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1 DESCRI PTI ON ELECTRI CAL CONNECTI ON STRUCTURE 5
Technical Field This invention relates to an

el ectrical connection structurea, nore specifically,

an el ectrical connection structure forned by a pair

of connecting nmenbers which can be reduced in height

and achi eve space-savi ng, RFSCRFPIEONMO0 all ows the
connecting nmenbers to be attached and detached from

each other, repeatedly. Background Art Recently, in

r eEpBETREEAL CANNECTION STRYCTUREand 15 el ectronic

appar atuses, reduction in size, thickness and weight

and multi-functionalization are progressing rapidly.
PaTechniaalyrFieldhe fiel ds of cellul ar phones, |aptop
conputerﬁ, dLgitaI,caner%s and the like, a demand for
reduct i ORTPn1EVZBLARE ERilGERSsSCagmm@lieHL 1AL cyection
fugethepabb7ahbeB kpcbeda@and yWery H1ed:icHIes®idesion
of electric and el ectroni c apparatuses are produced

i nebEpeEarengoamedr §y¥ AupBer of clogmadtdrghdembers which can

e!s&t£88hg%§°ggoﬂéggﬁtog ﬁQ%%%ﬁ%dg'%ﬁ%f%ﬁgaé%ﬁgﬁagnd which

circuit r re the electric | 'ectr
coapboent thaeedn@bctanbe membetrsi cal be corresdtest drod detached
each ot her of methods are carried out for

A i et
su ﬁomc%ﬁﬁgc?Fég?tEE%pgﬁﬁﬁﬁhgf as a nethod for

surface-nounting a
Background Art

Recently, in respect of a variety of electric and
electronic apparatuses, reduction in size, thickness and
weight and multi-functionalization are progressing rapidly.
Particularly in the fields of cellular phones, laptop
computers, digital cameras and the like, a demand for
reduction in size and thickness as well as multi-
functionalization is becoming very strong.

These types of electric and electronic apparatuses are
produced incorporating a large number of electric and
electronic components of various kinds, including circuit
boards, where the electric and electronic components need
to be electrically connected to each other.

A variety of methods are carried out for such
connection.

For example, as a method for surface-mounting a
semiconductor device onto a circuit board, an ACF
connection method is known, in which an anisotropic
conductive film is disposed between pads of a circuit board
and pads of a semiconductor device, and then the whole is
subjected to hot-pressing and bonding to electrically

connect the circuit board and the semiconductor device.



sem conductor device onto a circuit board, an ACF 30
connection nethod is known, in which an anisotropic
conductive filmis di sposed betaeen pads of a circuit
board and pads of a sem conductor device, and then
the whole is _subjected to hot-pressing and bonding to
QQQQWQ(ﬁﬂqyﬁl%R). Wn t penethedi inpyhi @hafadsepeconductor
SRERUIUAA] ASMEL.panpd NELEndhCa ] BIKNOUNLANBLNAE o
in which a sem conductor device w th solder-bunps
f orimmhigt iyl | su¢h ackealt obhe@ scildeunibubpar dreuéhcahad on
t ol der-bunps_are |.ocated on ds of .the_circuit
pea . S he el 1958t 2hd TS uRs befropiBltbeed to a
prredfdssy mrdtesd ] idnd ha pf hephodi phinébhbd @hyahi aBt a ©hriant
t hi t hod. . There js also a nethod in which pads of a

(B0 OO TS e ForRfed TR bt #nEsh cepds of a
berjuht AN SHpdiltase 4B.d hefdse LaNEEQStE pRESI 8F a circuit
apparatus for 10 connecting work, and once a
cHNfEEi ng menber is connected, it cannot be
det ach WEeN, SO S| [ 0 . .he

@QI gnﬁﬁﬂl M A& f%gglrggng Eﬁgglaﬂ gg§€%%§us for

be repl ace ue to a design change or soO conn
nedrere atdeds war e arepl acee alueohveatiagl memper is connected,

repl acenent ,of ch circuit co ent or connectin

SPONSY 5%, R AR oy HUSpH e\ ST BHE S 1S orRBPORent
CORRARERIS LY erdpl LU dlerdud Neo Wohes 19HUtRahgs be Beme
scrapped after all. In other words, in these

cSMEAGTOMNEREY, 1A rtofPeatppleengorunt tPsavépylure,
E%Braéém3ﬂ§1&ﬂ“%d¥ﬁ:é%%%ﬁ?ﬁ'Q&mﬁBBQRQ’théloEE@ing member

d
bet ween pa
is very difficult. Thus, even when the other components

are in order, the whole module has to be scrapped after all.

In other words, in these connection methods, repair of each
component is very difficult.

In the ACF connection method, the pitch between pads
can be narrowed to 40 um or so, and the height of a
connection structure can be reduced to 100 um or less.
Although the ACT connection method thus relatively
contributes to reduction in height of the connection
structure and space-saving, the connection structure formed
has drawbacks such that connection reliability is low, that
a large current is not allowed to flow through, and that
noise level is high. Thus, the connection structure formed
by the ACF connection method is enough for practical use in
consumer liquid-crystal modules through which only a small
current flows and whose usage environment is not hard, but
cannot serve for general uses including industrial uses.

In the connection method using the reflow process, if
the pitch between bumps is narrowed to 150 um or less, a

short circuit can form between bumps due to melted solder.
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20 can be narrowed to 40 mor so, and the height of a
connection structure can be reduced to 100 gm or | ess.

Al t hough the ACT connection nethod thus relatively
contributes to reduction in height of the connection
structure and space-saving, the connection structure

f of ed, 2B8ubts -Blawbacrgtd@en ishae séarimded onMeanwhile, in the

aI+i§QLBbBM%r§m1tﬁ%gggﬁgnaﬁgk?hat %Hﬁ&ﬁ% §5%ﬁ“%h1ch wires are

owed to noi se | eve
highndéﬁuerethetcuamgchugh ihrmﬂuhamﬁdaﬁnatrdnguﬁuand

onngﬁﬁl met hod | rrEnou h foF E ﬁct|cal E n§1
ronefRePSb e P B e ar Eag e -t nFBELRSHH BirBapgnRing
snabhnaetiunrsakufsltw@ ard iWfese cisags vt eI lle iGonnection
not hard, but cannot serve for general uses includin

i ndtERFFare Easmed| Ryt fBecsArdcCNd® mathad & fd e He

re{ﬁ:@&é@g09§S§esbtec%h%fplsb%eh%tawq% bunpg-d %dwgcpwﬁres are
to 150 pmor less, a short circuit "can form between

buapsdedeteothel putissdedef. a3momied rafmonsnt -
formati rest d ile the .
W re- bo§§|%§ cggnéé %%ncﬁe %@gﬂ por%gk%;zﬁ ﬁﬂﬂQﬁFtlng members
mnfesmaaepebmadedtacennebtuehyahh@@d motedldriwatepetition of
strength and vulnerable to_external . forces. Furth

wi ? eSBUNBFhY"E CBRREELPBN sTYhERGFe 1S FRPEATOPT 6’%‘3"“‘3‘e of a

f o¢i pxaipl escoppempten oyl e ifrormdhis tihe breaking and
flip-chip method or the reflow process in respect of

spaeeaBAYRAgthsi AEECBAty ParRilpdd Yaos Tsdded/ to t he
out si de ﬁéré oggégn‘r}%@@%?e%ttru er A 191f dt} & an electrical

Connectlon e connecti ng orma

pecommeat icnnbetteen apdpdacnats dlsl dwnmepktbiyt inschadinically
engaging male and female connectors. This allows
connecting members to be attached and detached from each
other, repeatedly. There are actually used, for example an
FFC connector structure in which, into female connectors
mounted on a circuit board in a row, male connectors formed
likewise in a row at an end of a flexible substrate are
directly inserted; a pair connector structure in which,
into female connectors mounted on a circuit board normally
in two rows, male connectors formed likewise in two rows at
an end of a flexible substrate are fitted; and a pin grid
array connector structure which is a variant of the pair
connector structure and in which the connecting terminals
of male and female connectors are arranged in a grid-like
array.

Use of such connector structure has an advantage that
it allows repair. Specifically, since the components are
detachably connected, even if some component goes out of
order, it can be detached and replaced with a new component.

However, since the male and female connectors forming
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a connecting operation. Further, if repair or change
of a circuit is attenpted forcibly, it results in
breaki ng and scrapping the circaiit partially or
totally. There is a connector structure in which an

el ectrical 15 connection between conponents is forned
by SHESEhSANEGEOT estgfalef Har dml RaBRhECR banl B EBANEEMAAS.

