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WO 2006/134217 PCT/F12006/000208 1 METHOD FOR

MANUFACTURING A CIRCUIT BOARD STRUCTURE, AND A CIRCUIT

BOARD STRUCTURE The present invention relates to a method for
Wiaftfaetiting a circuit-board structure. 5 The manufactured*Cirgudptoasdos

structure can form part of, for example,.a circuit board, a multi-layer

circuit board, a component package, Otlan electronic module. The

cir %d"ﬁ}ﬂj Egrgia pﬁfz{ e rises at least one layer of
colr%%%rctor pat erf%%n a‘?‘ eas (l)%rgc%b%%%ne %@%S‘SE&%’&B&E AND A
electrically to the conduCiBPAHERBARD FAR TiEtiliiRivard structure can
also be of a type that comprises at least conductor patterns in at least two

layers and at least one via, which connects a conductor in one layer
electrically to a conductor in the second layer. The invention thus relates

toneprutaetiing mnoteds (or multblaxereiciilhaards. g NV atioN cure.

also relates to such circuit-board manufacturing methods, in which at least

HhoRecOMPORE I ERRSGIad 40 A SOPIHEION RALEIR IS S&J{)%we?%dc%gﬁgéboard,

an insulating material layer. Solutions of this kind can also be referre

A e deewilordh 8 sRIrBPRIBHRAE S s GRS SR oAt buried,
embedded, or built-in components. The insulating-material layer

stittociieifig eedcorparemars hipiehlly part Bfathedaméestricteas afithdayer of

@&uu&&a;?gt@&wagyl% which forms faurPt ey @%&M@@&%‘%canw the

conductor E%/ers of the circuit board or module. Application publication
SEBEHSY A28 discloses a circuit-board structure manufacturing

method, in which first of all a circuit board is manufactured, which
O pHsBE-RATs slaerTay@natiacatsont uctopep sineraoorpthess e fieast ofoitductor

AftesriRisn At SORICADIMRIAr SEMPANENLHS AMACRRAHAINE-LANANGIAL ctor in one

1qattmer s on the surface of the 25 circuit board by means of a suitable
?ﬁ%ﬁ?ﬁ%ﬂ%ﬁémﬁ%ﬁfﬂ?gﬂ%‘?{ R SRR takes place by means of

contact bumps on the surface of the semiconductor component. In the

rmetHBYrBl S HattcataRLRertne aedtnénm phitdoenoniricards. The
patternedandidapaiiecres NeuRtidgrARR Ay S.aminaled QRilaPPleas:
the circuit board, and on to )

one componeni connected to a conductor pattem is swrounded with an insulating-
materiai layer. Solutions of this kind can also be referred to alternatively as circuit-
board or module structures, which contain buried, embedded, or buili-in components.
The insulating-material layer surrounding the component is typically part of the base
structure of the circuit board or module, which forms a support for the inmermost

conductor layers of the circuit board or modute.

Application publication US 2005/0001331 discloses a circuit-board  structure
manufacturing method, in which first of all a circuit board is manufactured, which
comprises an insulator layer and a conductor pattern on the surface of it. After this, a
semiconductor component is attached to the conductor patterns on the surface of the
circuit board by means of a suitable flip-chip attachment method. The attachment takes
place by means of contact bumps on the surface of the semiconductor component. In the
method of the US publication, after the attachment of the component a patterned and
unpatterned insulating-materjal layer is laminated on top of the circuit board, and on top

of them a further conductor-pattern layer.
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of them a further conductor-pattern layer. WO 2006/134217
PCT/F120061000208 2 Patent publications US 6,038,133 and US
6,489,685, as well as application publication US 2002/0117743 disclose a
woethied34mwhich a conductor pattern is made on the surfaceCafFizo06/006268
detachable film and a semiconductor component is attached to the
conductor pattern using a flip-chip atthchment method, After this, the
component is surrounded 5 with an insulating-material layer and the

Betest ublicHiontsaIRG08d 3T HEGdReME e A BN GRS GgPn Publication

@@Wlﬁmﬁ%iﬁ(@%%écbl%%é@@hﬁ%ﬁﬁé}%&:@mﬁa%ﬂ&ﬂvkﬁdnme on the
component is attached by the flip-chip method t lified tor foi
SO FPEBIIL LGN PABATE. HRRTCH BIGELOT PO BTl o ter

O
oif conductor
paternasare fofpetiat atatensiageinthelfrocdss, Gorespondings surrounded

methods are also 10 disclosed, for le, in. ications, US
I%{g‘lhﬁé’fﬂﬁf[%}@%%ﬁ%ﬁ’é%%c%%‘nﬁ%gl?&%’egﬁ%%v&ggg&/o20651.

n addition to the aforementioned t f , 1 h

1 S5 R L HUEHOBT e o BOA R i ose o
?mmg?nﬁmtszﬁlﬁh bg congruifactiseditkbeéxample, five domponisrisican unified
irst of all be, placed.inside an 15 i ing- '

O e

apphication fublishtibn WEr 2002t/089ba@hite FRTRIBIEPIEIINT 2lso
Rrblisation 2049589048, the camRoRRRL isglued4o the. swiacmeltgoos: WO

conductor layer and, after the gluing of the component an
QAT O Y GayRY S/ AR surrounds the component attached to the
conductor layer, is formed on, or 20 attached to the surface of the

donddicior tayes faepentiogrinynss Bfeneshnponent, Giiss nrdedsaimatirknown,

throygh, which elagtical cantacis-ganbe-made bahweary theosadestor can  be
layer and the component. After this, conductor patterngr%{e forrg%d r
L :

tRETRHIEbr e ST aRice STSEEBTHRR e EmBoriénthd dogide an

U
%&@g&ﬂiﬁg&t@eﬁ@mawmdmmadacé@rc@afztegmmneaabmuma Umifiednty after
conductor foil 25 achieves.the advantage th tter

B PR o R A o o
copiparientptbliteicir AiiH-0880d hldkk . dftipwnent is glued 1o the surface of the

conductor layer and, after the gluing of the component an insulating-material layer,
which surrounds the component attached to the conductor layer, is formed om, or
attached to the swface of the conductor layer. After the gluing of the component, vias
are also made, through which electrical contacts can be made between the conductor
layer and the component. After this, conductor patterns are formed from the conductor

layer, to the surface of which the component was plued.

Attaching the component to a conductor pattern instead of to a unified conductor foil
achieves the advantage that the conductor pattern can be first of all examined by an
optical method prior to the attachment of components to the circuit-board blank. If the
circuit boards or module being manufactured contain expensive components, cost
advantages can be obtained using this conductor-pattern beforehand examination,
because a faulty conductor pattern can be made good or removed from the process in an
earlier stage. In the opposite procedure, components attached to the conductor foil and
already embedded in the circuit-board blank will be lost if the patterning of the

conductor foil fails.
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circuit boards or module being manufactured contain expensive
components, cost advantages can be obtained using this
conductor-pattern beforehand examination, because a faulty conductor
pattern can be made good or removed frpm the process in an 30 earlier
stage. In the opposite procedure, compognents attached to the conductor
foil and already embedded in the circuit-board blank will be lost if the

mven'glon.seek to create a new me for the manufacture of a
cifeuitsborrtostdusitusule accordance with a first aspect of the present
invention, there is provided a method. for manufacturing a circuit-board

S uetdig ceBtamning falteaptone denmpenanintharoathbeteScamadsing method for
kin% a conductor paétern makir%%@contact,openi %s in the conductor

ma

AR HBP B TR RPREh e tﬁgné%lﬂ?f%r?ér?’ﬁ StaRhiFgRaent. the method
comparent relative o cthenoodyaitsrpatieiingftesibeatpakimeniofibeconductor
component, surrounding the component with insulating material, and .
RGO LRt RARY SRR T6 RSB T LB BpciRpany rlarive to
ehderctadicate pleriicahfientakts beiverathe Comducianpaiten kOramchding the
the compaonent by growing a thin layer.of electrically conductive material :

S AR A A BHD & R A 1 e S AR et material to
chadustive spateral by adeetectrachemnicat shetnsttirhaseanarceondicaor pattern
second aspect of the present invention, there.is provided a citcujt- board .
7 UBRABRBING KON r Bk AR St i A0S P H S Yreterial by 2
rietaliedldndth@lsecdrdidyemnaf hecond metal dentact gpenidgsive theterial by an
conduc orrﬁfatfrn,tf;l %omponent attached to the conductor pattern,

iRSUAR tena %ﬂrrounding the component and supporting the

conductor pattern, and electrically conductive material in the contact. o
dperigeresieccratitingoerRrdmsarcontdbEsIFetie dRVITEIeBNUGESSP pEttefqd a circuil-

- her-comeonsnbiihe elesticaly s onaustive malerial memeyising ArthiMetal and
surfacing layer of 20 electrically conductive material grown by a chemical

ERRBRd AR RaiifRtPBf BrieticaniPEoPRRIEETE ThEie faIrgHSioh RRfisH.: @ component
elestrpahgmicalmethes: e examie embatime nkRosaadlciak RANYBent and

as well as contact openings for makingl , . L
supporting the conductor pattern, and electrically conductive material in the contact

openings for creating electrical contacts between the conductor pattern and the
component, the electrically conductive material comprising a thin surfacing layer of
electrically conductive material grown by a chemical method, and a filling of

electrically conductive material grown by an electrochemical method.

In an example embodiment, a conductor pattern, as well as contact openings for making
vias, is made in the circuit-board blank. After this, an insulating-material layer is made
on the surface of the conductor layer. At the points indicated by the contact openings in
the insulating-material layer, holes are made, which extend to a second conductor
structure inside the insulating-material layer or on the opposite surface thereof. After
this, a conducting material is brought to the holes in order to make elecirical contacts
between the conductor pattern and the second conductor structure. The second
conductor structure can be, for example, a conductor pattern, or a contact area or contact

bump of the component.
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vias, is made in the circuit-board blank. After this, an insulating-material
layer is made on the surface of the conductor layer. At the points
indicated by the contact openings in 25 the insulating-material layer, holes
are made, which extend to a second conductor structure inside the
insulating-material layer or on the oppos?i?e surface thereof After this, a
conducting material is brought to the holes in order to make electrical

GANAGISDeIWEST thecRRRMEIOr RAtaMR BRGheraeGORkRORAUGIOIt openings for
structure. The second conductor structure can be, for example, a

COMHIESIpattaRide s Snticriirbaast Clithct B0 Bt 3 btpgating-material layer

GOMBANBALH3A AR BEMEE eXAMBIEramRediN e AGeRA USTer BRtilBudsr-pattern
well as contact openings for makin%;/ias, is made on the circuit-board

B3Rk, Bredicniirianeifduibtintpistasiit laysiens e B WALy Jpise to the
ceRdusior laxerAnH:a-caMsistaTlaver iay GoRFFaI-PRtBE AN QN0 e ral layer

surface of it. Holes, which extend through the insulator layer to the 5

AriliE ROFEY SBrATg B RCHIRRPRIBPEE: afd!ff s irfrffgnauctor material is

inshatipgimataraldryem al-the oisimivticaied bythectcortackapRRiIngRiuctors on
After this,, a conductor material is introduced to the holes, in order to form

SRECTRESF Lo ALLEISh SRR HEHI SRHEARSI! & Fhe opposite surfaces of
the insulating-material layer. In a further example embodiment, a .
dorrl fictdepatiennlinavhiefiventast GPERNGS RHECTIO it ehatact openings are

IpcatonsiRf g CANIARL AICARALINR COMRANENS IhDE altached, I8 Malenade in o

ina circuit-board blank. The components are attached to the conductor _
sateih addpdatkichhecormasreate dorgitginshive®s deadbyieacusireaget electrical

s empaaeRsaRd he.condyuctor, RAE N J0rguah e, 6aRRGE ARENAYS onductor

made in the conductor pattern. In one embodiment, a conductor pattern is
firefteradbrangd Hiecromiisccoprattapaaisgs the TenMecksivibetdr pattern.
After the manufacture of the contact openings, the component is aligned

relatheectatibéhoenductonpatier paitesuchfasvapdbattiienfiontAct @neast @penings in
contact .bumps of the component lie opposite.to the contact openings. In .
RGeS ROTHIERL 01h H RBPIGE B i AT h et Dspgrent is
miagle:ihritlagine: madie simdltacepustyn Afteutheamanutacttire @ithet areas or contact

%%rr]g}%ls? g%rtgg g()errnr;:k}tru%ﬁ lie opposite to the contact openings.

