31 July 2006 1 METHOD FOR EMBEDDI NG A COVPONENT | N A BASE3ANDY Z00RM NG A
CONTACT Herein disclosed is a nethod for enbeddi ng one or nore conponents
in a base and for formng contacts in them The bases that are processed
are used as bases for electrical conponents, typically sem conductor
~conponents and particularly mcrocircuits, in electronic products. The
task of the base is to provide a nechapical attachnent base for the
conponents and the necessary el ectrical connections to the other
conponent sMEFTHOT2 Fods EMBEDDINGsA dEOVBONIESE INTABASE ANRTFORMENGI A cui t
board, so'é@ﬁ&étﬁf method that is the object of the invention is closely
related to -board manufacturing technol ogy. The base can al so be
sone ot her base, for exanple, a base used for packaging a conponent or
conmponents, or the base of an entire functional nodule. G rcuit-board
manuf act urllergingdisolosed dyn erethnd fos embeddingrione or moseicompenentsdotabaseiand  anong

ot her thi '}gtsfonﬁlrhgcc{?glgtctstiﬁﬁﬁerﬁ.he substrate used in mcrocircuit

manuf act uri ng 0giés i's a sem conductor naterial, whereas the base
material of a circuit board is an insulator. Mcrocircuit manufacturing

technol ogies.are al so typicall copsi derahl y nor.e expensi ve t han
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f orm a package_ around a’ sem conductor _conponent, which

are intengded t

will faci &ﬁ? éﬂsg qftte haseds thprovidren Bgphanical attachmeat haggdonptheompepednduct or
component ad e Rikeably BREARAL LRI o REOINS | Bbontils T @Ik LAF
packaged conponent td be easi Installed on a circurt board,

seni conduevigide thixabiasagEhabase cawhe aicitsuit berddcstodhat, the methoghthattis the obfct age can
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t he sem cbastucirorlsoobpaoart other base, for example, a base used for packaging a

component or components, or the base of an entire functional module.

Circuit-board manufacturing technologies differ from microcircuit manufacture in,
~among other things, the fact that the substrate used in microcircuit manufacturing
technologies is a semiconductor material, whereas the base material of a circuit board
is an insulator. Microcircuit "manufactuting technologies are also typically

considerably more expensive than circuit-board manufacturing technologies.

Circuit-board manufacturing technologies differ from packaging techniques in that
packaging techniques are intended to form a package around a semiconductor
component, which will facilitate its handling. The surface of a package of a
semiconductor component has contact parts, typically protrusions, which allow the
packaged component to be easily installed on a circuit board, A semiconductor
- package also contains conductors, through which voltage can be connected to the
actual semiconductor, connecting the protruding contact parts outside the package to

the contact areas on the surface of the semiconductor component.

However, the ~packages of components manufactured using conventional
technologies take up a considerable amount of space. The miniaturization of

electronic devices has




However, the packages of conponents manufactured using conV¥edy 8Kl
technol ogi es take up a consi derabl e anount of space. The mniaturization of
el ectronic devices has 31 July 2006 2 led to an attenpt to elimnate the
packagi ng of sem conductor conponents. For this purpose, the so-called
flip-chip technology for instance, has been devel oped, in which a

sem conduct or conponent w thout a package is assenbled directly onto the
surface of the circuit board. There a2e, however, many difficulties in
flip-chip technol ogy. For exanple, problens can arise with the reliability
of connections, especially in applications in which nechanical stresses
ari se bet wedio arhattenipt audlimibsta i@ pacich f seitoa@rRititeb@bokpipPaahis Mechani cal

ginpeo
stresses ' ' n fill between .the chip
and the c {Brﬁgéﬂstg %ng(r?gaqgﬁl@%agﬁ é%g%ﬁ?éy gqtr g\%ﬁa%\?\lﬁg ﬁ%eg y%g%eéism ‘g?fﬁh fncreases
manuf act urseRdcoaga¢tar cogipansaiakithouf 8 pagkage isqssembtisd directlp phtodhe swsfase oh whi ch a
fl'exi bl e ahé ciudit Boaal. There aus Bewand, they GiffiGiltids iR Af-chip fechhdts@d Fok rongl y.

Al so di scl i nmet hod.. by..neans. of.. whi ch unpacked crocircuits can be
“attached "?‘%&‘ﬁ‘%ﬁr&ﬁl‘fg}?&aﬁF’%%ﬁ%lga"&w@ﬁgﬂ%?éﬁ@e&@%gﬁw@mn economi cal | y.

‘An enbodi rapplicaipns inevhielyexchapical srefses edsedretweernsbieicingitioerdseditteonduct or _
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sem conduct or conponents nay be placed | I'n alignment with the
conductive pattern. The sem conductor conponents nay be attached to the

structure . e ne_or r ayer f.conductive pattenrns may be
i act ufaep Sis el R BREa Bty OB fich BF:Re i FOREHE ol Sc RSNV e
pattern ferabaseanépavidededth anteetlmbly bl ecdrvenicalyt act areas on the surface
of the sem conductor conponent.

An embodiment of the invention is based on embedding the semiconductor
components, or at least some of them, in a base, such as a circuit board, during the
manufacture of the base, whereby part of the base structure is, as it where, manufactured
around the semiconductor components. At least one conductive pattern may be first
manufactured in the base, as are thfough holes for the semiconductor components. After
this, the semiconductor components may be placed in the holes, in alignment with the
conductive pattern. The semiconductor components may be attached to the structure of
the base and one or more layers of conductive patterns may be manufactured in the
base, in such a way that at least one conductive pattern forms an electrical contacts with

the contact areas on the surface of the semiconductor component.

According to a first aspect of the invention, there is provided a method for
embedding a component in a base and for forming electrical contacts with the
component, the method comprising taking a baseboard as the base, making a hole
in the baseboard, placing a component in the hole, the component having, ;:)n its
first surface, contact areas or contact protrusions for creating electrical contacts,

securing the component in place in the hole made in the baseboard, making an




According to a first aspect of the invention, there is progidegzmenet hod
for enbedding a conponent in a base and for formng electrical contacts
with the conponent, the method conprising taking a baseboard as the base,
making a hole in the baseboard, placing a conponent in the hole, the
conponent having, on its first surface, contact areas or contact
protrusions for creating electrical contacts, securing the conponent in
place in the hole nmade in the baseboasd, making an 31 July 2006 2a
insulating | ayer on at |east one surface of the base, in such a way that
the insulating |ayer covers the conponent, making contact openings for the
conponent  inklatirpelalyrs bh &kt | 184t |oRY Surfa88 &f TRK IAck, GRNALE tO0hay Mat e cONtact
openings and on top of the insulating layer, in order to formelectrical
cont act s vinftatingdayes apisnethe compérent enakingzesaitaolopeaivgs fpr dlonchudneet pat t er ns

on the bas electin position of the hol e .and iLgning the
conponent Iﬁgge?@g“a‘?ﬁ?‘%ﬁmﬁ?’%’ elIll 03%38?‘#‘{? OIS Ea@?@?%&r?ﬁﬁ%m%%aﬁn%rgg@seboard,
and after ofeké igulatifg e ih ddddrab ifBEn 2ldcaRAl Bdntdkts HR&he ick@pbhdn®) ON the
second surface of the baseboard, placing the conponent in tﬁe hol e made in

t he basebddisagtedasd ky makisg -conduciive patgmsgm theeasehoanb selgctingthehat t he
first surf f At -] ] i A e, on t -l.ike fil mand
is subst ntgi?ig Ioftgﬁ ht%ﬁe sargrgéqlglsé/@?e g(gfﬁt) eehgtélgg‘ﬁ%t su?ofglge 0 qutH}eé baseboard,

securing -patterns ampeoarthe baschdaad, end rfichmakivigaherhdle laminbtiee hagekwar d by
filling the hllll ewth a filler material, and after securi%g_the conponent,
renmovi ng RS- nyon the secopd gurface of e bagsheaideplaging theeoawene inther ace of t he

baseboar d -ho@ﬂ%éjiﬁrtﬁ%a%el?&}’cﬁﬂ&ﬁ@ﬁé iR Sur@alonfell Wtﬁekbc?génbg))z}?dbgo ffac fig0O! MENL S

of the invention. This Is ecause, a circulit boar e nmanufactured
with the dJusti pufadecifahe componantlées sgvivesd dibel tipeséodeapedlikel filnreandbs possi bl e
?32 gﬁ?;f g%i% rta?nn%ll)% rg%l tile %nge Iic?v'ei gsb Ith% s%gg;%) ng*rt]z;[ce o%?:lgekgagseebo%{'d? %quﬁ%gcorrponent '
the component in place in the hole made in the baseboard by filling the hole with
a filler material, and after securing the component, removing the tape or tape-like

film laminated on the second surface of the baseboard.

