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-1- Grcuit Board FIELD OF THE | NVENTI ON The present

invention relates broadly to a nethod of formng a

circuit board, and to a eilrcuit board. BACKGROUND

The demand for advanced el ectronic systens in e.qg.

front-end wreless connunication and the increased

use of the Internet haQireWEBOAEY in niniaturization

of el ectronic products having nore functiona

features. These products use a |arge nunber of
HEbHé%EVEEdUNEUHENﬁs (e.g. resistors, capacitors and

i nductors). In conventional printed circuit boards,

t hese passive conponents are surface nounted
Thegpreserd énvenligroielatemiioadly 40 panefbod pEigming regiseuit board, and to a

sing costs. Passive components generally may

mnﬁgﬁgﬁﬂp to 60% of the printed circuit board (PCB)

area thereby limting the space available for active
BAERORGIAGHS (e.g. integrated circuits (1C) On the

ot her hand, passive conponents, such as bypass

capacitors are generally placed as close as possible
The CdéméHd 1oF hﬁzatd&e&j NGiRAsmct Iy stgfn%e%' \éed“e%%n%n& h@ireless

capaci tors. ese capacitors her passive
congawiieation asddhe lft@ﬁﬁﬁedfus@rﬂf dheg frieraet hﬂfur@ﬁlé'éﬁct © miniatyrization
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capacltors 12 located on t ie si e and capacitors
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t he di nensi ons of the passive conponents may help in

nDuntin% a large nunber of such passive conponents.
On thavether | aﬁ%mswg QORPOREMENSIENES OFPasiccapgpiidracee generally
pladBRusd %%s@aa?s,sg?(&:tﬁerﬂ?oé‘%\‘& 2r N8StoMcRIYERE AbERBhe of the

the electrical
capacitors. These capacitors and other passive components are thus often surface

mounted to the die side or on the opposite side of an IC during printed circuit board
assembly. Fig. 1 illustrates a cross-section of a conventional multi-layer printed circuit
beoard assembly 10 having an IC 11, capacitors 12 located on the die side and
capacitors 13 located on the opposite side of the die. The terminals of the capacitors
12, 13 are internally connected io the integrated circuit through pads 9, vias 14, and

power ar ground lines 15, 16.

Reducing the dimensions of the passive components may help in mounting a large
number of such passive components. However, reducing the dimensions of the
surface mounted passive components has an adverse effect on the electrical

performance.

An alternative that is currently practiced for selected applications is embedded
passive components using screen printed inks. Commonly used materials include
capacitor paste and resistor inks. The density of capacitance that can be achieved

using commerciaily available printed paste is insufficient to meet a wide range of



performance. An alternative that is currently

practiced for selected applications is enbedded

passi ve conmponents using sc?een printed inks.

Conmonly used materials incfude capacitor paste and

resistor inks. The density of capacitance that can be
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apphieatighe wéich|ingreasestcobisni ng may be used for precise

resi stance tol erance control for selected

appl i cations which increases costs. Japanese
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2004/ 0001324 Al published on 1 Jan 2004 in the nanes
KWUN et al. describes a nethod of enbedding IC chips
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over he co
mterconnectlons are formed by vias formed in the cured epoxy over the component

terminals.

International (PCT) Publication No. 2004/001848 A1 pertains to a lamination process
for embedding IC or discrete passive components in a PCB with cavity formed on
prepreg sheets to fit the components. Interconnection are formed by drilling holes
right above the component terminais and electropiating.

There are a number of concems relating to the processes of embedding discrete -
passive components in the above documents. For instance, drilling holes for vias
above the component terminals may introduce thermal/mechanical damage or
removal of termination material. Electroplating the drilled vias over component’s
solder terminal may not be feasible due to concern of plating adhesion to solder

surface.



I nternational (PCT) Publication No. 2004/001848 Al
pertains to a |lam nation process for enbedding IC or

di screte passive conponent$-in a PCB with cavity

formed on prepreg sheets to fit the conponents.

I nterconnection are formed by drilling holes right
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or both formed therei.n fo accomuopdat i.n pas
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of the secon teria
| am natf h@rqnountlng of the passwe component may comprise forming mounting

pads on the first laminate material.