In another embodiment, both the conductor pattern and the contact openings made i it

are made simultaneously. After the manufacture of the conductor pattern, the
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component is aligned relative to the conductor pattern, in such a way that

the contact areas or contact bumps of the component lie opposite to the

contact openings. In another embodiment, the conductor pattern is first

made and after the manufacture of the %onductor pattern the component

is aligned relative to the conductor pattern and 5 attached in place. After

the attachment of the component, contact openings are made in the

comuntor patedignds sietiva valpeheantecksritatietrelisHE R ontEt BihpPy contact

%frég oCOMRRPRNLIIS: APRRSIG IS CRMAL ARCRINGS: IDrRAR EXURRIS:.

odiment, a circuit-board structure is presented, which has been

anuf cture ethod accordln to.the first, econ

RRE 10 P10 TV A TS Gth P Sk G SRR o (DE maufacture of
eiewbihardrshacitrealis pmmte@l whitthredmplises @ cbadwethrciothettern and
con ar-pattern | er as w v, connected to the condu

R4 PN e AU & SLe e oh naRt Ty e made in
ttha coathpanepitiasush mzha;y that tihetoh]mmjetaof tkreammsceseemﬂaimps of the
as Iar%%as .or lar er % ) nt@etvwdth .0f the conductor. Each of the
elﬁe?fg %e% €0 enlﬁ%e?ﬁlon%as in addition, several different

embodiments, which are descrlbed in_greater detail in the following

deseriismele cHSiRERts AR S0P HRE G dpaRiesgad. which has been
eraRedimgats ofithe invpation AdnamiaeiuingiR0 methed, for@xanplRct of the

is created, which can permit the conductor pattern to be examined before
éBﬁ?ﬁBﬁ@ntS are attached to the circuit-board blank. In addition, with the

aid of some aspects and embodiments of the invention, a manufacturing
frethothenay drepdeaandddinttich @ahqalérhﬂael@ﬁﬂ@ar@@wmm@ﬁ@%evmgﬁeompﬁses
AN HaEo%dD FRAUMARIR, AN R Kb SARERIEd 8 conductor.
componen Can achieve the a vantage, for exampe that t

suhfabe *aﬁth@macttmea@@mthragb consactislimpsiesficomsneniayeancr t a

b%%eeﬁee RHQLIR é{@?ﬂ%ﬂ é‘c&'%‘ft{ %%cenée%mmﬁ viaypethador fareer

also ‘permits contactst be made with the al of a chemical or
gleattbechediical growimguniethod, in which case it may be possible to
achieve excellent electrical properties for the contact between the
goRgustanpatiemnd dheicamuenenthe invention has, in addition, several different

embodiments, which are described in greater detail in the following description of

embodiments.

With the aid of some aspects and embodiments of the invention, a manufacturing
method, for example, is created, which can permit the conductor pattern to be examined

before components are attached to the circuit-board biank.

In addition, with the aid of some aspects and embodiments of the invention, a
manufacturing method may be created, which can permit electrical contacts to be made
using the via method. In embodiments, in which a via is connected to a component, this
can achieve the advantage, for example, that the surface of the contact areas (such as
contact bumps) of components can be cleaned prior to the formation of an electrical
contact. The via method also permits contacts to be made with the aid of a chemical or
electrochemical growing method, in which case it may be possible to achieve excellent
electrical properties for the contact between the conductor pattern and the component.
In connection with the via method, it may alsc be possible to use other surfacing

methods.



10

[
tn

30 In connection with the via method, it may also be possible to use other
surfacing methods. 5 For example, sputtering, vaporization, chemical or
electrochemical surfacing, or some other suitable surfacing method or
combination of surfacing methods can be used as the surfacing method.
According to some embodiments, the alggnment of the vias can also be
examined prior 5 to attaching the components, or continuing the

rcuit-board-strycture manufacturing, process. In, embodiments, | ich
R ORI BB B AL O o some
vidiscaritahitometically oethedtorthendonsotlodatioican jonsthedative e theed as the
r}ductor- attern layer in which the contact openings are made. 10 In the

acing 1 Od. . . . . . .

owmé, € Invention is examined with the aid of examples and with

reference to the accompanying drawings. Figures 1 - 14 show a series of )
ORI LBETOBIT RO it Stigwacot Bl HBa AR G ed prior
AR {BEt INB-PERRESHaRCO NG AQATStBMbREIMSVatigiiRfuld mdBufacturing
show a series of cross-sections of the intermediate stages of circuit- 15

B62Aref Structures in a manufacturing process according to a second

embodiment. Figures 24 - 32 show a series of cross-sections of the
ihtemedianerstade svbidirduitcdsartoparunairesimansasbreduding a self-aligning
REgARR® arcording 1o, adhiid empadiment IUES S A% INAMASEURROL to the

cross-sections of the intermediate stages of circuit- board structures in a
prasufAe MG IDrioes srachorihg (oA IRIBAIS GdinEske 20 Figures 43 -

49 show in greater detail the dimensioning and alignment of vias in some
embedisiientagnibefimstiexaimplentadufatiute idbtatadmadeondihgvith reference
Figure 1 from a support layer 1., which is electrically conductive on a
I?%F&%@Q%?%é?g\aﬁ%ﬁiﬁ%%itioned according to the figure series, at least

the upper surface of the support layer | is conductive. The 25 conductivity
prepetylis Féghred f@fi@&affv@%;séﬁﬁl@%&pgt&géw%@%aggé@é elfiyit-board
to,thig,RxampleatReRAMME the-currerbremiired ierelestiaivtic.arowing to

the area in

o0
fo

Figures 15 - 23 show a series of cross-sections of the intermediate stages of circuit-

board structures in a manufacturing process according to a second embodiment.

Figures 24 - 32 show a series of cross-sections of the intermediate stages of circuit-

board structures in a manufacturing process according to a third embodiment.

Figures 33 - 42 show a series of cross-sections of the intermediate stages of circuit-

board structures in a manufacturing process according to a fourth embodiment.

Figures 43 - 49 show in greater detail the dimensioning and alignment of vias in some

embodiments.

In the first example, manufacture is started according to Figure 1 from a support layer 1,
which is electrically conductive on a least one surface. When positioned according to
the figure series, at least the upper surface of the support layer 1 is conductive. The
conductivity property is required, for example, at a later stage in the method according
to this example, to conduct the current required for electrolytic growing to the area in
which the conductor material is being grown. In the method, in which the electrolytic
growing of a conductor material is replaced by some other manufacturing method, the

conductivity property of the support layer 1 will not necessarily be required, in which
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which the conductor material is being grown. In the method, in which the
electrolytic growing of a conductor material is replaced by some other
manufacturing method, the conductivity property of the support layer 1

Wittt Hecessarily be required, in which WO 2006/134217 PCT/FI2086/066208

PCT/F120061000208 6 case the support layer 1 can also be
non-conductive. In the example of the figures, the support layer 1 is,

however, made. throughout.of a conductive material, typically of tal
S e HENSE donar RS PRLCSPANG o e ray ST e B s Aares: he
rsiaglsnizaslippdrefor theroidsuivoghd sl ah e, southati teensupporttiayerdly of a

h 5 J Hit Hfpes ired for, . .
Do PO o S e
8

BYesbiBithh UiROTHiEK HissgisRihkosThPieRkidpaibat te sapport dxemplanph bpge the
thabhaRidhi Iemales afdtenthisiresishiayers 2rdvRically RPAIO-EeSiSts o copper

layers, are spread on both surfaces of the support layer 1. This stage is

SR SR GRS A SR e S rripRing e iokacs 15 thictgprg laver 1 to
patttinedmaskdeminnesaifaceefrthe support layer 1, after which the

blank is developed. After developing, the exposed photo-resist layer 2 is

paterned asidesied 2ok a ANCALSIR-RILEIRINGHKa NADIS SROMWEL BF the
Figure 3. Manufacture is continued by growing electrolytically a conductor
‘ﬁﬂs%%?ﬁ, %s?rsi&a@u%éﬁgsﬁsiﬁhﬁ@% BT WGBS Fgs Chigsexposed
hizen gie mpatetindhededired ohb catiductbtpaiep:8 lawkich isisheWhithe blank
El s t formed an the surface,of the support layer 1. The .
R T e S R il e pagosied
viihilethectniékpiesputatveniied.ofitind coviductan Pagtesris made can also be
less than 20 micrometres. Thus, the method can also be used to
enufactuecismaltiane pregisevogndiactod patifiins. dheicandnatorial, typically

S ade.thick relative to0.20 the width of the conductor.
%g{)g&{rpﬁsﬁn%?]%ﬁe%?s%%o% 1cl%n‘!éu cpt%(ﬁ{)? —E)efsolr%g r}[flaéss\év%l szémg)cvhlévg%em ’Flmed
trdpdos rateryall. sk dsaveorof th&igituit- Bo akdsstvortsronThe surface of the

Hispnesa ek tne ¢aRducienRatie i3 candiuebe.iRESEMRE, Rgualiniie 2o

width, or the thickness (height) can be greater, for example, 1.2 - 3-times
LB RN WL SR DR B the P At BN Sop dtos R mials Gaingso be
$enehailBer methaddharTHat the method can also be used to manufacture small and

precise conductor patterns, The conductor patterns 3 can also be made thick relative to
the width of the conductor patterns, in which case good conductivity properties will be
achieved with the use of a small surface area of the circuit-board structure. The
thickness of the conductor pattern 3 can thus be, for exampie, equal to the width, or the

thickness (height) can be greater, for example, 1.2 — 3-times greater than the width.

The conductor patterns 3 can also be made using some other method than that
described. Suitable methods are, for exampile, the combined manufacture and patterning

of the conductor layer, for example, by etching or laser ablation.

Adter making the conductor patterns 3, the resist layers 2 are removed. Figure 5 shows
the circuit-board blank after the removal of the resist layers 2. Afier this and before the
attachment of the component 6 to the circuit-board blank, contact openings 4 are made
in the conductor pattern 3, at the locations of the contact areas of the component 6.