Thic%r@‘lééﬁv&s %H‘%Féfrﬁ%%ﬁ”?%?iéé’t?& f#ﬁﬂcﬁggagngheets using

detached fromeach ot repeat edly. ere ar

actials,y tee odzirb ekany| @f aprodrCingnhgseomaser aotiufemale
in i C intq f | £ .connectors 20 unted on,a Co

ci reuit Eﬁﬁ%ﬂW%#ﬂ?h%ﬁ% ?ﬁﬁ%?%%%n%%tg$§l£88hegThus’ it 1is

l'i kenMitee dirf fal qut ado aredicke ofh@ e eghbl efsuhst tah@ection

are_directly inserted; a pair connector structure in

whﬁﬁ{ucqqﬁq)#QNEH%?(ERHE% P55 FOURERWE®N a circuit
board ngigraldamd e t W roys, pr@l &&Q@@@@Fogﬁgf@ta@e, the
e

likewise in tw rows at 25 an end of a flex
substightte ofr &9 tqannechibrm pirugtite i4sragreahh¥ciomm or

str re. whi ' i ant ., of i 0 : .
ot PASPRE “and BB, AR Yot el iP| Conf P RS ferminals i
mal0e 3amth foemecg Gohediorcomiectinangedminadsgeird- birkenged in

array. 30 Use of such connector structure has an

RATARPHGE TR S el MO FOamAmES o] RS BeGPPES 40 oF

t hgreemranentisniaif i sied ashabl ycePhn@etegdn eMeRrebkesam® actual
conmponent goes out of order, it can be detached and

r epPEEEE 1RG (e vk ittt oPeakieRs bereset A ffdrcalt.

200, TP SAIBEP S et 0P e pRUelc2NERE! Rbiant. of che
connection structure is normally 1.3 mm or greater, and the
minimum pitch is 0.5 mm or so. Although the connecting
terminals can be arranged in two rows, when the number of
pins becomes 60 or greater, limitations on circuit design
likewise increase and actual inserting and pulling-out
operations become difficult. Also the cost of producing
the connectors increases.

The pin grid array connector structure can include an
increased number of pins and is suited for space-saving.
Meanwhile, it is difficult to reduce the pitch to less than
2 mm, and it is also difficult to reduce the height of the
connection structure to less than 4mm. Further, the cost
of the pin grid array type connector structure is high,
which hinders the application of this structure to general

uses.

Disclosure of the Invention
The primary object of this invention is to provide an
electrical connection structure, in which a connection is

formed by detachably connecting a pair of connecting
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connectors are normally fabricated fromnetal sheets
using dies, the possibility o producing fine male
and female connectors with high accuracy is |linted.
Thus, it is 5 quite difficult to reduce the height of
menRe onristd ighiclkthagt arkeiahthps Bohneot oF $eFGet ure.

ror RHAE, 14 J08: EVC eADNSELOL SBLUELY Enel Besen

_ hei ght of e connection structure s nofma o
1rgreddtleaan pitev ides num @léchr beé heeonnenhéohi agructure for

1] ' 00.3 h ti .
tdHHEAT et e thethi B P atnerE "ands toharoPRESE 1ng
mempdberaraf Pigscdred agesndt Ofig gerpeep, lintations on

circyit design increase and actual inserting _and,
ol iy S o T i JEORBS Bl FPRRER LR nar fACHAbRe

sUBFHIRAIOIcSHI 1 P, a L PR REL 0BT 1 QEuTHei g EOMRECHEOReast one
structure is normal |y 1.3 nmor greater, and the
copdriGhimoirach farmed om af beasil oheughdehefcthrednsndating

ey m : i r : e I,
AT £ 1 AR LA B4 oL (o RUH g con
thegegiign of ithenipsad i recrgaseuginchaté ufibrinadethragghndhe

AU O 30 oRStplLons Decpreadl (1L e, ALa0ithe i
ther ipdhdar raay] CORRLLIONasd Frietdll £o£RBd 1 A€l 40B18Aar position
Jdncreased nunber of pins and is suited for
withite tOe/ibdg anvhaRmRicating withi thet thsorghubele,
i FreuC e SRR R o o tme e dnd e papeuotive

pregegétigne fiogmesk ot han Jdems'chme heidetbE tbst seobntlhe
coRhgc E%% A e£3§§é‘% ég¥¥fgaf{§ugégﬁchgdhaggh a conductive
circuit pattern formed inside or on the second connecting
member, wherein

the electrical connection is formed in a manner such that
the conductive projection of the second connecting member is
inserted in the through-hole of the first connecting member,
through the small aperture in the pad, bending the pad and the
portion of the insulating film under the pad, along the
direction of insertion of the conductive projection, so that
the pad is pressed onto the conductive projection due to
elastic force of the pad and insulating film bent.

The present invention also provides, as preferred
structures,

an electrical connection structure wherein the first
connecting member has a plurality of the above-mentioned pads,
arranged in a grid-like array, and the second connecting

member has a plurality of the above-mentioned conductive

projections, arranged in a grid-like array corresponding to




whi ch hinders the application of this structure to
general uses. 30 DisclosureSef the Invention The
primary object of this invention is to provide an
el ectrical connection structure, in which a connection
the aryay Gy e Ra%Thabl y connecting a pair of
COW@I&&I@CJ@%@&&C@{%V‘foucﬁ@?eawﬂgkggh eﬁeofﬁrst
mmor less. In order to achi eve the above obj ect
congyesddmy mthﬁﬁ|Eur¢haww@Qmpanse$eetconaucchﬁeprooactlon
structure for formng an electrical connection
between a first connecting 5 nenber and a second
connecting nenber, the first connecting nenber
conprising a flexible substrate conprising a flexible
insulating film at |east one conductive pad forned
on at |least one side of the insulating film a
conductive circuit pattern continuously extending from
10 the rimof the pad, a through-hole fornmed through
the thickness of the insulating filmat a planar
position within the pad, and a snmall aperture forned
at a planar position wthin the pad and comruni cati ng
with the through-hol e, the second connecting nenber
conprising a conductive 15 projection fornmed on at
| east one side of the second connecting nenber and
el ectrically connected with a conductive circuit
pattern fornmed inside or on the second connecting
menber, wherein
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the electrical connection is fornmed in a manner such

that 20 the conductive projection of the second

connecting nmenber is inserted igh the through-hole of

the first connecting nenber, through the snal

aperture in the pad, bendlng the pad and the portion
ffPﬁ@eﬁnQQIQnﬁn@rhqaﬂhnﬂkweKﬁéqhﬁjabﬂWﬂnpaﬂﬁaoned flexible
di i nsertion of the conductive projection,
soéﬁﬁgtggggfhe pad is pressed onto the conductive
projectaonedaettmca&la@hmedhnunasﬁrudﬁnqﬁuhhﬁubln a bump

L L T W

CO:ﬂéﬁbétOBppbfsm@teUIta wher eiiaet ha th e FaLaveedd th, or on
menber has a _plurality of the above-nentioned pads,
arF%ﬁgéaanog EP?dSPP@@daHOWeO&ﬁ@Q FenkatoRpPosite to the

Co8y86t iDgn PREDPEHNARS t3 vl Widlsiet ¥ M med on; and
above- nenti oned conductive 3Ject|ons arranged in a

grid-li&e aleayr@;garlegponelcmgom sixudtheeawhgrain tttee second
pagénnégtfkg %ghggks nneCtlon St&g%%#&gEMh%&%gkagg having

rst —conn 'ng ne SF P aPtRe P
cotleics ame ptopecnrenoﬁ ther maeéxamlenesusteande dflerd first
t he above- nentloged flexible substrate; an electrica

cOnTRRREFbhngt PEEPEFe GREr &R ZDRYRpTeRtdanasheqnductive

fopregleopibheisi @8rRbdl B Bhbsl oFORMRCIAING i I Bstrates
opposite to the side wth the pad formed on, or on

t h%O%wét@tltlﬁetb@cémséonnelctsue@@nwbmnmm teemlzers, on
thLehe side opposite to the side with the pad formed on, where

the pad and the conductive projection are each located at
the periphery of the flexible substrate, leaving an area
for mounting a semiconductor device in the center of the

flexible substrate.

Brief Description of the Drawings

[FIG. 1] A partial perspective view showing an example
A of a first connecting member for constructing an
electrical connection structure according to the present
invention.

[FIG. 2] A cross-sectional view along line II-II of
FIG. 1.

[FIG. 3] A partial perspective view showing an example
B of a second connecting member for constructing an
electrical connection structure according to the present
invention.

[FIG. 4] A cross-sectional view showing another
example of the second connecting member B.

[FIG. 5] A cross-sectional view showing another

example of the second connecting member B.




side with the conductive projection forned on; and an

el ectrical connection structure wherein the second

connecting nenbers conprises a fyexible substrate

having 10 the same structure of the flexible

substrate of the first connecting nenber, and the

above- meiftioned doreites $ vee ot bpret i vhevsshovipd apother

each fdé‘%ff | b&%é&?%éﬁ%&%ﬂ?@%&%&%'ﬁ.g the

first and second connecti ng nenbers, on he si de

opposi t BRI t hiE) A derag$-hsediei paall f vi eedsboyinpeas é3ample of
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center of the flexible substrate, 20 Brief .