Considerable advantages are gained with the aid of embodiments of the invention. This is
because, a circuit board may be manufactured with the semiconductor components
- - embedded inside it. It may be possible to manufacture a small and reliable component

package around a component.




3 The enbodi nents of the invention provide significant addBt fuyn2006

advant ages. For exanple, in the conponent's packaging stage, the circuit
boards nmanufacturing stage, and the assenbly and contact-nmaki ng stage of

t he sem conductor conponents may be conmbined to forma single totality.
The conbi nation of the various process stages brings inportant |ogistic
benefits and permts the manufacture of a snmaller and nore reliable

el ectronic nodule. There is the furtheg advantage that such a manufacturing
met hod can |largely exploit circuit board manufacturing and assenbly

t echnol o0 chibelimeAts of i ilRARSAhoHaSsieePATRRRA AvBfARess according to a

preferred enbodi nent of the invention Ts, Inits total si npl er than,

for exanple, manufacturing a circuit board and using flip-chip technol ogy
to attach g he conpongnts to the circuit board. By.neans of .such preferred
enbodi mentt SEIIPGF PG PRSI ARIIGECESTER B hBAb PEHACUaREL | on mmy  be
obt ai ned: stag®Qind etid digeniBlY antPéonbRt-hRRIME sRGe bOthe MrMcSRALAEESmPres bl
conponents, instead an e|lectrical contact may be manufactured by grow ng

conduct or PesAMPEKEd torform a singlerplakity. Brecembitation ekt varehspresessstagednent  Thi s

means t hat, t he
conponent sb,nhgo t ogttﬁﬁtégﬁgigﬁoﬁggﬁg?%& %’?ﬁg%ﬁ&ﬁe %/\g%eangrgrfaé a%]@%‘ﬁfgrrpounds
bet ween netlibls ekctronje mexdalel Thepe istthd fartharadvansdge thiad bidhtd hanufadheingnpr oved

conpared to connectigns e by .soldering, Particul a in spal l
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causes greafinigedhlenRs. According to a preferred enbodinment, it is possible
to achieve clearly smaller structures in a solderless solution than in

sol dered solutions. The sol derl ess contact-maki ng nmet hod may al so have the

advant age Theadmpdiitd oE@sEH@orogdg#nﬁfa ﬁé@gﬁcﬁ@&@%@%?@%}#@éﬁ gapi@ets. A

| ower process tenperature i cting ot her
mat er i al stabality, lsenpientban, forissample, mafactaningaactit beard agé psiog fliphehipe| ect r oni ¢s
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embodiments, the following advantages over the conventional solution may be obtained:

- Soldering may not be required to form contacts with the components, instead an
electrical contact may be manufactured by growing conductors on top of the
-contact areas of a semiconductor component This means that there may be no
need to use molten metal to connect the components, so that compounds are not
formed between metals. Compounds between metals are generally brittle, so that
reliability is improved compared to connections made by soldering, Particularly
in small connections, the brittleness of the metal coﬁlpounds in the connections
causes great problems. According to a preferred embodiment, it is possible to
achieve clearly smaller structures in a solderless solution than in soldered
solutions. The solderless contact-making method may also have the advantage that
high temperatures are not required to form contacts. A lower process temperature
permits greater choice when selecting other materials of the circuit board, the
component package, or the electronics module. In the method, the temperature of
the circuit board, the component, and the conductive layer directly connected to
- the component may be kept in the range 20 - 85°C. Higher temperatures, for
example, of about 150°C, may be needed only when hardening (polymerizing)
-+ any polymer films used. However, the temperatlﬁe of the baseboard and the




t he conponent may be kept in the range 20 - 85' C. Higher tempay2dioeres, for
exanpl e, of about 150'C, nay be needed only when hardeni ng (pol yneri zi ng)
any polyner films used. However, the tenperature of the baseboard and the
31 July 2006 4 conponents may be kept under 200' C during the entire
process. In the nethod, it is also possible to use polynmer filns, which
are hardened in other ways than due to,the effect of a high tenperature,
for exanple, chemcally, or by electrod%gnetic radi ati on, such as
ultraviolet light. In such a preferred enbodinent of the invention, the
tenperature of the baseboard and the conponents can be kept under 100'C
during the enticanmpnenisssy be kdpomde2(0R€ dusifg tHe chtife piBddss th e mmdtlic, t he
manuf acture of .small er structures, e c onents nay. be spaced nore
closely. The cdﬁﬁ @P@ﬁﬂEFW€@ﬂogﬁ§”%gﬁﬁﬁgﬁ §hﬁﬁ?mﬁﬁﬁﬁﬂ§ryﬁﬁﬂﬁm§horter
while the el ectdueqdlncRRRRItah Rinpbfifire RGN Chhicat. brbypr ove. for
and "~ delay tiTes.

exanpl e, by reducing | osses, interference, - The net hod
may permit the eestromagneficaadintiorh sesh-adivitravsiletrimht. o sunhtapreferreds  t he bases

and the conpone d.in the bases can be. assenbl ed top of each
other. - Int hge%r]rjg)tdﬁ%n%?%?ﬁwi“%"eg%‘% t@?‘?@?ﬂ?@“f %ﬁpgﬁﬁgggagﬁ@nqoﬁper faces '
bet ween di f f er edinpofi@itetsh be-kephendaridood daﬁhgf"tﬁesenﬁrdlﬂé@ksi.r ee process. In
connection with enbodi nents of the invention, flexible circuit boards, for

instance, can be used. Further, the process pernits circuit boards to be
Mhventi on, 1t 1 D&RuEARGuchBle merlbd pbrkdlg Bl RER B P Sl ur s,
i n which the. sdéaomincatsmaybapeaced toragleselyd dhpcomiuctoss Hehiveenalxs, entirely
protected wit hicgm%og&ﬁfmajs/ 'fhcerﬂ a0 b3 sﬁci)rrte(f'leairhtile?ﬁea élgén‘ical properties of the

clectronic circuit improve, for example, by reducing losses, interference, and

delay times.

- The method may permit the manufacture of three-dimensional structures, as
| the bases and the components embedded in the bases can be assembled on top of
each other.

- In the method, it is also pbssible to reduce the interfaces between different
metals.

- The method permits a lead-free process.

In connection with embodiments of the invention, flexible circuit boards, for instance, can

“be used. Further, the process permits circuit boards to be assembled on top of each other.

‘With the aid of embodiments of the invention, it is also possible to manufacture extremely
thin structures, in which the semiconductor components are, despite its thinness, entirely
protected within a base, such as a circuit board.

Because the semiconductor components may be placed entirely inside the circuit board,
the joints between the circuit board and the semiconductor components are mechanically
durable and reliable, -




Because the sem conductor conponents may be placed entirel $1iuns2ade t he
circuit board, the joints between the circuit board and the sem conduct or
conponents are nmechanically durable and reliable. 31 July 2006 5 In the
followi ng, the invention is examned with the aid of exanples and with
reference to the acconpanying drawingsy 5 Figure | shows a series of
cross-sections of one process according to the invention. Figure .2 shows a
series of cross-sections of a second process according to the invention.

