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BACKGROUND OF THE | NVENTI ON 5 The present

PRI NTED W RI NG BOARD W TH EMBEDDED ELECTRI C DEVI CE AND
NETHOD FOR MANUFACTURI NG PRI NTED W RI NG BOARD W TH EMBEDDED EL%STRIC DEVI CE

Jranufacturing a printed wiring board, in which an electric device is
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Conventionally, a printed wiring board, in which an

electric device is embedded in an insulating base member for
achieving high density packaging of the electric devices, is
known.

For example, there is an art disclosed in JP-A-~11-312868.
In the art, a plurality of first resin films that make up an
insulating base member are formed. The first resin films
include thermosetting resin in B stage. A plurality of vias
are formed in each first resin film. A plurality of
conductive layers are formed on a surface of each first resin
film. Then, a second resin film is formed. The second resin
film has a glass transition temperature higher than the curing
temperature of the first resin films. An electric device
sealed with resin is mounted on the second resin film. The
second resin film is stacked with and pressed with the first
resin films to form an integrated body of the first and second
resin films. Subsequently, the thermosetting resin included
in the first films is cured by heating the integrated body

to manufacture a printed wiring board, in which the conductive
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| ayers are electrically interconnected by the vias, the electric device is
electrically connected to the conductive |layers, and the electric device is
enbedded in the insulating base nenber. 5 However, in the art of the
.publication, there is a difficulty in the alignment of the electric device
with the insulating base nmepber,. which is forned en e thernosetting
resin includstf 57 tHe° f Fﬁ’gfg?fﬁrlsl\’ SLBE?E%?“?%C‘i%%hB}’i ﬁi?‘gd idSind Woar d
because the sgcqnd I easin L i.ch.th ri evi i,S, nount ed,
i s cl anped béﬁﬁeen agg éfac£€hﬂgﬁ¥%hf él&i§%%9?§%%% |%R§.&#ﬁéF%JSFE, a

relatively ofgatrdeyhatimnel Bethe: dldvaREN) LRRkqGRESEn andei el dthing
el ectrical contact between the electric device and the vias. There s

anot her art wisclmsgedd.n JP-A-4-356998. In 15 the art, a recess is forned
by counter boring in an insul ating base nenber of a doubl e-sided board,

whi ch malkses up an Howesrer,ayier thearadtofofa thd tpdiayieraad dmgartherEhers, aan
electric device is placed in the recess and sol dered. Afterward, the

doubl e- si dedd bofiradl tom inhtied &l ianmend dévibe ¢leatulidededicieswoh the

mul til ayered by stacking and pressing pre-pregs on both surface of the
doubl e- si dedtbodraF i PRFRINERPEF e VA L1FPI it EBrHFE VARG BhOFRPs ¢ Helnerbedded
el ectric device. of _ JP- A-4-356998, .t he manuf acturing

_ . hbﬂgy%r, En égeuﬁ%%
process is corptl cated & d 1 PhE  Runbett it Mhdfabtaffng 8t EPS B4R eases
because { ne prad G A HASRAALSY UdHh Ui AP &l ARt PR
10 electric device is mounted, is clamped between and stacked
with the first resin films. Therefore, a relatively great
deviation in the alignment can ‘cause a defect in electrical
contact between the electric device and the vias.
There is another art disclosed in JP-A-4-356998. 1In
15 the art, a recess is formed by counter boring in an insulating
base member of a double-sided board, which makes up an inner
layer board of amultilayered board. Then, an electric device
is placed in the recess and soldered. Afterward, the
double-sided board, on which electric device is soldered, is
20 multilayered by stacking and pressing pre-pregs on both
surface of the double-sided board to manufacture a printed
wiring board with the embedded electric device.
However, in the art of JP-A-4-356998, the manufacturing
process is complicated and the number of manufacturing steps

25 increases because the pre-pregs are separately piled on the

double-sided board.

SUMMARY OF THE INVENTION
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The present invention has been made in view of the above aspects with an
Qbject to provide a nmethod for manufacturing a printed wring board having
an enbedded electric device, with which the electric device is readily
aligned with an 5 insul ati ng base nenber of the printed wiring board and

w th which the manyfacturin rocess ¢ e simplified, and to provide the
printed wiring boaleEElil égtt EP%S“BW? %8 THOE: d?hlen YEPHAF FRRIAPGYE st eps
of formng a fi resin fi.l r stlcresm
st acki ng thenalgpe?ﬂ ll?gsaﬁinoibi %%ntaﬁofi goblll&r@ Esf!eggolﬁlrao reascltn RE rrs

whi ch are made (qf; ftha {ReLADPLESE GRS an@mgedze@ac&@c@}w Adil 0

conductive layers are formed, inserting an electric device, which as

subst anti al | ywitde wsa@m &lhéeea&cthecoasai@g, i nrédei vpeqi ghedRA thongi ng t he
stacked first and second resin filns 15 together by pressing and heating.
When t he St acileesthHfaitriat hase seedral pgsthefpt it et & ipriagsbdaaddamieatiad, a
plurality of electrodes of the electric device are electrically connected
to the conducthigd |thpemanufakcsurhegf pretesmde s dyn s ksl if fad,mengr ¢o
plastically deformed to seal the electric device. 20 Alternatively, the

met hod i ncl ud€§V§1d§p§h%fPlfld‘ltrﬁdnﬁlél?‘écb@§§do¥‘a&\hf%fb@ﬁ% biynt e sieddednenber
made of thermoplastic r Ckci resin filns, which are nade of

t her mopl astic resi fe Snﬂeﬁh % ‘?11 ep%frta?lplstﬁf FOEBHH%CT?V%?‘T% smatae

formed, pl ampgrth%eghgetf%glgrmﬁe %rp’e(}g‘éﬁ aggrf?afﬁ rﬁ ogté %cked 25

body, whi ch i's forne ste sta tesih 1

i nsertingean lect féglyefwmeam at E@ufsfﬁsys o s&@@n@%mﬁgflmg %&@'hng the

resin filns and the sheet nenb y pressing and heati ng. When' t he resin

films and thershagles tﬂﬁ%ﬁbﬂérﬁdiﬁlﬁtﬁﬁﬁ&@s@.ﬂdaﬂ@aiﬁ@hlahpé Wialdatiy +§f

el ectrodes of the electric device are electrically connected to the

conductive | afecsrduntievd haeyehepmpfcasteidc iresutiingy phadeictalibyledefcer,med to

seal the electric device. 5 BRI EF DESCRI PTI ON CF THE DRAW NGS The above and
ot her obj ect $#hifcdabas e%u%ﬁ@d\?édtya‘gbg oine e zpr 2s diite PReEARFoniMmitiNe becone

nore apparent fraomt he f QW ng detail ed descrl 8t| on made with reference

to the acconPRARAY d? %ﬁé‘glnﬁ & aF SRR g n%lsfscor’ldAr?%“iél&F‘é
step- by'ﬁ% thcrog__%er dy\;#@@' ﬂﬁ eyey AW 1 ngl ngﬁ'l ?ﬁ@ tzaeq([e%rgdgs(,:,g 19

process O e rinte Board accor FiTs nbodi fent  of

the present inwenld 9Rs ikl Qllﬁé §PQ"‘§ré£‘§e§t§r‘i& 1042 e £ONE PR BUMHGCQ gnot 15
according to the first enbodi nent, and Fig. 2B shows ‘the state of a convex

surface accoréhd&grbaetsh@ffuhresélecfm@m AeRticeRith e3Acshonsall feciinkice eaf
anot her concave surface not according to the first enbodinent, and Fig. 3B

shows the statetind candtheivednyexssuriflecehaddoptiang secemeresistfilms
enbodi ment; 20 F;g. 4 is_a cross-sectional view showing a part of the
production pridceddagtichélpr fAEREGH rihf Partdieacderdirn§ €68VEiRe- second

enbodi rrer}t() of the p&%ggggtllg\e/fn;“t%e method includes steps of forming a

recess or an opening in a sheet member made of thermoplastic
resin, stacking resin films, which are made of thermoplastic
resin andonwhich a plurality of conductive layers are formed,
placing the sheet member on an outer surface of or in a stacked
25 body, which is formed in the step of stacking, of the resin
films, inserting an electric device in the recess or the
opening, and bonding the resin films and the sheet member by

pressing and heating. When the resin films and the sheet
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Fig. 5 is another cross-sectional view show ng another part of the
production process of the printed wring board 25 according to the second
enbodi ment; Fig. 6 is a cross-sectional view showing a variation of,
stacking configuration for the first and second 4 enbodi nents; Fig. 7 is
a cross-sectional view show ng another vari %tli on_of stacking configuration

for the firsPeRARL SACORT S&TFGdPREM S ted FidgPLETRLEY QHh & d58aPfvi ew

showi ng ot her. variatj.on of .stacking configuration far the first apd second
enbodi nent s; {:Efg.elge‘gltsrlac c(ri%é%(—:%eg feon%iewregvéésol Wi ﬁ&“BFﬁ‘édeZﬂ a?ﬁ‘f‘)n of

stacking contLauation fetyLhe Tifeie and,8econd 18, eabpds mepbsi Mg, 10 is

a Ccross-sectional view show ng other variation o Ing conflguration

for the fi rsg_la@_elwspgpdd@fm%m&m Fealll @helbibsrairossrsectional view
showi ng a variation 15 of electrical connection nethod for the second

enbodi nent; Fig. 12 is a cross-sectional view show ng another variation of
el ectrical connection nmethod for the second enbodinent; Fig. 13 is a
cross-sectional view shopRDEF abE8TR I nav icat iTeiE OoRA@ltecEri cal connecti on
met hod for the second enbodinment; Figs . 14A to 14G are step-by-step
cross-sectional viBws Sl rqdt hshsunpbpézesl, pfedustdsorngr adesstafes he
printed wring board according to the third enbodi nent of the present 25

i nvention; FP§.tNS RrEsends d8EEBELRT dHall PeSRTShBAM AR RP 3R tatfirtn the

following detailed description made with reference to the
accompanying drawings. In the drawings:

10 Figs. 1A to 1G are step-by-step cross-sectional views
showing the summarized production process of the printed
wiring board according to the first embodiment of the present
invention;

Fig. 2A shows the state of a concave surface not

15 according to the first embodiment, and Fig. 2B shows the state
of a convex surface according to the first embodiment;

Fig. 3A shows the state of another concave surface not
according to the first embodiment, and Fig. 3B shows the state
of another convex surface according to the first embodiment;

20 Fig. 4 is a cross-sectional view showing a part of the
production process of the printed wiring board according to
the second embodiment of the present invention;

Fig. 5 is another cross-sectional view showing another
part of the production process of the printed wiring board

25 according to the second embodiment;

Fig. 6 is a cross-sectional view showing a variation

of, stacking configuration for the first and second

4



of stacking configuration for the third enbodinent; Fig. 16 is a
Gross-sectional view show ng another 5 variation of stacking
configuration for the third enbodinent; and Fig. 17 is a cross-sectional

vi ew showi ng ot her variation of stacking configurationfor the third

enbodi nent . 5mgggééE§@§DESCRIPTICN OF THE PREFERRED EMBCDI MENTS The present
i nvention wilT b escribed in detail with reference to various

enbodi ments. First gEgbodi mept As. shownd iy sfrda | e $hB3i8gSi08e her
conductive layer 10 film21 includes a resin film23 and a plurality of

conductive | aueist2dn JNetaRRAUGtdyer 1 ANRIS od2 £ 3k e tihaped thyn #lselbhg a
copper foil with a thickness of 18 mcroneters, which is adhered onto one

side of the reawiodifiehns23. In Fig. |A the resin film23 is a thernoplastic
filmwith a thickness of 75 15 mcroneters and is nade of a m xture of 65 -
35 wei ght 5pol yet heFatghér ket scesiestandalsy iewsShoel ghothek yatriiatiinnde
resin. After the conductive |ayers 22 are formed as shown in Fig. 1A a
plurality of %ot 66AEH1LRFa- RBRESIPRR GBI f ofHed §hF 20 14 r &didh BiecANd3 by
irradiating the resin film23 with carbon dioxide |aser, as shown in Fig.
1B. The vi a- F5PEE1BE EFé bottoned by the conductive |ayers 22. Wen the
via-holes 24 are i Eradi at ed c(t}y carbon.di ozfivde Isse thghconducti ve | ayers