Descri ptifohiFof k He Troff TRRCTFP@ L 1712V paReVaNg an example A
PEIsHRGd 8 MW SHAE N GMn&isdPl € A of a first

connecting menber for consStructing an electrica

connect i [d Gt rlctArerezsose hgonal t heepr eBening an example A;
i nv hon...25 [FIG 2], A cross-sectional view al ong

li r?gnlttlh% IflorfSt[ ﬁ%nﬁ%tj[rll—q GeBTe A partial perspective

Vi ew shaw1® aro jexamtess Beft bosetondewosheelinggan example A;
mener _for_constructing an electrical connection

st Pt Hdctr FMPISIHE PeBReht 30 invention. [FIG

4] A cragsreecti pnglc M S0 SHoM HFa BNELERT she¥aAB! BnOkxample A,
the second connecting nenber B. [FIG 5] A
cr fstdhectfiigintl agrevesthiowd ngemlper her

[FIG. 12] A cross-sectional view showing an example A,
of the first connecting member.

[FIG. 13] A plan view showing an example of a pad.

[FIG. 14] A plan view showing another example of the

pad.

[FIG. 15] A plan view showing another example of the
pad.

[FIG. 16] A plan view showing an example of the pad.

[FIG. 17] A plan view showing another example of the
pad.

[FIG. 18] A plan view showing another example of the
pad.

[FIG. 19] A plan view showing another example of the
pad.

[FIG. 20] A cross-sectional view showing an example B;
of the second connecting member.

[FIG. 21] A cross-sectional view showing an example B,
of the second connecting member.

[FIG. 22] A cross-sectional view showing an example Bj
of the second connecting member.

[FIG. 23] A cross-sectional view showing an example B,
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exanpl e of the second connecting nmenber B. 7 [FIG 6]
A cross-sectional view show ng anot her exanple of the
second connecting nenber B. [FIlgG 7] A cross-sectiona
vi ew showi ng an exanple of an electrical connection
structure according to the present 5 invention. [FIG
8?fﬁ¢b¢o§§CQédtpgnabCVﬂeW'mhmhemg an exanple Al of

the fi 'iecglcoﬁﬁﬁch' g IemRer. s [HL.G | ]elvﬁsl\ufw ng an example Bs

Cross-s onal Vi ew's ovmn an exanpl e
fd)fstheoaeeondngo_rreebenng_lﬁleﬁnlléle@ 10] A

Cr 0sSs- | O i ew show n th

Ciret TErheoll A EhoaRotn sOhad TR storadile (A gnnector
veerushaneng1aniaxanmiaqgA4n @ﬁ.e@%&lfdaﬂshdmﬁlﬁﬁtdm%tructure
menber. [FIG 121: A cross-sectional view show ng an
e&a%?%rﬁsnglsoo henhpresest é@ﬂﬁ@é:tllorﬁ’g nmenber. [FI G

13] A v h d.
12] A pran-vPeh BnairRd SoFAT el aned O e ek concact

[FeEistahca pFahhei eanskoniing amarmlm@mr@(am é’-hﬁ‘ rt\méoer of
UHRG. Bk e PR 0 XHVERITANG AR SIS

eanpbemed. t he pad. [FIG 18] A pl an vi ew shovv| ng

anothe[ exang7 Ofggggh showing a relation between

connection-structure holding force and the number of times

that the inserting and pulling-out operation is performed.

[FIG. 28] A graph showing a temporal change of contact
resistance of the connection structure kept in an
environment of temperature 120°C.

[FIG. 29] A cross-sectional view showing a connector
structure (2) including an electrical connection structure
C according to the present invention.

[FIG. 30] A cross-sectional view showing a connector
structure (3) including an electrical connection structure
C according to the present invention.

[FIG. 31] A cross-sectional view showing a connector
structure (4) including an electrical connection structure
C according to the present invention.

[FIG. 32] A cross-sectional view showing a connector
structure (5) including an electrical connection structure
C according to the present invention.

[FIG. 33] A cross-sectional view showing an example of
a film-cable structure including an electrical connection
structure according to the present invention.

[FIG. 34] A cross-sectional view showing an example of
a structure including an electrical connection structure

according to the present invention.




25 pad. [FIG 19] A plan view show ng anot her exanpl e

of the pad. [FIG 20] A cross-sectional view show ng

an exanple Bl of the second conpecting nenber. 30

[FIG 21] A cross-sectional view show ng an exanple B2
of the second connecting nenber. [FIG 22] A

cr oss- seldii®nats i Rveshooi pgchhora anpliewBshogfinghenother

SeQQﬂﬂﬂfQ@Qﬁftérgk g$8£%4£§l ?gﬁk §h0£?8 §§Egiog%hnectlon

vi ew shiow ng an exa secon connect
rﬂnnuchﬂdaadb@rd&mgoss sieet poeaénti émvehowbng an

exanpl e second conpecti ng menbe F
A cross- @%%%.dﬁ@ V|%ﬁ?%ﬁoﬁ?ﬂglgn%gnﬂé@?o?kogang Candther

5st resanple (df) 4 ned e hgrani eteedihg§abhnCONBEEFiBA] connection
structure C accordjing to the present invention. [FIG

2615 A WA SHERTY R reP athorPpesaREniBBARAEPD -
resistange®f 3he 190&_“‘@§él§’é‘c'§161’1'§5r Up Se@ndnbien uahetexample of

of times that an inserting and pulling-out operation
sal@%ﬁﬁﬁhﬁﬂnmplqﬂﬁkay@ﬂ]C$rgmaphbehndnagractetatuonludlng an
be necti ucture ol ding force
R R e R O e B A SraP e G- blIE present
10opemabnm1dns perforned [FIG 28] A graph showi ng a

t enpor al of contact 15 resjstance of the
Connectﬂéﬁ: %%Ht&}én%ﬁﬁ -sectjonal view showing an example of

a stacked package structure including an electrical
connection structure according to the present invention.
[FIG. 39] A cross-sectional view showing an example of
15 a film circuit board used for constructing the stacked
package structure of FIG. 38.
[FIG. 40] A perspective view showing an example of the
second connecting member.
[FIG. 41] A perspective view showing another example
20 of the second connecting member.
[FIG. 42] A cross-sectional view showing an example of
a structure using an electrical connection structure

according to the present invention.

25 Best Mode of Carrying out the Invention
First, a basic form of an electrical connection
structure according to the present invention will be
described.
The electrical connection structure according to the
30 present invention is constructed by a first connecting
member A formed of a flexible substrate, of which an
example is shown in FIG. 1 and FIG. 2, a cross-sectional
view along line II-II of FIG. 1, and a second connecting

member B, of which an example is shown in FIG. 3, more
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envi ronment of tenperature 120C. [FIG 29] A

cross-sectional view show ng a connector structure

(2) including an electrical comgction structure C
according to the present invention. 20 [FIG 30] A
cross-sectional view show ng a connector structure
(3$p¢©tfudahgyahyeﬂesErk¢ab eoppeduicti vet prctjgcdic® 7 of the

acgor g O.Lo Lhe REesgnb L nkention, LELG, a1 Ae 4 of the
Cross-secti ona nnec ruct

(4ﬁif@tludnngcamnglﬁémbeaah.connecéleetsitamtuoane2516n
according to the present invention. [FIG

crdSERCERE T oRaf  vi 8l SKEWPAE & EGﬁﬁéctS&rCtlé)t”}al}ctsl}rrémture
(53nhéwre! udi pgganyel ectrical connection structure

according to the present invention. [FIG 33] A
cross- sBeei bhBFt vFennshbhnAgTEALeXafplie ¢ saradled flexible

filogcapl g stLjgt 8&% Elglegdgngl@u%' 18C L 'dcac'hln insulating

connectron 'structure accor {0 the prese
i neImi bn. af FL&sB4dnA u‘tbsseseut FaGal Wi @aosli’ovﬁqrgn@h at a

| i tryct | udi | i cal
coERE TR aEehieh 8BcBRA! H4oRo 1ng pideeii n 2
| nyemdh@nive cf FtGit 3phtAcehoSSineehiceialasyiew ity Mdine,

anot her exanpl e of a structure including an electrical
cofmeRed opn sheueideelacedr §hRg insulnd ipGedddim 1 according to

' né/ecﬁ‘éﬁé’ﬂnll[lgaﬁvag’@%rﬁ‘ EFJo%%n%g?on%%qu WRWRNOMARY the rim of

anot her 5 exa a structure incluading an

elwmp@dﬁ Zonﬂethronghshpa;et dr dogoesy dinpuah tthe thickness

prgge Ifgggiaglng film 1, at a planar position within each
pad 2, and a small aperture 5 formed at a planar position
within the pad 2, communicating with the through-hole 4 and
smaller in planar size than the through-hole 4. 1In the
example shown in FIGS. 1 and 2, the pad 2 partly overhangs
the through-hole 4.

For the insulating film 1, which is a base member for
the first connecting member A, a film of resin such as
polyimide, polyester, liquid-crystal polymer, or pclyether
ether keton (PEEK), a thin glass epoxy composite board, a
BT resin substrate or the like can be used.

