer

board as preV|oust described. 5. 10 iﬁ WO 86/02518 ;
PCT/ U g 21- Cains 5 I rmng

ci rc@%%@ orrprl sing the steps 0 ﬂimﬂmﬂﬁ ,u |rst eﬁ"ﬁg@é’ oﬁgctlon
nmol d apted to form a first «circuit board Substrate havi ng 10

I nterconnecting pins projecting out of the surface of the first substrate;
provi ding a second encl osed. i nj ecti on mMA¥~adapted to forma second circuit
board substrate shaped to mate 15 with the first substrate and having

I nt erconnecting hol es in the second substrate to receive the

i nterconnecting pins on the first substﬂ&ﬁ%ﬂliabricating the first and
second circuit board .20 substrates by injecting an electrically
nonconductive substrate material into the first and second. injection

mol ds; ~renoving the first and second substrates fromthe 25 injection

mol ds; applying an electrically conductive material onto defined portions

of the suface of thg ijdSlo@NdeSefing a multi-layer circuit board
comprising the steps of:

pr.oviding' a first enclosed injection mold adapted to

form a first circuit board substrate having

_ 10 interconnecting pins pr.o;ectmg out of the surface of
'\ the first substrate;

providing a second enclosed injection mold adapted

to form a second circuit board substrate shaped to mate

15 with the first substrate and having interconnecting

holes in the second substrate to receive the
interconnecting pins on the first substrate;

fabricating the first and second circuit board

.20 substrates by' injecting an electrically nonconductive

substrate material into the first and second injéction
molds: '

removxng the first and second substrates from the
25 injection molds;

appiying an - electrically conductive material onto

defined portions of the surface of the first and second

- substrates to form cucu:.t_leads,_ onto the exterior of

30 the interconnecting 'pins on the first _substrate and into

the interior of the intercdnnecting holes in the second
substrate; |



substrates to formcircuit |eads, onto the exterior .of 30 the
interconnecting pins on the-fj ubstrate and jnto the interior of the
F?Eéerconnectl ng holes in the second substrate; WD 867 02518

/ S85/ 02036 -22- providing r’rﬁm“ﬁ"ﬁmmlﬂﬂ ““I nonconducti ve adhes'i' ve
mat ew@I86/02818 assenbl i ng the t board byPETACS88j02D361t h
adhesive " material between tht Tirst™ afid *second substrates and mat

the interconnecting pins and holes, the electrlcally nonconducti ve adhe5|ve
mat eri al being positioned to insulate &QQ circuit leads on the facing
.surfaces of the substrates. and perfitting 10 el ectrical connection

bet ween sel ect ed circuit |eads at the poi nt of contact between the

exterior onnect i ' j r
ot connect | BB BEAGOMIEC! [PfbediRaLF N addondBLELET alheditS
ci rcui t bomaterdal; and m 1 wherein the step of applying -an

electrically conductive material onto defined portions of the sUN#aee
cjrcuit _leads, . onto. the

O he TITSt ande o3BT SRS IR0 Lo cld Shbhod SIS g e
the intEriﬂheof-aHthMeermmalng betiweenn the séfpst sahdtrseeond! udes
first and SebgbANeds, SO AE Y oY | utenddifpefbing Cafa., mpE =
mat eri al ; hebé&sngthehcelectsicallys nondonductiven@dhesive nateniak those
.- areas V"hert?eﬂfs Cﬁ&Q&@idd’é& "ULr iRyl aek0 dife  circuit leads on the
facing  surfaces of the substrates and perm:.tting s
10 electrical connection between selected circuit leads at =
the point of contact between the exterior of the
' -inte-'rco'nneoting” pins - and the interior of the :
interconnecting holes. - |

15 2. The method of forming a multi-layer circuit
board of claim 1 wherein the step of applying an
electrically conductive material onto defined portions
of the surface of the ‘first and second substrates to
form circuit leads, " onto the exterior of the

20 interconneotirig pins on the first substrate and into the:
interior of the interconnecting holes in the second
substrate includes the steps of: - _ ~

plating substantially all of the surface of the
25 first and second substrates with a f:.rst electrically
conductive mater:.al- . ' ' '

masking the substrates with a plating resist to
cover those areas where the conductlve materral is to be
30 removed; ' ' '

~ plating the substrates in the areas not masked by
the plating resist with a second electr:.cally conduct:.ve
material; '



30 renoved; plating the substrates-in.the areas not

resist wt h a second electrically. conductive .material; WO 86/ 02518

R o e et "o Hlﬁl|| L T o BCRV S

PCT/ US
~substT
fromt

areas previously covered y

of formng .