22 are prevented ffom bge%snfil lfgssﬁfeé:&jlﬁg?l ngletwhe %V(rv)%/\rfe? °an8r27§rtlﬁé:l8>?posure
time period qfs t@‘%aﬁﬁ&ﬁgn dbpxigerd@ssl . Ahherdhanthe carbon di.gxide
| aser, excinmer |aser and so on may be used for formng the via-holes 24.
| nstead @b 6 embodiments;

Fig. 10 1is a cross-sectional view showing other
variation of stacking configuration for the first and second
embodiments;

Fig. 11 is a cross-sectional view showing a variation

15 of electrical connection method for the second embodiment;

Fig. 12 is a cross-sectional view showing another
variation of electrical connection method for the second
embodiment;

Fig. 13 1is a cross-sectional view showing other

20 wvariation of electrical connection method for the second
embodiment;

Figs. 14A to 14G are step-by-step cross-sectional views
showing the summarized production process of the printed
wiring board according to the third embodiment of the present

25 invention;

Fig. 15 is a cross-sectional view showing a variation
of stacking configuration for the third embodiment;

Fig. 16 is a cross-sectional view showing another
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| aser, other neans such as drilling may be used. However, machining by
l.aser beamis preferred because the machining enables the formation of a
via-hole with a relatively fine dianeter and because the danage that the

conductive layers 5 22 incur is relatively small. After t he via-holes 24
are formed as shown in FI% 1B, conductive paste which is a materi al
for electri cé‘larc‘t?tifrl@é‘t‘?%ﬁ aFng%EIQé‘éllgHr?ﬁé°9|%tht‘%§h25d SPhAGRtin Fig.

1C. The conduc ve paste 50 is prepared as follows. A 10 solution, in which
6 g of ethyl | ul ose resin is dissolved in 60 g of terpineol, which is

organic solvent IS éddep7tq_309 % s stis cQ?EB?E egﬁﬁetghgggggnog%tglcle

size of 5 ntcroneter and a speC|f|c surface o g an 0 g of silver
particles w thy,a 1830 PALLLEkEnSice® rAhutall6h ARt €fe 1P 120% Mo nki.C
surface of |.2n2/g. The m xture is conpounded by a mixer to nmake it pasty.
The ethyl cellulose resin is added to i nprove the shape-holding ability of
the conductive paste 50. As a material for inproving the shape-hol di ng
ability, acrylic renrLEDPaPESeRISEUON20F Al er PR EEE REET BEMBODG MEaIgTEEe 50 i S
printed and packed in the via-holes 24 of the single-sided conductive |ayer
film21 by a screeffhprpyesent ravknhéonsi g fentesdr ek int heta & piindol is
evaporated at 140 - 160 C for about 30 mnutes. In Fig. 1C the

screen- pri nt iGRf SREERENECT ¥2HSRES fHFPUHEMIHSF 25 the conductive paste 50 into
the via-holes 24. Ot her nefhods u5|ng, for exanple, a dispenser may be used
as long as the pacﬁﬁﬁ@tlgmgﬂ tPeY I nstead of terpineol, other or gani ¢

solvent's my be used fuouhocmke, t e MoXLuhe: BaSt Yoa CESAEA QUONE,

sol vents have a boi Organi ¢ sol vents ha

boi | i ng p@i nte;qfy i?QnGMrde'sOé[\@'és%efiinkQEYar{cPaC@H%ﬁ 9?|&THdtu*&We

ti me-dependent variation of the viscosity of the 5 conductive paste 50
beconmes rel atiayelrg hkar.gerhrcdhmcatiRer 1bgads organé CsrHla®Bs dtaning a

boi li ng point higher than 300 C have a problemthat the evaporation of the
sol vents t akes cogpati feky vony & itimE.ckhilessmetal 8 pardiwiegisncdedt iis t he
conductive paste 10 50 preferably have a nmean particle size of 0.5 - 20

m croneters a@fhexespeerei s drifgcet ofhe rles-lnlfsllﬁz?%; IIF? Fhe- cse thigat t he
nmetal particles have._a mean particle size snaller an 5 nlcroneters or a

speci fic surf&SdTgfrédler thfaf P EFHEFSHE 5ﬁﬁwe7§t$F%ﬁP§CBPeﬁ?dﬁ%|
sol vent ;g reguired for grQV|§ NG gk dde, c&gg vgfpggte 3Q Wi éliqltable

V|sc05|ty f or "packing £heé "Conducti ve paste he’vi a-holes

conductive p%tleg,e%etrla%eeﬁetah@%ers%aérw@by_ @kwﬁgn% S GAN He 1S Nt
requires relatively long tine for the evaporation of the solvent. If the

evaporation iredinsufficient, relatively 20 plenty of gas is generated when
t he conductive paste 50 is heated during an interlayer connecting period,
whi ch is describedAfaeesr thampndicds vieeddyeos b2 garreifareddi as tdieowd dohol es
24. Therefore, the reliability of interlayer connection, which is described

later, is | odrded 12252 W3 Johef RAREONER Fiarhodes tzﬁaﬁr?h@rrt‘tﬁtdalm
particle hav a_mean n éﬁ %ile size ?reater t han 20 [s or a

Speci 1 ¢ ur faeTERar Ko HERETY TS CBBcaee: AR HRGurtCh batho

dioxide laser, as shown in Fig. 1B. The via-holes 24 are
bottomed by the conductive layers 22. When the via-holes 24
are irradiated by carbon dioxide laser, the conductive layers
22 are prevented from being dug by adjusting the power and

25 the exposure time period of the carbon dioxide laser.
Other than the carbon dioxide laser, excimer laser and

so on may be used for forming the via-holes 24. Instead of
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to pack the conductive paste 50 into the via-holes 24. In 8 addition, the
netal particles tend to be unevenly distributed, so it is difficult to form
conductive conmpounds 51 ( which is described | ater, nade of honpbgeneous
al l oy when the conductive paste 50 is heated. Thus, it becones difficult to
ensure the 5 reliability of the interlayer connection. Before the
conductive paEr50°rEehabRAYS i Y tate Wiid1HGdeBaFsbet Rgedur HomeYesH t he
conducti ve I%yers 22, §hi§hsg£qal%ga%ed a% thedbottons quthe x}aﬂholes 24,
may be |ight [$F8EABE BY tAER AN WedGEEG L6 REFFIT AL E ¢ M °CdmidSt i on
which is 10 Lihe a the.c Ccl, rs . .t he
Lenhidednlat oina DEIMRAD Jf Ge cRBdUCLive Lavers 42300 Lle.

conductive conpoun ottons O € viI a- hown i n

Fig. 1D, a sigighetrei-dgedacoasiedd uad auahqbl kindlehocdddas ¢ neskrsfilm
23, the conductive layers 22, and the conductive paste 50, which are packed
in the vig-holesntbr24sfeereei vanyt hananasin film 23. The singl e-sided
conductive layer film31 is fornmed by the sane steps as shown in Figs

| A-1C, with which alieesitig g-isi-tedesodtiuatel Yorhagess fsihomn2inimsid.oneed. When
the via-holes 24 are fornmed, an opening 35, which has substantially the
same size ascardacsdvei @ageei & .20'MEh w ch metdeseli Bed |sdtesrtriics1f or ned
by | aser machining in the single-sided conductive |layer film31l at the

posi ti on wheF®TRETEPRet +5 cpad'gﬂﬁdcénfih?s‘”rﬂ%&f@(fst J4be2Bndftred® TRE-si ze of
t he openi ng is.set to give a clearance of 20 mcroneters.or greater and
equal to or gﬁﬁll %tﬁﬁ?%ﬁ%?%ﬁ?tﬂﬁ%%ﬁneé% of Pﬁ%p?ﬁ%gnaFiFﬁ%g§W?75 A

m cromet S | L 1 twee rd viGe .an resin film
23 aroun IE)t heS%elFlletgtOPl’ ?%2&1‘(@ EfB Q%hglcgggn‘%&nlgl slcénré%éﬂ Dtdlqgsfog?ﬁgd by

the laser 9 in”%@hé%rﬁﬂ’l&e\&f@qiﬂebhe ¥hachol £5rhndlceshovaRd, HowRMRly tbt 1S
possible to formthe opening 35 separately fromthe via-hol es 24 by

punchi ng or Bowtidigof| riki pardDclas weith as weanr gedt ifdllem 2F ofo f he
si ngl e-si ded conductive layer film21, a 5 thernoplastic resin film which
has a thi cknessrofme¥fBrs and a specific surface of 0.5m?/g and 300 g of
silver particles with a mean particle size of 1 micrometer
15 and a specific surface of 1.2m?*/g. The mixture is compounded
by a mixer to make it pasty. The ethyl cellulose resin is
added to improve the shape-holding ability of the conductive
paste 50. As a material for improving the shape-holding
ability, acrylic resin may be used.
20 After the conductive paste 50 is printed and packed in
the via-holes 24 of the single-sided conductive layer film
21 by a screen-printing machine using a metal mask, the
terpineol is evaporated at 140 - 160 °C for about 30 minutes.
In Fig. 1C, the screen-printing machine is used for packing
25 the conductive paste 50 into the via-holes 24. Other methods
using, for example, a dispenser may be used as long as the
packing is ensured.