Figure 6 shows the circuit-board blank after this intermediate stage. The contact
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25 described. Suitable methods are, for example, the combined
manufacture and patterning of the conductor layer, for example, by
etching or laser ablation. After making the conductor patterns 3, the resist
wayere'248Ee removed. Figure 5 shows the circuit-board blafk  &fE0fE006208
removal of the resist layers 2. After this, and before the attachment of the
component 6 to the circuit-board blank, contact openings 4 are made 30 in
the conductor pattern 3,.at the locatjons of the contact areas of the .
R e 8 B8 GOt TR GRETHE I b AT RS PO oning of the
intetmediatengtagés Jdectoniactndit) 20606/ 1B4R47pBGTdhh2 QOGHR0R208 1 dreas
oc?%ﬂéngc?n‘f' & aenltbz?ng] aldeel’ofc%:ii Kanp leésl?l.bfolaso%redgglg% Thgf g tt%%?! OnEenings is
posmonlngpo?the contact openings 4 1s selec e&acé’or‘c’i?ng t6 the mutaar
peksition g eththereyritae e camipohting wdhisaresrdagmartiod locktion @ride entire

Rasitien Al ach-arQuURRfCORBCRARENIPGRIS FHERIRT I,SUCH BWaY AL thar

the component will be placed correctly relative to the entire 5 circuit-board
RetisRRCSTRISTBHE corftsct bR o-id brsueter amarrcatsenareanemipss 4
prEicipales dnfonipgranialestical coptagt dbesiacearea abth8mesponding

tact I 4 bei e can be approximately as large as the
SO S L QLG CUBAAE PR TR Suftaeca O dilecie

coritachoiening, 4drcanmof cobrdenalso fersdletiad: thive Gmallrcoruith of the

%%Qgsspegg‘g giggg{%g,a%ightly larger than the surface area of the 10
corresponding contact area. The contact openings 4 can be drilled from

direction of th dyctar pattern 3 or of the support layer 1. If the
AT LR LG P A EERCH G e S et B o o
hthengpenilngs: drillEdthe edmatt nq_m'smrity aaetehﬂlﬁhtfreiy throdgketibe of the
%‘6888%&&%{%%& I?, SHE % ?11%93%}%?33%9 hﬁog%gg:%%agoﬂf %Iyptg%ﬂ'e%{%?ely through

opene er, 15 when the support layer 1 is removed. The contac
dpeATRgeTY lese dishbeGpeheahedaent.diwagpthet thpenagerfaptaygened later,

formed Oy e condustar Raltera 3randdie suppatlayend s iR ddin such

etching, from the direction of the support layer 1. The conductor layer 3
én“&%%‘%ﬁ&?ﬁmaé#%ﬁﬁ)% & FRFRRRFRTM BRUFiENS RRdtEraI BBt lryer 1

thahtase, thewhaiy of-the wnalefalitayef ceriappending:to. theestppacdayeyer 3
i ' . t
113 jemoued and.ihe 20 contact openings 4 arc opened. The copact ..o, i
opening 4 is thus intended to extend throug
part of the material layer comesponding to the support layer 1 is removed and the
contact openings 4 are opened. The contact opening 4 is thus intended to extend through
the entire conductor pattern 3. Drilling can be implemented, for example, mechanically,
* or with the aid of a laser. It is also possibie to make the contact openings 4, for example,

with the aid of plasma etching.

Contact openings 4 can also be designed in the resist mask, in which case the openings
4 will be created in the conductor pattern 3 in connection with it manufacture and will

open when the support layer 1 is removed.

It is also possible to proceed in such a way that the contact openings 4 are made only
after the gluing of the component 6. In that case, the component can be aligned in place
with the aid of the conductor pattern 3 and the contact openings 4 also made aligned
relative to the conductor pattern. In this way, the contact areas or contact bumps of the
compontent too will be aligned relative to the contact openings 4. In such an

embodiment, the contact openings 4 are made on the surface of the conductor pattern 3
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the entire conductor pattern 3. Drilling can be implemented, for example,

mechanically, or with the aid of a laser. It is also possible to make the

contact openings 4, for example, with the aid of plasma etching. Contact
WopHiigs247can also be designed in the resist mask, in which GaEaiet0208

openings 25 4 will be created in the Qé)nductor pattern 3 in connection

with it manufacture and will open when the support layer 1 is removed. It

is also possible tq proceed in sych a way that the contact.openi
SRRy TS HE TS P O OgEnC TR Ih Ao aee s o GRS e
&ompaner eilh tzecalighabith piferenawith Frareid of e bortietchpaieAract
ansine copadt gpeninge hasaatelanadA0 elallve odimeoaludale
B . In"this ' way, the contact areas or contact bumps of the component
doecriith o Gligmedon late o The woirecerspisndan Frsngrhappeh both layers

?gh%ogim%ﬁﬁ%&a%v%@ta%%&m%ﬁr@xmagﬁ merasenefdhgatter 3. it
conductor pattern 3 WO 2006/134217 PCT/F12006/000208 8 Oﬂ%ﬁ ite to

hal SUPRICH it B HIE O P RITTEEH ST HasH e BT P WRicH tha™st OF all
%}Q@é@@}%ﬂf@ﬂ%!@%&g&ﬁmﬂéﬂhm@fﬁr@mn@&igunec@piisaan be aated thately
e contact openings 4 can be made either from, the direction . :
S (RS B o T eSS e AR o o oo 41
spaiectopenings 4wanbxtenchtiinoughpbatisy cfbsuctind 3 Gre example can
aermanNedal arecess W RLHRNASAPEAUANGNe RRAUGIHPAHEIR 3 the
15 Hiso pOSSI fé fo Made the contact openings 4 in stages, in such a
wapdhialafiest bfzall recelsstiica) aiaBdnPeHEcE SRAOTPBIIRE S HRER Ryl the

that daes notystexendenicaly toroughthe soRdyciepaitesapdoandsat a is
later stage of the process a contact opening 4 is_opened, toe netrate
{RPBIAGAZh ERsOMEaH B AR AT TR eSSt W]%Hg}?;ﬁﬁ S T g the

bsuipeslified in e it Rieompanentyeris gidatidodibisorfaveshl of
B Tt BT e e e Al EUgios

nentis ma € through the support layer 1. In this
G e sumpor oy L, i, The ehed o DS REITIEEH. i o
suriaee-OFthex RLPQOH layessivandythes congustoromalerialzohniGitherface of the
SRRy SRS NS IR RN SRR PR RRH B Asument
surfaces. The adhesive 5 can also be spread in stages and in layers. After this, the
components 6 can be aligned in the positions planued for the components 6, with the aid
of alignment marks. Figure 8 shows the circuit-board biank after the gluing of the

compoenents 6.

The term attachment surface of the component 6 refers (o that surface of the component
6 that will face the conductor pattern 3. The attachment surface of the component &
comprises contact areas, by means of which an electrical contact can be formed to the
component. The contact areas can be, for example, flat areas on the surface of the
component 6, or more usually contact protrusions, such as contact bumps, protruding
from the surface of the component 6. There are generally at least two contact areas of
protrusions in the component 6. In complex microcircuits, there can be very many

contact areas.

In many embodiments, it is preferable to spread adhesive so liberally on the attachment

surface or attachment surfaces that the adhesive fills the entire space remaining between
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The components 6 are attached to the surface of the conductor pattern 3
with the aid of adhesive. For gluing, an adhesive layer 5 is spread on the
attachment surface of the conductor pattern 3 or the attachment surface
WeY theédttidonent 6, or on both attachment surfaces. The alA84iz808/ H\ALS
also be spread in stages and in Iayers.gAfter this, the 20 components 6
can, be aligned in the positions planned for the components 6, with the aid

f alignment marks..Eigure 8 shows the circujt-board blank after the glui
R R e TR e M R P
referstathdt fsudaspobthdidompgnentditmtthdll fose thereondacterween the

RSBt e AltRGAMEntSiia aé&b%cm%@eaggo%xggm”%& orces the

contact areas, by means of which an electrical contact can be formed to
tHEABHBYNEROCFHETC SRtAE hIB 8 COBIP B N foF edniprecondusiengdistns. thus

siRemef Ihe.gamBoReRd: armnEeHsUalEEANIACIRIBIEYSIRAS SUER@ oken
contact b'ijmps, protruding , from the surface of the component 6. There

BEHRIAN A8 AIPRVE 63RO UT L PR ot oS i thERE SRS ater
Grivasmplex. Micragirduits:, theredhasi kegeasyainamyo Fthaonackargagel Bontact
man %gngodiments, it is preferable to spread adhesive so liberally on the
ﬁ?gic Iment surface or attachment surfaces that the adhesive fills the

tire space remainjing between WQ 2006/134217 PCT/F12006/000208 .
OGN P ST R T 3 b SRR B ached
Thele witiitheor pexao heed ter angepatater fill éhmgavhelitflinbuthaispace is that it
remaining hetween the. co nents 6 and the canductor pattern 3,and
L B PR, o e
coporRitiG ahduiddasondustor mmm&mi&mf@wngta the surface shapes,
mechanicalyinae guiable construction, A capRrshensive,AdVoRKokeD ave:

adhesive layer also support the conductor pattern'3 and protects the

swiratingina bt Bayieiagescty £sd, FneattiRadlye B anehalyay that

algo-fRds-itsinvaye fothel € asinpReMNEISthed NRERIA ROMEVRIRIBID i@ 3)
ma}erial b 1ngt,leans of which com oglents can be attached 10 to the
a

EBrGtTatSP Battsr S5 RRY T SO ay T BRE ol rRMSr SRR, ve third
iprthystiy rof the adhesive is its adhesive capacity, i.e. its ability to hold onto the surface

being glued.

The term giuing vefers to attaching a component and the conductor layer 3 or the
support layer to each other with the aid of an adhesive. Thus, in gluing the adhesive is
introduced between the component and the conductor layer 3 and/or the support layer 1
and the component is placed in a suitable position relative to the conductor pattern 3, in
which the adhesive is in contact with the component and the conductor patiern 3 and/or
the support layer 1, and at least partly filis the space between the component and the
circuit-board blank. After this, the adhesive is allowed to harden (at least partly), or the
adhesive is actively hardened (at least parily), so that the component is attached with the
“aid of the adhesive to the circuit-board blank. In some embodiments, the contact areas
of the component may protrude through the adhesive layer during gluing, to come into

contact with the conductor layer 3.

The adhesive used in the embodiments is, for example, a thermally cured epoxy. The
adhesive is selected in such a way that the adhesive used will have sufficient adhesion

to the circuit-board blank and the component. One preferable property of the adhesive is
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can be spread on the surface of the conductor pattern 3, the support layer
1, and/or the component in a liquid form, or in a form that otherwise
conforms to the surface shapes, for example, in the form of a film. A
weeHadptdperty of the adhesive is that, after spreading, the? @HHESRA00208
hardens, or can be hardened at least %rtly, in such a way that 15 the
adhesive is able to hold the component’in place (relative to the conductor
patter at least until the component is attached to the strycture in.som
g, R Sbg B E BTG (1 nde S0 P SIRIE. R e
algitityite lvald ontaltiie soofageatbeiirgng|ted thEh@db mpgluing réfers tmrrounding
attachi omponent and-the_conductor, layer 3 or 20 r i
R S e P SR U ST pRIERON B s
iherdesa disewrrefeiie scomp e nteantrith at consiu G HIaY B8 dne/Biethdhesive

suRRRILIRYE! 4 RAd b*aﬁig%‘%@%{g isiplacedyin 3 SUHRRIS RASIHRNERIBING  in

to the conductor pattern 3, in which the adhesive is in contact with the
dRRpoREhEH I RS R B AT Fume Anaradhspdiel dpaicringfameven
Igasguam;tm ftﬁs tﬁ]ﬁ %ﬂ@@f hetmg%ﬁa@l cwmpqa@fltlﬂa@llem es%@séi.er)pﬁ% beedical
ank. After this, the aghesive, is allowed to harden (at least partly), or the |
ST o, ARG o TSR 13, 6 (AP Honfy i, el
attadhad-ngththe iaidiafithenaehekive to the circuit-board blank. In some
embodiments, the contact areas of the component may protrude through

the-acthigsiver agerethl i nghgidiNgai b EOME dRiemteNniachwithihie sendueter as a
layer 3. 3g,The adhesive used igﬁeﬁembodimenttsb!s, fort?x%mdole, &1 be. f

tREPRRAy i PESR T e hndsivE e SRR Ser WY ti4cHse oo for
adhegive ansktEWl, e, sufiicentadivegioneto e croyitdroaidiblamkaendg can

e R e T .

WSO dorthatthe thelmalaipansin of the semesiraiwilicrbraifalso be a

tagharerisfrpmitbathermaiexpansionof she susrayndinghamatesabduninge of
the process. The adhesive selected should also preferably have short

HEF ARG S prefOrabRIBP AW S 6ntfs P io&t. RWithin TS tivfeite! the
adhesiuess shaudhassiest aidass patlysaeribabthscadhesivenyit be mblesrace

tgfrﬁ?é%ﬁrs‘?o&s? ;g?gt%laeu% Yom the surface of the component.

After the gluing of the components 6, an insulating layer 10 is made, which surrounds
the components 6 and supports the conductor patterns 3. In the example of Figure 9, the
insulating layer 10 is formed by placing an insulating-material sheet 8, in which
openings are made at the locations of the components 6, on top of the circuit-board
blapk. In addition, a continuous insulating-material sheet 9 is placed on top of the
insulating-material sheet 8. Both sheets can be simitlar, or else sheets that differ from
each other can also be used, at least one of which is pre-hardened or unhardened.
Examples of materials suitable for the insulating layer 10 are PI (polyamide), FR1, FRS,
aramid, polytetrafluorethylene, Teflon®, LCP (liquid crystal polymer), and a pre-
hardened binder layer, i.e. prepreg. The insulating layer can thus also be spread in a

fluid or liquid form.