In light of the purpose of reducing the height of an
electrical connection structure, it is desirable that the
insulating film be as thin as possible, although it needs
to ensure a sufficient mechanical strength. Regarding
commercially available insulating films and the like of the
types mentioned above, the minimum thickness is 12.5 um.
Also an insulating film obtained by appropriately casting
or extrusion-molding the above-mentioned resin to a
thickness of 10 um or less can be used for the insulating

film 1.
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[FIG 37] A cross-sectional view show ng an exanpl e of

a flexible nulti-layer circuit board structure

including an electrical connection structure

according to the present 10 invention. [FIG 38] A
It #podssseaebilenshayi sWeshowi Agben Medendiremfa matsickdedhaving

a puctuce i ngl.udi. elyectyijcal. [ on, .
i R A R S S
ele@dfipatr ossnsettibonalt rvicéwreh@yi Ry camdaxanipiee afnneks fon

mec AT, PhECLb PAREIH R hu ROt b 1 S S6h L v

pac
thavi eMeshenengoaduexarpl @rofelche onsgc@T wNRRidiy) connecting
nber, [FIG 41] A perspective view show ng anqt her
memg%mﬁl &s QGSSFtFHel§é’@oﬁg‘ecGﬁﬁé&l‘ﬁ}ﬁgﬁ“ﬁ@n‘&eﬂ.uﬁtﬂk@l%]the
padfo CT ORE- 88AL DORBK tVLEWNNRWENE 132 B4YIPISE Ofnsértion of the
str ug:t ure U$I ng ) an el ect rical connection struct ur.e
condeebt U ngredechéopr dsént Preverd omt 3 Begtongbu iofe

L Ng-0 t .pyent.i Eirst, [ or, f .
proﬁ%%%qr)ﬁcgl H%%nﬁgck%nmess??ﬁg E%e’ a?élg‘lraszi ﬁcgget 3{%‘1292 %qmres
congueseni tynesnbhohndii kbehesabdes guiaiddy Hrel &lest rieplires

connection_structure_accordi to the 30 present,
ela g L e Rt R e Ry ca R G daRany Ttk
staﬁui@égegt_@éla phexpbhbe Hebstzeated afnddin @Jkad@h@dml)e, and
is shown in FIG 1 and FIG 2, a cross-sectional vVview

a CPIRGEiVRAereFin| compppEtion wAdha coneIfd icthmastdeary
dispersed in resin are good examples of the material of this
type.

Although the pad does not need to have a particular
thickness, the pad is, desirably, not very thick, in order to
produce a sufficient elasticity. The upper limit for
thickness of the pad should be 100 um or so. The pad formed
of a copper coating formed by plating, a nickel film formed by
spattering, or a conductive layer consisting of a combination
of such copper coating and nickel film is desirable, since in
that case, even with a thickness of 0.05 pum or so, the pad has
a sufficient conductivity and elasticity.

The first connecting member A shown in FIG. 1 can be
produced as follows: For example, a film with a copper coating
on one side is prepared. By applying photolithography and
etching techniques to the surface of the copper coating, the
copper coating is removed, leaving the portions intended to
form the pads 2 and conductive circuit patterns 3. Then, for
example, by applying laser light from the side opposite to the
pads 2, through-holes 4 are formed just below the individual
pads 2. Last, after a mask is applied exposing that portion of

each pad 2 at which the small aperture should be formed,
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menber B, of which an exanple is shown in FIG 3, nore

10 specifically by inserting a conductive projection

7 of the second connecting nmemper B into a

t hrough-hole 4 of the first connecting nenber A The

el ectrical connection structure has, for exanple a
CFORREEeéfi BABPVSEr But BLENSNghoWe IH9TM @ Smalfh@rentstre 5

C@@ﬁﬁﬁﬁiegtﬂﬁgbﬁitﬁ kfed tﬁgplgxi§%1f|%X|bh?ﬂcomblnlng

substrate, conprises a e and t
ipsetasshgg fecmigues beahtasnehemhcaéletdﬁﬂag quxﬁﬂasma

2 det ti d
RS “hn8 ndShaterT G tPRobPe arrd 7o HiaRib areat
a$ealsignal line, formed on the side |la of the

i nsul g film1l according to a determ ned pattern
to con ?%u%%%??deﬁPQHGCFFBE1Wﬁ@bﬁFnPoﬂSreééh ribed later,

tdw auipbchpl 8.e4 SR & Hpyahd e thigknes é% &iré@ﬁtlgoard

insulating film1, at a planar position wthin eac
st tzhe ah’dk%' samd]| hapeatuiiéastf ongedthres prafdG. 3)

a nlcatln w th the
oug eépbg %EfgﬁaﬁlgPrﬁ%ggﬁgngPeste tﬁ%hapﬁ%an
t¢ﬂmﬂwﬂtiméeCﬂrcmnttpettEXﬁnB|enSbQWBdIﬁstGSJghaaﬂane,

pad artl verhan s. the through-hale 4. 20
l%—f?n?en% s’izjhgt?hﬁ chogﬂﬂeﬁ £e & HESErmemsst PRditern to
tdftﬁqtfiﬂ@du§pﬁr@§tém FBBRCEaAn BohbliPteher o MG A
pol yi m de, polyester, liquid-crystal polynmer, “or

pol et PREHRFN kef oAr FPEERY, etﬁpndgpég§eep6@¢ectlons 7
CL‘HTP&% tE&moad. t 3o Bler 886N RYBELHARG185 4N f e EB st

be us
connectlng member A shown in FIG. 1. The conductive

projection 7 is smaller than the through-hole 4 of the
first connecting member A and greater than the small
aperture 5, in cross-sectional size. The conductive
circuit patterns 8 may be provided inside the second
connecting member B in a buried state, instead of being
provided on the surface 6a of the second connecting member
B.

The second connecting member B is a counterpart of the
first connecting member A, and for example a printed
circuit board of a common rigid type, a semiconductor
module or device which can vary in type, or a sensor device,
display device or the like which can vary in type. The
second connecting member B can be a flexible substrate like
the first connecting member A.

The second connecting member B is produced by forming
the above-mentioned conductive projections onto a
determined surface of such printed circuit board or
electric-electronic component.

The conductive projections can be formed, for example
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25 In light of the purpose of reducing the height of
an electrical connection sti8cture, it is desirable
that the insulating filmbe as thin as possible,
al though it needs  to ensure a sufficient nechanica
by apPdydiN. CREGQNDIDIG tidemfs G Itr I eS¢ IRethrehy to
lanbi! B8 RGeS l&@(p(gséd']%r’}gocﬂé/%qﬁrf%g | opeth aboyE,n g
12.5 gm Al so

the mni mum thickness is 12. an 1 nsulating
COnpECinLHlt AieAbe thyB appreomlvatddpotidsiniiga @pnductive material

] Si -nol.di ove-.nent i ohed in to
on ERESEA I I ARG S G4 snae.
Altemsatavedy, fihlemcbndlictilte iprafgsitriadie ddratbd hioyraed 2by

e.made _from.,a erial_having .bath conductivity and
2Ppdf 0B P LoAs eberhed ok naHf S Ob boigrduftive
mateonaectepBsItiedClon &hd ARG WhdE BESid onnect ing

bet ween the two connecting nenbers is fornmed in a
MEMPERRBr such 5 that when the conductive projection 7 of

tha1seeand i GRANECLIAG JIRIRE T fFnic | | ~

th(ough-hoﬁe 4g?ust beIOM/thékﬁggﬁié¥§§ﬁ%q%£ﬁﬂ%9d%£§dlng

technpayet kendibeestsesh ofr i plser conduotivheprogrdtidoiee  Further,
PLQI Lon_7_is.pressed aonto.the conduct,ive

the L EhaREEERe7PEOISES IRPS Foll Mornsa oM, TeEeary places

by peqgfiorein0seereuncpirintty nds ot d e panstdte sfiathé ysecond
and_al so reguires, elasticity. Specifically, nmetals

conduchtBY BSPPEr, UNieRel, CoRCMGhiess RAfd, phosphor
br opgecandukps 9aek fbferdemRIK)oarf ik fbfﬁgﬁhﬁgﬁv@n%yion the

resin conposition w th conductive powder disperse n
condagt fvar elgovd tepanpleanso tieememt e dtheofsuhface 16a of the

sec&ﬂ&econnecting member B, but also in vias or the like. For
example, as shown in FIG. 4, when the second connecting member
B is a flexible substrate comprising a thin insulating film as
a base member, a conductive projection 7 can be formed to
project from a conductive circuit pattern 8 formed on the
other side 6b, through the thin insulating film 1, to the side
6a. This structure has an advantage that the conductive
projection 7 formed to the second connecting member B has an
increased mechanical strength.

As shown in FIG. 5, also in a structure such that a
conductive projection 7 is formed at a determined position on
a conductive circuit pattern 8 on a flexible substrate
comprising an insulating film 1 as a base member, and a
coverlay 6¢c is further provided, the conductive projection 7
can have an increased mechanical strength.