The interconnecting of the passive component may comprise providing vias
in the mounting pads.

The method may further comprise mounting one or more integrated circuits
(ICs) on a second surface of the first laminate material in an area substantially above
individual or a cluster of the passive components.

The second laminate material may comprise contact traces for forming a
multi-layered circuit board.

The method may further comprise attaching one or more further laminate
materials having contact traces formed thereon to the first and second laminate
materials for forming a multi-layered circuit board.

The method may comprise attaching a resin coated metal material to the
first and second laminate materials for forming a multi-layered circuit board.

The laminate materials may comprise organic laminate materials.



process conprises providing a dielectric materi al

between the first and second I|amnate nmaterials. The
dielectric material nmay cofipri se one or nore prepreg
sheets. The nounting of the passive conponent may
conprise formng nounting pads on the first |am nate

mat er iralaccortiandentithh @oraspett ofgthef prahmtrja\wﬁioe there is provided a
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" The board may comprise a dielectric sheet between the first and second
laminate materials.

The dielectric material may comprise one or more prepreg sheets.

The board may comprise mounting pads on the first laminate material for the
passive component.

The board may comprise vias in the mounting pads for interconnecting the
passive component to the traces.

The board may further comprise one or more integrated circuits (ICs)
mounted on a second surface of the first laminate material in an area substantially
above individual or a cluster of the passive components.

The second laminate material sheet may comprise contact traces.



formed fromthe passive conponents to the contact

traces of the first single layer dielectric |am nate
materi al sheet by the vias#*xtending into the

vi a-i n-pad contact pads; and a second | am nate

material sheet lam nated to the first surface of the

first Theibagre may durthiiretamepriseconeant magre twpher jamhinate materials
RFER shRel BsBTpter FRMen R Ehnd FEFR et gy pminae

fﬁ%?%g%sive conponent; wherein a dielectric materi al
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mat eri al sheet on which the contact traces are
formed i s exposed as a nmounting surface of the

%ﬁlﬁ#ﬁEé@%b?ldr@bFfﬁEWm@s active conponent. The

passi ve conmponent may be directly interconnected to

the contact traces and vias. The passive conponent
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pheagh@wisiast Mevhich:st | ami nate material. The board may
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second lanmnate materials. The dielectric material
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material for the passive conponent. The board may
conprise vias in the nounting pads for

i nterconnecting.the passive conponent to the traces.

The board may further conprise one or nore integrated
circuits (I1Cs) nounted on a second surface of the

first lamnate material in an area substantially

above individual or a cluster of. the passive

conmponents. The second | ami nate material sheet nmay
conpri se contact traces. -4a-



The board may further conprise one or nore further

| am nate materials having contact traces forned

t hereon and attached to thesf.iirst and second | am nate
materials. The board may further conprise a resin
coated nmetal material attached to the first and
second lamnate materials for. The |lam nate materials

.nay, ,C rise orqganic | am nate naterijals.. Rl EF
PSP e GRS O T VM T b dTargse fow for
falrcatihg emiveidet opasaive deapondigsl imea qirinteldt eircuiti bbard assembly

reference t t he draw ngs, ..n which: .Fig. 1 shows a
et cobockmeu of Attt bl B o et ona

printed circuit board assenbly with integrated chip
qponentS' =5~ Fi gs. 2A-2H show

.ang. passive,.c -
Fig s e e SR BN IS 2B | [ustrating the

process flow for fabricating enbedded passive

j rinted circuit board assenbly

D%&@fﬁgé?%{bﬁognbodi ment of the present invention;

and Fig. 3 is a schematic bottomview of Fig. 2B.

DETAI LED DESCRL.PTION. 1 n an_exanpl g enbod] t,
In 1, £FAPReCRBBIERTS e E RN Gy PRBHIEeaway from the
susfacd ama afragaintdd cirqaitibobat] Adi drgamit cheansterifiof armgéihickness is

S R oI e 30 o BBl e
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B e e L e TN p—
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i S e i, PR Frihpiud Y, R bty TR co
materidiane an® s loediedastid ores groupwk eluster. and are so

| ocated as to forma group or cluster. A second

| am nate nmaterial has a cavity which is fornmed by
A paoplbildginate mokgtigings aldwvity which is formed by punching or routing. The

surface area of the cavity is larger than the cluster area formed on the core material.
The thickness of the second laminate is chosen to be greater than that of the discrete
component in the example embodiment, so as to embed the passive components in
the final assembly. The core material and second laminate material afe sandwiched
together and the cluster of passive components is enclosed by the cavity with a

desired clearance.