first

boar d

a nulti-layer <circuit board of <claim 2 wherein the

electrically 10 conductive natefi%@d~ is pl ated electrolessly
t he second

el ectrolytically. 4. The nmethod of forming a nulti-layer circuit 15

of

electrically conductive nmaterial is plated

claim 2 wherein the first and second electrically

conducti ve rraterlmdnsoﬁj;xegbehé ?Qaeﬁﬁg besisthandethod of formng a
mul ti-Iayer

20 elettrically conductive material is subsequently plated wt h a

cont act wat eri al .flash-éfiahinget hbe s;fbsttmtmmgtoaremmté th?eﬂ.ayelrr i t

circuit board

the pl"ati*ng*resist. 3. The et hod

mas'ked by the plating

*

and

claim 2 wherein the layer of second

board of ai wh g%pn al e Jrod
of form flég fg.rgr'%ul ?igkgrfé? I rcult Lg@%r dé!ofmla g%ir'n en; eltr?%lhearﬁ?ér st
i nj ection rmmeneios:elpec;owe@sbn gher @ﬂ-##lbenﬁeﬁéﬁtol ead holes

extendi ng axially through the interconnecting pins. 30 8. The net hod

f ormi ng

a

10

15

20

25

30

35

mul ti-layer circujt
-3, ~ The method of forming a multi-layer circuit

‘board of claim 2 wherein the fl_rst electtically

conductive material is plated electrolessly and the
second electrically conductive material is plated
electrolytically. '

4. The method of forming a multi—layer circuit
board of <claim 2 wherein the £first and second
electrically conductive materials are both copper.

5. The method of forming ‘a multi-layer circuit
board of claim 2 wherein the 'leyer_ of second
electrically conductive material is subs'equent'ly' plated
with a contact material. '

6. The method of forming a multi-layer circui:
board of claim 5 wherein the contact material is tin.

7. The method of forming a multi-layer circuit
board of claim 1, wherein the first injection mold is
shaped so as to form component lead holes extending
_axially'through the interconnecting pins. |

8. The method of forming a multi-layer circuit
board of claim l, wherein the electr:.cally nonconductive
adhesive material comprises a sheet of pre-preg with
holes provided therein to match the position of the
interconnecting pins.

of

U



.. 'surface

board of claim1, wherein the el eWanéue{ i ve adhesive materi al
~conprises a sheet of pre-preg Wi hol es provided therein to match t he
position of the 35 interconnecti ng ““\“‘\‘“3“!\22518 -
PCT/ USE8G0288 41 | !m“‘\“ 5. POTESSsEe0as!
c

formng a- multi-layer circuit b ot cT'a i '8 wherein the . step
assenbl i ng the multi-layer circuit board is followed by the step  of
5 app il ng heat and pressure to actiwagg-the adhesive of the pre-preg and
bond t substrates together. 10. The method of formng a nulti-layer
circuit board of claim1 wherein at |east one of the injection 10 nolds is
shaped to produce. circuit |ead channel s recessed into a . surface of

- "the s-ubstrate forngd ther met hod of '
Cmulti-layer cidcui tt1% b%aghodof of ?H“ii‘g ﬁheF‘é’i%l‘gﬁxerstéﬁ”BF't

appl yi ng’ #&maztdctafi calhym cdnduheredén neher istep ObEO adeémb&ﬁlngDOthe-.OnS - of
t he surfac f t S ec ub . clrcul o ~-and -
to the %tde)'lf |j'o-:1%);éf7'r Eﬁ‘i@ﬂ ?ergggﬁgctif%gaéﬁﬁé'g 0?15 29 ;ﬁﬁ?t e and
into thé 2appiylkrior hegt améd Bmﬂwmnﬁctlmz}lmesthen adhesi\secoﬁd
substrate | #51@@_ 'S [ Niply .1 of the

_ rhcé e su% atraglsl,as HHV‘\HE&&‘& Q?Prsgtila%rglgetgtg %ﬁ:a conductive 25
“material; appl ying a pI ating resist by means of a roller to at |east one

surface-of at lagst THE SHBehba! € oo Foglhine aonﬂﬁ%aSQQQerr tigpaief said
surface; 3%

x oard of cla:.m 1 wherein at least one of the inject:Lon
10 molds is shaped to p:oduce, circuit lead channels

'redessed. into a surface of the substrate formed . ~
therein. ' ' |
il. The method of formzng -a mult:.-layer c:.rcuit .
_15 board of claim 10 wherein the step of applying an
electrically conductive matetial onto defined portions
'_of the surface of the _first and second substrates to -
form circuit leads and to the exterior of the
:Lnterconnectz.ng pins on the first substrate and into' the
20 interior of the interconnecting holes in the second
substrate includes the steps of: '