Fi gure 3 slivdbgfalloseng, dhs iovention ssexepinddomith ti aid efixamples andwithaefemndeng to -

the invention, . 10 The series of illustrations shown in Figure I show one
possi bl e ptPo ee,csco'%%@??ﬁﬁr&wf’%gst he invention. In the follow ng, the process
of Figure | is examned in stages: Stage A (Figure 1A): 15 In stage A a
sui tabl e baseboard | is selected for the circuit-board manufacturing

proceds. THaugdshpwa pdeniesonrasesections efeneyiresespamgbuating thiths mvestion: or ced
epoxy board, such as an FR4-type board. In the exanple process, the
baseboard | can thus be an organic board, as the éxanple process does not
require 'hiigﬁurberm@ﬁr@h@ém-of&&é—@&ﬁ@ﬁ@oﬁd‘&cﬁﬁtﬁ%ﬂcc%@ Qlog@h fo AR ARG L hus
be sel ected for the baseboard 1. Typically a 'boar dat hat $s tgl re‘%gggl[ﬂcoat ed
with a conductive material 2, usually copper, is selected for the baseboard

1. O - I.C.p . used. S Fi 1B): 25
I stage BB kP aioR AR o BRRLICR & Bind Prsitsoao e mxiilicte)

| .contHcts. The holes 3 can be nmade, for exanple, with some known nethod

used in ci,lr cui t,-boai{d manuf acture, ~such as nechanical drilling.
he series of 1llustrations shown in Figure 1 show one possible process according to the

invention. In the following, the process of Figure 1 is examined in stages:

. Stage A (Figure 1A):
15

In stage A, a suitable baseboard 1 is selected for the circuit-board manufacturing
process. The baseboard 1 can be, for example, a glass-fibre reinforced epoxy board, such
as an FR4-type board. In the example process, the baseboard 1 can thus be an orgamic

) board, as the example process does not require high temperatures. A flexible an& cheap

20 organic board can thus be selected for the baseboard 1. Typically a board that is already

coated with a conductive material 2, usually copper, is selected for the baseboard 1. Of

course, an inorgauic board can also be used.

Stage B (Figure 1B):
23 . _
- In stage B, through holes 3 are made in the baseboard for electrical contacts. The holes 3
can be made, for exazﬁple, with some known method used in circuit-board manufacture,

such as mechanical drilling.
30 Stage C (Figure 1C):

In stage C, metal 4 is grown into the through holes made in stage B. In the example

- process, the metal 4 is also grown on top of the circuit board, thus also increasing the




30 Stage C (Figure I1Q In stage C, netal 4 is grown into tRhedJiheasagh hol es *
made in stage B. In the exanple process, the netal 4 is also grown on top
of the circuit board, thus also increasing the 31 July 2006 6 thickness of
‘the conductive |ayer 2. The conductive material 4 to be grown is copper, or
sone other material with sufficient el@ctrical conductivity. Copper

met al | i zi nipickaessbéthe cphdwtivb¥ayepat i ng the holes with a 5 thin layer of

chem cal copper and then continuing the coating using an el ectrochem cal
copper-growi ng net hod. Chem cal copper is used in the exanple, as it wll

al so surf r.and act as an electrical, canduygtor in

el ectroc hg%&c%gﬁa%%%? Pﬁ‘fée ﬁg(l) B AT B ERPRFY Sﬂgleditﬁ%ﬁnﬂﬁﬁiﬂ Clgeni cal
met hod, s celedtadal tdrelugtiving. CobperaheaPizingAoh @dld&ﬁﬂéc‘é%ét%oaﬁﬂﬁtﬁé%%g%{hvg | ayer 4
can bg madg, for exanple, by filling the through 10 holes wth an :

el ect?i cal Fip ¥ of ehemiealcanper and thangentinying gheraatimy using as elegeodientidad

conductii v € tn!ﬂ&h f f e.clrecuif board,is patterned. This can
15 be don:(:dgg u% {I)‘ﬁ}lgl ng g&é%%%%@ RRIOMT %ﬁe&&u CEERPIS; ﬁ%ﬁﬂ‘fl éISHtSPIif%Fe |
nmet hods. etop pfd pelymengndict bhign elooigissildon@udtavifileldcfrodhdrfiegithoatif. TR ANP! €,

on the holes ﬂq%g%n stage B. The manufacture of the conductor pattern can
take pl acddet TPE ISEOWI ysing Aivehchergicalonethofesodbatithe grasfthiseheapt al 4, a

phot ol i t OQA R s ' | nductive pattern
2"t or med b reRPR B ety CqyBRa Uik SOnhBE o Seile BY HRPEH xtielr c. 1 ne
pol yier f iolesivithdeneddctiiedly cohduetivhpaglesi red areas are removed fromit and
-the copper 4 under the polyner is reveal ed. Next, the copper reveal ed under
the filmis etched away, |eaving the desire, d conductive pattern. The .-
‘pol yner acstﬁgeas(mgﬁﬂ;ggj:l ed etching mask and openings 5, at the foot of*-..J
whi-ch the baseboard of the circuit board is 25 revealed, are fornmed in the
netal |ayer 4. After this, the polyner filinis also renmoved fromon top

of the c Oﬂﬂgfagé"D, the conductive layer on the surface of the circuit board is patterned. Thiscan -
15 be done by utilizing generally known circuit-board manufacturing methods. The

- patterning of the conductive layer is aligned, for example, on the holes made in stage B.

The manufacture of the conductor pattern can take place, for example, by laminating, on
the surface of the metal 4, a photqlitographic polymer film, on which the desired |
20 conductive pattern is formed by directing light through a patterned mask. After _
exposure, the polymer film is developed, when the desired areas are removed from it and
~ the copper 4 under the polymer is revealed. Next, thé copper revealed under the film is
eiched away, leaving the desired Qonductive_ pattern. The polymer acts as a so;calied
| etching mask and openings 5, at the foot of which the baseboard of the circuit board is
25 - revealed, are formed in the metal layer 4. Afier this, the polymer film is also removed
from on top of the copper 4. '

S

Stage E (Figure 1E);

30 In stage E, holes 6 are made in the baseboard for the microcircuits. The holes extend
through the entire baseboard, from the first surface 1a to the second surface 1b. The
holes may be made, for example, mechanically milling by means of a milling machine.

The holes 6 can also be made, for example, by stamping. The holes 6 are aligned relative




Stage E (Figure 1E): - 30 In stage E, holes 6 are nade i n3tbdy@seboard-
for the mcrocircuits. The holes extend through the entire baseboard, from
the first surface | a to the second surface |b. The holes may be nmade, for
exanpl e, mechanically mlling by nmeans of a mlling machine. The holes 6
can al so be nade, for exanple, by stanﬁ ng. The holes 6 are aligned

rel ative 36 thxdond@@i6 patferhod bhhe ¢ROGUBHAY THRHNR I Sadk diring3ie6 B GHi t boar d-
The hol es;ic@ de uri_nglﬁstage B can also be used to aid. alignnment, but :

then'too t (usghietd alighumaat, bt then tep the aligmnent it telative patht eombictlye as t he
ducti 4 . A it in relati tg t,h | 3.
S St age FIpHtn 3L Ao MEIR ARSES b DR SedRbasfio o FaefSl b taiescher t he

holes 6. The tape 7 is lamnated by stretching it straight over the hole 6
al on theﬁec glﬁsurface | b of the baseboard. The tape is intended, to
hol d % he ﬁﬁfgﬁ gur¢ Yhe assenbled in the next stage in place, until 10
t he conponents have been secured to the baseboard using the final _
attachment nmethod. Stage G (Figure 1G: In stage G the mcrocircuits 8

are assentihetigé F, tepe7 bodimslakis Idmiamet oeesthelBoled 61 TR thpd Bis larkfnatdifyace | a of
t he basebo&r . Assen%g can take pl ace using %ﬂgr eci si on assenbl machi ne,
the mi cr olFFIEHPE L siFaigat ¢ivsr the hpkef along dhg speondsuriage Honlihe besebogrd: The ns of

the circuyidei ' t ReEneR ' .B.can be used to
aird ali gn,rreﬁr?t ?%deae%&(?}dé%]@cﬁ g él t%re‘ aséseg@%%%%ﬂgﬁu%%%g v%ljg/get’ H’é&l t hey
adhdile t o therompheys bavedweh ameared26 tief basetmatduning/the finhhtachabitemghodf the
" holes 6. Stage H (Figure 1100: In stage H, the microcircuits 8 are attached
"t.0 the baseboard of the circuit board by using 25 a filler substance 9 to
fill the ISedgesG d0E):the mcrocircuits. In the exanple process, this
stage is carried out by spreading casting epoxy into the holes and on top
of the mcrocircuits 7, fromthe side of the first surface (1 a) of the

circuit beagdee Ghhe SRGSYirdults 8 are assembled in the holes 6, from the side of the first
15 surface 1a of the baseboard. Assembly can take place using a precision assembly
~machine, the microcircuits 8 being aligtled relative to the conductive patterns of the

- circuit board. As in stage E, the holes made in stage B can be used to aid alignment.