The core and second laminate materials may be sandwiched using established
printed circuit lamination process employing heating and pressing. A prepreg sheet of
muitiple layers is provided between the core and second laminate materials in the
example embodiment prior to laminating the PCB assembly. The above process can

be repeated for fabricating a multi-layered printed circuit board.

The cavity of the laminated printed circuit board is filled and planarized with a resin
of the prepreg sheet thereby forming embedded components within the printed circuit
board. The external surface area of the laminated board is free from passive
components. This surface area can be used for mounting other electronic
components. An integrated circuit is subsequently mounted directly above the cavity



surface area of the cavity is larger than the cluster
area fornmed on the core material. The thickness of
the second |aminate is chosgn to be greater than that
of the discrete conmponent 1 n the exanple enbodi nent,
so as to enbed the passive conponents in the final
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manuf acturing steps are as f | ows: Referring to Fig.

2A, a two-layer organic |lamnate 17 having conductive
patterns (such as copper) 15 and 16 is provided vvith
mount | nlg pads 9 on a bottom side of the |amnate
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PCB in the exampie embodimenf. The passive components can be {ested at this

stage.

Referring to Fig. 2C, a second laminate material 19 having a thickness (e.g. 0.1~0.2
mm) slightly larger than the height of the passive components e.g. 13 is placed
adjacent to the first laminate material 17. The laminate material 19 has conductive
patterns, e.g. 28, 30, formed on both sides. By punching or routing, a cavity 8 is
provided in the second laminate material 19, and disposed directly below the passive
components 13 of the laminate material 17. The area of the cavity 8 is slightly larger
than the cluster area of the components e.g. 13 formed on the first laminate material
17. A multi-layered prepreg sheet 18 is placed between the core laminate material 17
and the second laminate material 19 in the example embodiment, prior to the
lamination process. The number of prepreg sheets is dependent on the thickness of
the second laminate material 19 and the number of passive components e.g. 13.
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triazine, other epoxy resins, or the |like, or

conbi nati ons of those materyals. The thickness of the

| am nate 17 is so chosen to bal ance between

mechani cal stability and proximty of the passive
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di slﬁ)?rged directly bel ow the passive conponents 13 of
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onpo ts.e.g. 13 farned.on e f m
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lam nation is formed in the exanple enbodi nent by
addi ng anot her pair of a prepreg sheet 20 and a
Refanmdad €ig. N2 eam dC 27 is Sudadeammionated omitey ioflth@ PCRD6. The
em% ggedc Eaalls\éﬁ/e C%Hp%rngr?tsfeoé q%darg gletc{}%alw) go%%ected to the IC 27. Other

components may be mounted on the top or bottomn layers of PCB 26.

Fig. 3 is the bottom view of the passive component assembly shown in Fig. 2B,
illustrating a cluster area 28 of the passive componenis e.g. 13, in the example

embodiment.

The example embodiment makes use of known component assembly processing and
printed circuit fabrication steps. By embedding passive components such as bypass
capacitors, more surface area on top and bottom layers may be available for
mounting other electronic components. This results in increased functional features

and reduced PCB size.
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side. The process can be repeated dependi ng on the
nunmber of printed circuit board l|ayers required. In
anot her enbodi ment, resin cpated copper (RCC) foi
may be used instead of the pair of the prepreg sheet
20 and the |am nate material 21. Referring to Fig.