Further, as shown in FIG. 6, also in the case of a second

connecting member B with a conductive projection 7
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Al t hough the pad does not need to have a particul ar

t hi ckness, the pad is, desirlably, not very thick, in

order to produce a sufficient elasticity. The upper

limt for thickness of the pad should be 100 gmor
formed ThePpadeFbr FEAM26N0R NRSEOPPYETCFAONG f Gfmed Tyl ti-layer
rigPhabtNQred BiCKEhL¢f bbg‘rﬁoq:ge‘t!?@y suFRAL NG £ g?\e:dléﬁ)ermost

conductive |l ayer consisting of a conbination
laY%bpp%hec@&@lhgraﬁdfﬁcckebnfbbnpbgadeswrable since in

LnBL 6288y EXCMOULLDLBL dhEKRETRTT hrdR Tt Mridifires

suf C|en con Getivi elast|C|ty
acchmumgrB¢ tnenpcésegtn&abehtAoahOWMel&oﬁﬂ@othv@a@ﬂmgections

d d as follo For afilmwth a co
7 o 0 e &R FanSrabing pERRaReS. aBp LPRETRg intd the

¢ﬁ@ﬁ{ﬁ¢1@§g4a§ﬁ§taﬁglo@t%HéngahgcbanuQ%etQﬂﬂyt connecting
surface of the per coating, the copper coating is

mem@%ﬁv@edre$%%9Fh§e Ke portions intended to 30 formthe
paﬂ§n;e@@9neppdugg'¥ﬁ %hrEH'% Eather@aq§ e@g§ﬁctfvé

exanpl e, by applying aser t fifomt
Iﬁﬁkﬁ¢mé7tmemﬁerap66312tothheughrbubbsh@lard fmhmmhgh the
after

S Iom1t vi du Last,
Sma” L p P te capbai RhL AR RortfBnthiS BRRRY5sa S7a Portion
of tx/btnq:lsacl heh setal bvaprahysetBBovhdobghf-anreds 13 ee@mﬁfed and
is renoved Db etchinggE to forma small aperture 5

bentuo i YRR W hTE @ Lhr 8LGA- RBNE S1irpy tedmsusilyg with the
pad PF 0GRS I itk tEShPh YeSrs¥Eh; 88 ¢ he%%abv%tr@l'é'n@ﬂn%n%ortlon of

plasma etching, the mass-production costs can
therRﬁﬂuﬁxﬂ%aQﬁQ§ﬁ6d5O@égla mhdddecpndtionnedt ithg mmﬂﬂuctlve
prOj%étSlor?% .des&éﬁé’&?ueﬁ%fy, an electrical connection
structure C electrically connecting the conductive projection
7 and the pad 2, and therefore electrically connecting the
first connecting member A and the second connecting member B
is constructed. A signal transmitted through a conductive
circuit pattern on one of the connecting members is
transmitted to the other connecting member, through this
electrical connection structure C.

Thus, in the electrical connection structure C, the
portion of the first connecting member A comprising a small
aperture 5, a pad 2 and a through-hole 4 functions as a female
terminal Ap, as indicated in FIG. 2, while the conductive
projection 7 of the second connecting member B functions as a
male terminal Bg.

Since the connection structure C is formed by mechanical
contact between the pad 2 constituting the female terminal A,
of the first connecting member A and the conductive projection

7 of the second connecting member B,




an electric-electronic conponent, a printed circuit
board or the like, and has at |east one (three in
FIG 3) conductive projection 715ormed on one side 6a
and an 10 conductive circuit pattern 8 intended as a

Si al line, fornmed on the side 6a according.to a .
det &P TR patteR nStEUCEBREI fuGas 9%%@@&5@3@#&% pulling
conghist ¥ Vs Pr 8bREEELINE- mERBeRaRt 8LA yOTf i @heOfsdditha

conductive projections 7 is the sané as that of the

t hreRRPe Gl eg mepperhB-fiAktthis tbhAaectnfgPadnBereaurns from
sh [ T duct rqj is 7

sna Ierg]?rﬁg%tt: %etE§oE§E- Egﬁg\igagf glto%gttl ?’r’stdu% to the
Scomnbrst gl penbEr te amdtgreafer sbhahathehendledmale terminal A,
aperture 5,,1N_Cross- Ecti ngl size. The conducti ve

ci reul p%??%r%sr%uﬁﬁé Seng Virded inside the second

20 conneri i fige n€DdEE r Bchl achueiced ot ateudthsteeat@frding to
bei ng rovi ded, on the surface 6a of the second o
conmetR RS HRhbERVeRBt 19Re $BcBRESK0ARediCHGaTENTdYe Feliability

I's st es Py OF the chbhhekrgennegti 1g RMeae that the
and for exanple a printed 25 circuit board of a comon

10ri diemalpete embead chnduttthe fibdet econndetvine mamber A and the
can vary, | 5 OF ensor [ ' a e
(Hr%iégl% %@%%?%hB%é%?V§H€ ?%C$§%e$gqﬂggkég%oﬁag8¥E B be
confentedigasrefibelods can be a flexi bl e substrate |ike
t he firs%,connectin menber A. 30 Thg second

connect i gt $lenbb? ?scﬁﬁﬁdagea 5?@? EnitegmifRd Ro of a first
ab et 1 9 e RGSHUL] | Mo Ol £CFT@NS8ONEOpAd 2 is formed on

determ ned surface of such printed circuit board or
15 one side la of an insulating film 1, and a small aperture 5
in the pad 2 and a through-hole 4 have the same planar
shape.
In the case of a female terminal Ay of a first
connecting member A, shown in FIG. 9, a small aperture 5 in
20 a pad 2 formed on one side la of an insulating film 1 is
smaller than a through-hole 4, so that the pad 2 partly
overhangs the through-hole 4.
In the case of a female terminal Ay of a first
connecting member A3 shown in FIG. 10, a pad 2 is formed
25 also on the other side 1b of an insulating film 1, and a
small aperture 5 and a through-hole 4 have the same size.
In the case of a female terminal Ay of a first
connecting member A; shown in FIG. 11, a pad 2 is formed
also on the other side 1b of an insulating film 1, and the
30 pads 2, 2 on the upper and lower sides each partly cover a
through-hole 4.
In the case of a female terminal Ay of a first
connecting member As shown in FIG. 12, pads 2, 2 are formed

on the upper side la and lower side 1lb of an insulating
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el ectric-electroni c conponent. The conductive
projections can be fornmed, faw exanple 13 by applying
common plating or electroformng selectively to |[|ands
or term nals exposed on the surface of the second

filgpAne@ichdhremasds B, theredye eposi ¢a hhy aceondotedvefor
i ’ t pLoOj i 0
xRS ) Sy MR e, ot O PO 8 L pyrace 4a or
a thropedt-hede dan feerrfad ed dlecapptys nglavitgal Bhehbmgll
a thick er of a conducti mat eri al _deposited
ape%%ufﬁbqgﬁ¥¥%c %ﬁéhﬁﬁ¥é§£h) 6%§H%%?i € Tefber &
Al haomat itk V1 1St e dnHgs: F1of eshpisE 0o 8 thé abeReiRent ioned

¢ 10 techni que can be used for the conductive . _
YPSPoj &0 SYPe MA@ Rafk ToRATH eSHi9) @Et #Bndngyhating

filhe 1f OiREY als ReREAH e R BLE SudbPLE FRAS, MA)Y has an advantage
screen}Prlntlng onto the surface of the second

thagohhec fieng Lige saim insi Indfoa hesn duc tiingg eeestce et icity.  1In

uctd rQj ' : or . onl he

i T e o R e

havéagok theousgedind econngctd npInendberfd;e bptabédowith a

corVihas ar the Iik%. For . exanple, as shown in FIG 4,
WREA CPRE SSeEHAR e STt A4y SYCh 3% FhexFppeecting

memBuRSKEAt €sCoOOPeErsbRY a thin insulating filmas a base
menber, .a conductive projection 7 can be forned to 20

pr 6PEcPLlpngm #hemrd @t ithe Emacli taprttera 8 formed én the

pacl BSOS e Shed MOWRINE AL, 93 UL any
’ . ge
shaphathelie addrdsc ttihee inseojtectn anf AHoraebuotihe secpadtion 7
congggggggkggtg%w%%&e8€g¥%fﬁgl By described later. For example,
the small aperture 5 can be a round opening smaller in
diameter than the through-hole 4 as shown in FIG. 13, a cross-
shaped slit as shown in FIG. 14, an aperture formed of a
combination of a round opening and a cross-shaped slit as
shown in FIG. 15, an aperture formed of a combination of a
round opening and a three-way slit as shown in FIG. 16, an
aperture formed of a plurality of slits radiating from a
center as shown in FIG. 17, a star-shaped aperture as shown in
FIG. 18, an aperture of a centipede-like planar shape as shown
in FIG. 19, or the like.
Among the small apertures of the above-mentioned types,

for examples the slit-type apertures shown in FIGS. 14 and 15
have an advantage that when the conductive projection 7 of the
second connecting member B is inserted, four tongue-like
pieces around the slit-type aperture are bent , so that the
pad is pressed onto the conductive projection, with certainty.