The insulating-material sheets 8 and 9 put on top of the circuit-board blank are pressed
with the aid of heat and pressure to become a unified insulating layer 10. Figure 10

shows a cross section of the circuit-board blank after this intermediate stage. In the
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place. The final hardening can take clearly more time and the final
hardening can even be planned to take place in connection with later
process stages. The electrical conductivity of the adhesive is preferably of

wiheetsamézorder as the electrical conductivity of the insulatifty &Rl s

The component 6 being attached can Pf for example, an integrated
circuit, such as a memory chip, a processor, or an ASIC. The component

being attached. also be, for exam Lﬁ. an MEM I;Eg, or a passive
R AL Rl AP i B 6880 P g = ols
and cenigomphisecontact bymps:initsicontaetiargassonpehwithouit-board blank

EP%% %st@emsgéﬁ@?%% t?&ﬁ&&%%a%{%gﬁﬁe ?%?{%}p%e%é‘ LGl of the

6} SO e 15 conductor sur acing t IS thinner than the contact umps.
Triydatiag i rlSufeceBpoth&Eohiactiabedsor The cdmp et edwdsigwn by

thelaveh of e ouigkiauiiang oL NG FAUMBRNERLRNINE BAAMO erformed, for
recesses in the surface of the component, or on the surface of

SRR PROREAR AR Eurface of the component. After the gluing
of the components 6, an insulating layer 10 is made, which surrounds 20

tHeABoTBEAERIS 6 IR NG ST PR FEPRREt caTRIUCEr shttePndustannpitcaahseof the

QhERIOHRSiath o Bshialinaclpire, M dsdiermesbVAIACING 8noved by etching, the
insulating-material sheet 8, in which openings are made at the locations

P S BN 616N 1 U R PRI Ho R ¥laMIERT adfio, 1de can be
contifuautinsuletingemateiial shiegiOisplastskonien ehtbiewill not dissclve in

insulating-material sheet S. Both sheets can be similar, or else sheets that
R e 2B TLan A BE R b L8, B DD L WA I et e
prexhatde pettcos uhhaddenedppBxdayptel df thateriats Seitbienfomiliestop at the

iﬂﬁ%@@%ﬂ@}’g\e}%ﬂrﬁl& LiRQbvagp iﬂg)colgﬁaéfoﬁ %ﬁtm@lmgn be defined precisely.

polytetrafluorethylene, Teflon, LCP (liquid crystal polymer), and a pre-

[Pafdleffe dPBTHBRH IS &3V HeS Py OB rBg ST T IRBHy fayeremrthssndss®e. The
shigatdne 1Hvid anliquish iR 3Qahadnsuiatiegrmaiariaksiiagts:88pd Qyer 1

ui on ’i@j of the cirrcuit-%(%ard blank are pressed, with the aid of heat and

DR A RS 2GR HE eh T. FTBOERD S trie BuE the
seption bivthelcifoudxhaald, hisnkiadtar thisdniermediatel stagg ndba VWQs aiso
%%9%}&3 t4021]ﬂ££ %1-[3/51 ezr%oeg/igt%qgs(f)e% if]f ]éemection with the growing of the conductor
patterns 3, in such a way that first of all the material of the intermediate layer is grown
on top of the support layer 1 and the actual conductor patterns 3 are grown on top of the
material of the intermediate layer. In such an embodiment, the intermediate layer is thus
manufactured only at the locations of the conductor patierns, thus saving material of the

intermediate layer.

Next, vias are made in the circuit-board blank, with the aid of which electrical contacts
can be formed between the contact arcas 7 of the components 6 and the conductor
patterns 3. For the manufacture of the vias, the contact openings 4 are cleaned of
adhesive and other material that may have been pushed into them. In connection with
the cleaning of the contact openings 4, it is possible fo also clean the contact areas 7 of
the components 6, in which case the conditions for the creation of a high-quality
electrical contact will improve further. The cleaning can be performed, for example,
using a plasma technigue, chemically, or with the aid of a laser. Figure 12 shows the

contact openings 4 and contact areas 7 of the circuit-board blank after cleaning. If the
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insulating-material sheets, for example, on the upper surface of sheet 9,
there can also be a ready conductor-pattern layer, in which case after
pressing the circuit-board blank will comprise at least two

weatdeletaripattern layers. After the manufacture of the insuR&IRgIFA)ePPeIs
the support layer | can be removed, when the structure shown by 5 Figure
11 will be obtained. The removal of the Support layer | can be performed,

for example, by etching or mechanically. In an embodiment, in which the |
R B e B e SR o pa s e Lt BT con
example beopptedand the support layer | is removed by etching, the

boundary surface of the conductor patterns 3 on the support-layer 1 side

CaficbeldMinanh wadio ned sidty eoplecisdly, siasyitdhle nigimediafelayemponent
hich will not dissolve in the etching agent used, or dissolves in it qnl

i cOtlac B 1 o & et e comnonint W Subtar Hibugh the

supperokgrend. nwhett cavesdifontiidisoiiostopthe teadimtermatiiotelayerrse,

Rohe siiRee.of ’E@‘?n%‘&@%‘ﬁi%f&ﬁ&f DggdCa e defined precisely.

Such an. intermediate layer can be made, for example, from some second

metal..The 15 intermediate.layer an% ade, for.example, .on the.entire. .
C og that
S G %‘[1%8%%%% Tayer | lé%e?g‘?éet ?e""?%ﬁr?ﬁ g%%b?é’eé?}?ﬁ%d&&% Sy tha
patEensicrhnoiiesh dv et aife behecrantioy aboiptmens Gppol thayeanduder: pattern 3.

PRMPIELERASMIcAlY HSING SAMBREeaRsh&IChHio A9eRk. It #ﬁﬁng’gﬁéi@&tm

to made the intermediate layer in connection with the growing of t

Wﬁﬁiﬁ‘éﬁoW%S‘ét?@rﬁéﬁ%t,fi?ﬁgﬁ&P%V%E%#ﬁst%ﬂ%?ﬁﬁté?ﬁi%ﬁﬁéﬂ also be
iﬁi@éﬁﬁ@d@é&' layiak isdaieven 22 Ghatep Qf)?bl@§lﬂﬂ$m&ﬁ|a&’%&#aﬁﬂ tthe@eiuaboard
conducto tterns 3 are grown on top of the material of the intermediate,
T e SH b ORI, SRt eI er & (RIPLS. by torming o
matdiiagivae denlycabthdjogatieins ohthewehductonpatigrndethisslsavingy an
| the intermediate layer,Next, vi e made in.the circyit- :
S R R0 R € R € St

tivetbontiet epabnl? BetisecvonspbintscBaantr tHectoxbiemier! prthaghsig addition

Rordhe-mapuaciure of the MalsthecomiactPRRRING: BIRFleaNgiOfwhich is
adhesive and other material that may have been pushed into them. In

AIRAEEEET RS Bfdhh iRpbIRYE contact openings 4, it is possible to
also clean the contact areas 7 of the components 6, in which case the
dsribrisHs e thelRpastich fofégmeh_aﬁaqwtact openings 4, the contact areas 7, the

conductor patterns 3, and the bare surface remaining between the conductor patterns 3
of the insulating layer 10 are first of all surfaced with a thin conductor laver and then
the thickness of the conductor layer is increased electrolytically until the contact
openings 4 have been filled with conducter material. Figure 13 shows the structure after
the growing. After this, the circuit-board blank is etched to remove the excess conductor

material. Fipure 14 shows the circuit-board structure after etching.

Figures 15 - 23 show a second example of the manufacture of a circuif-board structure.
Figure 15 shows a circuit board, which comprises a support layer 11 and a conducior
layer 12. In this embodiment, the support layer 11 is of an electrically insulating
material. The support layer 11 can be, for example, an FR4 sheet, or contain some other
material referred to above in conmection with the insulating layer 10. Other suitable
material can, of course, also be used in the suppoit layer 11. The conductor fayer 12 is

usually of copper.
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30 electrical contact will improve further. The cleaning can be performed,
for example, using a plasma technique, chemically, or with the aid of a
laser. Figure 12 shows the contact openings 4 and contact areas 7 of the

WEIit36H blank after cleaning. If the WO 2006/134217 PCT/FLR2006/006208

PCT/F12006/000208 12 contact openjggs 4 and the contact areas are
already sufficiently clean, the cleaning can naturally be omitted. After

eagiiacisaosshis nsherl e sussess sLls algnmen oG o 1y

component 6 & cOntaCt areas 7 of a correc COmpor
abpheng. thhoughicsec Habo sitzist Bpbaing slighen ielled froratherdiragiolt are

QhiRe GONMGIY RRlIGHL: %5&8‘&55?3 aﬁl?u@é‘?ﬁﬂﬁtﬁt'g{s/&aﬂ bg MRS Mons of the

many other stages too. After this, conductor material' is introduced to the
AR BRI G20 A TS AL (kg R A2 SRe 1 ch i Cantash aRspia Ty bt made in

hetwees e GRMROARIES %@ﬁt@ qondustRr RAYeEN BeulheCaRAMCIRl circuis-

mat lc ﬂﬁe manuf tured r example, by flllrn the contact 10
r%@g/ 5ﬁ“8l§]8t? (‘? cﬁ%%ﬁ%t%égi%mﬂ% dnductor material can

also be manufactured using some of the many growrn method known in

thEEEGiErsRRrIHaGEHe FBReammpetlidheditabtd TnTase mage circuit-
f@é:%amt@txbm@rmmh saayrl}f@t@%ﬂrﬁ@ o ﬁtl@&ﬁucﬁr@mﬂ' ehthe adhesive 5.
nauct terial c emica ) ele met

B A a5 T T P et e o B A s, e
contirmerthd §rowiigedsingiachedpenatestipchemicatymeitod 6| wadditionesult
t eth | cour e to use.some th r meth

SO B B LR TE DORT R R RIS e 3 ap 19 are
srétﬁélseéftﬂgh@efglttﬁém&a@ta@b@mTrl‘rgsmthéa@ormazm&r%@smaml sheets 8 and

@@Q%E%ﬁtﬁ{iﬁé”% e 1N DAr e AUTIACLEMAINIDARSIWERD H%:e insulating-

conductor patterns 3 20 of the insulating layer 10 are first of all surfaced

ittesEh ithetndicio sy etlanRPiie iR S RHTERFEIEE oftiEe. cOfECHSY IS Pratact

rﬂmﬁ@sd@lmtrﬂiytmuaw Ritlather cantacipepanings Adavenbecridilewithows
nductor mat f?éf agﬁure 13, shows the structure after the growing. After
t < Cﬂ?&% 5 RIEAE 1?8 r&fifSve the excess conductor

material. Figure 14 shows the crrcurt board structure after etchin

‘Next, electrical contacts are created to the components 16. This 00 can%e made in the

manner described above, for example, by filling the contact openings with a conductive
paste. This will achieve the advantage of a short and simple manufacturing process. In
this example, the conductive material is, however grown by making a thin surfacing and
increasing the thickness of the conductive material by electrolytic growing, in such a
way that the contact openings 14 are filled. At the same time, a third conducter laver 20
is grown on the circuit-board blank, and also comes into electrical contact with the

components 16. Figure 22 shows the circuit-board blank after this intermediate stage.