Instead of terpineol, other organic solvents may be used
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m cronmeters and is made of a m xture of 65 - 35 wei ght pol yet heret her ket one
resin and 35 - 65 weighty polyetherimde resin, is used as the resin film
23 of the single-sided conductive layer film31l. 10 After the opening 35 is
formed in the single-sided conductive |layer film 31 and the conductive
paste 50 is packed d evaporated in the via-holes 24, |urality of

si ngl e- si dedEBdﬁ‘Hlﬁ%t 'rl\)ee ML gfefP‘?%y21,De§fr§F1e°593%k(éds,°aja‘£e”stﬁomv?na Fig.

|E. In Fig. rse0 i ngl g5 sdded d ' ayer.filpms 21,
31 are thr eekg%ai{;lgo{,gg?ggp%fcthil y.ﬁs&er?'beioégagggcggéflgﬁﬁ% g?‘r’nbﬁl%-%i ded
conductive | f L AL § t pcked ch; a Lde ' t he
conductive | gﬂ%g%ggﬁﬁegfﬁlﬁ@rﬁ OZS Vi evxggléi glfl(:?? t%E.Eggl'ﬁgga Fggg%%g

si ngl e- si dedtgepdudiiec@idpayaenti | var 2kiochl ake |iackedcsyehy 2Q ¢t hghe ach
surface that has the conductive | ayers 22 and each surface that does not
have faceseachnotbeive hestH AQl kesomled rdrdiictelyelhayer fad nke3dthadii ch
have the opening 35 at the sanme position, are stacked such that the

di nensi on of handpagwa@d.c sl centshhygingck bpidipbwalnitt higheofthapedd hgs 35
(two openings in Fig. 1E), in the vertical direction of Fig. IEis

subst anti al | \* &q&l atBr bl ¥hdihadr tRe AV aRRF aticsk Aéskhefsaliyerdisetrkee device
41. The thickness,of the electric device 41 is 160 mcroneters in Fig. |E
so the 10 SFEARFLYEHHetP2bAddEri ve |ayer filns 31 are stacked such that
the dimension of tje spAGE 383-3HBSEADIIALYY: £O4Al L9 Bl S0RI Ler, Lhan 160
mcroneters , that™is , such that two openi ngs 3 respectively Ravi ng a

di mensi ofy of 543 /B ARBY I Srd B @ PaMEIdi Lk diJeeel s QM O iEkOmet Erdir @
conbined to provide the space 36 with a dinmension of 150 m croneters. Wen
the singl e-shA@dh cubictiiveulrayee &£ 0Bl 21,1 .31m8y ¢. strackad, chbe ehgetric
device 41, which is a chip conmponent such as a resistor, a condenser, a
filter, or ahhéGpetsl ipearicdeslBave theespaper 361 eAs igleowmailheFi ghath E,

el ectrodes 42 are formed at two ends of the electric device 41 on a surface
that faces tRedRictraaters1opfa specdifigl susfaes i@t than|ayiem’ {9 m 21.
The vi a-hol es 24 packed with the conductive gaste 50, are_|l ocated at the

posi tion, whEPLathEeetHRAGREY P PLAANE 991 YARE 18 L9 IS E9DBESVAILRSN be
el ectrically, connected,. in the singl.e-side nductive. layer film21l that
is | ocatggol aﬁg?/ec?rh%uc%pla{’ceepéé.‘e‘eAgﬂg’aﬁ%hsisﬁl%gﬁé,?emﬁsc%osll'stya)éﬁé:af’a?ef%%si ng

menber made of o A WHRYAY el g JUd £61 iHREEMd 82 ShELEEG4ST NB £8hARM: cPRduUCti ve
| ayer filns 21, 31, as shown in Fig. |E. No 20 via-holes are forned in the

resin film2gathatsd ases tbatherd <k 46 1yaplehewesr idrdandc kELvéiter the
si ngl e-si ded conductive layer filnms 21, 31 and the heat sink 46 are stacked
as shown in Fequit&s trhbastecked dogytime pfesselleandahentedod rofn the top
and the bottom 25 surfaces of the stacked body by a vacuum hot-press

machi ne. Spe&Piventty, Ifh&h8gt SYRRATBBHY | §Spriessédiaagar  1rela8ivphy
pressure_while being_heated at 250 tqQ 350 C for 10 - 20 m nutes_t{o. bond
bach s nif - BEABEY COndct | e PA7ER CFRI 9, £h9 qppuctive pRate s is

heated during an interlayer connecting period, which is
described later, and voids tend to be generated in the
via~-holes 24. Therefore, the reliability of interlayer
connection, which is described later, is lowered.

25 On the other hand, in the case that the metal particles
have a mean particle size greater than 20 micrometers or a
specific surface smaller than 0.1 m?’/g, it becomes difficult

to pack the conductive paste 50 into the via-holes 24. 1In

8



11 the heat sink 46 together, as shown in Fig. 1F. The resin filns 23 are
all made of the sane thernoplastic resin, so the resin filnms 23 are readily
heat - seal ed to nake an integrated insulating base nenber 39. 5 At the sane
time, a plurality of pairs of conductive |ayers 22, which are separated by

in fil ) l ectricall t by th t.i , ds 51,
i ch ar e maddahy SeR e K ShBe bR IS SPRD ke DORIGLET vE A< EavE i n t he

i a- hol 24 the . ele trl ' 1.,and th
Conduct | ve. | 5501 T20ARETRLE T RSk et i LA Bt P LT baER Wi ng

board 100, iQeWhi¢hel G teheGlddefoRbhEGeAdohS s8TRGANG tﬁg%oﬁgﬂg'eﬁ%ve

conpounds 51 are a material for electrical connection, and each via-hole 24
and each congdugtikvsn Ganpesineh S1raake UpreasheYid 111 dd1a 18 sRYddd ayer
printed wiring board 100. Each pair of conductive layers 22 is electrically
connect edsby reaghb¥i at pn dhethasiintedr itafe rsasennechioon sm B reondyeti ve
paste 50 packed and evaporated in the via-holes 24 is in the state that tin
particl es andosihotivparasteesl20sapeckegedntyhthet héacbndlast R¢e phste 50
is heated at 250 350 C, the tin particles nelt, stick to, and cover the
surface of t RBT§RFoRrohatis QB WsEdygsday AES net t i WYL Poiahe dPcphedt ph

ticl d.that of th | ) t.icl 232 C.and_.961 C
part ol s and, et oL N sHLyer P 95 ot 292 SN0k St o,
ticl h i i e .pj.xed, .f tin. i .def usi
part 1l e SryLhtcal | YeFoRACLI CLes re s Lseld s 050! ORI v g

I's formedobeugen;ibbd pRdes! | Y&l wed & 1k corddctN®el QayREL0D20hnhenal | Oy,
t he conductive conpounds 51 nade of the alloy are forfred in the via-holes

24. \Wen theceanduel v ¥ e a@qumads 154t e foiredsi Hrtiwee Wiarhohes 24, each
conductive conpound 51 is pressed to each 5 surface, which is |ocated at

each bottom of theawishdwol ésn Z49.01Dt he somgluets ded ayerdicZdveTheyetore,
the tin conponent in the conductive conpound 51 and the copper conponent in
t he conduct i ¥élhalleigc2adgp s Eeryd dalliny 23antheacesingtpraseydisst 4si on

| ayer is fornmed at each boundary between the 10 conductive conpounds 51 and
the conducti ¢8°%RfeFendyct Eag RAEERT0HBID 31° ?ﬁ%k"e‘ilijé(?t?‘i‘%"c}évf‘%eﬁl i's

made of $sMebal eSURly 3% ERBRRL, 1 (IGIR . THE sULlpoe, Ol pagNBLegtyode 42

is plate i'n and so on. on € basiso e samne

mechani sm as ;Lpel-he; gh e6f riLado 2 aCBYNLRLT Ombel MaaN 1he HeRRdYGat FYEs
conpounds 51 anhd the conductive |ayers 22, each electrode 42 is

el ectrical | yigonogckeech twh iohe t o Nglited 1 ass il todduby 1 08 €1 £04E HGlLinv 21
conpound 51, by one solid phase diffusion |ayer made at one boundary
bet ween t he denflected/e @bepoumel Sk -dved esh24 corel foirmed , 28n [apearing235and by
the other solid Ehase di ffusion | ayer nade
which has substantially the same size as an electric device
20 41, which is described later, is formed by laser machining
in the single-sided conductive layer £ilm 31 at the position
where the electric device 41 is placed to be embedded. The
size of the opening 35 is set to give a clearance of 20
micrometers or greater and equal to or smaller than the
25 thickness of the resin film 23 (75 micrometers in Fig. 1D)
between the electric device 41 and the resin film 23 around

the electric device 41.

The opening 35 in Fig. 1D 1is formed by the laser
9



at the other boundary between the conductive conpound 51 and the el ectrode
42. The nodulus of elasticity of the resin filnms 23 is reduced to about 5 -
40 MPa when the stacked body shown in 25 Fig. |E is pressed and heated by

t he vacuum hot - press machi ne. Therefore, each resin film23 that is |ocated

around the o ening,SS is defornmed to protrude toward the opening 35. In
addi tion, eaPACPERiRI IR 388 kit -PeLedh éFcon oPetdnddiowsier 31t bheni ng

220 ne verbisaly SetLanelofbiiyd 5o So8l 28 S SHIECLA D BAOLEICE | over

t he openi ng 8 iI's, eac In ines e sp

protruded t oyarg, L HAGeoB0rok (P ShRTRL o 1Y) CLECHLIE LlEXnEe dd ) S

seal ed by the insdlating base nenber 39, ch i's tornmed by integrating and

deform ng theiigshn bifl M2 0fq 1t i8R @srsided veondydd ver 1gyer, fil ms 21,
31, as shown in Fig. 1F. The nodulus of elasticity of the resin filns 23
whil e thesreshbrhbpIBs 28 akres1 priassedwrieh healseda i $hpeghesablos 175 1000
MPa. If the nodulus of elasticity is greater than 1000 MPa, it is difficult
to deformtheiceshetérs nen@3is omhdat ofeal ntikkuresiof f439 s 23. wéiighth®e ot her
hand, if the nodulus of elasticity is smaller than 1 MPa, the resin filns
23 flow too peduetheretidriAtane 18s bt AAdetP bodr delignt* PRéYSthershidae
opening 35 is set to give a clearance of 20 mcroneters or greater and

equal to or SRAFPer 1EhZAEnéSt HRkIRE btk $2sPh FREngEingleThideds

because if tQSn &g {9@Cfg§é§s¥§yd ga_than 20 mcroneters, it is difficult to

10 After the opening 35 is formed in the single-sided
conductive layer film 31 and the conductive paste 50 is packed
and evaporated in the via-holes 24, 'a plurality of
single-sided conductive layer films 21, 31 are stacked, as
shown in Fig. 1lE. In Fig. 1E, the numbers of single-sided

15 conductive layer films 21, 31 are three and two, respectively.
When being stacked, the single-sided conductive layer films
21, 31 are stacked such that each side having the conductive
layers 22 faces upward as viewed in Fig. 1lE. That is, the
single-sided conductive layer films 21, 31 are stacked such

20 that each surface that has the conductive layers 22 and each
surface that does not have face each other.

The single-sided conductive layer films 31, which have
the opening 35 at the same position, are stacked such that
the dimension of a space 36, which is formed by a plurality

25 of openings 35 (two openings in Fig. 1lE), in the vertical
direction of Fig. 1E is substantially equal to or smaller than
the thickness of the electric device 41. The thickness of

the electric device 41 is 160 micrometers in Fig. 1E, so the

10



20 insert the electric device 41 in the opening 35 and because if the

¢l earance is greater than the thickness of the resin filnms 23, it is
difficult to seal conpletely the electric device 41 when the resin filnms 23
are deformed by being pressed and heated. 25 In Fig. |E, the nunber of the

tack of th i ngl e-si. ded ducti I il 31 is_det 1 h t hat
The di nensi of L8P LERE A R DN C LY B gBFat L HhE P ERR A S Enr
substanti al | ¢ RINBhCROLOn St e skhes tskins: £ 1 4qpinecebgotri c

device 41 in e vVertica ecti on of 15 1s ‘becalse I'n’the case

that the di mgpsh@Brofhd€65RAGE 03 tieT s BRL €1 st hah- Q@.atthéwagéﬁéﬁésth_e

el ectric device 41, the insulating base nenber 39, in which the ctric

device 5 41 s seahesk arsh embeddgda DEEOTES IC@RCAY e Dirdier St fiacegeabove
and bel ow the region where the electric device 41 is enbedded, as shown in
Figs . 2Asanee3Aichl diltecpiontedF i v il B deoastb 1€d had myy itdeet bwBpave
surfaces is placed in a high tenperature atnosphere, the insulating base
menber 39 is3tOwdthoangtrensiavaf tidd adgcavretsusface. Therefore, a stress

that peels the insulating base nenber 39 is generated at each boundary 4la
shown in Figs. 2A %A FRepetteksr sifedreetrrelivevirger44i Wi 2 ne’ i A%8I ati ng

b nmber 39, t liability i.n i | at i d i is | d

Che. 15 pri nt 346RFing Boct 111000 HAVROT 117178 heh <iT G & T itaf PERPE Ehe
the 15 print o 100 A5 HE" st he

o rel at | vel § A FEEoar Sarar EPaR THE 1 hitohhons ot SFr ol CEpPRREGRLY o

41. On the otfRerndapdceas .l ORY sdSwhnen BigenS 081 86t 1HESNACL LE03RekS
substantially equal "'to or snmaller than the thickness of the electric device

41, the surfaceswalkove andtHekowcthec agiide whese ot Bereheettnar deveee 41 is
enbedded are planar or convex, as shown in Figs . 2B and 3B. As |long as the
surfaces aretpeanaa-belenndexf érensifiglhes pdédtethdvuative Bexed £0Dm25 is
placed in a high tenperature atnosphere and the insul ating base nmenber 39

i s deformed 23| etRg ViRchedRT eS¢ BaFkaee ith §hpesn Uil sy B38ES Hthare

[ nsul ating base wegber 39 L9 Le08! SIS 12V LeGathe L5 IPLAN 6 lythe

15 the electrodes 42 can be electrically connected, in the
single-sided conductive layer film 21 that is located above
the space 36. A heat sink 46, which is a heat releasing member
made of aluminum, is piled under the stacked single-sided
conductive layer films 21, 31, as shown in Fig. lE. No

20 via-holes are formed in the resin film 23 that faces the heat
sink 46, as viewed in Fig. 1lE.