This produces a connection with an increased
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i ncreased nmechani cal strength. 25 As shown in FIG 5,

also in a structure such thatla conductive projection

7 is formed at a determ ned position on a conductive

circuit pattern 8 on a flexible substrate conprising
relpaphddfyt Phg crndnct iyd ty hadel mYiEies #hdePd ERAeayion
evBh WﬁeBU&BB%&tEB%Vb%%ﬁpJWTidaﬂaﬂﬁﬂdﬁ@%éHfaﬁgﬁdfE1E%éé?ted.

can have an increased mechanical strength. Further,
Bysho@nerA1iPEGthe, namber w1t Isd idas @ wfarrawriorg that the
ap%?g{}?gt Eggtg%[p%erth? \@o%r&u%t%%dﬁgol 'Veect%.ro% eoq;érorla 7grlé"ater
ornmed to project from an inner- aﬁ%r circuit of a
lengthi akayer FIGI.gil@, prtihet e 1diabddiitt yoasf e ddrenection can be
fusgﬁgace 6a of the uppernost |ayer, the simlar effect
tan®beBEESPRER: In order to construct electrica

CONDR6! sRAPS! BYCthEeTondREEAVE REdieddibPIeS®Hstituting the
i nvention, the conductive projections 7 of the second
matgnheEriAglnBabef BharserpABdr EeANPRLéNEhBember B is not

ahol.e ' l.o e t fd
rekProdgbghebes ﬂniglr'ﬂﬁtculi%r Wrih \ngcs.%aé)q;e nt%@%seasthat

connecting nenber A, respecti nsequ

engshben FAnEnCtive cacliactndidth el gyt ¢ edtérortle conductive
es into the .through-hole .4, .throu t.he .
orBFOELEh°Es| ThEekied IHOUAL Bk b AR A ot The £irst

confiethéngadembeehaover hangs the through-hole 4 is
expanded and. bent, the insulating filmis al sqg bent

si nuPt afEBUBLG - Wit CREJUSEG VE PoRd afilet b F3HeiRe @ columnar
prégsttisncyithhg Qggﬁh@ngh@geoqui QF @oolpchheiRddtd ithe

pressed onto a m ddl e portion of the conductive
subtafech ods 7shownséguERtl.y 20an aelpestiraatsalorc onrdrtdmnobtuse
rising angle (0) as shown in FIG. 21, a projection like a
column with a pedestal greater in diameter than the column as
shown in FIG. 22, a columnar projection greater at the top
than at the base as shown in FIG. 23, a columnar projection
narrowed in the middle as shown in FIG. 24, or the like.

Among the conductive projections of the above-mentioned
types, the conductive projection which is greater in cross
section at the top than at the base, such as those of the
connecting members B,, By, Bs, has an advantage that when
inserted in the female terminal Ap of the first connecting
member A, the conductive projection anchors itself to the pad
2 of the female terminal A, so that the conductive projection
does not easily come off. In forming the projection like that
of the connecting member B,, it is desirable to set the rising
angle (0) to be within the range of 65° to 160°.

It is desirable that the overall height of the conductive

projections 7 of the above-mentioned types



10

15

20

25

30

structure C electrically connecting the conductive
projection 7 and the pad 2, and therefore

el ectrically connecting the fhgst connecting nmenber A

and the second connecting nmenber B 20 is construct ed.

A signal transmtted through a conductive <circuit
paeRsuy esh famen dthe mucrerecia e ndroer sof sgreater. If the

trangmit ted 1tQ & heg gt hey .;ﬁr?”’}t%"éi &@@’fqeh L@sfﬁ&?ﬁ%n

this” electrical conhecti'off structure
elieseriteal igorrhectfiicora lst rivetuires IC Ad e t2f fomtstorca@inecting

the first connect.i.ng nenber A cC risin snal | )
aper &r"ﬁe%S,caé1 &1 Ghdee alﬂb’?éﬁ%o?%mgaﬁ?ﬁnﬁ? orddad or fail
atbemel gatiyfidtdriAly; mSeddut caies tie pdal 2, WHitE lowers
the conductive projection 7 of the second ponnecting

mERfe COBNEG A0S ldabd L il 0 f el repnmRCct Bon sfheecture C.

t bR agemneet i QF SHUHIMEHC is f rqal,deﬁ’@/, NECh@té §ahot meet the
contact between the pad 2 constituting the female

t@pﬁp@§P e HﬂdQQ#QQiUHﬂ hﬁﬁgﬁkﬁdfmﬁmﬁwmmnnacgh@ntheructure
ﬁg%g’?lﬁgg?lgflgi ﬁé&lggg S to.%fldt %ee %:%%%r]rqc%%(r:&f;%%gngnaximum of

onnéection structure
di7e@sgmnblredohy pulling the first connecting nmenber A

away fromthe second , connecting nmenber B. At this
Cime, TRE FAOSS-FEGHADAY GHERSE berte SEREIFE The
OpirghBak iBAS 17l @F tiiee drdddignentel asdd ;ﬁé%@ﬁ% hgot

material, so that the female term nal cones into a
r EGshBLEtedate. al parte @llest raneal wohnezn ilwr sfexcexample

PEABREL00 recrenBleS e {NRdON pAIYQIREL, (Gircular or
the like.

When inserted into the female terminal Ay, the
conductive projection 7 slides over the pad 2. Thus, in
order to ensure abrasion resistance, it is desirable that
the conductive projection 7, or at least the surface
thereof be made of a relatively hard metal or alloy.
Specifically, copper, nickel, gold, palladium, rhodium,
silver or the like can be used. Further, the conductive
projection can be formed by plating a soft core of, for
example resin, with, for example nickel, gold, platinum,
rhodium, palladium, silver, tin, solder or the like, and
then hardening only the surface. Application of a
conductive coating material containing carbon, iron or the
like is also effective for increasing reliability.

In the connecting member, the planar arrangement of
female terminals Ay or of male terminals By (conductive
projections 7) is not restricted to a particular one. For
example, when the first connecting member A has female
terminals Ay arranged in a two-dimensional grid-like array

and the second connecting member B has male terminals By
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and certainty of the connection, it is desirable that

the 10 female term nal AO ofiahe first connecting

menber A and the nmale term nal Bo of the second

connecting nmenber B be forned as follows: First, in
arrange¢ase aftwofemmersienalnaridolékeaafirpyt corresponding to

the COMBGILAGHEMDERAfL PORNDNLISFRG Ened 00 ZobR o

conrecnabt pEerioneidbcindiheg madchandeatﬁbnop@hnthsl € 4n a
ve, t he sane pl an hape., In the case of a
sma A ™ A OTEn { TPAE  EORALRNEAGSREaOaR A5 B Gn o aving
the Hgacd, fér st | capgetdienSpbhtidf.a pad 2 forned on
one side la of an insulating film1 is smaller than a

hrOughsdfp e 4, 15of eHat et heTpanaz2splet Py Cb9BPRRAGEY Mm are
arré%?é&rﬁﬁughtﬁglglﬂenéﬂoﬁgﬁ S§§3y0E0ﬁ31%%§h% b%rqb@mrows and

first connecting nmenbef A3 shown i'n FIG
100 ecqﬂadmzs iwlifloraedites aogoumn aheoonh@rcmnd@drﬁl@m an

1ncl 4% if@?é ég%&ec@ SHHL| ep§rt%n%g%nqu agF gf 20 mm

ave e ane 'si Ze e cas

x 2Cf etmalcc—art avan fatmeédD of a first connecting nenber A4
also on th

shown in FIG 11, a pad 2

S ey o | e fab e R AR Rr I PEnd iE e SONPRIE 91 Fember
A arfl éé&r&@ﬂ%m@é@tiz@?\ﬁheﬁbgﬁ%eaﬁﬁ E@h%'t)fu@:@i@irg An

t hr ough- hol e 4 he case of a fenmale term nal AO of

elegtrigak coummetiomgs hENBERIASCSRERRTAANEl GO the pagsent
invelg'bt J_2or{Jlr eef@ég'}ﬁfjc eqrécttt}%nli%o%rppsa{rdaetdsaeé%épwé f[ll dfunctlon

of ‘an T nsu
can be produced. Thls will be explained below in detail.

(1) Connector structure

FIG. 25 shows an example of a connector structure (1)
including electrical connection structures C according to the
present invention as shown in FIG. 7.

In the connector structure (1) of FIG. 25, electrical
connections structures C are formed by inserting conductive
projections (male terminals Bp) 7 formed on one side 6a of a
second connecting member B in a determined array, into female
terminals Ay of a first connecting member A, each formed of a
through-hole, a pad and a small aperture.