The microcircuits 8 are assembled in such 2 way that they adhere to the adhesive surface
20 of the tape 7 in the “bottoms’ of the holes 6.

Stage H (Figure 1H):

In stage H, the microcircuits 8 areeattached to the baseboard of the circuit board by using
25 a filler substance 9 to fill the holes made for the microcircuits. In the example process,
| | this stage'is carried out by spreading casting epoxy into the holes and on top of the
‘microcircuits 7, from the side of the first surface (1a) of the circuit board. The epoxy is

smoothed with a spatula and is hardened by curing in an antoclave.
30 Stage I (Figure 1I):

In stage I; the tape laminated in stage F is removed.




snoothed with a spatula and is hardened by curing in an auBbodip2mes 30 Stage?
| (Figure 11): In stage L the tape lamnated in stage F is renoved. 31 July
2006 8 Stage J (Figure 1J): In stage J, a polymer film10 is fornmed on the
surface of the circuit board, followed by a thin netal coating | | on top _
of the polynmer film The filmis prefeBably formed on both 5 surfaces of

t he circubpﬁggﬂigﬁggqy,at | east on the second surface (Ib) of the circuit
board. In e 'é"process, stage | is carried out by lanminating a thin
polymer film(e.g., C. 40 pm on the surface of the circuit board, on top
of which is a |ayer_ of cgpper c. 5

.&e.g., anm ., Lam’n_aiongﬁkes | ace with
the aid ofn pregshamelyand fHekO is formed endhesusfage pt desiguit baggdy: ﬁowqiﬁyas t hus
RCC ( Rasi e | i by,
Tor  oxanprab bt Rhihe PRAFE) of Bl poly R A8 YR Bl R R BB L™ s

| ami rmat i ogudfscen of the sieumt badrd, but stlege oh théfsetondssuefase (ib) af thesirtthiaboardn

i nsulating |layer, typically a polynmer film is nmade on the circuit board,
whi ch 15 contains the enbedded conponents, particularly enbedded

m croci r cyl hs. , I [ Lk . '
“enbodi Im&\n {h%eﬁ%@ﬁgﬁﬂ%&/&z@%ﬁﬁg{:Fg&;@%ﬁdﬁ%ﬁ%ﬁ%gﬁﬁ%g?@%ﬁﬂﬁlkﬁgégn al so
- be coat ed4pipink) ciEth@kurfded of tHei creinis board, @SB R which 82 My of copecleigoe. Ssur f ace

can also be nade later, on top of a polyner |ayer that is already attached
to the cimpulaminstienitakeplateawich themickefpressupsodilisat In the gxamplsiyedsss.onal

manuf act uri ng nethods .k~sta u in circuit board manufacture in
t he L‘ﬁarrpﬂ?ee I ?%@ﬁé@%ﬁ‘?ﬁ&ﬂ%‘ggﬁi’%ﬂz@q’am e to bury mcrocircuits and
ot her conponents inside the circuit board. 25 Stage K (Figure 1K) In stag-e\_}

V. holes 12 are nmade in the polynmer film10 (and at the sane tine in the".
The polymer film can also be made by, for example, spreading polymer in a liquid form

on the circuit board. Thus lamination is not essential in stage J. What is essential is that

an insulating layer, typically a poiymer film, is made on the circuit board, which
15 contains the embedded componenfs, particularly embedded microcircuits. The polymer

film itself can be, according to the embodiment, a filled or unfilled polymer film. The

polymer film can also be coated with metal, but this is not éssential, as the conductive

surface can also be made later, on top of a polymer layer that is already attached to the

circuit board. : |
20

. Stage J makes it possible to use conventional manufacturing methods and work stages
| ‘used in circuit board manufacture in the example process and nevertheless to be able to ; )

-bury microcircuits and other components inside the circuit board.
25 Stage K (Figure 1K)

In stage K, holes 12 are made in the polymer film 10 (and at the same time in the _
conductive foil 11), through which it is possible to create contacts with the coﬁd_uctive
patterns and feed-throughs (conductive material 4) of the circuit board and with the

30 _microcircuits 8.

The holes 12 can be made, for example, using a laser, or some other suitable method.

The conductive patterns made in stage D, or the through holes made in stage B can be




conductive foil 11), through which it is possible to creat@&iddngests with
the conductive patterns and feed-throughs (conductive material 4) of the
circuit board and with the 30 mcrocircuits 8. The holes 12 can be nade,
for exanple, 'using a laser, or some other suitable nethod. The conductive
patterns made in stage D, or the througR holes made in stage B can be 31
July 2006 u$dfeedighmenal i gnnent. Stage L (Figure 1L): 5 Stage L
corresponds to stage C. In stage L, a conductive layer 13 is made in the
holes 12 and on the surfaces of the circuit board. In the exanple process,
- the feed- tg&%ygn?1 ?hg 12) are first of all cleaned using a three- stage
desnear treatnen this, the feed-throughs; are netallized by first
formng a 10 catal ysing SnPd surface on the polyner and after that

depositing % ng n | ay (about_ 2 Fm of chem cal copper onto the surface.
The thi cknB<@g® F°¥?§Q°E‘5§p‘ﬁéFag§§ i3 stagebeenndugtive layes d8 ipmaderincthe holepdi t i on.

Al ternati Vﬁid/onth@ﬁnfa%@éjoftﬂégﬁ‘&ﬂtsb&a?@ be filled with an electrically .

conductive paste or 5 made usi hg sonme other suitable mcro-via
netal |'i zi ng met hod. Stage M (Figure Irv]): In stage M a conductive pattern

is forned thes n stage D. 20 Stages N and O (Figures IN and
10): In stiggjé f@“"% tgﬁ&eérthmgh%@ﬁleé 18barg fst of allicteanpd weing athredie

surfaces offta hﬂsxﬁéd%%hh b ¢ d.in the

~ pol yner gen a manner s %ﬁ%rﬁ %%d é%gzxgﬁ:}aéazl;zeﬂbgn{%sw IR exposed
- pol yH?sr f |¢F ysingdPd|supfack, orbihe pbhenqmah&aﬂér thatldéposi@ig £{Hin ldyef@boit?g on the
_ t b 1P
, _C' reul q@tﬁjjof'cﬁelﬁl% éo%%%"c?n?o the su%%c T&m ﬂnglgn%ss ot) the copper 13 is increased by

electrochemical deposition.

Alternatively, the feed-throughs can be filled with an electrically conductwe - paste or

15 made using some other suitable micro-via metallizing method.
Stage M (Figure 1M):

In stage M, a conductive pattern is formed in the same way as in stage D.
20
Stages N and O (Figures IN and 10):

In stages N and O, a photolitographic polymer 14 is spread on the surfaces of the circuit
board and the desired pattern is formed in the polymer 14 (in 2 manner similar to that in

25 stages D and M). The exposed polymer film is developed, but the polymer film pattem
remalmng on the circuit board is not removed.

Stage P (Figure 1P):

30 - In stage P, the connection areas of the polymer film patiern formed in the previous stage
- are coated 15. The coating 15 can be made with, for example, a Ni/Au coating, or an
- ‘OSP (organic surface protection). | - |




30 In stage P, the connection areas of the polyner film pastadyetherned in °
the previous stage are coated 15. The coating IS can be made with, for
exanple, a Ni/Au coating, or an OSP (organic surface protection). 31 July
2006 10 The exanple of Figure | depicts one process, which can be used to |
exploit our invention. Qur invention i$0thus in no way restricted to the

process de§&1&|ehaﬂpialo(5!?%nrdﬂnﬂep1¢tﬁlSh@pl@céd@ewhﬁh@ﬂib@ﬁke&%@iﬁoﬂo{lﬁrge group of
different processes and thejr end products, to the RMextent of the C ains

and al | owi MYeRBPRdYuiRMEntoR15 mﬁﬁl@rﬂﬁr"&)@ﬁ‘t@ﬁgd tq the yrqsmst desatilad, abbie but
t th
natead 1t et (RSintRich EBbrs {1t He bibub BT brot R ppd e o PiBee

accordi ng tmﬂmtfuﬂeitmﬁ@ftﬂdﬂaﬁﬁd‘aﬂd@ﬂwﬁﬁg R eqERAlERS itefroRAYnK inds of
circuit boards, ch di ffer greatly fromt he exanpl es di scl osed here.