After the single-sided conductive layer films 21, 31
and the heat sink 46 are stacked as shown in Fig. 1E, the
stacked body is pressed and heated from the top and the bottom

25 surfaces of the stacked body by a vacuum hot-press machine.
Specifically, the stacked body is pressed under 1 - 10 MPa
pressure while being heated at 250 to 350 °C for 10 - 20 minutes

to bond each single-sided conductive layer film 21, 31 and

11



However, in the case that the dinension of the space 36 is relatively too
smal l er than the thickness of the electric device 41, the surfaces of the
printed wiring board 100 becones too convex and there can be a difficulty
in assenbling an 5 electric device on the convex surface. According to the
manuf act uri ng_net hod and t structure_proyvided, by the nuf.acturi ng nmet hod
descri bed abg%,h??fe Pri t426§ tv(\)agreiléﬁﬁrboagdsﬁﬁﬁ? th %?bhlrifl'hefrg?eﬁ?ﬂ devi ce

41 1s relatiyely. pregisel i ROSEISPRGL Ll ha dasyhating pase, manbefo 10 39

relatively surely electrically connected to t nductive layers , and
relatively sypgly s@d£d3byrd hRadisyl Bdd 0 Lase enpske 3% ihEeg¥atbabl e.
The printed wiring board 100 having the heat sink 46 at the | ower surface
as viewed i niffsgldGEEapdLalniemddii gh.density packagi ng and 15

si mul t aneously have desired heat releasing ability by assenbling another

el ectric slevi ce 6lavrtHdesangpeinsyr & agkusadity ehipeddisng £t henéhecive c
device 41. In addition, the integration of the single-sided conductive

| ayer films Rayesd 2Ad thdchearesisgpuGtadebp0aelrestini da@llncohhection

bet ween each pair of conductive | ayers 22, and the el ectrical connection
bet ween t he éE%%’fH‘"caJd]e\(/icé’én&ftﬁﬂcPYt RBEAMARTT WE FAPRPYENDD SdrreWR il enent ed

i mul t ly b [ d d.h .t he stacked dy. Ther ef , th
umber of T aBFT CRTorP R SBF Bna Br T Rt S W 11 Hoar@Oso 198 Ear Do
duced and : ' ' [ t in Fig.
b Uhe ot ot of The CHband Crbad TenE P HeT o1 Ah e omt L ShP EheC it

enbodi men§ i Bel&Etd aakl ¥nd &onduernOe! i Agetde £hect §i Lo dRVINCR 44 8hd the
conductive layers 22 of one of the single-sided conductive layer filnms 21

before the sksgheasihdeditapdtichrvecédyeirind mboXdd Bdo Ar en syRCkiedthd he

si ngl e-si ded conductive layer film21, to which the 5 electric device 41 is
connect ed, isletackd delvdve ¢helsspabed®édat Thestavkungive aprgploowdsi il Fi g: 5,
in the method of the second enbodi ment Specifically, as shown in Fig. 4,
the el ectricafevd ®@teFipd PPRCRF T iId SPaeechheRe alitt e@ShdUtRrhel¢ ayers

22 are 10 not | ocated, of one single-side nductive |ayer film21. Then,
t he single-s%ﬁeﬂn dﬁﬂﬂbf?W@“F&ﬁéFgFFWﬁ%Eﬁgaig’? ‘agﬁbf? icvdéb?ﬁetﬁi are

pressed and QS?%E?%%g%f%é@&¥- egﬂiﬁ%éfﬁﬁﬁéhOEQB?d at the positions

correspondi ng |'ectro electric device 41. Therefore,

when the 15 singl ez sdylega epnductdon@ulaee fidy@ral andigheiekesticherglevice
41 are pressed and heated, the conductive paste 50 is sintered to make the
i ntegrated ceafiettye bgospeninda &ilthanshdieotlrd saslesmebhaafistvhe ehectric

device 41 and the conductive |layers 22 are electrically connected. 20 Then,
t he singl e- sededucoirdricidste |58y packeinad, evapoua tedd time tdleegtin-boteyi ce 41,
ot her singl e-sided conductive ) ) i
24 is in the state that tin particles and silver particles
20 are mixed. When the conductive paste 50 is heated at 250 -
350 °c, the tin particles melt, stick to, and cover the surface
of the silver particles because the melting point of the tin
particles and that of the silver particles are 232 °C and 961
°C, respectively.
25 As the heating is continued in the state that the tin
particles and the silver particles aremixed, fused tin begins

defusing from the surface of the silver particles and an alloy

(melting point 480 °C) is formed between tin and silver. Due

12



| ayer films 21, 31, and the heat sink 46 are stacked, as shown in Fig.5
Subsequently, the stacked body is pressed and heated by the sanme nethod in
the first enbodinment to formthe 25 nmultilayer printed wiring board 100
shown in Fig. 1F. Although the conductive conmpounds 51 are already forned

in the via-holes 24 of the single-sided conductive |ayer film?21l, to which
the el ectrictBetheef WMdtS ToRtellEd2l bRY orlehq IRPMEACE 1T A ERBAOBBEY 75

pressed and heated, the tin component i.n.the conductive c ounds 51 and

t he copper 08ﬁ§8n%ﬁtt??l?#ﬁ?%éﬁpugffygdl59e5362§l%7??h%% %£$ua!ly when t he

stacked body is prﬁﬁéﬁ%ﬁ@dcgﬁé&@&v@[ﬁo&&% I phasesglifd SJséi”tﬂé‘yers 5
e condu

are fornmed at the boundaries between ct1ve conpounds and the
conductive | gygLgoPes ¥, meRsh adaualidll e8spdetdean ither &pedd rg Sd-@nd the
el ectric device 41 and between the space 36 and the electric device 41 are
the sane as sOrfheef whilchepdadicared. ad@aBy bbet sl ané uwriargoreishpgd, of the
second enbodi nent, the printed wiring board 100 having the sane structure
as in the fips$tteabodidmntives layairsabke. Tooorfdineg tthet hénsecopenent

enbodi nent, the electric device 41 is connected to the conductive |ayers 22
of the singl énsifedondngtiiy e vempepad 31 lamdlshe rapefegr eompnehe 18 bl e- si ded
conductive layer filns 21 are stacked. Therefore, the electric device 41 is
readily i nspERRRYCHEY higlR Rt Tohdudttiesg aperiably . iRt h2 af L Ef cRE?$Ral I y
connected tot el ectric device, 41 f_the_singl e-sided conductiyve |ayer
film21 evendil?g‘t1 el %3 Fic 20 £ erv“{ecdg bl Fsac?’eﬁ)a ulnvé"lr;y ek§< el yt%?ral . In
addi ti ony g begghse-{ Nee & SHEtddhadavi GaatinEaBoREuLNEPECE £k efore being
enbedded, it Is p055|%le to avoid manufacturing a waste inferior printed
wiring board 100 eysh icfl ebh@oakess 0 eV Lactddid Aekiberipris aad&hés d
Enbodi nent The sanme singl e-sided conductive |layer films 21, which have no
openi ng, as aheeanes siueht hes abovgerenbodnieres . ar @hieorswedfads Nyt sé@epis shown
in Figs. 14A to 14C, which are the 18 sanme steps as the ones shown in
Figs | A to l€leatsddets hesbplag8edshbn tiim Ring. se4oni s Qraddécobasherabpl astic
resin and has a thickness of Inm Specifically, sheet menber 81 is nade of
a mixture of SBBstanbidgetyht8epsidRa hBREPRRERBL Gife FBsithanfl8ce8Bicaks

wei ghty | yet herim de resin, shown [n Fig. 14D, the sheet er 81 has
MR A1 ST R A LR RLTES R TR e bt ke
substanti al | ¥, he. SANE §5§§r§152§t‘¢e%lc%Ct%e%t%ﬁ'ecelfllién_gl%{‘_fbcéf formed

by hot-press nmachining at”the positions ere two electric device 41 are 10

pl aced. The gbzgeOfefath IAGESSoRPudtSivaet 14PePr 0Yi 4 ok €36306EL OF e 20
m cronmeters or greater and equal to or smaller than the depth of the recess

82 ( 0. 85mrobmpéugd s14Dby beeweehidadlasel dififieideviaeer magiedaveote cal
surfaces defining each recess 82 in Fig. 14D. 15 The depth of each recess
82 is set tobpendybgbaivean|thetRrduatc e cenpey et St e e CPRIBRREES of the
el ectric_device 41 in the vertical direction of Fig._ 14D. The thickness of

[¢]
the el ectfi clB8ST & 4P % PY. BT 1'% §OLFEPPRRe eHhf Heds < 2857 B2¢%r ned
such t hat thet@:ehoet rcIJtIhSerOI:'>c§1.15n a )il_%elt;_lwg'enlt%[)é ctorgl u%giggegémﬁmc?%lsgn S
formed by ho?-press machi ni ng. Wever, e sheet ‘menber may "be T orned
by injection.pgol di 8o A5k S On.

The modulus of elasticity of the resin films 23 is

reduced to about 5 - 40 MPa when the stacked body shown in

25 Fig. lE is pressed and heated by the vacuum hot-press machine.

Therefore, each resin film 23 that is located around the

opening 35 is deformed to protrude toward the opening 35. 1In

addition, each resin film 23 that is located on or under the

13



After the sheet nmenber 81 is fornmed and the conductive paste 50 is packed
and evaporated in the via-holes 24 of the 25 single-sided conductive |ayer
films 21, as shown in Fig. 14E, the single-sided conductive layer filnms 21
(three films in Fig. 14E) are stacked, and the sheet nenber 81 is piled
under the stacked single-sided conductlve | ayer fil s

SpeC|f|caIIy°PFHé“§|ﬁ Ié“&ﬁﬂ%ﬂ%ﬁﬁﬁﬁiﬁh\ﬂ%q%ﬁﬁ%°W|QQEF§i a}% i% a2k&® such

t hat each si havi ng, t he conchklve ace€5up as V|e din

2t
Fig. 14E, th Ff?§ e%a%% RARFACES hgﬁaﬁga¥ﬁ8 88ﬁﬁb3?| erslﬁz Sﬁﬂ each
surface haV'QEsER ﬁ EPQHP%B Yeglf §%§1§§h % e?@hlgEﬁﬁierlgﬁlﬁg menber

d
8l is piled wt & stacked S|ng e- si duetive i such
that the surtgeesphcthgsstacked single-sided conductive layer filnms 21, on
whi ch the conductive |ayers 22 are not |ocated, and the surface of the
sheet nenber 81, omhdfefiich tlhe sPERSSRS B ife 4 DCd edeafagengacheot her.
When t he singl e-sided conductive layer filnms 21 and the sheet nenber 81 are
stacked, an éheclatingdaiseenerihemiivc hwh icha ishf gronitpgnemte guaohingsaad
resistor, a condenser, a filter, or an IC, is placed in each space 83
defi ned by cdeROFBERS Sths 183 1naEi EMow? Fhe. s inH e-FrHglesi ggnaustk dee
conductive layer film?21 that is located above the _space 83 includes two
pairs of vialtR8PEsI2AmPadked bt ASt ARO¥BNdOCEiTe 655teT§6 meRR1YF afol es 24

| d wh h
ol oct rodes éﬁeaﬂl%%@ii PR EbMe L ias e deeid Sfntottrg. 1e
he h h ked
the heat, 'ngréé glgéété@% Ve@% ayeg»g}l'lﬁo ijgd u g %demg e

body of t |ng e- Sl conduct ms 21 and ft eet nmenber 21.