For example, conductive projections (male terminals Bg) 7
of diameter 0.15 mm and height 0.15 mm are arranged in a grid-
like array consisting of 6 rows and 10 columns, with a pitch
0.5 mm. Meanwhile, to a first connecting member A, through-
holes of diameter 0.125 mm, pads of diameter 0.25 mm, and
small apertures of diameter 0.1 mm, which are to be located in
the center of each pad, are formed to provide female terminals

Ap arranged in the same
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16 film1l, and the pads 2, 2 are electrically
connected, for exanple by a2frecious netal coating on
the wall surface 4a of a through-hole 4, formed by

elecroless plating. The small aperture 5 and the ‘
grildigh-ardiay P (9 e e zZer o beAbARSt heAf PPsPin
corp@UIRG! NG JERITRAS S; él&é&%%b@d%&@ﬁéé{?{‘g& sf_}‘ﬁg@urégec

type having a pad on each side of an 1nsulating
formeldmby, thecte as tchetominects Ngp reNbEenalds, tA4minad salo

vant t hat the fenmal erm nal AQ has_an .
meRNAE HD ailan A in O oy fHE "addned: o g
heigfhtt,h@reornectd rd asc@tbhidhean ypeed 02 havwhgared a volume 7.2

st hrough-hole with a wall surface plated with a
corrosion-resi stant precious netal, such as the

COPNeHIUM R &orMect Sr SUPRIEOhire TRE) PLENAMngRABGR-pitch
of the small aperture 5 fornmed in the pad 2 is not
mulitdsipdine tséeruad U paritti cAsrconel rived  fanageuahyconpecting
wor%h%ﬁ%ttQ%% ?éﬁﬁ%%tégEﬁfﬁgﬁ 'ﬁmaﬁh %R% ﬁgﬁ%uégfminals Bg can
projection 7 constituting the male termnal” Bo
be dddgniclbectasdtler, drol Ehampiles mabe sewmhinapsr Burcans be

C be .a round, openi snaller in dianmeter_than the .
smopfAdd it AL S8 A hE [IEH LS 4% maNat oo SIHRENing and
detabhti nas ocpleawnt iichFIferdhbad Bpass Uegrt oeaedudf sfodlhly,

conmbi nation of a round opening and a cross-shaped slit

withoutsponin himdmegeers, Rapasferiran f BRagHt sRgaand pulling-out

ope?8TRRAtiaQN Afs A e JLRHNd Opening and a three-way slit
as shown in FIG 16, an aperture forned of a

pl ¥eainiwhy 1ef, dlhiet snimeidiat i sigzé rom a ceenertiasadhé@npin
corkeBLf sl Here VBB S AR Er RN REpEREES o
mechBAWdally engaged is 3.5 mm or so in length, 21 mm or so in
width and 1 mm or so in height, and therefore occupies an area
73.5 mm® and a volume 73.5 mm>.

As clear from the above, the connector structure (1)
having the electrical connection structures C according to the
present invention allows smooth inserting and pulling-out
operations, achieves a great reduction in height compared with
the minimum size of the conventional connector structure, and
also achieves space-saving.

The connector structure (1) was subjected to a test for
evaluating the reliabiiity of the connection structure C.

(a) Influence of the number of times that an inserting and
pulling-out operation is performed, upon contact resistance of
the connection structure

To the connector structure (1), an inserting and pulling-

out operation was repeated, where, each time, at 13
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in FIG 19, or the like. Arong the small apertures of

t he above-nentioned types, for exanples the slit-type
apertures shown in FIGS. 14 angl] 15 have an advant age

t hat when the conductive projection 7 of the 30 second
connecting nmenber B is inserted, four tongue-like
pFerR8cht@lNHCLAE S| thet gpatapdr r@sd sdre@dsertf thep connection

t@@f:u&@&repﬁgsiﬁegéﬁ?gﬁq opiQ the gﬁggg%kgeresult, where
projection, with certarnty.” Thi's produces a

conpeconbacthi rhsantienceeabednlis el isafsidagey fufr the 13
cggggééévityaoan ensures a good connection even when
ptiFP

. 101n Y .
i NSerti Ay an i'ng-out operations are repeated. By

i ncreaasnglébe nAushericl glei,t $her cantarg nedikaladde is very
a Ig%itre contfacts_the conductive projection over a

r SPPehfLR2ALYi A-BPCL? 1 Refervt el ENSN iafFegt the
condest 108 §R8 Pe11fHELBEE bLRe8RISH whie SRt 206 times,

conductive projection”7 constituting the male

t e RNt Wot ofeshetsncenghovrdediiititd endmisareade,s arot good
r ' : L ne, but can be any shape

t at&ﬁ%ﬁgﬂéﬁ egaggﬁéagg%séegéntact with the pad 2 when

t He) colmfichenvee pfojfket hambeg biseried ithatheHenmlserting

termn Ao of the first connecting nenber A. For .
éygmﬁéﬂl%%%_%BEdﬁE?F@ElBPoﬁécPPGﬁO B¢ e WP pIRFCt ion

M@l @Cid OFo¥kdéh a rising angle (0) of 900 relative to
the 15 surface 6a as shown in FIG 20, a projection
with afP obteseonrestag anghetpop 43)shdhe iimsmunting and

%gﬁ%ﬁ—tétﬁgné)%%gafg%?ﬁ%gggr%tegtgdrfeq}%%&%l, %raeceht etrirﬂ.lé], force
required for disassembling a connection (connection holding
force) was measured. FIG. 27 shows the result.

As clear from FIG. 27, the connection holding force
first decreased to some degree while the inserting and
pulling-out operation was repeated several ten times, then
became. stable, then came to change little even though the
inserting and pulling-out operation was repeated. Thus, it
can be said that the connection structure has high
reliability.

It is thought that the decrease in connection holding
force observed at the initial stage is a stabilization
process in which the female and male terminals become
fitted to each other.

(c) Test for evaluating the heat resistance of the
connection structure

The connector structure (1) was kept in an environment
of temperature 120°C, then taken out to measure the contact
resistance of the connection structure. The result is
shown in FIG. 28, in the form of a relation between contact

resistance and keeping time.
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shown in FIG 22, a columar projection greater at the
top than at the base as shown in FIG 23, a col umar
projection 20 narrowed in the s ddle as shown in FIG
24, or the like. Anong the conductive projections of
t he above-nentioned types, the conductive projection
whi ch A8 gtearefrpPm ELEss28seeviedn adt erthé hieosomas taar

t h . ti o
T RESCre cHaR Repl 98° b LRGEARSAT 00 (EHRGR e 120°C
feoml EO® ehoiinal Beoftonhecti resistaneet iofg theemvemetion

th duct i ' i h itself th 2
PR PG Bhok S B0 BARHRLS EhESLhhR HPfeRRor
psorecthod (Upeproobdeaskhinatone sebblel.n fornmng the

projection_like that of the connecting _nenber B2, it ,
i s desh? abledfofsel the ppPsvRgtess asgletEo) Hhe wnnection

Wi RO dAe € angoLhiifg 8 188 phbskdtdesivedli®d haf small in
the overall height of "the conductive projections 7 of

t¢en el eraehstoned, t phews1ditidesdined elisgmithgontact

S b r.greater, .Lf. th [ ' .es
Chan e Budl AL 10 TrBRuebish 8 B ek ot ana
franel eng-esut nape AQt Obnf hesf thetrmadnyesttand e, mamaehas high
canbggél to nmechanically contact the pad 2 or fail 5

t'o" }1SYactorily pressed onto the pad 2, which

| over sp1¢ hex §0BRERET QRoEREraBbhhkY tefr e earRct i2on
structure C.  Meanwhile, if the height is too great, ‘
it doekh nie npernepborpaEpusEust r@duciengeasacheiqjhitecting

Soser S8V SORBLIVEI BececTihe BB Gn che otner
side 6b, in addition to the projections 7 formed on the
side 6a, 1is used, and electrical connection structures C
according to the present invention are formed by inserting
the conductive projections 7 on each side into the female
terminals Ay of each of two first connecting members A.

In this connector structure (2), the second connecting
member B functions as a male-type interposer.

FIG. 30 shows another connector structure (3).

In the connector structure {(3), electrical connection
structures C according to the present invention are formed
by inserting the conductive projections 7 of two second
connecting members B into the female terminals Ay, of one
first connecting member A, from above and from below the
first connecting member A.

FIG. 31 shows another connector structure (4).

The connector structure (4) is a variant of the
connector structure (3). Here, the first connecting member
A functions as a female-type interposer.

FIG. 32 shows another connector structure (5).