The Exarapleentbodineart ks gr@Bdesna tdse ir&tuafml inteesdnndttierietween the

emBddbd R bR alse b FOPRIRRS whidi 3 Wl rdiERTfe s

respnastsfrmxeuﬁy tdned tamlpndm dhé I”cmcboptmrrirequehay asngé :n himroadband

oo S PR SSUSHS B TR ek on e

sigaalliegte dy Rifre st weeticat mt@ommcﬂon Re fconjundtipnt wltchqucaﬁx‘on of the

Pass R R ReURA B AR B 50 TS RO PR GRS 105
| ayers. The via hol es 23 nay be formed by drllllng

o B SRRNE) eShr LLbho) B EgE BEAT

sulstitutibng tnag rbepnanmﬁ)smd emboklimams eész;hbetgwitmdmﬁﬁarhng tfloen the

.exanpl e e odlnen ds _24. 25 for
sPiELTHagRER A De radt AR N S AEPRRSIRER FRdhseore, t
be tégaeded4BIIRfbrativey bnlyg, sdoed deddrictivs on descapemd peingdioa .sgught.

13. Referring to Fig. 2H, an IC 27 is surface

nounted on top of the PCB 26. The enbedded passive

conmponents e.g. 13 are electrically connected to the

IC 27. Other conponents may be nmounted on the top or

bottom | ayers of PCB 26. Fig. 3 is the bottom vi ew of

t he passive conmponent assenbly shown in Fig. 213,

illustrating a cluster area 28 of the passive

conmponents e.g. 13, in the exanple enbodi nent. The
exanpl e enbodi nent nakes use of known conponent
assenbly processing and printed circuit fabrication
steps. By enbeddi ng passive conponents such as bypass
capacitors, nore surface area on top and bottom

| ayers may be available for nounting other

el ectroni c conmponents. This results in increased

functional features and reduced PCB size.



-8- The exanpl e enbodi nent al so provides a | ess
i nductive interconnection between the enbedded
passi ve conmponents, e.g. cdpacitors, which, in turn,
i ncreases the self- resonant frequency and extends
t he decoupling frequency range in broadband
l'ications. The exanpl e enbodi nent facilitates
increased routing space on the signal layers by
ect. vertical .i.nterconnection, in conjunction with

CQQ’rB%‘S??%ﬁCB?’pE'ﬂ'ég passi ve conponents with
af@Sﬁa@eaneddm&nﬁk&mﬁmamuﬂamdmemEBUﬂﬁmmﬁxSMQhaaﬁmhﬁm

t ed Ki
contdh i Y BRI G a] DR TEBHd ot e e piete’
matgegieshiet dritvevigndastidirning \de—%péd)etﬁhta\tt padsibn thepfsttsurfgce of

rit or,sco the present invention.

the ‘?H@F]&W‘%g% %’86\"}?&%{*@?%@ Ferefore, to be
at ¢ andpabsi@ donpastiiahowaedoh yhe vigth-paat conést padd preforoed

f tecti aht . . d ai 1., A
on B el St A D Tuf Ty S Reic ot Btedgiheet
intefiicBihections Cormadifivat therpaksiveé abmpbreeits fodkeé n@ntpa:terfaoesretkhe
second .sur f ﬁ_’esvia_

1. fi
frstndig Byes GiSPens A st e shed oy e Be SRRy ik

in-padeshtagnshdéi &sd ext endi ng into via-in-pad contact pads

RETREER LTS Y SR8 AT AT EEA

dielectip Gimeinate natartiz dhest dnkidhaving -at iapiachecsfatracésspadisough-hole
_.prefor Q rst surface of the first single
or il hessdt 14 Separmirnie B 168 BRrsite datihaneht
whérgines dieleoieic imaterial fapfin®thgfthe first bed pacsit \Vammaﬂafpmteﬂélsheets
cont cttrceso e first single |aye
to ean Pl EBeRS T e & Mt ¢'fe ehash o) R i '
wh@sinensicogd soffacet dighasdirat smgie ieayer dleietﬂmtlarpladte matedala;heet on
second nat e teri sheet | ani na
whigh FRLGOONGE ks 3P FeG, TSP g Tl s O the G
bodréfor medLdting e atidle cogwheaind havi ng at [ east one of a
recess, a through-hole or both forned therein for
accommodati ng t he passive conponent;
2. The board as claimed in claim 1, wherein the passive component is directly

Cla

interconnected to the contact traces on the second surface of the first single layer
taminate material sheet by the via-in-pad connections extending into the respective

contact pads.

3. -The board as claimed in claim 2, wherein the passive component is substantially
vertically interconnected to the contact traces on the second surface of the first single
layer laminate material sheet with respect to a surface plane of the first single layer

dielectric laminate material sheet.