Next, the conductor layers 17 and 20 can be patterned, for example, by etching, thus
making conductor patterns in the conductor layers 17 and 20. Figure 23 shows the
circuit board after the patterning. As can be seen from Figure 23, with the aid of this
manufacturing method the contact areas of the components 16 can be optionally
connected to either the conductor-pattern layer 13 or the conductor-pattern layer 20.
Contact can also be simultaneously created to both conductor-patiern layers 13 and 20.
This property provides an opportenity for the flexible planning of the contacts of the

components 16, and for the efficient use of space in the circuit-board structure.
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- 25 Figures 15 - 23 show a second example of the manufacture of a
circuit-board structure. Figure 15 shows a circuit board, which comprises

a support layer 11-and a conductor layer 12. In this embodiment, the

Weuppoiesayer 11 is of an electrically insulating material. Th@SuFpfoleaas

11 can be, for example, an FR4 sheet, or contain some other material
referred to above in connection with the insulating layer 10. Other suitable

| I can, of cours 0.be used. in t rt laye T
s
METER2006/000R381ES Thgnsontiumon agdrase bhoqpdttkemadinotignme 24, which

CORAHGIAr DRSNSt niOf- SR PY o S tHRIRG: TSI %W%ﬁ@h?s slagdSctor

shown in Figure 16. Next contact openings 14 are made thro

dBvrddctarpatitiniceantrtie aropdietayisr a2 hrthe q@wm@@feﬂs @2 and 23

centasiancas ehibe CoRBRRentI1h te:-beatiaabed.dha coataat QPANNGSer 10
g re made in5 th%%gr%je Wal}(a?s the contact openings 4 described

S FHGME FSHBGH e S CBER Bk SR eintHieR rdrgplating

tinetedgitact openings 14. After the manufacture of the contact openings
14, adhesive 15 is spread on the circuit- board blank in the same way as

desciiad-aRays:ty soaRectaReihdherEnesie onduigure:l@showsihes. Ar
é{?cun board hlank,with th§ adhesive 15. After. this, the 10 components 1

& YIS AT pihte OtRE BRI O R HATHES COnIRA TR S RGIHBR Hhibssgafuctor
|§athelstﬁ1§cture Ehofwn mﬁxguw@@adﬂﬁeﬁdhm |ibsumaglrmatemal shiegige and

InS go}xgxgéaﬁze%;s' h%dt Qoel"scircﬂwl %%Eucp lank Qﬁtl mg W %ozme ion to

ating-m heets 8 and is examy e a conductor layer 1
|§1@m@ﬁh@qéﬁqﬁtm§@amb$&h@hﬁ§mmuwgamt@wmﬁ@@tmga®guré4 and

20 shoysiihig intermsdinie Siage ol s IR ConactFeRenRgs 14

and the contact areas of the components 16 are cleaned. Figure 21 shows

ReG o Saae b aniateL s Aie MER e ARAReL O SIealRne materl

contacts are created to the components is too can be made inthe

AHpin &Y ddserivell symateridx lyipte 2By ANty tieaeotase6 pdeiingsmits. by
dRAREHSYYE nRARISdTRIS M Achieyr the-advariage KA SO B RIMPIR ard

n]anufa,cturin process. In 20 this example, the conductive material is,

VOO ANBY TR AR R AP Pl glasils stage.

Next, suitably sized and shaped recesses 28 are made in the circuit-board blank for the
components 26 to be embedded in the structure. The recesses 28 can be made
appropriately, for example, by using some known method used in circuit-board
manufacture. The recesses 28 can be made, for example, using the CO,-laser-ablation
method, chemically by etching, or mechanically by milling. Thus, it is possible to also
make recesses 28 from the directions of both surfaces, in embodiments in which it is
wished to place some of the components 26 facing the conductor pattern 24 and some of
them facing the conductor pattern 23. In the example, the recesses 28 are made in such a
way that they penetrate the second insulating-material laver 27 and most of the
insulating-material layer 21, but do not extend, however, quite as far as the conductor
pattern 25, This can be implemented, for example, by using in the manufacture of the
recess 28 a method that permits precise depth control. A second alternative is to
manufacture the insulating-material layer 21 in layers, in such a way that the part to be
removed and the part to be retained differ suitably in their properties. Thus, the recess

28 can be made to a suitable depth thanks to this difference, for example, in such a way
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increasing the thickness of the conductive material by electrolytic growing,
in such a way that the contact openings 14 are filled. At the same time, a
third conductor layer 20- is grown on the circuit-board blank, and also

weowies intd7electrical contact with the components 16. FiguP&- P22y 208

the circuit-board blank after this intem{?diate stage. 25 Next, the
conductor layers 17 and 20 can be patterned, for example, by etching,

Besamaling conductar paerna in e eopduciar lavers 17,8020, Pl e
sﬁlows " Circum board atter the pa%térnlng. s'can be een from

Rigite 28:c05i kB thiorai diwi fhishmbeiufdatiygrnietiteth o cbn iastialisgroferial
tg%gg‘_@]ponents 16 can be optionally connected to either the
conductor-pattern layer 13 or the conductor-pattern layer 20. 30 Contact

n alsp he simultaneously created to both conductor-pattern layers
o SERELSIMIA U MAIEAIE O QoD GONROLRRNEN B 13 gnd o
treidortanisdhithae comporiems steiaan dfohehecaflisientnaserof Tha¥etinnother

txé}gsgﬂi I0Qa e SEUGHIE M Q290 g@@;@ﬁﬁ)&cﬁ&% %&%%@%Oﬁaﬂ'\ffaﬁme a

ures 24 - 32 show a third example of the manufacture of a circuit-board
SHDdRTPALIRS TRTSTeRAnpIe0 Yera T AORICCE RHETCES FbMctheta el pRareress.

shown in Figure 24, which comprises an insulating-material layer 21, on

Nextirsouiseacesninwhith 4 arshducior dager-oashblatls Sectasations of the
Uiface AOUIUEIORAYSNER: The CABUHAIONIANRISRRRANCALCD Bbnings 29 s

typically of copper. The material of the insulating-material layer 21 is, as in
ByEP s ddr the Wi HelbetipbthantiactoPaRamfdermREcorhd igue 28
oHaes shéfaipiinsalatipgniaterials Thereeatuctoidayers 22 and 23 are
patterned to create conductor patterns 24 and 25. At the same time, it is

alsQAssibie L manacius: AR BELAIRIOTORENIRGIN e GRBEAIEIOM Sircuir-

pattern 24 or 25 for each component 26 to be placed in the structure and

OorESPEMuiRdRF daBRI BHAUARITIESH hETBRARIoY M A%AE b FdRure 29

eosRestion dhsicartastateasiofihadempopenie: e othebamasmmi2e is
dlfg{gﬂgrhpgtterns 24 and 25 can bgf}de ign accolrdin to the other

the con

SR T R B R LN R U STl Rs L Show
cirduebo3dd hftenkidre tharfecesewith amihsuliditdgymiatefidier15deyel 27, it it is
ThasylaiagmatanaLiaysis.2 630 ba ey iagtura, SOhEXAMRIGK Wer the
filling of the recesses 28. After this, the contact openings 29 and the contact areas of the
components 26 are cleaned and electrical contacts are formed to the components 26.
This too can be performed in the manner of the previous examples, by filling the contact

openings with a conductive paste, or by growing conductive material electrolytically or

chemically. Figure 32 shows the circuit board after the creation of the contacts.

Figure 33 - 42 shows a fourth exampie of the manufacture of a circuit-board structure.
In this example, the manufacture of electrical contacts between the conductor-pattein
layers is described, so that in the method of the example semiconductor chips are not
placed inside the circuit-board structure. Using such a method it is thus possible o
manufacture, for example, a circuit board, to the surface of which separate components,
such as semiconductor chips are attached. A corresponding method can, of course, also
be used for the manufacture of circuit-board structures containing semiconductor chips,
or semiconductor chips can be located in some second insulating layer, which is

commected to the circuit-board structure described in the examples.
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laminating pre-hardened insulating-material sheets onto the surfaces of
the circuit-board blank. Figure 26 shows the circuit-board blank after this
stage. Next, suitably sized and shaped recesses 28 are made in the

WEIRS#36H blank for the components 26 to be embeddedfif%g2006/000208

structure. The recesses 28 can be magg 20 appropriately, for example,
by using some known method used in circuit-board manufacture. The

recesses 28.can b ,.for.e le, usi C - i oure
S AP LS Jae SOt i

owsbibite torfes phakeiehcussaed ety elirdBlionwishibpthbetafemsis lpyers,

%J&BPQHE%B@%L}%W iigsovished 19 placesapreshthsseMpane @Egdg%@ of the
uctor

facing the conductor pattern 24 and some of 25 them facing the con

pREEAA S5CHPIRANeSIRFAROME R Eimes band e ohdid it Starpleway it gtamner
they peRetaie thecsesoRaiNsiating maternblayesid7iangd mostiofdhgised and
insulating- ateriak_l:;:%v1 r 21, but d%xnot extend, ?ﬁgvever, quite as far as

tHE EEREUCSF TFattehh 5 Y Ca DE M pisEntd, for example, by using

in the manufacture of the recess 28 a method that permits precise depth

cdfitiothis SERBIERAPALERE o SOTRIHN FARRGFe & ATEU IR RGHE aRY ™ e
layetirds ivpaysers: mspeharaay e theipadstodecigondved aadithe patribed
to be retained differ suitably. in their groperties. Thus, the recess. 28 can .
BB B b SRALA St AR SR MrEREC R BT gy ine
afvhy WEIRORE/13421kY. RCHF 1R046/000208stHehat treumamufactbririgure 4,
e the. r i Ive. i is.di d. .
I ST e R s LR A i e
ineudatings frate el drayied patiOwsvereibeipbaigiligdigidimake the recess
as far as the conductor pattern 25 and to 5 continue manufacture on the
bafershef acerdhttecohtectonpatier p@Em¥ sandthersipossibilibpisas removed.

G408 RGESHATIALAS IR GARILGHY Boii%t}%{ﬂogé %P%Ql@ﬁ%‘ﬂ‘%%&rfz@z. In the

thifi insulating layer, which covers the conductor pattern 25, on the bottom
orhediErassdened danthist 6pERRiGs 20'are AARE th¥'cituidpdsnel 1o the
hiapkatthpdrcatinnsaidneocontest areanehihecompraenisdBiothttern 103
manufacture of the contact openings 29 is 10 pe é%r : ed(i%p thevsadrrjemvg;%/Oﬂt ot
AU S BB UGS F AL B BB FiBLA SR vorcs e conta
openings 104 and the conductor pattern 103 are made simultaneously. Thus the contact
openings 104 will always be aligned corvectly relative to the conductor pattern 103, The
position of the contact openings 104 relative to the conductor patterns is thus defined in
a self-aligning manner. A corresponding self-aligning manner can also be used in the
manufacturing methods depicted in the example described above. On the other hand, in
the example of Figures 33 - 42 too the methods of manufacturing contact openings
described above, in which the contact openings are made in a separate method stage,
could also be used. The contact-opening alignment and manufacturing method to be
used can thus be selected freely, according to the application. The examples of 33 — 42
show that the contact openings 104 are made for electrical contacts between the
conductor-pattern {avers and in the previous examples for contacts between a
conductor-pattern layer and the components. The previously exampies could, however,
quite as well be modified, in such a way that with their aid contacts are made between

the conductor-pattern tayers, while correspondingly the examples of Figures 33 - 42 can
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shows the circuit-board blank after this intermediate stage. After the
manufacture of the contact openings 29, adhesive 30 is spread on the
circuit- board blank in the same way as described in connection with the
waHesilEB7 Figure 29 presents the circuit-board blank with Ehé/Bi3hé<pe20s
30. After this, the component 26 is 15 glued in place in the same way as
component 6, when the result is the structure shown in Figure 30. After

this, the recesses.28 can he filled wit filler materjal 31, if it is wished to
R T L U R R e ek potern
filiyry ofdhevegessas 28. After this, the contact openings 29 and the

contact areas of the components 26 are cleaned and electrical contacts

arexforméckit:tihe Compdtenis 26oRidbiddne can Hepedornedis e on top
mapner of.the previous les, by filling the contact nings with a

RIS SRS AT Elwing CoRGtCINS G lecbolgtRaty By e laver
chdprifealiyiRigufal B2 ishigwkoid tirokitadchodvafte Fipeciéatliben ohthdacture and