Thus, 5t he RPICHIAR yentignds @d}mwxeéfﬁ@tedftothedaw@dmmmﬂleempie,shom to

il lustrate et chan gan t hus 10 be
made to thleﬂsgbr%gcess ]%13)50 %oggg)xtgﬂnque?&gl ﬁfose ‘gae‘é"’e“iﬁﬁ %38{' %V’e‘?"?hel ess
- devi ati ng itfventiort ¢ea biedieal mnmuagemnw@dsweﬁbmﬂsbar@evmﬁeﬁg&m relate

to the man facturin chni ques dep| cted in the various stages, for
exanpl e, F‘rﬁ% ﬁ‘mﬂg%‘?s‘g a i, he micEpitsuityand connegiions Oﬁthag"@lﬁscan

equal 'y WeJnl SRWnit6 Anthte rol [€ SapDe to
align the drelolglgl on the pat e?lélé m‘g‘qgtgﬁ %)P c?ﬁgnlgggat{c%h?r eFﬁaIbﬁlu? he 15
dril led hob%mathoethprotdmtofﬂIeeethple disclieed mboy, WitlosiaevatthélefRaleddbrg to the

~process of cl osed abo or exanple, a foil that protects
the surfacl® eth SPH’GBH?IP@ Cgﬁgeéﬁ%lﬂe ige tosle mpnyfagisingn st ag

H can be | ﬁamﬂqﬁ@tﬁeﬁetea i t}f% vikibd stidelCor KitkxBhplel1S il ffuilah sefheBAidhe Such-a

protective foil_is manufactured hat 1t cov er areas
except f ofiagacFarsxanple, stagecB parveaelly vellfteicardedayms afidrestager D Ace thef  t he

or ot oct i vatPosdEaR WIS Rl e (P50 PR er o R ke ¢

remoV®ed f rdnfiddimiesur f ace of the circuit board i mediately

Stages that are felt to be required can also be added to the process of the example
disclosed above, For example, a foil that protects the surface of the circuit board during
the casting taking place in stage H can be laminated onto the first side (1a) of the circuit
- 20 board. Such a protective foil is manufactured so that it covers all the other areas except
| - for the holes 6. The protective foil keeps the surface of the circuit board clean when the
casting epoxy is spread with the spatula. The protective foil can be made in a suitable

stage before stage H and is removed from the surface of the circuit board immediately

. after the casting,
25
With the aid of the method, it is also possible to manufacture component packets to be
attached to the circuit board. Such packets can also iné:lude several semiconductor
components, which are connected electrically to each other.
30 The method can also be used to manufacture entire electrical modules. The process

- shown 1'11 Figure 1 can also be applied in such a way that the conductive structure i
| made only on the second side (1b) of the circuit board, to which the contact surfaces of

 the I[llCIOClI'Clllt are oriented.




after the casting. 25 Wth the aid of the nethod, it is al S6Jgpa¥®ible to
manuf act ure conponent packets to be attached to the circuit board. Such
packets can al so i nclude several sem conductor conponents, which are
connected electrically to each other. 30 The nethod can al so be used to

- manufacture entire electrical .nodul es. e process shown in Figure | can
al so be applied in such a way that the conductive structure is mnade only

on the secegnd._sj.d lLb) .of the . circujit board, to, which the contact surfaces
of "the” i AR Rl akdh i sk e tmanateltytiy forsbamplor et ondlegiont

possi bl e t modaes!fiAGhithethe bk RXATIhEbasthdatd Béedtlgi’t{ s ﬁge%!ﬂq(ﬁbg ififlons

modul es, in which the thickness of the baseboard used 1S in'the range 50 -

200 ni cr onand ta thiekness of thk nésrocinfuit dnd mucciycuitscis i thenahge SOr-AS0meiticns. i S i n

t he range -..150..m crons, 5 The piitch of. the conductors can vary, for

exanpio. 1 A% P % SasgiiBtontost Yok Grekapbleen 1 @mige aReraP gpropuhile

m ero- f eed.ﬂiemim&%femnﬁ&o-tééatthﬁiﬁﬁml:ﬁrbe,lﬁ)r-exénﬂpi@, £4 9@6@%@1&% Thh ) Ghe t OL &
W

t hi ckness of a single board in a one-layer construction e about 100 -

300 ni cr oteéal thigknpRvof singleboarddan oaé-dayebeonsppttieowilibesabont F00wBH0t hat

circuit bogeds are assenbled on top of each other, thus formng a
multi-layer Circuit structure, in which there are several «circuit boards
manuf actured according to Figure | set on top of each other and connected
~electrically to each other. The circuit boards set on top of each other can
al so Be ci FRuiyentivgsan dlsebesrplisd insachowayithat oiecuit boneds are asssmbledmadopnl y on

th | the . ' 0. but whi ch t hel i ncl ud
Teed 1 hr ousne o othes S il < Elber BRBK it MG BERAT BT o to

t he ni cr océtranitibhsrds mewmufiveiréd scbrdbngio Fgurt N&eton ﬁ?idf ch€Pstler anflicOpticRted Shows
oné such pr of circuit boards to each

ocess. .Figyre 2 shows the connection S t
other -1 n" SR Gl e She et e ek & 04 endicafbenpitig bs croui
- boards in which the conductive structure is formed only on the second side 1b of the
15 | circuit board, but which nevertheless include feed throughs, through which an electrical

contact can also be formed to the microcircuits from the first side of the circuit board.

Figure 2 shows one such process. |

Figure 2 shows the connection of circnit boards to each other. In the following, the

20 .process is described in stages.
Stage 2A (Figure 2A):

Stage 2A depicts the circuit boards being set on top of each other. The lowest circuit
25 board can be obtained, for example, after stage I of a modified process of Figure 1. In
this case, the process of Figure 1 is then modified by omitting stage 1C.

. The middle and uppér circuit boards in turn can be obtained after stage M of a modified
- process of Figure 1, for instance. In this case, the process of Figuré 1 is modified by
30 omitting stage 1C and performing stages J, K, and L on only the sedond side (1b) of the
circuit board.

In gddition' to the circuit boards, Figﬁre 2A also shows pre-preg epoxy layers 21 placed




Stage 2A (Figure 2A): Stage 2A depicts the circuit boards beiuhposét on top *
of each other. The lowest circuit 25 board can be obtai ned, for exanple,
after stage | of a nodified process of Figure 1 - In this case, the
process of Figure | is then nodified by omtting stage | C. The mddle and _
upper circuit boards in turn can be obtldi ned after stage Mof a nodified -
process ofy k. Qur el tfstance. In this case, the process of Figure 1 is
nodi fi ed g§ %£U§$%¥?%§&§T§be | C and performng stages J, K, and L on only
the second side (Ib) of the circuit board. In addition to the circuit
boards, Figure al so_.shows pre-preg epoxy layers 21 placed 31 July 2006
12 betmeeﬁa?ﬁ%2§£F€WF?2§Bards. Stage 2B (Figure 2B): 5 In stage 213, the
circuit boards are lam nated together with the aid of pre-preg epoxy

layers 2 1. In addition, a netal-coated polyner film22 is made on both

si des5 of tIhetagei2iBs thetcifooi bdardThre Igninated sogabher edfinthe sidtad pse-pigpe efoxsf t he

process of Fi 1. . Stage 2 Figure 2Q _ 10 |n sta C,.,hol es 23, for
Phe T or R o). IeHibeRe mRkooaiad Ut il 2 B peds h Bsasdes o0ARt or st age
2C, the Proges %o TRE ploRdk cBHEDoh® to QAT oF 1RSprbelss FFiguknl. St age 2D In

stage 2D, conductive naterial 1S grown on top of the circuit board and in
the through holes 23, in the sane way as in stage 1C. 20 Stage 2E: In
stage 2E, éhe %erfluctig Jayer on the surface of the circuit board is
pat t er ned JHES BE Wy as in stage ID. 25 Stage 2F:

i0 _ _
In stage 2C, holes 23, for the formation of contacts, are drilled in the circuit board. 7

. LN

After Stage 2C, the process can be continued for example as follows:-
.15 Stage 2D:

In stage 2D, conductive material is grown on top of the circuit board and in the through

holes 23, in the same way as in stage 1C.
20 Stage 2E:

- In stage 2E, the conductive layer on the surface of the circuit board is patterned in the

il

same way as in stage 1D.
25 Stage2F:

In stage 2F, a photolitographic polymer is spread on the surfaces of the circuit board and
the desired pattemn is formed in the polymer in the same way as in stages 1IN and 1O.
The exposed polymer film is developed, but the polymer film pattern remaining on the

30 circuit board is not removed.