Subsequent | yort Beast ackef hodyatepr 88801006 Meat ed 21@ brigmibwer susf aces
of the stacked body by the vacuum hot - press machine to form a mul til ayer

printed wri agtboarthd ks iSpedilinscaBl yo hbet psded tadywdsinpresmed2ander 1 -
10 MPa pressure while being heated at 2SO0 - 350 C for 10 - 20 m nutes. 20
After the piPedthedyther graaskedf shehmgdnlhe-of ol%l@mmdam iigesmaykerfilm
21, the sheet nenber 81, and the heat sink 46 ar
than 1 MPa, the resin films 23 flow too readily to form the
15 printed board 100.
The size of the opening 35 is set to give a clearance
of 20 micrometers or greater and equal to or smaller than the
thickness of the resin films 23. This is because if the
clearance is smaller than 20 micrometers, it is difficult to
20 insert the electric device 41 in the opening 35 and because
if the clearance is greater than the thickness of the resin
films 23, it is difficult to seal completely the electric
device 41 when the resin films 23 are deformed by being pressed
and heated.
25 In Fig. 1E, the number of the stack of the single-sided
conductive layer films 31 is determined such that the
dimension of the space 36, which incorporates the opening 35,

is substantially equal to or smaller than the thickness of

14



bonded together, as shown in Fig. 14F. The resin filnms 23 and the sheet
menber 81 are nmade of the sanme thernoplastic 5 resin, so they are readily
heat - seal ed to nake the integrated insulating base nmenber 39. At the sane
time, the conductive layers 22 are electrically interconnected by t he

conducti ve campoyn 51, and t el trode 42 of.th electr Vj ce 41
and the condlcj)t&n%) 35 %ﬁffgr Ve apg & 2@{“ VEA Ilﬁa%o?]h]é% tldmié’fl n ?hgl

manner as i e abgue.gubod] NI $asThen Pl £ GlerdliB8 bl Lo Afod. (e resin

films 23 an sheet nmenber 81 is reduced to abou BWen bei ng

pressed and featedbytbbecyac e haticRhess SR Ne1thenelf gegicd hg sheet
menber 81 around the recesses 82 and the 15 resin film 23 above the

recesses 82 e idelonmedgt bape atantte Boyaifdl dHiecH etesseacBlic dwtides, the
resin film23 and the sheet nenber 81, which surround the spaces 83, are
protruded t owari¢ tskealspgaeced 88beddwd eflerodmesheoakcegkr bo tewi erfhldss seal ed
by the 20 insulating base nenber 39, which is nade by integrating and

def or mi ng t RbYessiand pleggw28hantegirn stwste ridyebed egiriThéevibeiel &ls iof

el asticity of the resin filns 23 and the sheet nenber 81 whil e being

pressed and ?i‘é%ﬁdéjﬁq'saﬁr%f%'f‘hﬁpyl’{gsméé Noh 3 Fﬁett}ﬁ)BEFé*éerWJéIld@tl city

is greater than to heat-seal the resin filns

diff
P L e G SR IS FY AR S SR i R L AL
the sheet “Et{@ﬁ! Sla @ e s %thré?c'é hapd, ; néu%Q%l%d%'a%% %fem%|e§5t39cg_%yflow

smaller than 1 NPa t he resi I'is 23 an the sheet nenber

too readid y dordfed ktheipvéntatk boacdvdOfy r fdee Si 700k r8ach 4 @Res%82 is
preferably set to provide a clearance of 20 microneters or greater and

equal to or thasimpkkes thmAnsheadepsy bagfe hbRbE&LGES S8 Syt B5aMdathFi g.
14D) between each el ectric device 41 and the vertical surfaces defining
each recess Bundary glal4bowlhis Figbhecddusad BAt hetwkenrbineeeliactaniad | er
than 20 mcroneters, it is difficult to insert the electric device 41 in
the recessesd8Zicdibecdifset® iimsppdtirgarkane memjrEatd- t ARA tHhe dept h

of the recesses is difficult to seal Ietel the electric device
41 when the 8£”‘r?‘éﬁ"ger g P A S et ysf)%f’g;g p?‘ﬁs 8Y¥°*8Ad Redth&d.

15 printed wiring board 100. However, if the stress that peels
the insulating base member 39 is negligible, the dimension
of the space 36 may be relatively a little greater than the
thickness of the electric device 41.

On the other hand, as long as the dimension of the space

20 36 is substantially equal to or smaller than the thickness
of the electric device 41, the surfaces above and below the
region where the electric device 41 is embedded are planar
or convex, as shown in Figs. 2B and 3B. As long as the surfaces
are planar or convex, even if the printed wiring board 100

25 is placed in a high temperature atmosphere and the insulating
base member 39 is deformed to level the convex surface, a
stress that presses the insulating base member 39 to the

electric device 41 is generated at the boundaries 4la.

15



The thickness of the electric device 41 is 0.9mm and 15 each recess 82 has
a depth of 0.85mmin Fig. 14E. The depth of each recess 82 is preferably
substantially equal to or snmaller than the thickness of the electric device
41 in the vertical direction of Fig. 14D. This is because in the case that

t-he depth of each recess 82 is ater. than the thickness 20 of _the
o eci e doviEasuat £ oihang caded LAt Tt IEmr oy It des “B8ReaE T t he

surf aces aboyg, and bl A Nengjadon wlenst g elastel odexiogiddls, |

enbedded, as own i n € prirn W ring boar

having the cQREAVE 1SUMACES t Scd 8E&Ghd fir '&Q#fg}ﬁ%&%&w@@gé‘@@g re, the

i nsul ati ng 25 base nenber 39 is deforned to | eve e concave surtace.

Therefore, atséressvéhadndedierd han peulaatding ibaseymeabessafbi sngeqer at ed
at each boundary 4l1la shown in Figs. 2A and 3A between the electric device

41 and the | aesedtatingidaise mentiéde 228nve39suanacéhe reliability in

i nsul ation and sealing is lowered in the printed wiring board 100. However,
if the stress thatAqidingheo itheutanyfaf thasagmeperd 39dittheeyrugibie, the
depth of the recesses 82 may be relatively a little greater than 5 the

t hi ckness of PEPel@dARY i reidiATE AFEUrdR 9t RetdPRefeRaRdPeAds2Pongy akhe he
depth of the recesses 82 is subst ntLaIIX equal to or smaller than the

t hi ckness of PTHE-&t &¢tin8 B%@f‘gelo 7, PHE LR RE 8§ 18BBYEC St E%d tHe regi on

where the el eol Ll £, HoYLEE:Hdo1 7 oBTREAdRd, are, pL 3NAL, 10:0L 100NNEX,, 45 SOWN
in Figs. 2B an B < As ong as fRE surfaces are pl'anar “or ‘conveX, éven if

the prinfed wIinge poareki100 g@qu,aC%qeb@rchwp tgoRRedt MG e ot nogphere and
the insul ating base nenber 39 is defornmed to | evel the convex surface, a
stress that psessesiddeldyensd @t ,ngndase 1ageabely38utelyheedde@l Bgttne device
41 is generated at the boundaries 4la. However, in the case that the depth
of the recessesuB2timny bekathembsr 380 Sswviagl abhan t e tohiiokedseining he

el ectric device 41, the surfaces of the printed wiring board 100 becone too
convex and thered ¢8R e igadi i Reark tsyinkyt g§§é?rﬁﬂ Legex serfgcelaacy (¢¥edevi ce
on the convex surfaces, According}to t he, manuf act uri ng nmet hod and the

structure prd%i dB9 byl FheCABnuF&RE HFE ng hefhodeRF the PRFFAIEMbodiHENt, the
stacki ngl?ndsirgéfgg%c;uo yOf htat}g Sc!igsgjl.reédSi qggtcolpe ggéf/neg ability by
assembling another electric device 61 on the upper surface
and by embedding the electric device 41.
In addition, the integration of the single-sided
conductive layer films 21, 31 and the heat sink 46, the
20 electrical connection between each pair of conductive layers
22, and the electrical connection between the electric device
41 and the conductive layers 22 are implemented simultaneously
by being pressed and heated the stacked body. Therefore, the
number of fabrication steps of the printed wiring board 100
25 can be reduced and so can the fabrication cost.
Second Embodiment
As shown in Fig. 4, the method of the second embodiment

is deferent from that of the first embodiment in electrically
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| ayer filnms 21, the sheet nenber 81, and the heat sink 46, 25 the

el ectrical interconnection between the conductive |ayers 22, and the

el ectrical connection of the electric device 41 to the conductive |ayers 22
are inplemented sinultaneously by being pressed and heated. Therefore, the
fabri cati on e Rl aeesfe Al ddie 7 LBLEH. W 1100 BRArdo A0 CAN e gl i fi ed,
and the nunber 6f fabrrcation steps can be reduced. ?h ad rtion, éven in
the case that) §f lodkdsr ehecd {1 devided fepdsdQ Peagabedded - apsheet nenber
81 having a size corresponding 5 to that of the |arge electric device can
be nol ded anrtheUsefygl&0sided RoHIRICtal of abyé £adiiny 1EPS1 Care e akadyced nore
t han when the insulating base nenber 39 I1s fornmed using only the resin film
23 Accor di ngheo ¢igylrasuidadt wondgcrevkod agred thidmst2uct ts ewhfcpr anieded by

t he manufacturing nmethod of the third enbodinent, the printed wiring board
100, in whi clechaiel devite Hevisceoanecsede! asi phigeprariwelbhrepestieoned in
the insul ating base nenber 39, relatively surely electrically connected to
t he conduct i¥fedfaf et @POLNGFFPeFEPY Il KifelPy d8aFRE ’I‘?ltl’tcffg of5thRsul ati ng
base nenber 39, is available. The printed wiring board 100 havi ng the heat
sink 46 at tHEPIWEFCLHFFERE as viewed in Fig 14G can real i ze high density
packagi ng and hav i at_ t 1 5Si b | | . ric
device 61 on the % g§$k£§$%2§ba¥ﬁEﬁﬁggbé?ﬁﬁgﬁ %ﬂ??ﬁg Jgg%”%g&gggﬁgby
embeddi ng 2Q 1t he @l LA ba drYiLRIALwnMPdifnd Q:%tn_d'uglisivlanléﬂgré ixSheand
second enbodi nent's, neither stacking configurations nor the nunber of the
si ngl e- sbdedogonduatede ¢ ByAte fsiings e2%1d33 asratdvited dyed Fa1anes.shown in
Figs. |E 25 and 5. The singl e-sided conductive layer films 21, 31,