Qﬁ{%@gtﬁfe@ﬂ%%igﬁénﬁgaé&%’\%}@é&ﬂf@cﬁ ﬁ@@ﬁe?%@ﬁl 'E‘tﬁ%fﬁ%‘d{ﬁlf%fu%n with

circuit-board structure. In this example, the manufacture of electrica

CoRtasts vethvbenther condistsiapiate o ippuaans baserhbedihsounaethlaver
theiragkhnd-ahiheexamplasemicRadusienching aigonol Riaeed insiderte . 39

circuit-board structure. Using such a method it is thus possible to

UFACTRS; SR AR S F RIFRAT ARG & i et PR B RiNA%Se parate
components, such as semiconductor chips are attached. A corresponding
MiEtholEaHE SRR BeAEe e e b utreithdrurit afrebekipduitisabeentacts

Sl Cle cRsa EAMNNBIRNG SenisaRdustpnehins (30-.08 SRMisQAAUGIoNeRIRS CaRY the
be Io%ated in..some second insulating layer, which is connected to the
diretiits

to th
ISBRFPEIRTCH B8 R IR S D S SRR (eI 8 Jacptions of the
RGFEL 20664030208 ﬂiﬁe_hmittg’s c@mahqolﬁenfnamaﬁaciwe:t&ﬁiﬁﬁ,e@s&@gﬂaa plasma
SUARRLICYE ARRAPCRI NG 16,1006 1,00 DRIR RTAOER DL WUORAIE hoara
spread resist layer 102, typically photo-resis Iaygrs, according to Figure

Plaihdys daygedoliiermdtrocdeorrdspordiesatinstighs oithet epetingd 104.

described in connection with Figures 1 and 2 of the first example. In the
nMdiendrs destribed imieonhactitnduittl Figiirec8n e plvoiozesidt day el G2s, in

'SuRHRORE AAC.AENRIARE Lol NG RSHIIR NG RYEHIE SRR IR 55 ana
the conductor layer 107. The conductive material can be made, for example, by filling
the contact openings with an electrically conductive paste. The conductive material can
also be made using one of the many growing methods known in the circuit-board
industry. High-quality electrical contacts can be made, for example, by forming a
metatturgical conmection by growing the conductive material by a chemical or
electrochemical method. One good alternative is the growing of a thin layer using a
chemical method and continuing the growing using cheaper electrochemical method. In
addition to these methods, it is, of course, possible to use some other method that is

advantageous in terms of the end result.

In the example of the series of figures, the bare surface remaining between the contact
openings 104, the via holes, the conductor patterns 103, and the conductor patterns 103
of the insulating layer 110 is first of all surfaced with a thin conductor layer and then the
thickness of the conductor layer is increased electrolytically until the contact openings

104 and the via holes are filled with conductive material. Figure 41 shows the structure
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After this, conductive material 103, typically copper, is grown
electrolytically in the openings opened in the photo-resist 102. This stage
corresponds to the stage described in connection with Figure 4. Figure 36

WEH0pE B! Circuit-board blank after the growing 10 of the coRfdl/ERHE6/000208

material. As has already been describeg in connection with Figure 4, in

this way it is possible to manufacture very precise conductor patterns, in
which the candugtors.have the desired ratio betw their._hej
A TR A T O 8 Bty b TR SR har e
layerst @R mngsé fHosechriFigandyI Nishowsh thendireine boded dblddile pereibLity is
e fsmoushol e Saistivisia 102 Wailie: % embodipentdepiaetitve e
this'example, contact openings 104 are designed in the exposure mask of

R iErieRtced tsareatrch o nieethHiiak npismemboeriet SPRREENS Tt
already contain the finished contact openings 104. In other words, the
cointachiopenicigs:ikddan dtive dormtustdiip attapvel 8 eie qerbistive material. In
%J&‘&ﬂk@}%ﬁ%’%%&%% IRSLRRE QREDINGS LA ANRXRPS ARSI 7, using

correctly relative to the conductor pattern 103. The 20 position of the
GOMASTHHERITYSTIOE FRrAtRE Te TGO AEBAYSIR IALRE dEfifapytR made
356N MR NEIiA, GaresReBdingwelfialianing MatienearaisedbBigure
used in the manufacturing methods, depicted in the example, de criBe it
AT B AT THES € e BIFERGTes 35 4D o iRged e
reethpsisuefmanuiaeitingceotaki-apeningss déScrldet! abavisntnswitiachs of the

the contact openi are made in a separat thod. s 2 .
o A B D T AR e
used can thus be selected freely, accordi o the application. The _.
RARPIET B 0T 45° T %Cﬂ@i%%ﬁ?ﬁ%ﬁ%ﬁﬂhﬁ%%% SRR Figures 33 -
electiicahdartactsybetitden thechehducior-pafterndayerscanditpohel blank (see
evious.examples for contacts befw or-pattem laver anek 1 m
fé ¢ %%err? gingen?}@? ﬁrgaﬁ?e%icﬁgﬁllpgégﬁ%ﬁgg %%%Qfglgﬁ{o%%ver, %% quite as ©
weetidyetarquifiens imsuoria walerrarivin théis e sAtastinsr & mingelating layer

befverD g LANANEHOL RABRINLIANGES. WhilR CORBRRATHRGY 1DS, in which case
examples of Figures 33 - 42 can WO 2006/134217 PCT/F12006/00020

ThpEHh GaRRe TSt ROEN AT (PR CBRRIERE Brd T HEY IOSRERIP 561-’%“ the
candueter-patierny layer angaRemponentn one embodiment, the conductor layer

107 is replaced with a structure corresponding to the structure formed by the support

layer 101 and the conductor pattern 103 (compare Fig. 37). The structures can then, for
example, be laminated against each other, in such a way that the conducior patterns 103
lie against the insulating layer 110, The conductor layer 107 or the insulating layer
replacing it can even been entirely omitted, if the conductor pattern to be attached to the

circuit-board blank is itself sufficient sturdy.

The methods according to the fourth example shown by Figures 33 - 42 described above
can also be modified in such a way that contact openings 104 are made fo be through
holes, which extend through the entire circuit-board blank. In the example of Figure 40
this means that the contact openings 104 also penetrate the conductor layer 107. Such an

embodiment is well suited for use in connection with a surfacing method.

The methods according to the example shown in Figures 33 - 42 can aiso be modified in

such a way that a component, for example, a thin microcirenit, is placed inside the
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Next, an insulating layer 110 and a conductor layer 107 on top of it can be
made on top of the conductor patterns 103. This can be done, for
example, by laminating the layers 5 onto the surface of the circuit-board

wplagie/@428hown in Figure 38. The manufacture and alternafi¢@/{agxee020s

manufacture are described in greater qgtall above in connection with
Figures 9 and 10. After the manufacturé of the insulating layer 110, the

ort layer 1 be removed in n rde cribed in connectio
\/\Ptt‘:%ﬁlé}mlﬁ’g AT igure %50[1}?8\%6511%10(%?5 égc%br% 0 tﬁle C|rrc%|t b(f)ar{rh On%cmr
ajwmtmmténmdm@sbaghc fipNbit vtimar& matte jreshibleirepibealres in the

%@% ig; thihepid ofwaichelg ﬁ%kﬁ?@@é&& ﬁ:!‘é rﬁ@{ﬁg &%M@&@ pattern

uctor patterns 103 and the conductor For th
rﬁ%@fa{bﬂﬁ@%ﬁﬁ‘m@\flﬁ? eHBLaRs M aaingf ﬁ’é‘ét@‘i’FﬂP%@i%rﬁW@ﬁ“ﬁ% gpreductive

lacationsipfihe, LoMact APeMRgs1 04 heaningreanPeperomad «far then be
example using a plasma technique, chemically, or with the aid of a Iaser

FIBRHE!R 0 ARARE AT i AREB 0 BRd SPEBI RS HeP IRV RR OIS SRRSO ERY b

apenee a&éﬁ@kﬁcﬁﬁ@f&ﬁﬁﬁ&eﬁ@mmﬂeﬂlr@ﬂ 10 M&I’ctiml&g:ts between the
conductive r{%atel IS duced tot eco tacg n| ]%01 and trl%
\ﬁgg e g eamway ﬁ%lat a%cé)lmgf}r?gg c%cﬁ%acfn ormed be jfﬁr
conductor patterns 103 and  the conductor layer 107. The conduct
WgtRedver

APV BRAMRES, RS iBR BRIy i ABs Ep hings
electicaly deritivictivedifisteInliheseendplie inlaternisbbar 2tialsdabenrough the

mAdk s cne.ol e men diouing meliods Known e el bead,
industr 3 qualltye Ctrical conta e made, or exam
fbmhgiacm@mliaﬁgadaltgmmgmbytgrowmg the conductive material by

a chemical or electrochemical method. One good alternative is the

drowingtbbds thiodalies using: sexchephicalemeatiddandecomtinutngethes variations
o en§ “5'£L90%“eda§1cEe%'%Ct[QChETﬂC%smet d-a0 a8 %&' eaﬁﬁ%%her The
h tis, 0 rse, p ssiblé to-use some other met odt a IS
advatirgedas inlaerios iofiriduehdiesait. siagtie example otitbel sefeeet of the
ggge§sg Egare surface remaining between the contact openings 104,
e via holes, the conductor patterns 103, and the conductor patterns 103

o405 FHAIDGARIEL IR TSt Al TP SODBLBTYSIe i

en t ickness 0 e conduct ayer iIs |ncre

diectrsticaydntitisB Confa GdeBEings ﬂ1604flam>%ﬁécxnaﬂﬁs|é§ &he ffieayion of
vith-epaductivermaterighsEigurest L.ehows (e shueIMBe thermal vias, which are

intended to make more efficient the conducting of heat away from the components 6,
16, or 26. The increase in the thermal conductivity is based on the fact that the thermal
conductivity of a therma! via is greater than that on the swrounding insulating material,
Because electrical conductors are typically also good thermal conductars, the thermal
vias can usually be made using the same technigue and even in the same process stage

as the electrical contacts to the components 6, 16, and 26.

An electrical contact and a thermal contact (thermal via) usually differ in that the
theymal contact does not form an electrical contact with the component 6, 16, or 26. For
exampie, the thermal contact can come into contact with the component at a point at
which the surface of the component is protected by an insulating protector layer. A gap,
which can be, for exampie, 1 - 15 micrometres, can also be left between the surface of

the thermal contact and that of the component. Thermal conductivity can be further
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WO 2006/134217 PCT/F12006/000208 18 after the growing. The vias
can, of course, also be manufactured in such a way that the contact
openings 104 are only partly filled with conductive material. One possibility

W8 AWgrddieonductive material on the side walls of the cont&€tIoEaHiF 208

104 and leave the central part of the contact openings 104 at least mainly
free of conductive material. 5 After this,3fie circuit-board blank is etched to
remove excess conductive material. In addition, the conductor layer 107

is PHHSRR At O edthiersrb AHERY PRADESIRE s Ghie GREpranent, which are
patterdinpneihact: The patiering o theponeictor dayehdd heaRbal bumps of

made prior to the thinning etching, simultaneously with it, or after the, .
iR O B g e 2 GhGTS eSSBS fterithép fnished
prooessrstages. iffeenfinishéc ciouic & idoasdhstthet e i sheampiisbsontact and
C%ﬁ%ﬁ&%[@&ﬁ?é{@' 0 %1 7 on both surfaces of the insulating layer.