Stage 2G:




In stage 2F, a photolitographic polymer is spread on the s@rfuc86of the
circuit -board and the desired pattern is fornmed in the polyner in the sane
way as in stages 1IN and 10. The exposed polyner fihn is devel oped, but the
pol yner fihn pattern remaining on the O circuit board is not renoved.
Stage 2G 31 July 2006 13 In stage ZGI t he connection areas of the pol yner
film pat t elrstdger2ih the conhdvtiop meoas ofithe polyage fith @ati@hdbinh&es theplehpusane way
as in stage 1P. 5 %}-ffthe @gsis of the exanple of Figure 2, it is obvious
that the nEtdfdfti® BRREEPS O e spoedrayss mstags et ure many ki nds of

t hree-di nensional circuit structures. For exanple, the nethod can be used
In such a way that several nenory circuits are placed on top of each

ot her, thus form ng a packet containing several nmenory circuits, in which

't he nory irrcuits.are connected o each other to form an operational
totalTty. %ﬂ@?fbgsﬁgiﬂ’gtex@ﬁﬂfé@g‘%ﬁ“? ériiscpbyiops fap theimethed exbalsabg ased ke p

modul €. - Thiasihdireining iidds WP ML L8ikARAR cirtfht Sldthel i adiffl, f0°. cONtacts

bet ween the chips can be easily made according to the seletted circuits,

The i nventirethiodpancbeysedin sick haetyrthatsgvertli memory teirctitoare tpbachd oftsieofeachind t he

conponent dded in e base. This is because the nmethod of Figure |

- can be '-maqtﬁ%é@lg%)ﬁo“é'. & p<f°i{ G FW@“IIIB]I"’%%CWC‘P@HI“F% themagaoryE can be

made in cashens iekomietidd theadkBithd#do Rfrm Hgﬁyeﬁﬁbﬁat&aﬁg{. %h&?:f\ Pillket QY29 1B.
age W

In that case, the conductive layer 4 to be nade in al so -

coveld t he temasd afreedligensional moitechippmodule. Therchipsén suchpmnduitscanfiegur e 3A
shows a cr ' t se strycture as it s after stage 1F in the
process 2(?g %?5%??% élg(%lﬂ(rilﬁ{ehcg %f:%?t’gg‘g?ea‘ ffieg can te§§ﬂ3'f Fads ﬁ‘ﬁcé’Fci‘l‘Bgf"a’ﬁ% st age

shown i n RBebuoted cRéuitst he process can be continued by assenbling the

mcrocircuits in a simlar way to stage I G the mcrocircuits being
attached simlarly to stage I H, the tape renoved simlarly to stage 11,

| and pol ymeheafbntion also permits electromagnetic protection to be made around the component
15 embedded in the base. This is because the method of Figure 1 can be modified in such a

=D

way that the holes 6 depicted in stage 1E can be made in connection with the making of
the holes 3 carried out in stage 1B. In that case, the conductive layer 4 to be made in
stage 1C will also cover the side walls of the holes 6 made for the components. Figure

3A shows a cross-section of the base structure as it is after stage 1F in the process

20 modified in the aforesaid manner.

Adfter the intermediate stage shown in'Figure 3A, tﬁe process can be continued by
assembling the microcircuits in a similar way to stage 1G, the microcircuits being
attached similarly to stage 1H, the tape removed similarly to stage 11, and polymer and
25  metal foils being made on both surfaces of the circuit board in a similar way to stage 1J.
Figure 3B shows an example cross-section of the base structure after these process

stages.

After the intermediate stage shown in Figure 3B, the process can be continued by
30  making holes, similar to those of stage 1X, in the polymer film, for making contacts.

After this, a conductive layer is made in the holes and on the surfaces of the board

similarly to stage 1L. Figure 3C shows an example cross-section of fhe base structure

- aﬁer these process stages. For reasons of clarity, the conductive layer made similarly to.




25 netal foils being made on both surfaces of the circuit Bbaud20oa a
simlar way to stage | | Figure 3B shows an exanpl e cross-section of the
base structure after these process stages After the internedi ate stage
shown in Figure 3B, the process can be c¢ontinued by 30 naking hol es,

" simlar to those of stage Min the polyllr‘ér film for making contacts.

After this stagedbmithettioles dndyerthd boavdsiefaces isl8gliphed i@BicRn the surfaces of
the board simlarly to stage IL. Figure 3C S%IOWS an exanpl e cross-section
of the base structure after these process stages. For reasons of clarity,

t he conductgue Way! : | y. 2006 14 stage J, L in the
hol es and on tﬁgq%%%gmgﬁrs nggllé(ﬂﬁs%ﬁlgﬁ? %&%t&é%rP%eS%?%lw %’fnﬁg}‘e‘ilﬂ’e

i nt er medi apetigniage cohdwative tayei guitte siffaces DE Y BEGE 16 3RBINEAN byWRHnpY
patte

rning_a conductive |ayer on the surfaces of the board as i'n stage |M
~ and by coaiﬂi‘erfdm!g‘?)esl"kéhe:liﬂaf‘iﬁség stagetl B Adist these stages, the mjeroticuiisfarer t hese
stages, thgumhmHaEhY § UL Q4N near | y.unbroken.netal. foil,
whi ch fornms an eff e%t F&véerﬁypﬁ)b?%%# iltﬁ)n agg’id‘ﬁ%éhq.?n Seﬁnf%ﬁegﬁ‘éeem@ HeRagmst
el ect r omagimerfasericn cansmd by ehectrdmiagnetzisterasdon. OThi SorSReMbL B s]ﬁv@i‘fn%‘ig&@-

After the Laternedi ate stage shown in Figure 31), stages correspondi ng to.
stages 10 bgh‘g‘ﬁf’ﬁgﬁf'ge . *&"eﬁfagﬁﬁh,o"‘indnml@ﬁ 3R, plegessetespontlisi|to atages 10 ‘

connect | OnandPatRaticatbul, i Wikl bRt il i c%h%é‘cphﬁs ROY e ol 91T € 31

the cross-sections of the netal |ayers protectin € mcro ts are

hi ghilPght eghrfage pf theleirchibboatdi t i on, t he background of the nmicrocircuits is

- highlighted with cross-hatching. The cross-hatching is intended to be a
remi nder that all the sides of a 15 hole nade for a microcircuit are

covered byleFigtaD, e drossTdebSorsa¥ thd lﬁéﬁpﬂa?&‘éip%otla&in She fn?#ﬂg]? s@feral ly +./
wi th an unbroken nmetal foil. In addition to this, % et a plate can be
desi gned blaghteden hlackel sddifion, thettiackerpendrefihe imicrocinnststis highlightid it
maki ng of the p-ehEeui d uct iv ttern. Simlarly, a netal foil

“that it as conpleté& ggle %gc%é %@%ﬁgﬁguﬁ@gggbcgﬁ%wmd%tﬁt@i tL‘\}:/ﬂFl s ‘thE'I%e meki ng
of ¢ bﬁ_lt actlwlpeladefor henitravirotit ielbolrel¥8 dR S metal foil. Thus the microcircuit is

-surrounded laterally with an unbroken metal foil. In addition to this, a metal plate can be

designed above the microcircuit, which is made in connection with the making of the

~ circuit board’s conductive pattern. Similarly, a metal foil that is as complete as possible
is made below the microcircuit. The making of contacts below the microcircuit means
20 that small gaps must be made in the metal foil, as shown in Figure 3D, for instance.
‘These gaps can, hbwever, be made 50 narrow laterally, or, correspondingly, so thin

vertically, that they do not weaken the protective effect obtained against electromagnetic -

interference,

25 When examining the example of Figure 3D, it must also be take into account that the
final structure also contains parts extending at right angles to the plane shown in the |
figure. Such a structure extending at right angles is shown by the conductor connected to
the contact bump on the lefi-hand side of the left-hand ﬁu‘cro_circuit of Figure 3D, which
runs towards the viewer from between the metal foil surrounding the microcircuit

30 laterally and the conductive layers below the microcireuit.