doubl e- si ded’heondudtel veei i glyeers ifdieldrss o nallvat trigei n ayidorst Hawvi hy aond cohducti ve

| ayers 22 may be conbined and stacked on a case-by-case basis. For exanple,
t he stacki nGl28trigotgVin 4tli dRS BHeGAed ﬁn¢ifg%€t66¥-‘t oThe,viarhgHiesh2the

si ngl e-si ded conductive |la 1, 31 and the resin filnms 23 having no

fil 2
conduct i ve PESelacaied abnblaPsiid oafata e SRR B9 G8cthe AL SRR Fi gs.
B (0 10, especi ghlveld UIRase Sabbale! e OPenkng. 95,45, TapmRd gaLy in the

resin filns avi hg no conducti v ayers, there TS an advant age fhat the

fl exi bi histy giRgGkleYiba AR tli et NG, L1025 dnixs hARIGLE: o Nevar hhghess, the
manuf acturi ng process can be sinplified if only the single-sided conductive
| ayer fil nmsadlars8praceed@imst Rekeed ashencdidhcdivaapds £ §.0 bs slifitkheasecond
enbodi nent, as shown in Fig. 4, the conductive |ayers 22 of the

si ngl e- si dedtoc oradkgcttihee~l myegrftiddn Sdndunak ivee edrgpiurotess U2 ahdt hbeel ectric
device 41 are connected by the conductive conpounds 51, which are forned 15
by sinteringleréregagut?ive sredeshraachedirn ¢ hend dhgolceadpgt ivepwever,

it is possiﬁ]e to gonnect fﬁthout t he conducthve conpounds 51 in the
vi a- hol es 243YE5F exafpf e & toriftct SPHGWTYi'n Fig. 11 may be used. To

achi eve,phe connegiLon, ¢ fe PR Ko Pl & £H rAdeRc14% 6 S 42T 1 @Not he L over
surface of an
which the electric device 41, other single-sided conductive
layer films 21, 31, and the heat sink 46 are stacked, as shown
in Fig.5. Subsequently, the stacked body is pressed and
heated by the same method in the first embodiment to form the
25 multilayer printed wiring board 100 shown in Fig. 1F.
Although the conductive compounds 51 are already formed in

the via~holes 24 of the single-sided conductive layer film

21, to which the electric device 41 is connected, before the
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20 electric device 43 as viewed in Fig. 11. Gold bunps are forned on each
surface of the electrodes 42a. Then after nickel/gold plating |ayers 22b
are formed on the surfaces of |ands 22a, the el ectrodes 42a and the | ands
22a of the conductive |ayers 22 are bonded together by pressure bondi ng or
ul trasonic 25 IN I (RYA=Y! t her [ in Fig. 12
may al so be J§§§3&$5gggﬁ$%§5ﬂﬁ%gg§o%ﬁ%?&%ﬁ%ﬁhagggﬁfﬁ%fggpéggﬁgd%%tﬁfﬁ made
of al um num i & fQAJPRG Ot dnlp uln@ders 1S Uf f aCen of cBPEeg5comSEEEBE' Gpdgyjce 43
as viewed in Fig. 12. After gold bunps 22c are tornmed on the nickel/gold

pl ating | ayercomRixtikiee1elect rooas 438 candethe1 ands 288 af £ baNIRA Y
pressure bonding or ultrasonic bonding. Alternatively, other connection 5

shown in Fig.islPpreaygedl sod beeatseld. afid alodisleid bhasendtttu9inn d ayairts of
el ectrodes 42a made of alumnumis formed on the upper surface of the

el ectric deviare fgrmed wteWkel bonnfagied detfeear theaconidoksivgoiarpsiuatdisng

| ayers 22b are forned on the surfaces of the | ands 22a of the conductive
| ayers 22, eath 2% &hEcFrBHBCAYRS abY BT dand 22a are electrical ly

connected by wire gondin . lﬂ Figs.. 11 HP 13, the electrodes 42a are forned
on a horizontal su FE@ESg?n? er%ééﬁﬁQQ%:(ﬁﬁﬁe & &geagpee?%ﬁmﬁpiﬁ?qqﬁif. 11 to

13. However, élré%ltqugcégg)ggé 4412§n emeér?rtrﬂ%dfégfggﬁg%n iEﬁgteidloe{clzﬁ:erq.sc I ong

as the electrica connection between the e 2a an

conductive | ay&fi$e24 1l 9rRO8REDL £me | 4s THE (Y rd &0QdiBRALenpei t her stacking
configurations nor the nunber of the single-sided conductive layer filnms 21

and the gsheet nmenbef Bheaishdfaddthed ngombbBo®nEr 20 eShevSnd Nedfi@iinkhk., The
si ngl e-si ded conductive layer filnms 21 , the sheet nmenber 81 , double-s
i ded conduct itvee bayetefl Wwidirgy poand ¥Y@®& havihgf thessdwvisngunbucendudhi ve
| ayers may be conbined and stacked on a case-by-case basis. Neverthel ess,
t he manuf act Uieh§ipFdcesRetHit e i§i ApRritpkbei f Aswiloydihg PS Bhinmglescsdded

conductive layer filnms 21 and the sheet nmenber 81 are stacked as in Fig.
14E. In Fig. %ﬁﬁgdHW%QtshééF’n%h%%ﬁr%i AgVhFPedlonSa FOMRFCSH f BRe 8 the

stacked body ccgndturc]:%i%teafakyeedrssﬁyglf%:_hsel gleggfefs—s ided conductive layer film

15 21 before all the single-sided conductive layer films 21 are
stacked. Therefore, the electric device 41 is readily
inspected using the conductive layers 22, which are
electrically connected to the electric device 41, of the
single-sided conductive layer film 21 even if the electric

20 device 41 1is relatively extremely small. In addition,
because the electric device 41 can be inspected before being
embedded, it is possible to avoid manufacturing a waste
inferior printed wiring board 100 even if the electric device
41 is inferior.

25 Third Embodiment

The same single-sided conductive layer films 21, which
have no opening, as the ones in the above embodiments are

formed using steps shown in Figs. 14A to 14C, which are the
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conductive layer filns 21. However, as shown in Fig. 15, the sheet nenber
81 may be piled between the single-sided conductive layer filnms 21. In
Figs. 14D and 14E, the sheet nenber 81 has the recesses 82, in which the
el ectric device 5 41 is inserted. Instead, as shown in Fig. 16, a sheet

nmenber 8la havi ng, openin 92 y..be used,. As 0 in Fig. 17 heat si nk
46a, which i3%% %égg’sr&é? g:?ilsel %Iéggrrésrﬁ%’fl Made 95t 1§nh°°:,\ﬁ8m al%:g?‘eg%]clhe“g%ercer ani c,
may be pil edgwi skngl er gl o dugt | Mo fi . t he sheet
menber 8la. 1}8/'%1%t gnaggge eﬁ%o%id%‘%gtgsggn%fy%odﬂlﬁc%ﬁéo%%,S%E‘h%g?er}sai@n filns
23 and the shesgt; gr Jlﬁr_esrggpéj:q f I X f - Lght
poIyetheretherggfgﬁggré%?nmand 5 - éi?f%%?éh%“%%?&é?ﬁ%fi%?géMﬁéggﬁ%f
However, theangisithdd base23- andwthghshest 1 yerharethl imytohe fesmedihy adding
nonconductive filler 15 to pol yet heret herketone resin and pol yet heri m de
resin, or5 nmays5 be6dnkyiqiade pofl ypthyetnedetiheriket one {IREEK)inOFipgol yaat heri m de
(PEI'). In addition, thernoplastic resins such as pol yphenyl ene sulfide
(PPS), thernolpt askeet ppeyhed dél BAsSwRattliugaddtye@ | ixfsied sesy 2l (el yer
may be used as well. 20 Resin filns, which have a nodulus of elasticity of

1 - 1000 MPaE&fiesife ABAidrgleBip el BAVR SV DSeRRG 1pLd¥StEhe SABeHE % d and

thermal resistance needed at a.later _sqldering step, are preferably used.
In the thi rdase%ﬁlﬁdfn%ﬁg,rlai e ceentaelt ﬁﬂgsw%’rcr?%’ieh Pﬁ&ﬁﬁaggil&o?‘e%ﬁ may be

used for !N Jaaldidd L5 8 AL { i SBRRLLTEIDE Jl. JLIREGELVE] Yoy SOWEVET

using a common material is advantageous en adhesi on between anc?rreecycl i ng
of the rgsi pfddd®. 2N iNe SheelicNepbess81sdr ¢st akkeN doNtfrAhide a

consideration. In the above enbodi nents and nodifications, the surface of
the el ectri ccreware e4d £ rmymber @iooassed §rafa idipi 0 idd@ atltheo adhasdaremi th t he
resin films 23, or may be coated with an
than the depth of the recess 82 (0.85mm in Fig. 14D) between
each electric device 41 and vertical surfaces defining each
recess 82 in Fig. 14D.
15 The depth of each recess 82 is set to be substantially
equal to or smaller than the thickness of the electric device
41 in the vertical direction of Fig. 14D. The thickness of
the electric device 41 is 0.9mm in Fig. 14E, so each recess
82 is formed such that the depth is 0.85mm. In Fig. 14D, the
20 sheet member 81 is formed by hot-press machining. However,
the sheet member 81 may be formed by injection molding and
so on.
After the sheet member 81 is formed and the conductive
paste 50 is packed and evaporated in the via-holes 24 of the
25 single-sided conductive layer films 21, as shown in Fig. 14E,
the single-sided conductive layer films 21 (three films in

Fig. 14E) are stacked, and the sheet member 81 is piled under

the stacked single-sided conductive layer films 21.
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5 adhesive. In the above enbodi nents and nodifications, the heat sink 46 is
fornmed entirely on one surface of the printed wiring board 100. However,
the heat sink 46 nay be formed partially on the surface or may be formed on
both surfaces. As a nmatter 10 of course, unless the inprovenent in heat
release is required, the grinte W ring board 100 does not need .the heat

sink 46. A so-cal PRECHORTRhlyY sdEt S sBEhe 23l LD 6PPERRE Y fi thRY $hédtMSa
th tti i t t.ai.nj t duct i il et
ermose '59.£§§%Qa§E§§su%§ﬁ¥ﬁhpé§9hE?g tﬁﬂﬂdﬁﬁ%ﬂggokgh |Fyquﬁg§sbe

t her nopl asti"c Tesin sheet C ai ning heat con ive er

adhered to éztSEEéé‘Q%Lﬁ%ﬁssh@?éwéd Elgxef@g.ghé’\fﬂtﬁgtt be, heaty, $i,0k,86 1S

connected to e 1 nsdl ati ng base ne , Inorder to I nprove adhes ion

or heat conguetihyi t¥e  c@@ductMRAT 11a9eClsALNERNd S adn dhrmid0GahQhg no

manufacturing a printed wiring board, the nethod conprising steps of:
formng an ep@AuBEi¢d5)ayerd 11 ridcd @sich bitheyr(23)he dtocdkd n@niblee Bir st
resin film(23) and a plurality of second resin filns (23) having no

openi ng (35)is pikst wiihg tEre etecked ¢ idegvtiece ifl4d)gonshiadt vieasapemhstiamsi al | y

t he sane size as the opening ( 35 , In the opening (35); and bonding the
first and s@dongu¢lsithafti | We ( 2 facGet wr e pPeaskey &idBeasidgdt he
first and second resin filns 323) after the step of ~inserting.