110, which are conlrill.iecé:étne%ég F&%H@?ﬂ?%’gf%é% %at%ﬁe?t\kflvfffhn%h%llé]l‘gdogfg\lﬁgsfmfﬁal and
oréxERatiBnBleRR e msePaIEsrding to the fourth example shown by

Figures 33 - 42, a conductor layer 107 is attached to the surface of the
cifeenthabsy thb laumki{se erdsicrant @8Y, apethadinfadensiofittickheandudteror thermal
PRUSNSNAL AGATBBER AR 1P EONAMCIRNPRURISBIP MPYS v
on the sarface t afgligs pressleﬂ ag%?]gtt e |ngg%%#%ll%@é?mﬁ%ﬁﬁimg% taking

coneRistb PRt dratI S Bisgheenes scodinsoso mil arqenstern e OBy frishiference
Casgn e Vidsan Hmadesharebnlsleh %@%Q%@@Pf&f&f?ﬂ%sﬁ locate the
|

possible to replace the conductor layer 107 with an insulating layer. In
orRSBRbSHIFTE IS #ISEBR LS FRERIN RS 7R PP RAREE A S iRt tre
corresponding to the structure formed by the support 20 layer 101 and the

cIRdQE® FPRAHREIOR folipad Mgl cahalytrortisrdseipthelsciogal contacts
exampie badseminated-against 8 QMG LI %W&}ﬁgjﬁﬂéﬂ%an be naturally

condiJc or p?tterns 103 _lie against the insulating layer 110. The conductor

|a§R FO 7O R HEG Y Ty e sfe Miachg R SRR Ph B rearmt 1s made to
ofnitted, ¢bthaleahtugiengattesstechenattagheflatoribiendireu thbeasaralanktact is
is itself sufficient sturdy..25 The,methods accordin the fourth exampl .
R R g e e e e
wictiatderitacropeningstiosbreonacsitodethrodghathgies, which
extend through the entire circuit-board blank. In the example of Figure 40

On the basis of the above, it is obvious that, with the aid of the methods described

above, it is possibie to make electrical contacts to both of the main surfaces of the

component, 1., to the primary contact surface and to the rear surface oppesite to it.

It is also preferable to make in the circuit-board structure conducior patterns for
conducting heat, corresponding to the electrical conductor patterns. Thermal contacts
are made on the surface of such thermal conductors, so that the thermal contacts
conduct thermal energy from the component to the thermal conductors, which conduct
thermal energy in the lateral direction of the circuit-board structure away from the
vicmity of the component. These lateral therma! conductors can further be combined
with vertical thermal conductors, with the aid of which the thermal effect can be
conducted from the innermost layers fo the outer surface of the electronic module or
other circuit-board structure. The thermal conductors extending to the surface can, in
turn, be connected to a suitable heat sink, in which case the cooling of the component

will be made even more efficient.
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this means that the contact openings 104 also penetrate the conductor
layer 107. Such an embodiment is well suited for use in connection with a
surfacing method. 30 The methods according to the example shown in

WEigie5 837 42 can also be modified in such a way that a CSMFBHEALEHS

example, a thin microcircuit, is placed j)nside the WO 2006/134217
PCTIF12006/000208 19 insulating Iaye]r 110. The component can be

attached to the surface of the conductor, aétern 103, for exgmi;l%'r bé'gthf% 4 are
fiidhenipsing theH RS WIBLIBENATe b BhEte B SRS pres™ “~
descrbedahave and manuiactisemeortiae: opehings jnthe ctedentaivity of the

pattern 103 at the locations of the contact areas.of .the co n tact
R R RGO L S T AP GO ¢ DRSBEFLEAR contac
desefhedtin Figord ekl dthwidrtaen ten pussiblgitof iherefakicines aSihg saaductor
same pracess and even at the same; i, hoth CONAGRSMEER iing, with
c%%%:udtgrﬁ 1681. téa'ﬁﬁssmﬁfrg%%gﬁéﬁérﬁgl contacts bge-%v?\?een the conductor

phtterd S8 zmeb tie-cimponent located inside the insulating layer 110.

The previous examples, in which the component is located inside the _
imspating tayes Hdeadrmalsobéusimilbriyemogified thethewbieivaries, Jpka via
possible. ¢ &%“@x‘.’l‘% 0%01%?1 hitheninsulating dayes s QuRding 198 board. In the
insu a?lng ayer using a method corresponding to that by which contact is "
nrastesto theisTmondht Ithelisensbael dbe otdifg hesucesedehiugll at the end o

desciibadalove havgnumeseus vasiatiensdvhile theaseihoas degiated above,
by the examples can also be combined with each, other ghfoilga\éaﬁ@t'ogﬁgmd

cHHsrenste SRR GRS BEREL S AL FREYAR fu tar equente of the
Prasesaysiaaes. Many deatuses, paleh Rrends affpateniifromethiseptieviows of the

examples, can also be made in_the circuit-baard structure. In addifion fQ ¢ e
tHOVEG SRAERASAtIRG iFRERTEd 5 6F electicar coontgcts,g itis possible, for
exareplesicmaiprfacturethentrat.vial, which are 20 intended to make

more efficient the conducting of heat away from the components 6, 16, or

26;5lihe increasesin#hathermalaciond uttivityis lbaved onwhisliabethetatin of the
thermal conductivity of a.thermal via is.gre ter @%W@h{’ﬁ 1hE. 43. On the basis
sﬁ?fgﬁ%ﬁﬁﬁnfﬁglﬁgﬁi}é@ ‘Fﬁ%tlg?%% © %?éeutsgé["g? ectrical conductdrs are _

typlicatyigises good! thenvizledohaubrorsy thakifapmedse 2 good electrical contact will

arise between the via 42 and the conductor 41, A good contact is created particularly in
an embodiment, in which the via is filled by growing metal with the aid of a chemical
and/or electrochemical method. There will then be a metallurgical connection between
the via 42 and the conductor 41. On the basis of Figures 44 - 46, it is obvious that such a
via manufacturing method is not sensitive to alignment errors. With the aid of such a
method, one or more conductor-patiern layers, which contain parrow and densely
located conductors 41, can be made in a multi-layer circuit board, even in connection

with conventional circuit-board processes.

The effect of the diameter of the contact opening 4, 14, 29, 104 on the alignment
tolerance is shown in greater detail in Figures 47 - 49. Figure 47 shows a conductor 43,
next to the end of which a via has been made. The via is shown in three different
positions (A, B, and C), and with two different diameters (44, 45). Via 44 has a smaller
diameter than via 45. In each position A, B, and C, the centre points of both vias 44 and
45 are located at the same point relative to the conductor 43. It will be observed from

the example of the figure that each of the vias 45A, 45B, and 45C with the larger
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vias can usually be made using the same technique and even in the same
process stage 25 as the electrical contacts to the components 6, 16, and
26. An electrical contact and a thermal contact (thermal via) usually differ

WihaHatii4éi thermal contact does not form an electrical cont&ENHtH{HE00208

component 6, 16, or 26. For example, thze thermal contact can come into
contact with the component at a point at“which the surface of the

component is protected by an insulating protector layer. A gap, 30 which
oA S e ROt Ch S A 4150 B 10K b s e smalie

sulifacetaf thetteenthat domthcoaipdad@atiof shie aonipanent. dibarmal contact with
cQ jvity,can-be further WQ.2006/134217 PCT/F1200.6/(900208 0 .

R S o SR S TR B . 25, 104 wil
compsiserivedohedhe Sensitides 06 thorduetheptongays frbrA%h}4 to an alignment

CompoRERl-d R ghabase. e thermalbumes,of W&%}H&’%%‘&%@t&?%a, inside

thermal vias of the circuit-board structure can, in the finished structure,

cOPhE N {8 AN RAPE it dBE With dachilifasuse thavmik drsirival comact The
angdraleeiitabaentast wilbearsaspanck VAN sEM P a8 BLteIMS s of

of.mechanjcal and manufacturing-technique properties, Generally, the
n?ﬁ%ﬁxgﬁ ﬁds%igc‘f‘@w Fé’?@sﬁf"‘r Bt GRESPIR R i ARS BF phehmxle will
contactgialy selectefiasaniding tof e thetniatirans sSeN teav KBFRG error
a ing, account of the fact that the thermal conductors wil] not

cgﬁs% u??éd%oﬁ]gb%xf}r?tglr%efetngew wf#ueéee SlecHical ‘({)épé:?gti%% {E)efptth%maﬂ’ The
coinperent Hogmiiast Arenireferabled [Heatarttie, thernahplasaaidng 0.8-times,

Positionef thecompenent,Rrimmediataly adiacenptloit; 18 Somey.. widih of the

embodiments, the thermal contacts can also be used to form electrica
cOAEERONHS fr8iRpShiscr et RAT IR gtduRY E8htact of the

component can be naturally applied to this purpose. In that case, the
gl HiE EBTHEEt bE e copiponEst isintidiots Bty eetioohsidetabhe used in the

grealeferasswecHanal ared.thapnermal srthe ground.coniagh ISy Mades. The

from several separate ground contacts, the combined cross-sectional area

of i RS Q5rsitdr 4Bl KRaler thatFharopatdrmaspibramdgiontigior chips are

cohiactbriOnihe kasis ahthemboveaitis abyiers hakawitythe aid Qbtieonductor

m{%%;gds d%%%hbe[g@ asté%gb it !180 osﬂble to make eI%e%tripal cohntag;ts to

bS5t fhe tRich Hie, Semicy ﬁwe or chips are comnected 0 each other to form a
functional totality. Such a packet can be referred to as a three-dimensionai-multichip
module. In such a module, the semiconductor chips can be selected freely and the
contacts between the different semiconductor chips can be easily made according to the

selected semiconductor chips.

The examples of the figures depict some possible processes, with the aid of which our
invention can be exploited. However, our mventior is not restricted to only the
processes described above, but instead the invention covers various other processes oo
and their end products, within the full scope of the Claims and taking equivalence
interpretation into account. The invention is also not restricted to only the structures and
methods described by the examples, but instead it will be obvious to one versed in the
art that various applications of our invention can be used to manufacture very many
different kinds of electronic modules and circuit boards, which may even differ greatly
from the examples presented. Thus the components and circuits of the figures are

presented only with the intention of illustrating the manufacturing process. Many



20 component, i.e. to the primary contact surface and to the rear surface
opposite to it. It is also preferable to make in the circuit-board structure
conductor patterns for conducting heat, corresponding to the electrical

- wWeohdelelstipatterns. Thermal contacts are made on the surfécEgp&led1q0208

10

thermal conductors, so that the thermal contacts conduct thermal energy
from the component to the thermal condtctors, which conduct 25
them--ral energy in the lateral direction of the circuit-board structure away

froNPIREicARy 6t TRMIE o SBRaRECT eSS latbraPterminy devmiiebrabenn while
furtherthelsomidinedvisithoverbsaldhennak candusters awiththeRid@fention. The
wgi%] tthe thermal effect can be . conducted from the innermost layers to

th STREPEUFRCE B th %8I EXHBRIE oS BRORTBE Bk il BEGEs Strpclf@ in the
Therthermiadasonducior ssexterdingdoethetss fhaceseamgs, 30 turn, be

connected to a suitable heat sink, in which case the cooling of the
componeniidvil be madeevensnpee REaRN o W1 200843444 donent packets for
P%:ﬁiLaZ:E1%00,{6/000208t legvger}iusi%%a manufacturing method, in which
the SORTSLr OhRIRGE Ao 281 BASKFE st SHPHSGE &P RRonents, which
mamufacteredfitvgicaliy uctaripatiern, the sensitivity of the method to
alignment errors can be reduced by dimensioning the diameter of the

critacictipenringsish d«dud, hQddahergreaterdhanthenidinedthee module can
cq) S%Liget%rgir%fu 'Epg %‘)EQU%%%S / attelgn. T%is V’g}tﬁ‘restin% embodiment is )
déscribed ih greatar detaitin tha Toltoning, Wit thE BiaBH gt achog in the
Figre ¥3yskowsithengadioha condudtonrd 1Thelonging tethecphidycterral layers
p ia_42 -f b L,e, at.right angles to the ,
e o e e NS o i B A A B e
ofi#figs/e49¥Bas succeeded well at the end of 10 the conductor 41. In this
case of the first, second, and third examples described above, this means
that the corresponding contact opening 4, 14, 29, 104 has been aligned
correctly relative to the conductor pattern 3, 13, 25, 103. In this case, the
diameter of the contact opening (and correspondingly of the via) is of no
importance in terms of the success of the alignment and contact. 15

Figures 44 - 46 show, in turn, various alignment errors, in which the

location of the -



contact opening has moved relative to the target state shown in Figure 43.
On the basis of the fieures it will be noticed that, however, in each case a
good electrical contact will arise between the via 42 and the conductor
41. A good contact is created particularly in an embodiment, in which the
via is filled by growing metal with theﬁ id of a chemical 20 and/or
electrochemical method. There will then be a metallurgical connection
between the via 42 and the conductor 41. On the basis of Figures 44 - 46,
it is obvious that such a via manufacturing method is not sensitive to