The sotution shown by Figure 3D thus provides the microcircuit with excellent

protection against electromagnetic interference. As the prdtectioﬁ is made immediately




" 20 that small gaps nust be made in the netal foil, as showA1liuly Eogure 31),
for instance. These gaps can, however, be nmade so narrow laterally, or,
“correspondingly, so thin wvertically, that they do not weaken the
protective effect obtained against electronmagnetic interference. 25 Wen
exanining the exanple of Figure 31), it#onust also be take into account that
the finalariinduhé thiGocik@mk, e RbRitNsHRPAIES pRXdcly Whialilt Autal Mdfefdigbes to the
pl ane shown jn_the figure. Such a structure extending at right angles is
shown by @HENEHsHTReNARS esppraents gontained hethe siteuitboasdiossiof tise | ef t - hand si de

of the lefj.- LCrOC) [l f Figu 31 i.C r owar ds..t he vi ewer
from bet-wggaeg ?’ hq}ggquréét%ﬁ%{?étﬂé Sgrﬂgt'lg’u |a!iq’§ qehe)émh‘fvg; %meﬂﬁ?nffoééuﬁ“&% ly. and
t he condudlid micrbepiis Ihehidednte ddhascts dledttitallytbehembtal plaR abbeMheby Figure
3D .thus provides the microcircuit with excellent grotection agai nst

el ect¥ oma§Hevit-cTheorpectioanelthe piscuithvapt, serdniten, badesigmed inwwellaavayithat31 Jul y
- 2006 15 . i ' th nstruction,. al.so. prot.ects agai nst
mut ual i ntﬁér E{r?i le{)\f(%ge 1[51&%}2&'(&% E%tﬁ tvl\:l/éeec r?&thﬁcgivg (s)ﬁ%%cﬁrg rﬂ?ghec%?g!%ﬂ%r "in the
circuit board. Mdst of the electromagnetic protective structure can al so
be earthed, as the metal foil surrounding the mcrocircuits laterally can
be connected electrically to the netal plate above the 5 circuit. The-
connections of the circuit board, can, in turn, be designed in such a way
that the netal plate is earthed through the conductive structure of the
circuit board. 31 July 2006 16 Clains: 1. A nethod for enbedding a
conponent in a base and for formng electrical contact's wth the

- conponent, the nethod conprising 5 - taking a baseboard as the base, -
.maki ng EL hole in the baseboard,




- placing a conmponent in the hole, the conponent havi ng~on3i ddy 2006st
surface, contact areas or contact protrusions for creating electrical
contacts, - securing the conponent in place in the hole nade in the
baseboard, 30 - Making an insulating |ayer on at |east one surface of the
base, in such a way that the insulating |ayer covers the conponent -
maki ng contact openings for the conponent in the insulating |ayer, and -
Maki ng conductors to the contact ¥penings and on top of the insulating

| ayer ,Cdb#ms: Order to formelectrical contacts with the conponent 15 ¢ b ar
acter 1lzcdby- nmaking conductive patterns on the baseboard, -

Sel ecting the position of the hole and aligning the conponent in relation

t o tharA aehelfr tnibedditl aebmportaria a®asd 4vg f&qaﬁm@ashm@ﬂldoﬁﬁér@r nmeki ng the

hol e 2Q | ami natin ape or.a tape-like filmon the second surface of

the bé“ggb“BEF"dﬂP “%@EH‘?@‘ ?ﬁ%m%‘ﬂ%nent in the hole made in the baseboard
omth §“§ etpig of the baseboard, so that the first surface of
e conpo FSRY 5; i e’thetape or tapellkefilmandis substantial ly

on the s Hgﬁ% eﬁﬂ&m ond surface of the baseboard, 25 - securing

t he conpone pracesrn e hole nade in the baseboard by filling the

the t apdias %‘%’“@i g 0oy LS i SR o0 19

baseboaﬁﬁﬂsW“ﬂmF%MHWNWQGGHQFﬁmBahmmmﬂh@ﬁmaccord|ng to cla|n11 i n which
the hole, which is made in the baseboard of the circuit board for a
conpofefERINEs theerpmpprmat giase in the hote made in the bescboard,

10 - mahngmmsmwnginyeronatleastouesur&ce of the base, in such a way that the
insulafing layer covets the component, |

— making contact openings for the component in the insulating layer, and.

— meking conductors to the contact openings and on top of the insulating layer, in
order to form elecirical contacts with the component,

15 characterized by
— making conductive patterns on the baseboard,

— sclecting the position. of the hole and aligning lhe. componert in relation fo the
conductive pattemns made on the baseboard,

and after making the hole
20 — laminating a tape or a tape-like film on the second surface of the baseboard,

— placing the component in the hole made in the baseboard from the first-surface side
of the baseboard, so that the first surface of the component lies agaipst the tepe oy . - - -
tape-like film and is substantially on the same leve] as the second surfuce of the
baseboard,

25 'a: = securing the component in place in the hole madc in the baseboard by filling the hole
with, a filler materjal, and

~ after securing the component, removing the tepe or tape-like film laminated on the
second surface of the baseboarcl
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3. A nmethod according to Claim2, in which conductive nat eBi dlly 286gr own on
the side 5 walls of the hole nade for a conponent, in order to create

i nterference protection around the conponent. 4- A method according to any
of Claims | - 3, in which The conponent to be placed in the hole is a
mcrocircuit, 10 5- A nethod according to Caim4. in which after the:
securing of the, mcrocircuit - the tape or tape-like film |am nated on

t he second surface of the baseboard I s renoved, 15 -an RCC foil is

| am nat ed %r}&o ﬁ{ﬁ sec nd s cle of Ihle’ baseboard and conductive
Patterns and* BHICHAF-OSNBE tht et L. i which fisdinls: duicly 6 taads in thebeseboratof oi | . &

A net hod aheoirdutig:ardjrok/htam@onmwmtﬁhumcgé am made for feed-throughs and,
after ad, aft 20 the securing of the mcrocircuit the tape. or tape-like
filmlamnated On the second surface of the baseboard is renoved, - RCC

foils am |3amm&h@:£hc@d5tﬂﬁlgtt@€lrflﬂnr251n ”high RRIBAR e SHHidrAE RSr&in bhdchageboar d, 25
- cor}’ductl p?tterns and contact openi ngs for the conponents and
feed-thro e halg arade ffor & qoapruentyip order Wrererta intsrisrenee pteci@serrdsur f ace
of the basgbQaffdnednd - conductive Patterns and Contact openings for the
feed-throughs are, made in the RCC foil |am nated onto the second surface
of the baseboard. 30 7- A nethod according to Claim .4, in which, after the

- securing GfAtﬂmhdﬂabb@di:{gQulahbeEIdiﬁaQQ-Grmtﬁﬁeﬁﬁe‘&‘éu{ﬂohgﬁﬂté‘%ﬂfhtcgg on the

second S“{II Oemgfmlgrge. baseboard is 31 JuI 2006

10 .
5. A method according to Claim 4, in which, afler the securing of the microcircuit

~ the tape or tape-like film laminated on the second surface of the baseboard is
removed,
i5 ~an RCC foil 1s laminsted onto the second surface of the baseboard, and

- conductive patterns and contact openings for the components are made jn the
RCC foil,

. 6. A method according to Claim 4, in winch holes are made for feed-throughs and, after
206 . the securing of the microcircuit

.~ the tape or tape-like film laminated on the second surface of the baseboard is

removed,

-RCC foils axe Jaminated onto the first and secoxrl surfaces of the baseboard,
25 _ - conductive patterns and contact openings for the comnponents and feed-throughs
' are made in the RCC foil laminated onto the second surface of the baseboard,
und | ‘

- conductive patterns and contact openings for the feed-throughs are made in the
RCC foil lavrinated onto the second surface of the baseboard.