4. The board as claimed in claim 1, further comprising one or more integrated
circuits (ICs) mounted on the second surface of the first single layer dielectric
laminate material sheet in an area substantially above individual or a cluster of the

passive components.



wherein a dielectric material lamnating the first
and second | am nate materi sheets to each other
enbeds at |east a portion t he passive conponent;
and wherein a second surface of the first single

| ayer dielectric |amnate material sheet on which
the contact traces are forned i s exposed as a
SHrdbebbayg swidined imtlainhé whareinithe passaecohgonents @ta ng

mte?cow%ét;é?%ﬁ‘%%g cl;rg ént%%ﬁ%gbcﬂ 193 (?ésa(:l §%’?%5e contgctas c@ of

thelreﬁmcnmmsl\/e@omond&r&scont act traces on the second
surface of the first single layer |amnate materi al
sheet by the via-in-pad connections extending into
& fae bosiiesst diaimed docibiac i, vaeedsin 18 sddoad eraindicasatetial ishest
wherein the passive conmponent is

cong;?ﬂ%?gﬁrﬁ?ﬁgttﬁ?esver“ cally interconnected to the

cont act traces on the second surface of the first

B8 PParc A ime T O8hE 1 G Bl ont ol Mol ERESS | 0
lamiiraate nmtaralsﬁtamgadonsalmeteacesdoranwhbnn cind sattatteedite the second

er conprising one or nore integrated
Iam&qq?%ma%égta[ " mounted on the second surface of the
first single.layer di eI ectric | am nate nateri al

e n..an, area.subst [ e 1.n

S e pepR e 48R 2 Ve nd S Sng taytt YR lpfinate
ma&siabér@etmda savond Enmndie mdtemalshedztlmdpm smeyer raomgfomtiesnt S
lmareﬁ? in a% r.eonn ct.ed t(lnnghe g L?rlrr?rt%lrgt ?tfed ih
AR Ve 5 P =isR ™ ShgCa g s g the
boaréspecti ve passive conponents. 6. The board as

claimed in claim1, wherein the second | am nate

materi al sheet conprises contact traces. 7. The

de'ae thoas! ad ckaimed in olaint &) finther domprkiay acesip rcoated gnedaie

e f g L nate E rjal s, havi ng cont act
ma ef‘ %CP%ﬂ%t e§ﬁ%9n§tg]ﬁm§ﬁae 'g%eg'@lw%&%f'o t he second
| am nate materi al sheet.
10. The board as claimed in claim 1, wherein the laminate materiai sheets
comprise organic laminaie materials.
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8. The board as clained in claim?7, wherein the first
single layer dielectric lamnate material sheet, the
second |am nate material shget and the one or nore
further Jlamnate materials are lamnated in a single
step lam nation process to formthe board. 9. The
board as cl ained i n cl @iroudt Bédidt her conprising a
resin coated nmetal nmmterial attached to the second

| ami nate material sheet AbBactrhe poard as clainmed in
claim1, wherein the lam nate material sheets

corrprlse or anc | ami nate materi al s. Orcwt Boar d
AbAtetbed &f 2 GCyitohRarfgihg ragthed COMBEsRg MAURENG at least

ondBLEAL EMB et B9 a TR LA @Ita +" @ﬁ%‘mneﬁ@ nAaG; Mt%rconnectmg
conponent on a first surface first lamn

thenpassive gompoReRlr e sivRiast Irages ‘i"lﬁ’e‘"ﬁ%@%fr\‘i’ef r&Uﬁ%}?&%maﬁﬂaf and

atté&i’ﬂga& Eeéd’nGQSﬁln%wm‘éte?ﬁl 2f the iestsuFfsde bRk Mirdt e|>fa|r’mna1to.=3 material
material; and attaching a second |am nate materia

utiising plamination psereracihe secanddaminale melgriehsiiest havieg ?H?ast one

of Hirbéds3] thl%ubﬁ-'ﬁbléaér' S5ih RE AR Herdih) forSREBMEhddatihd) BleCpassive
materi al sheet havi n(tyEF at | east one of a recess, a

compenrsg L he Secyd IBBINGIS-or med therein for accommmdati ng
the passive conponent in the second |am nate. Fig 2H

Fig 2H