‘plating ~substantially '_ali . of the’ _snrface of the )
substrates with a first electrically conductive
25 ma_t_erial: -

applylng a plat:.ng res:.st by means of a roller to at
least one surface of at least one substrate to mask the
. non-recessed portxons of said surface;
30 . _ , . .
' plating said at least one surface again to increase
the thickness of the conductive material in the recessed
circuit lead channels; | " -



plating said at |east one surface again ropinerease-the thickness of the
conductive material in the regesse d channel s; WO 86/ 02518
PCT/ US85/ 02036 - 25- renovi ng t he pﬂmmj m&g’m flash-etchin sai d at
| east MO 869218 to renove the el ecre s sited | abEA/e$85/02036
conductjve material 5 fromthose areas previously covered by the plating

resist. 12. A multi-layer circuit board conprising: 10 a first circuit
hoard  substrate constructed of an eleeRsi-cally nonconductive substrate
material, said first substrate having an upper and | ower surface with

|nterconnect| ng pins projecting out of the |ower surface of the first §;
substrate, said iremovimyechenplates besists Endonponent [ead holes “
passing axially through the interconnecting pins; a second circuit board
substrate constructed of. an electrically nonconductive substrate materi al
.and shaped_ 20 t o frasd~etching Bé\ivdr atur fgastofonpe FYrfAceuUBSt reMOveE; d

second SWbHSt gglge M&Ek%}ﬁkéﬂ%peée é@&"eﬁa?\érrf e %ﬂ@uc’t%@r?ﬁﬁfﬁtﬂ”g

hol es pa§S|ng fro ace rou second substrate
to the ?owEFodyrtheseo 4@%%$vep¥?ﬁé ?%?HcoﬁﬂgSFFﬁg Bins t&e t Rdatipg 25
substrat e; aaegugexrlcally conductive material applied to defined areas of
the upper and | ower surfaces of the first and second substrates; said
defined areas 30 including circuit leads, -the exterior of the

i nterconnnecti ngl2pi N@ multi-layey icircwit Hdardiovmprising:

10 a first circuit board substrate constructed of an
e _' electrically nonconductive substrate material, said
first substrate ha_ving an upper and lower surface with
int‘ércorinecting pins ?:ojecting out of the lower surface
of the first substrate, said inte:comi_ecting pins having
15 component 1lead holes passing axially through the

~ interconnecting pins; |

a second circuit board substrate constructed of an
electrically nonconductive substrate material and shaped
20 to mate with the lower surface of the first substrate,
~ said second substrate having an upper and lower surface
- with interconnecting holes passing £from the upper
‘o surface through the second substrate to the lower
' surface to receive the interconnecting pins on the first
25 'substrate; |

an -electrically conductive material applied to
defined areas of the upper and lower surfaces of the
first and second substrates; said defined areas
30. including «circuit 1leads, the exterior of the
interconnnecting pins, the interior of the inter-
connecting_ holes and the  interior of component lead
holes; and | |



con-nécti ng holes and the i nterior of conponent |ead holes; and Wo
86/ 02518 S . . PCT/US85/ 02036 -26-
a layer of electrically nonconduct i ve adhesive naterial” posi tioned

between “the first and secﬁuunﬂuﬁ“‘mml" ||I|o as to bond the first
subsWQ@®B86/02518 t he second t-er connect PGE/USESE/0R036 -
pasgigng 5 through the adhesi vé material into the interconnnecti ng hol

- whereby el ectrical connection is nade between the conductive material on

DR

the exterior of the interconnnectipg-pins and the conductive material

on the:interior of the interconnecting holes. 10 13. The nulti-layer
~circuit board of -claim- 12 wherein the circuit board substrates are

formed by injgct nawml dwg eiéctncﬂﬂl Thﬁon@&ddubé‘ifﬁé gheyiiye board
of claim 12 Wg' rcuit.- |ea pag recessed into the
surface of BRRET |a115t Pa?ﬂ‘%b%%ﬁ@ s(IREVESR. gBe 'ﬁ"?'e‘s‘?’rulﬁx} | a§8FORE| rcui t

- board of sgbatpatésd 2§owhes eitd bhﬁd ekhet rfLesty subvstitiste veo rthN—&F—"I S

B iAefebl WIRIANE - iy ThR BN dOHY | FLAEY brglif).