7. A method according to Claim 4, in which, after the securing of the microcircuit

- the tape or tape-like film laminated on the second surface of the baseboard. is
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renoved, - a pre-preg epoxy foil is made on the second sur Bhddy &6t he
baseboard, - contact openings for the conponent am nade in the epoxy foil,
and conductive patterns are nmade on top of the epoxy foil. R A nethod
according to Caim4. in which holes for feed-ftoughs are made in the
base, and, after the securing of the mcrocircuit - the tape or tape-like
filmlamnated an the second surface of the baseboard is 10 renoved, -
pre-preg epoxy fo-Us are |lam nated onto the first and second sides of the
baseboard, -contact openings for thggconponent and feed-throughs are nad

i ut heepoxy fail,v@f the second surface of the baseboard, and 1.5 - contact
openi ngs for the féed-throughs me made in the epoxy foil of the first
surface of t hedFeFstsrpedy fodlis madponibeiseaonsdudaerpiitie asgboafd,Claim 4 - 8, ia

whi.ch an el ecldonf@l oefRbafh tHe® 1R Cce Yk ny ? LLpeuit fromthe
direction of the se%%ndksurhgemfg?&the baseél}gtatttr;%e, a ?agghﬁtﬁe 20 mcrocircuit
has been pl acePnyFive gateasersmieis onton ofdherposiéitd. 10. A nethod accordi ng

to any of Clainms 4 ~ 9, in which an electrical contact is fonned wth the

mcrocirguit by grow,ng conductive naterial in the contact areas of the
“mcrocir &?{e’zﬂﬁg‘&?‘%&cﬁmﬁ%‘%w&hﬂhﬂ%#mﬂ%ﬂ@dflnﬂherret hod

accor di r@]s&,anqmﬁebﬂhe&&ﬁﬂgomemﬂ;&,cimt whi ch the.electrical contact -with
the, mcrocircuit is formed 'Wthout sol der using a circuit-board

manuf acturi ng technol ogy. 12. A nethod according to any of Cains 1 - 11,

in whi ch mom-tiraapondasdipdibaiinised dDhe Rosdag s of 18 bRBSar [k @
corlﬁespondl ngﬂn’g@e er 13. A nethod according to Claim1l12, in which a
separate hol S de in the baseboard for each conponent to be enbedded

~in the base. -gredprea epoxydoionekhtidtizd betochdhidoled skddnd sides of the
baseboard, .
-~ contact openings for the component and feed-throughs are made in the epoxy
foil of the second suxface of the baseboard, and
15 - contact openings for the feed-throughs sre made in the epoxy foil of the first
' surface of the baseboard.

9. A method according to any of Cleims 4 - 8, in which an electrical contact is formed
with the microcircuit from the direction of the second surface of the baseboard, after the
20 microcircuit has been placed in the hole made in the baseboard.

10. A method according to any of Claims 4 - 9, in which an electrical contact is fooped
with the microcircuit by growing conductive material in the contact aress of the
microcircuit, or on top of its contact protrusions,

11..A method according to any of Claims 4 - 10, in which the electrical contact withthe
- microcireuit is formed without solder using a circuit-board manufacturing technology.

- 12. A method according to any of Claims 1 - 11, in which more than one component is
30 embedded in the base in 8 corresponding manner.

13. A method ascording to Claim 12, in which a separate hole is made in the baseboard
Tor each component to be embedded in the base and each component to be embedded in
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~E 31 July 2006 19 the base is located in its own hol e 1431 Aln20Aod
according to any of Clainms | - 13, in which at least two mcrocircuits are
enbedded in the base, and in which a conductive layer is grown, which is
connected 5 directly to the contact areas or contact protrusions of at

| east two mcrocircuits, in order to connect the mcrocircuits
electrically to each other to formamoperational totality. 15. A nethod
according to any of clainms 1 - 14, in which a nmulti-layer structure is
manuf actured, in which there amat |eas¥ four conductive. |ayers on top of

each ot her thelfasd isGocatediBtit@smadmlor ding to any of Cains 1 - 15, in which a
first base and at | east one second base are manufactured and the bases are

assenbl ed and secured on. top of each other in such a way that the bases
am al i gnedi4.,A behdidi RBortihgaaahy 6f OREms 1 S13, in whidhBk RAs twaGRiRfdHifdith fredny oOf
Cains | - ﬁ?ﬂdﬁa V\&& h - afir t and second base an .an internedi ate

| ayer are T {1 fagbass, apd, i 8]6ﬁ8°?£’§e laye in goyma Whird 15 fenscisy  pase.

and thle S&G&Hﬂ?t@ﬁﬁ&oh&cﬁﬁrﬁﬁtﬁ‘doﬁﬁd prétn@idrbf bfledst Bvd infctbei irddkabhe

internediate | a ace.d etvye the fiyst and the~second bases, and
the first tgrﬁ?mé%cg ‘g 1? e b in Fprenanpertopak Rty q of t he

i nternedi ate | ayer 18 A nmet hod accordl ng to aim1l7, in which 25 at
| east one ird an |nt h third base axe
manuf act urgq %8@ Ht"o%%y g]tc ’cfl F'KWE“.TL ‘ﬁﬂjye”f‘ﬁ‘é"q‘fer@t and
second bammﬁﬁﬂm&ghwmmmerameﬁlammmm%lﬁ%@buwp dfafh ek, the
I owey, bases,
16. A method according to any of Claims 1 - 15, in which a first base and at least one
second base are mapufactured and the bases are assembled and secured on top of each
other in such a way that the bases are aligned in relation to each other.

15 17. A method according to any of Cleims 1 - 15, in which

- a first and a second base and an intermediate layer are manufactared,
- the second base is placed above the first base and the second base is ahgned in
relation to the first base,
20 - the intermediate layer is placed between the first and the second bases, and
- — the first and second bases are laminated to each other with the aid of the
intermediate layer.

18. A method acecording to Claim 17, in. which

- ~ at least one third base and an intexmediate layer for cach third base are
manufactured,
- each third base is placed in tum above the first and second bases and each third
; . base is aligned in relation to one of the lower bases,
30 : - an intermediate layer is placed beneath each third base, and
. ~ the first, second, and each third base are lJaminated to each other with the aid of

the intennedipte layers,
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30 - an internediate |layer is placed beneath each third bast¢julp?gs- the
first, ~second, and each third base are |lam nated to each other with the aid
of the internediate layers, V 31 July 2006 20 19. A nethod according to
any of Clains 16 - 18, in which holes for feed-throughs are drilled

t hrough the bases secured on top of each other and conductors are nade, in
the drilled holes for connecting the electronic circuits of each base to
each other to forman operational totality. 5 20. A nmethod according to
any of Cains | - 19, in which the jJgenperature of the baseboard,

9
conponeqnt ~, an onductive |a .CO ted directly to the conponent; is,
Gort g Tt el ebrinst Sy i Elumo K 0 B ieefen igonivets Aifge. 20 - 05" C.
10 21 AdckddaRbtighe bisedstoared ohite)iof each il bialdodaRebrsiade Aghde iid0d accordi ng
to anl-y agiﬂed%oflels %Br cflmrfec&gg' theN Elech'ozﬁc circuits of each base to each other to form an
operational totality.

20. A method according to any of Claims 1 - 19, in which the temperature of the
baseboard, component, and conductive layer conneeted directly to the component, is,
during the process, less than 200°C and prefersbly in the range 20 - 85°C.

10 21. An glectronic module, which is manufactured using a method according to any of
- Claims 1 -20.