S . [ g. 2. _The
method in cl&PAPEEIFACTBIGT & 1pParati F BRLIFR e FREARCELT ALY XS Y2are

stacked at tar}:ee rslggplgc]:catsetcﬁc;kain%gthg surface of the sheet member 81, on

10 which the recesses 82 are located, face each other.
When the single-sided conductive layer films 21 and the
sheet member 81 are stacked, an electric device 41, which is
a chip component such as a resistor, a condenser, a filter,
or an IC, is placed in each space B3 defined by each recess
15 82, as shown in Fig. 14E. The single-sided conductive layer
film 21 that is located above the space 83 includes two pairs
of via-holes 24 packed with the conductive paste 50. The
via-holes 24 are located at the positions where the conductive
layers 22 and the electrodes 42 can be electrically connected.
20 Then, as shown in Fig. 14E, the heat sink 46, which is made
of aluminum, 1is piled under the stacked body of the
single-sided conductive layer films 21 and the sheet member

21.

Subsequently, the stacked body is pressed and heated
25 from two surfaces of the stacked body by the vacuum hot-press
machine to form a multilayer printed wiring board 100.
Specifically, the piled body is pressed under 1 - 10 MPa

pressure while being heated at 250 - 350 °C for 10 - 20 minutes.
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response to a thickness of the electric device (41) if the thickness is
greater than that of the first resin film(23). 3. The nethod in claim 2,
wherein the total thickness of the first resin filns (23) is substantially
equal to or smaller than the thickness of the electric device (41). 4. The
met hod i n any. of ai to.3,. wherejn an_electraqde (. | s farned on a
surface of t fetee’i glé?ﬁqﬁleée?/?% l(S %'%‘rs)s%d' 3?eisnlntgﬁ% ssdrcééc%orlidzuc&alrvzﬁ lel to
the second regidy fiih o, 230 sneWheh&hle A FONAHGLLYE HANEE 101226 Jades fOrmed
on a surf ace ‘of one of the second resin filnms (23), wherein a via, which
includes a Vihgrdd @ dgeddel,babt OR®EN byn thigy canduct e tayer £ilds 2329  and
a material for electrical connection ( 50 filled in the via-hole ( 24 ) ,
is formed | lmidenenehektt hemsecohd amsimade bifsth23jamé h@osigladtic
corresponding to the electrode (42), and wherein the electrode (42 ) and

t he conduct izesirayer YIEY hrarzeas|idet h¢ehatd salashheonate et it amtadreidal f or

el ectrical connection (50) in the step of bonding. 5. The nethod in any of
clains 1 to BsudidridionPasediritRan vé - | et he29ime S imsnEledir il uikrifvgéce of
one of the second resin filns (( 23.) before the step of,k stackjng and

wherei n t he YOIfffcfAvRre aﬁ;ﬁ’:t(r(”fii)lyahﬁt%ﬂc‘é‘?’éec‘ﬁ%jdg’y(th? gonsu el ectric
device (41) are el ectricall n f or e e inseyti.ng. 6. The
met hod in cl%?mrﬁoél,nd\%hesrléi %n%ﬁhggégleec%cf%(fgdee(ﬁf)% %g Fgéng%jg%#gésc{)eﬁ%%e of the
electric devluc%]n(dmc_hle colBBEelfe the, SW faCR kSepataliel11p ddimsacend resin
films ( 23) , erein a via, which’includes a via-hole (Z4) bottonmed by the
conductinme | ayeind sdde) mandez BB €k the fO50wd agivddtalengzgnnection ( 50 )
filled in the via-hole ( 24 ) , is formed in the one of the second resin
films (23) at a pa3iet modulws ESPbasglt gl o otfhehelrestinotlel (21 2)3, amdid:-heher ei n
the el ectrode (42) and the conductive |layer (22) are electrically connected
by the materskdetf gremdlegcili d&l rednneet Fonapsay . > 7= ThMBPetHE! iveididai m 5,
wherein an el ectrode (42a) is forned on a surface of the electric device

(41), wher ei BF33ESuPPacen PR Par 1Y el % PREVEBCORATFRETTS fitaf (P23 ) |
wherein 30 _th dugtve | o) i s { NN
osi t1 on_corPiusittigcrs Thestfent ot Tababd hedPaRer Rt riafd s

e e rern the electrode

(42a) and the.d and 0428 AR LLREIFISAdk 89NDES IR ormed to protrude

toward the recesses 82. That is, the resin film 23 and the

sheet member 81, which surround the spaces 83, are protruded
toward the spaces 83.

Therefore, the electric device 41 is sealed by the

20 insulating base member 39, which is made by integrating and

deforming the resin films 23 and the sheet member 8l. The

modulus of elasticity of the resin films 23 and the sheet

member 81 while being pressed and heated is preferably 1 -

1000 MPa. If the modulus of elasticity is greater than 1000

25 MPa, it is difficult to heat-seal the resin films 23 and the

sheet member 81 and difficult to deform the resin films 23

and the sheet member 81. On the other hand, if the modulus

of elasticity is smaller than 1 MPa, the resin films 23 and
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8. The method in claim5, wherein an electrode (42a) is fornmed on a surface
of the electric device (41), wherein the surface is parallel to the second
resin films ( 23 ) , wherein the conductive |layer (22) is forned as a | and
(22a) at a position corresponding to the el ectrode (42a), and wherein the

| ectrode (4 t I j I i
bondi ng. 9. TRt “ReThi gy o 8 Ry 55 Tk ERRRRELERa Mo dld
second resinygyl ms (23) are made of thernoplastic resin. 10. The nethod in

claim9, wherein the first and second resin filns (23) are made of the sane
type of resin. 11 phelbezarihedchnredcaisne? of pelaemubdy sherei prdheydir st
and second resin filns (23) are heated at a tenperature, at which the

el astic noduk usle@drddmee fof S20 anik SeCoTHE s et yAfddtexr (23) éguall -tadlGH MPa,
in the step of bonding. 12. The nethod in any of clains 1 to 11, wherein

t he met hdd i smdlides thasttéye deptbofi hige a deesis esed 249i. 8§mmeb&igl 4 ) on a
surface of a stacked body of the first and second resin filnms (23) after
the step of PR MpcBElectTIcTHEVAELhAY PRAACFRRNY et iGhEr Y REAIRS fir st

d d in fil 23 t he_heat I i ng. menb 4
onded t 0get NEFY hPECE: R i Tedf s o MPckBB bots) COParRE 1Frie and
d [ | - ' .40 . t th
tep of forn HG TRS ham P Bkt e e AL I 2 T v phag ol @ 1

manuf act uri ngy fe A icRled) W1 19 dRRAED, 4 | NG, MRLNPE-£OLPE 83 BeaSEEPT LS
formng a recess (82) or an opening (92) in a sheet nenber (81); stacking a

plurality ofif esie dlidatancd3)is pragtayg dhwen sheedepRiber {B8d)r&fesHes
outer~surface of or in a stacked body of the resin filns (23), wherein the
st acked bodysi s iftorizedidif ithétstepsadl stoaghienglyi nber tilagt anc eleciad ¢
device ( 41 ) in the recess ( 82 ) or the opening (92); and bonding the
resin films 41 23ep she fhrRetsHeaberebbars degerpefybyphedidiongranpdedicatd ng t he
resin filnms (23) and the sheet nenber (81) after the step of inserting. 15.
The met hod i%¢%%%l'm 14, wherein the recess ( 82 ) and the opening (92) has

substantially thefﬁéﬁ%hi%%ﬁe@é éfnihe electric device 41 is 0.9mm, and

15 each recess 82 has a depth of 0.85mm in Fig. 14E. The depth
of each recess 82 is preferably substantially equal to or
smaller than the thickness of the electric device 41 in the
vertical direction of Fig. 14D. This is because in the case
that the depth of each recess 82 is greater than the thickness

20 of theelectricdevice4l, theprintedwiring board 100 becomes
concave on the surfaces above and below the region where the
electric device 41 is embedded, as shown in Figs. 2A and 3A.
If the printed wiring board 100 having the concave surfaces
is placed in a high temperature atmosphere, the insulating

25 base member 39 is deformed to level the concave surface.
Therefore, a stress that peels the insulating base member 39
is generated at each boundary 4la shown in Figs. 2A and 3A

between the electric device 41 and the insulating base member
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el ectric device (41). 16. The nethod in claim 15, wherein a depth of the
.recess ( 82 ) and the opening ( 92 ) is substantially equal to or smaller
than a thickness of the electric device (41). 32 17. The method in any of
claims 14 to 16, wherein an electrode ( 42 ) is forned on a surface of the

el cctric devige (A3l oo MBS OF SULTAGS JioaRaralLelod ot b Leain 111 e

( 23 ) , wherein a con uc Ive for on a surtace of one of

the resin flmsch(e ginted W18 iGlgNoda Md 30 oWWhi g, d Ao uqf%st@e \é't"i"egglteha(tzdf)
bottomed by the conductive layer (22) and a nmaterial for electrical

connection (p&&19 thid hfsulatihe baisa- RehBef 324i} nedBidiBIedtha ddcwne of
the resin filnms ( 23 ) at a position corresponding to the electrode ( 4 2)

, and wher ei of tttee eleectssesde 8¢ dady) bamteYdtei wdnductliive Leagyeeate2Hamar e
electrically connected by the material for electrical connection (50) in
the step of boadimickneds Tife timgt kddckniangevicelbins 14 to 17, wherein the
resin filnms (23) and the sheet nenber (81) are made of therm)pl astic resin.
19. The method in Unfhefohen hend4 1% P8 ahdrhe ASPRB Tedhg FrEamSYR3) and

t he sheet nepber (81% made of the sanme resin. 20. The nmethod in claim
19, wherein the'§ &d tﬁ’ﬂtﬁé‘lgi’zé%‘aén‘bot% sé‘}?é&ternﬁﬁﬁﬁrtf‘e8'ih§°ka‘?ees%eat ed

a3 hemper alprg. ah AR L eLast] colbdilis &l LB LesinpliLgn(29) and

t he sheet ne er e step o 1

method in anyefofldldFe et @120¢rvbeislfbd ha MRt @a@eldeghuggé &1§&aep Of
formng a heat rel easing nmenber (46) 33 on an outer surface of a stacked

body of tthe éesohkeki |d8showd ih EikgG .t he aslberd. mpelbInd 83 )tmf §@errddws step of
inserting. 22. The nmethod in claim21, wherein the resin filns ( 23 ) , the
sheet nmenberaxe &llanar andcoheekeatver| ehsiig premved ¢i46ny boerdomded
together in the step of bonding. 23. A printed wiring board conprising: an
i nsul ati ng ba%@lﬁéﬁﬁﬁe*n (3319}9h MR £ R U FE g MefS Phifeendpd 4dte &ngekithikhd

i ncl udes a space ( 3 3 ). within the insulating base nmenber (39); and an
el ectric devk?® (’E’-'ﬂ“)beli/\/rﬁ ch-5h &€ fermede Eor 68«‘5%45? © AR WRF cFUTE39%cat ed i n

ngeSpace (3§tr 39 tlﬁalar%:i pres?snedsucéljle el!‘llsa\.y artl(ngz%agsel cI)n(:eax&ber |3rb the I nsu' ating

15 electric device 41 is generated at the boundaries 4la.
However, in the case that the depth of the recesses 82 is
relatively too smaller than the thickness of the electric
device 41, the surfaces of the printed wiring board 100 become
too convex and there can be a difficulty in assembling the

20 electric device on the convex surfaces.