Cl%%%%ment errors. With the aid of such a method, one or more
conductor-pattern layers, which contain narrow and densely located

1. deisthuctoferd mararidsaimagler ircaowmiitiomye stivctitboantagieg iat least one

. i [ [onal circuit-board processes. The effect of the

(’Olgla%ngglt%e’r%t %t%%wngg%%%%%%g 4,14, 29, 104 on the alignment tolerance
is shown in greater detail in Figures 47 - 49. Figure 47 shows a conductor

~ Baag Ao ERER ich a via has been made. The via is shown in
three different positions (A, B, and C), and with two different diameters

~ (4dgi48) . cviaadddrasiagmalier dtdimmetetthan foiatis cleceacth positionod the
Bc A0 Olg:el@e centre points of both vias 44 and 45 are located at the
samé point’relative to the conductor 43. It will be observed from the
example of the figure that each of the vias 45A, 45B, and 45C with the

a N Ot EPP SR B A PO SABEES SieRmeter form an
electrical contact with the conductor 43. Of the vias with the smaller

~ didimreter aoacthecotheithandmpoly:44 Guiscaibiditg fhemanpelesiricalcontasting
WitQ ec;opdu%tor 43. Thus, a larger diameter in the contact opening 4, 14,
2r9q, 565 wil considerably reduce the sensitivity of the contact opening 4,

14, 29, 104 to an alignment 5 error. Figure 48 shows the . .
- m@mﬁ%t@o@@ﬁ@&é&mﬁp@mﬁaqﬂ@@%omﬁxﬁdmgzcmmﬂ%ﬁioﬁ thigler to

CeRtR PrRIAkeLIBE ViR BaMlbansi e Eeqd-¢eelicahaRia i ent by

alignment-tolerance area 48 of the via 44 is, in tun, shown in Figure 49!

On the hesis of, Kighres. 47 549, JLuilbe obsarved that an enirgement of,
the didmeterof the viawill Substantia yyre uce the sensi |V|aty the"emmea

manufasttimdgaabcess to an alignment error 10 of the via. At the same
time, thc%%fr‘?&ﬁ‘n%f tﬁiee Cogrr]c()j\lxjf%gr Ac')% Cgﬁct%relcié%%t S@%ﬂu&ﬁ% material by an

electrochemical method.

2. Method according to Claim 1, in which

— contact openings for making vias are made in the conductor pattern,

- an insulating-material layer, which surrounds the component, is made on the

surface of the conductor pattern,

- a conductor layer or conductor-pattern layer is made on the surface of the

insulating-material layer,

— through-holes for vias are made in the insulating-material layer at the locations of

the contact openings that have been made, and



diameter of the contact openings 4, 14, 29, 104 can be, for example, at
least 0.8-times, preferably at least 1-times, preferably at least 1.2 or at
least 1.5-times the width of the corresponding conductor of the conductor
pattern 3, 13, 25, 103. On the basis of the above examples, it is obvious
that the method can also be used inthe 15 manufacture of many different
kinds of three-dimensional circuit stfUctures. The method can be used, for
example, in such a way that several semiconductor chips are place on
top of each other, thus creating a packet containing several _

~ sBArfsaCRHBredpBsLNe Wi thasseiRsbRed dtothenis aeh-belssettatder to
eachiothesda-formaduneiorsh efalibhdRreh @%ﬁk%&%%ﬁs&%qa%r or

as a three-dimensional-multichip 20 module. In such a module, the
SEPRIEEHRIBRIFENIPECE QR Hie SRl TrelBre sl dhmir et nsetiedarere
different semiconductor chips can be easily made according to the
3. Séitinrdrsarmiogn thuéitnichipsr Therexdnoplescohthefigpesdepichsdmen the
su@i?c%s'b'%Pro%%sSe%ms"&iﬁ%%?r@é?eﬁ‘;i"’ hich Qur '”%’e”té'g%@e%?” bg exploiied- iy
owever, our invention IS fot restricted to only the processes
described above, but instead the invention covers various other processes
too and their end products, within the full scope of the Claims and taking
equivalence interpretation into account. The invention is also not
restricted to only the structures and methods described by the examples,
but instead it will be obvious to one versed in the art that various
applications of our invention can be used to manufacture very many 30
different kinds of electronic modules and circuit boards, which may even
differ greatly from the examples presented. Thus the components and
circuits of the figures are presented only with the intention of illustrating
the manufacturing process. Many WO 2006/134217 PCT/F12006/000208
23 alterations can be made to the processes of the examples described
above, while nevertheless not deviating from the basic idea according to
the invention. The alterations can relate, for example, to the
manufacturing techniques depicted in the various stages, or to the mutual
sequence of the process stages. 5 With the aid of the method, it is also
possible to manufacture component packets for



attachment to a circuit board. Such packets can-also contain several
components, which are connected electrically to each other. The method
can also be used to manufacture entire electrical modules. The module
can also be a circuit board, to the outer surface of which components can
be attached, in the 10 same way as,to a conventional circuit board. The
module can comprise several layers while one or more of these layers can
comprise semiconductor components located inside the layer. 24 Claims:
1. Method for manufacturing a circuit-board structure containing at least
heHsuibimpsrtntdnbsretro e sAIBReIRGL AMkihg creoracetdr paacied to the
redaaking s@ntast epenrings in the conductor pattern, for the electrical
contacts of the component, - attaching the component relative to the
4. SABANGIALPAURID 6 ACT dpe AIREhMEnS Of NG SN BNl PO A cheg
the component |tTh insulating material, and - introducing efet rlcaffy
relabreltictivecaratesial tetisendunghetngpenings, in order to create electrical
contacts between the conductor pattern and the component by - growing a
5. ihstlayerot elgielricallpeonstuctivenmaterialbyia ehigancale methashadis an
continuing the growing of electrically conductive material by an
U kBSOS Bthod. 2. Method according to Claim 1, in which -
contact openings for making vias are made in the conductor pattern, - an
insulating-material layer, which surrounds the component, is made on the
surface of the conductor pattern, - a conductor layer or conductor-pattern
layer is made on the surface of the insulating-material layer,



- through-holes for vias are made in the insulating-material layer at the
locations of the contact openings that have been made, and 24a an
electrically conductive material is introduced to the through-holes, in order
to create electrical contacts between the conductor pattern and the
conductor layer or conductor-patter%ayer on the opposite surface of the
insulating- material layer. 3. Method according to Claim 1 or 2, in which a
conductor pattern is made on the surface of an insulating-material sheet,
arecess is made in 25 the insulating-material sheet for the component,

6. Matend ASrERentisBitathédatithd recesd thattasiberidiiardo slectrical

coMgthodiacenrding tenany 0f Glaims i %aﬂbv‘{ﬁiQBéh&.&QmBQﬁ%ngtiﬁmture, the
attached relative to the conductor pattern by gluing. 5. Method according

INTERGNR OF BfRdY ARG MER (B ISR SORUSHR b dbREg#Energy away
frdmigﬁ@@m%%tﬁ. Method according to any of Claims 1 - 5, in which, in
addition to electrical contacts, at least one thermal contact is made in the

7. ShaHibaaitalaa, e Iieniien slieh S 18 make. mor ligieRl g,
conducting of thermal energy away from the component.n}. ethod
Profesd rsiAy teciiaim itsihich the thermal contact is made using the same

process as an electrical contact. 8. Method according to any of Claims | -
8. Mdathadhichokingoindizgtor patierniis-finishedidefere sheweaspanentiisfinished
ttached to the circuit-b a%i structyre. 9 Metflwod according to any of

belAISiME SO RN HR A A SethE S B ARRAEVE YeHdEErial is introduced to
the contact openings using a surfacing method. 10. Method according to
9. Mgt dcasrnedineotgrawhieh theiwsntact réngvbidothactidstmpbotonductive

meAOMAPAERLIRQRABIHE LB4Ae: CHIARLORSAINGS i Methaggccording to

any of Claims 1 - 10, in which the contact openings aré
10. Method according to any of Claims 1 — 9, in which the contact areas or contact

bumps of the component lie opposite to the contact openings.

11. Method according to any of Claims 1 - 10, in which the contact openings are

made before the component is attached.

12, Method according to any of Claims 1 — 11, in which the component is attached

before the contact openings are made.

13. Method according to any of Claims 1 — 12, in which several conductor layers are

made in the circuit-board structure.

14. Method according to any of Claims 1 — 13, in which the contact openings are after

the conductor pattern is made.

15. Method according to any of Claims I — 14, in which the contact openings are
made in the conductor pattern simultaneously with the making of the conductor

pattern.



made before the component is attached. 12. Method according to any of
Claims | - 11, in which the component is attached before the contact
openings are made. 13. Method according to any of Claims 1 - 12, in
which several conductor layers are made in the circuit-board structure.
14. Method according to any of Claigs 1 - 13, in which the contact
openings are after the conductor pattern is made. 15. Method according
to any of Claims 1 - 14, in which the contact openings are made in the
conductor pattern simultaneously with the making of the conductor

16 pitedhad Zrcaplingdmhabvaecblding foahs: df Clhiphsl leas dnevhighcavlesng

is &%Q@%ﬁﬁtQE&H&%%ISc’f}*iﬂf&%ﬂ)@&&ﬁ%ﬁ%&ﬁ@&%%ﬁ%&g%ﬂ? the

and made in such a way that the diameéter of the contact opening i

disgagishfiaheaoTargeoRs g Viasreotiahly eblrigeter et wikhudistepatupier, or
thCORIBELRRENINIIS ALt g HMBS e Rieterably.at least R UMRS1arget mes

than the width of the conductor. 17. Method according to any of Claims 1 -
largey iy Hierradte a&thsneobdrtidt opening is located partly outside of the
conductors defined by the conductor pattern. 18. Method according to any
17 oMetaimsidcodimgniavirighoth@lgincuit-bd@d istrdctiiret keingmadetisatpening
is REGIeRIc DA, Wi comprises alieastia cComanents, s, well as
condudtor structures for connecting them to form a Unctichat otality. 19.
Circuit-board structure, comprising - a conductor pattern including a first

181 fethscrnse ording Apdw Sdchitmsybrof SebbMitichah ckgirkeard structure
beippeRtalsil dhereAdustanpaliervhisCenRNNRRt AttReRea9 Wtponents, as

onductor pattern, - insulating material surrounding the component and
We@uﬁﬁrmﬁi&%%ﬁaﬁ%ié%%%ﬁt%H}@%l&fﬂé@i|§/ RerHoRs O ¥Eerial in
the contact openings for creating electrical
19. Circuit-board structure, comprising
- a conductor pattern inchuding a first layer of first metal and a second layer of second

metai,
- contact openings in the conductor pattern,
- - a component attached to the conductor pattern,

- insulating material surrounding the component and supporting the conductor pattern,

and

- electrically conductive material in the contact openings for creating electrical
contacts between the conductor pattern and the component, the electrically conductive

material comprising

- a thin surfacing layer of electrically conductive material grown by a

chemical method, and

- a filling of electrically conductive material grown by an electrochemical

method.



contacts between the conductor pattern and the component, the
electrically conductive material comprising - a thin surfacing layer of
electrically conductive material grown by a chemical method, and - a
filling of electrically conductive matekigl grown by an electrochemical
method. 28 20. Circuit-board structure of claim 19, which comprises a
conductor in the conductor-pattern layer and the electrical contacts
include a via connected to the conductor and connecting the conductor to
the component, and in which the diameter of the via is essentially as

20iafgE°HS: Rt gRF AR, Wilof the WHidUCtBRErIsMIcthaendeebTding the
cotenfelitp 20+ whichHae imatgrialieh theviacls metakovhichis mAde.usindne

a surfacing method. ' ‘
conductor and connecting the conductor fo the component, and in which the diameter

of the via is essentially as large as, or larger than the width of the conductor.

21. Method according to Claim 20, in which the material of the via is metal. which is

made using a surfacing method.