i nt erc@ne@htﬂggpl sh@r sfbesing ouatetlaheiuppelthwrimbercﬂnnhectungt

- substrate Bt ehRide J;;Pe Eﬁkzéé‘i’eéﬁﬁhre%w:.%BbcﬁrdmLHEt *Beétv%’é'ﬁ’”tfag? a

third circurt boar trate g nt erconnecti ng ho
therein arRiond giedpby & o *ﬁr@t'%e\inlt%lth@ nppérh eur fekkesiame pifrstthe

substrat e:j¥¥kconnnecting pins and the conductive material on the
' - interior of the interconnecting. holes. :
10 . | S )
13, 'The muli:i-iayer ci:cui-t: board of claim 12 :
wherein the circuit board su_bsttates are formed by'_
injection moldmg. '

15 14. The  multi-layer «circuit board of claim 12
wherein the circuit lead paths are recessed into the
- surface of the first and second'substr_ates. ' '

15. The multi-layer circuit board of claim 12
20 wherein the electrically conductive material is plated
with a contact material.

16, The multi-iayer . circuit board of claim 12
wherein the first circuit board- substra_te includes
25 interconnecting pins projecting out of the upper surface
of the first substrate and wherein the mul’ci—layet
circuit board further comprises; -

a third «circuit board substrate having
30 ‘interconnecting holes therein and is shaped to mate with
' the upper surface of the first substrate; and - |



WD 86/.02518 PCT/ USB5/-62036—27-—a second | ayer of
-electrically nonconductive. adhe HEﬁ!ﬂﬁ“i |aI 05|t|oned between the first

s AT il M= ok el

first. #substrate passing through the second Iayer adhesi ve
material into the interconnecting holes in the third substrate 17. The(a
mul ti-layer circuit board of claim12 I®RWherein the substrates include
circuit lead channels recessed into the surface of the substrates,

t he conductive naterlal being, applied into the circuit. |ead channels to
formthe circuit? eS®CORE “layeg ofthelegtnbaaldy fasoneendactive

rmlt:-l ?y_er sdhesltrebﬁt’r!tﬁtrifafl p“dartmloniea vﬁ@ween t;tt% ﬁ{:%lé aHa enptal ng
-an electric C mater i p rtio S o}

sur f ate™of, f%%¥§t?9€9§ déieéﬁ%d §hb§PP ghF % 14t | 8ds€heonto
the exterithirdf subﬁ;me.ntmeodnsemngqamm plhasf ioarst thebtpper and
into thed nigyipical the ° ERLor 9PoECt LOGSROUES | BakRInSeC Ut ke

i ncl udes the steps of: e substrates
out si de 25 tﬁtécﬁﬁﬂnedlpcymron@fo aslbe shvee amééisﬁwhéle dimet @ onddee i ve
material is mewomea@ptxgeﬁolebefﬁreheseh!:al 3ubit fate, def i ned portions
of the substrates mnth the conductive material; and 30 renoving the plating
resist.

17. ~The multi-layer CitCUlt ‘board of claim 12
10 wherein the substrates include circuit lead channels
2 recessed into the surface of the substrates, the
conductive material being applied into the circuit lead
channels to form the circuit leads.

15 18, The method of forming a multi-layer circuit
board of claim 1 wherein the step of applying an
electrically conductive material onto defined portions
of the surface of the first and second substrates to
form «circuit leads, onto the exterior of the

20 interconnecting pins on the first substrate and into the
interior of the 1nterconnect1ng holes "in the second
substrate includes the steps of: '

masking the substrates with a plating resist outside
25 the defined portions to cover those areas where._ the
conductive material is not to be applied; '

electrolessly plating the defined portions of the

substrates with the conductive material; and
30

removing the plating resist.



WO 86/ 02518 45 -28- 19. ._ The—Trethod—of ca:-m_ 18 wherein the step of

maski ng the -substrates with esist is preceded by a_ step of _
catal ytical | y activating t h iﬂm% 1’ lfubst rat es. ngz _
of WA 86/0248 wherein the he substrat /Gmslsﬁ/"&o?ﬁ at

resi st |Z;t)ollowed by a step of catalytically activating the surface of

substrat

10 21 The nethod of claim 18 wherein the conductive materl_al |

is subsequently plated with a cont act-m+eri al. 15 20 25 30

10

15

20

25

30

19, The method of cla:.m 18 where:.n the step of

'maskmg the substrates with a plating resist is preceded

by a step of catalytzcally activatmg the surface of thep\ N
substrates. - - o : N

20. The method of claim 18 wherein the step . of

masking the substrates with a 'plating ‘resist is followed

by a step of catalytically act:.vatmg the surface of the
substrates.

2l. The method of claim 18 wherein the conductive :U

material is subsequently plated with a contact material.

-