According to the manufacturing method and the structure
provided by the manufacturing method of the third embodiment,
the stacking and integration of the single-sided conductive
layer films 21, the sheet member 81, and the heat sink 46,

25 the electrical interconnection between the conductive layers
22, and the electrical connection of the electric device 41
to the conductive layers 22 are implemented simultaneously

by being pressed and heated. Therefore, the fabrication

23



menber (39), wherein the electrode (42) and the conductive |ayer (22) are
electrically connected. 24. The printed wiring board in claim 23, wherein
the insulating base member (39) is an integrated body of a plurality of
resin films (23), wherein one of the resin filns (23) has an opening (35),
and wherein t sRag 6) S p n S he pr| nt ed
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i nsul ati ng base nenber (39). 30. The printed wiring board in any of clains
23 to 29, whareepminhedi wsuling i bgpdbde Onenbewh(88)ths ettt ifc @riviicene type
of resin. 35
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single-sided conductive layer films 21, 31 and the resin films
23 having no conductive layers are combined and stacked, may
be used. As shown in Figs. 8 to 10, especially in the case
5 that the opening 35 is formed only in the resin films 23 having
no conductive layers, there is an advantage that the
flexibility in circuit design in the board is improved.
Nevertheless, the manufacturing process can be simplified if
only the single-sided conductive layer films 21, 31 are

10 stacked as in Fig. 1E and Fig. 5.
In the second embodiment, as shown in Fig. 4, the
conductive layers 22 of the single-sided conductive-layer film
21 and the electrodes 42 of the electric device 41 are
connected by the conductive compounds 51, which are formed
15 by sintering the conductive paste 50 packed in the via-holes
24, However, it is possible to connect without the conductive
compounds 51 in the via-~holes 24. For example, a connection
shown in Fig. 11 may be used. To achieve the connection, a
pair of electrodes 42a is formed on the lower surface of an
20 electric device 43 as viewed in Fig. 11. Gold bumps are formed
on each surface of the electrodes 42a. Then after nickel/gold
plating layers 22b are formed on the surfaces of lands 22a,
the electrodes 42a and the lands 22a of the conductive layers
22 are bonded together by pressure bonding or ultrasonic

25 bonding.

Alternatively, another connection shown in Fig. 12 may
also be used. To achieve the connection, a pair of electrodes

42a made of aluminum is formed on the lower surface of the

25



aBVK@ 10% f+10% U& ()-!aY(! 10%mUnU& () - f $F10% U&' ()-f" F10% U& () - f & Z10%
U& ()-&Y110% U& ()- Hwxyzevl b@ 109 1Cs! 109 ()-S10 UL0 U0 U7 10%

U& ()--f933 10% U& ()-1\/110% U U& ()-- 10% U& ()-e+zX9l b@

CIT109& ()-la !l 109& ()-s! 109& ()-!1s! 109& ()-!s! 109& ()-S!|Gs! 109%& ()- S+%

Y: & (V-1i . 9%0%=& () -
Y SZlOA&'(Qlééﬁré%04%v§c2)43 as viewed in Fig. 12. After gold bumps

22c are formed on the nickel/gold plating layers 22b, the
electrodes 42a and the lands 22a are bonded by pressure bonding
or ultrasonic bonding. Alternatively, other connection

5 shown in Fig. 13 may also be used. To achieve the connection,
a pair of electrodes 42a made of aluminum is formed on the
upper surface of the electric device 43 as viewed in Fig. 13.
After the nickel/gold plating layers 22b are formed on the
surfaces of the lands 22a of the conductive layers 22, each

10 electrode 42a and each land 22a are electrically connected
by wire bonding. 1In Figs. 11 to 13, the electrodes 42a are
formed on a horizontal surface of the electric device 43 as -
viewed in Figs. 11 to 13. However, the electrodes 42a may
be formed in other directions as long as the electrical

15 connection between the electrodes 42a and the conductive
layers 22 is possible.

In the third embodiment, neither stacking
configurations nor the number of the single~sided conductive
layer films 21 and the sheet member 81 are limited to the one

20 shown in Fig. 14E. The single-sided conductive layer films
21, the sheet member 81, double-sided conductive layer films,
and resin films having no conductive layers may be combined
and stacked on a case-by-case basis. Nevertheless, the
manufacturing process can be simplified if only the

25 single-sided conductive layer films 21 and the sheet member
81 are stacked as in Fig. 14E.

In Fig. 14E, the sheet member 81 is piled on a lower

surface of the stacked body of the stacked single-sided
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member 81 has the recesses 82, in which the electric device
5 41 is inserted. Instead, as shown in Fig. 16, a sheet member
8la having openings 92 may be used. As shown in Fig. 17, a
heat sink 46a, which is a heat releasing member made of an
insulator such as ceramic, may be piled with the single-sided
conductive layer films 21 and the sheet member 8la.
10 In the above embodiments and modifications, the resin
films 23 and the sheet member 8l are made of a mixture of 65
- — 35 weight% polyetheretherketone resin and 35 - 65 weight#$
polyetherimide resin. However, the resin films 23 and the
sheet member 81 may be formed by adding nonconductive filler
15 to polyetheretherketone resin and polyetherimide resin, or
may be only made of polyetheretherketone (PEEK) or
polyetherimide (PEI). In addition, thermoplastic resins
such as polyphenylene sulfide (PPS), thermoplastic polyimide,
or what is called liquid crystal polymer may be used as well.
20 Resin films, which have a modulus of elasticity of 1 - 1000
MPa at the heating temperature when being pressed and heated
and thermal resistance needed at a later soldering step, are
preferably used.
In the third embodiment, different types of
25 thermoplastic resins may be used for the resin films 23 and
the sheet member 81, respectively. However, using a common

material is advantageous when adhesion between and recycling

of the resin films 23 and the sheet member 81 are taken into
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10 of course, unless the improvement in heat release is required,
the printed wiring board 100 does not need the heat sink 46.
A so-called bonding sheet such as a polyetherimide sheet, a
thermosetting resin sheet containing heat conductive filler,
or a thermoplastic resin sheet containing heat conductive
15 filler may be adhered to a surface of the heat sink 46, at
which the heat sink 46 is connected to the insulating base

member 39, in order to improve adhesion or heat conductivity.
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second resin ¥films having no ‘opening (35
inserting an electric device (41), which |has
substantially the same size as the opening (35), in the opening
(35); and
bonding the first and second resin f£ilms (23) together
by pressing and heating the first and second resin films (23)

after the step of inserting.

2. The method in claim 1, wherein a plurality of first
resin films (23) are stacked at the step of stacking in
response to a thickness of the electric device (41) if the

thickness is greater than that of the first resin film (23).

3. The method in c¢laim 2, wherein the total thickness
of the first resin films (23) is substantially equal to or

smaller than the thickness of the electric device (41).

4. The method in any of claims 1 to 3, wherein an
electrode (42) is formed on a surface of the electric device
(41), wherein the surface is parallel to the second resin films
(23), wherein a conductive layer (22) is formed on a surface
of one of the second resin films (23), wherein a via, which

includes a via-hole (24) bottomed by the conductive layer (22)
29
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5. The method in any of claims 1 to 3, wherein a
conductive layer (22) is formed on a surface of one of the
secondresin films (23) before the step of stacking and wherein
the conductive layer (22) and an electrode (42) of the electric
device (41) are electrically connected before the step of

inserting.

6. The method in claim 5, wherein the electrode (42)
is formed on a surface of the electric device (41), wherein
the surface is parallel to the second resin films (23), wherein
a via, which includes a via-hole (24) bottomed by the
conductive layer (22) and amaterial for electrical connection
(50) filled in the via-hole (24), is formed in the one of the
second resin films (23) at a position corresponding to the
electrode (42), and wherein the electrode (42) and the
conductive layer (22) are electrically connected by the

material for electrical connection (50).

7. The method in claim 5, wherein an electrode (42a)
is formed on a surface of the electric device (41), wherein

the surface is parallel to the second resin films (23), wherein
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8. The method in claim 5, wherein an electrode (42a)

is formed on a surface of the electric device (41), wherein

the surface is parallel to the second resin films (23), wherein

the conductive layer (22) is formed as a land (22a) at a

position corresponding to the electrode (42a), and wherein

the electrode (42a) and the land (22a) are electrically

connected by wire bonding.

9. The method in any of claims 1 to 8, wherein the first

and second resin films (23) are made of thermoplastic resin.

10. The method in claim 9, wherein the first and second

resin films (23) are made of the same type of resin.

11. The method in claim 9 or claim 10, wherein the first
and second resin films (23) are heated at a temperature, at
which the elastic modulus of the first and second resin films

(23) is 1 - 1000 MPa, in the step of bonding.

12. The method in any of claims 1 to 11, wherein the
method includes a step of forming a heat releasing member (46)
on a surface of a stacked body of the first and second resin

films (23) after the step of inserting.
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Hod ‘comprising steps of:

forming a recess (82) or an opening (92) in a sheet
member (81);

stacking a plurality of resin films (23);

placing the sheet member (8l) on an outer-surface of
or in a stacked body of the resin films (23), wherein the
stacked body is formed at the step of stacking;

inserting an electric device (41)in the recess (82) or
the opening (92); and

bonding the resin films (23) and the sheet member (81)
by pressing and heating the resin films (23) and the sheet

member (81) after the step of inserting.

15. The method in claim 14, wherein the recess (82) and
the opening (92) has substantially the same size as the

electric device (41).

16. The method in claim 15, wherein a depth of the recess
(82) and the opening (92) is substantially equal to or smaller

than a thickness of the electric device (41).
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(42) and the conductive layer (22) are electrically connected
by the material for electrical connection (50) in the step

of bonding.

18. The method in any of claims 14 to 17, wherein the
resin films (23) and the sheet member (81) are made of

thermoplastic resin.

19. The methed in any of claims 14 to 18, wherein the
resin films (23) and the sheet member (81) are made of the

same resin.

20. The method in claim 19, wherein the resin £films (23)
and the sheet member (81) are heated at a temperature, at which
the elastic modulus of the resin films (23) and the sheet

member (81) is 1 - 1000 MPa, in the step of bonding.

21. The method in any of claims 14 to 20, wherein the

method includes a step of forming a heat releasing member (46)
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23. A printed wiring board comprising:

an insulating base member (39), which is made of
thermoplastic resin and includes a space (36, 83) within the
insulating base member (39); and

an electric device (41), which has an electrode (42)
and which is located in the space (36, 83); and

a conductive layer (22) located in the insulating base
member (39), wherein the electrode (42) and the conductive

layer (22) are electrically connected.

24. The printed wiring board in claim 23, wherein the
insulating base member (39) is an integrated body of a
plurality of resin films (23), wherein one of the resin films
(23) has an opening (35), and wherein the space (36)

incorporates the opening (35).

25. The printed wiring board in claim 23, wherein the
insulating base member (39) is an integrated body of a
plurality of resin £ilms (23) and a sheet member (81), wherein
the sheet member (81) has a recess (82) or an opening (92),

and wherein the space {(83) incorporates the recess (82) or
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the opening (92).

26. The printed wiring board in claim 24, wherein the
resin films (23) have elastic modulus of 1 - 1000 MPa at a
heating temperature when the resin films (23) are pressed and

heated to make the insulating base member (39).

27. The printed wiring board in claim 25, wherein the
resin films (23) and the sheet member (81) have elastic modulus
of 1 - 1000 MPa at a heating temperature when the resin films
(23) and the sheet member (81) are pressed and heated to make

the insulating base member (39).

28. The printed wiring board in any of claims 23 to 27,
wherein the electrode (42) and the conductive layer (22) are
electrically connected by a via (24, 51), which includes a
via-hole (24) bottomed by the conductive layer (22) and a
material for electrical connection (51) located 1in the

via-hole (24).

29. The printed wiring board in any of claims 23 to 28,
wherein a heat releasing member (46) is located on a surface

of the insulating base member (39).

30. The printed wiring board in any of claims 23 to 29,
wherein the insulating base member (39) is made of only one

type of resin.
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