The connector structure (5) is constructed using two
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The cross-sectional shape of the conductive
projections 7 of the above-nentioned types is not
restricted to a particul ar one,2But can be, for
exanpl e rhonbi c, rectangul ar, triangular, polygonal,
circular or 15 the like. Wen inserted into the

f efAPELIPePSHRS AR L ephehighndue ivar imdjeqfi drhe first

sl bdgAeBYEh gt hEmBRY 2. T?gégikgcagpg?rthg %?%%Eeconnecting

abrasi on resi stance, It esira t hat
congubergeApropeeticbn provideat Widdstcarvmuinfager@lctions on

th of. . de. a_relatively hard tal qr .alloy. .
Spgélgflfséggl I8 %’é%%e?’?dr?i Tes e 8, P (A ital connection
r hedruaturekl Cencebrdiagl itke tean die sesrd. i fuartiesn d4€ formed

conductive, .projection can be fornmed by plating a soft
cob® opoeFbiRoekhfnrenARGTI Ve Pe) 9% Gttt MaRbIOf the

gotflo phattndBhndethRedindbeldl lpadin® Hd &malld terminals A,
sol der or the like, and then hardening only the

supf atle Pphereati on of a conductive coating nateri al

cont ai ”ngtﬁi‘EbBQFei rog ?rs Ha8 1 Aai& 1%, '&%nei?;ﬁr,guté' ve
for increasing relTabilify. Tn"the connecting er,
t heoptlantivar pangeaenbnsf 7 30df emel e cmarlrd nalsniAh oy Ay of

of le.termnals Bp.(conductive rojections 7) is
ot R o PRl LB BegR hor ME IRy S PuE g iy SHRdh that
t hehéd i ¢shdeonnest ppgjeerhensA7Thasd el Eenlldrid@dhsifidis a,

arranged in a two-dinensional grid-like array and the
setbridr e et NgEhNEeABeASBYRAd AWl & iddhwisdl,s SBace the

ar & ANUesk | On ast PRz L FEASEORAL ¥t dtld K a¥d B increased
corresponding to
connection reliability.

In the above-described connector structures, it is
desirable for space-saving to arrange the through-holes
(and pads) constituting female terminals of the first
connecting member A, in a grid-like array, and arrange the
conductive projections of the second connecting member B
intended as a counterpart, in the corresponding grid-like
array, since it can reduce the planar space occupied by the
electrical connections C formed, to a great degree.

The above-described connector structures can be
disassembled, for example by manually pulling off the first
connecting member A formed of a flexible substrate.

(2) Film-cable structure

FIG. 33 shows an example of a film-cable structure
including electrical connection structures C according to
the present invention.

In this film cable structure, a plurality (three in
FIG. 33) of first connecting members A (long flexible
substrates) with female terminals Ay formed in a determined

array and with conductive projections 7 formed on a side 1la
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the array of the female termnals AO, they can forma
connection portion including n¥y connection points C

ina smll planar space. This is advantageous in

resgect of saving 5 the space for the connection
1BoFPPoAGMEORIERANBEE, USE,entPeaidifialdlyy ROdle consisting

oﬁ'@HEt§6n@9tﬂﬁ§ﬁ§ll§rﬁgﬁ9%@te@ %l WO diIdTER ﬁﬁ$¥¥§té§rﬁy formed

consi sti ng of rows an ums wt
byobnaeraieenhbet p@ndp@fctw@npruonelqmmmgs 1eE0E termlnals Bo) of

n 0 | an e
oBE"ELELLLGRRLELLS WBGBR AT SP R S esHiglpe mo of
alﬁ@tbercﬁnnettcngnaetrﬁneg nAmded , S eher@bgoMeeetiintg electrical
al connecti.on

structin electr|
c%%?%%%u?% %ga Fﬁ?ﬁg tagFﬁédﬁpgsém:t‘%§§ﬁﬁQﬂ¥ invention.
eIeCImIEﬁi§C&éQMéQ @ﬁ@ahéﬁgﬁﬁsofa%bQ%ﬁddﬁﬂ@@ﬂﬂddﬂbﬁghcture is

roduced. This w || be exg ai ned bel ow in
‘Eiazi]ar hyg) ehaneaboe i6r vetdr 6hEnGangs fdeaiid lan as a whole.

Wﬁﬁﬁ”@%ﬁéOéoﬁnéeﬂﬂﬁﬁtHémﬁ&%uﬁkgéﬁsé;ht 1%05%@§¥%1ﬁ1t0 restore

el ectrical connection structures according to
the cadinte by edi sansembihounthr EbGnettidd Istrdttures C formed
1 |G 25 ctrica
b (¥H@
%onnec'?%ﬁ%ﬁs é%%?u?e% C@SWEeFOrWSB 8§ilns iofge, and
counslicinyea Pew] €6hheosihgaembermanahns pBake’ theimerd: .

C@n qgﬁ?3|de 6a of a second connecting nenber Bin a
et AT P STFR)LY | FEBUFEHEFE ternminals AO of a first

connent i ngs NBADeE A 8R&Hpier B8d;06 3,23 Wiy QUIRMYUE an

a pad and a small aperture. For exanple, conductive
el it oreonprient ellmih‘aﬁsn@o§iléct@ﬁCdllarr@tn@lecal]:& nm

6¥H¥€H¥é§“c aéé%{ﬁﬁéﬁe gr£ﬁggsgegen% anentlon is surface-

mounted on a circuit board with determined circuit patterns
formed on a surface.

In the structure of FIG. 34, there is used a second
connecting member B with, for example solder bump electrodes 8
formed on the side 6b opposite to the side 6a with conductive
projections 7 formed on.

By inserting the conductive projections 7 of the second
connecting member B into the female terminals A, of a flexible
substrate constituting a first connecting member A, electrical
connection structures C according to the present invention are
formed, and by joining the solder bump electrodes 8 of the
second connecting member B to lands 9a on a circuit board 9,
for example by a reflow process, the component including the
electrical connection structures C is surface-mounted.

In this structure, the connection structures C have a

reduced height. Further, for example by arranging the
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i ke array consisting of 6 rows and 10 colums, with a

pitch 0.5 mMm Meanwhile, to a first connecting nenber

A, through 30 hol es of dianeters 0. 125 mm pads of

dianeter 0.25 nm and snmall apertures of dianeter 0.1

mm which are to be |ocated in the center of each .
fena ks garirals Pprasyvivgel ¥ afalthe efondetsivagorojections 7

ar g@%iméﬁsfwl Zgrhgr%gk%ngfrg ray,ass &Q‘ée occupied by

conduct 1 ve projections nector tructure
iﬁhﬁLﬁhﬂ@ﬁdﬁh@@ﬂﬂ@tmcbure$roenubesmﬁbhfoededeby tﬂbse
%edt}ceersm nnags Bos aalgdef rmlce Ler mnna u uﬁg]gc ountln

Knih, SPE0 Fn“®F t¥ h"8ng 5 3 il g‘ g
mmttharmhﬁ&leitefm&r@caupaﬁa abhlaweamd4entbRApandnds to be
vol une Al t hough this connector structure

Fqugfég ﬁﬁqﬁﬁ#?ﬁt%%Fh 2iPPLArstFhict utRe Firglsconnecting
GeAidITed 10 Aotdlasoaneating WPrie thata thelfeapteus ¢

termnals AO and the male ternindls Bo can 10 be '
éaqagwedlaé@mq 2 dnferent t fenehient épni hhks fBsstaropaecting

[ t h enal Lpa
Attac |¥B g%ﬁ% %?%dégn%% %%éra |%ﬁ%§&g%§ §§|§QF£°5§ a
cerfriegteroutfwenmotdt y,  wi t hout any hi ndrance.
Al 0 G, ' BT SrEPBL T BF an 7 26COF caconstEuct ed

IR mais@%dambc@m@e@é@beﬁtAugbyfnedl BfWAI ghelBiR e
and femal e connectors are mechanically engaged is 3.5

FRPST T8¢ 9n Irernyiace 2af nkhorseeond canbertand Mempesr B of
%qdrpﬁplght and therefore occupies an area 73.5 nm
and a volune 73.5 m8.
In this structure, there is used a first connecting

member A with, for example solder bump electrodes 8 formed
on the side 1b opposite to the side with pads formed on. A
second connecting member B is a flexible substrate with
conductive projections 7 formed on one side. By inserting
the conductive projections 7 of the second connecting
member B into the female terminals Ay, of the first
connecting member A, electrical connection structures C
according to the present invention are formed, and the
whole is surface-mounted on lands 9a on a circuit board 9,
using the solder bump electrodes 8.

FIG. 36 shows an example of a structure constructed
with an IC chip surface-mounted using electrical connection
structures according to the present invention.

In this structure, an IC chip 10 is used as a second
connecting member B. A first connecting member A is a
flexible substrate with, for example solder bump electrodes
8 formed on the side 1b opposite to the side with pads
formed on, as in the case shown in FIG. 35.

Already-described conductive projections 7 for the



20 As clear fromthe above, the connector structure

(1) having the electrical connection structures C

according to the present invenbigon allows snooth

inserting and pulling-out operations, achieves a

great reduction in height conpared with the m ni num

si AEena Kerymneimd areibenrerterfetmedton eonandid@50f the IC

al $@ ;achiev e-savi ng., The connector structure

(1) v%%s sdbjefzjcrfeg A t({e}gtl o1° " eval uatS aut’}‘?e these

r elcicalgiulattiy eofp idhiee cairyecti aimtsd rted uf€mdle €@¥minals A, of

In%%uegce qj t he nynmber of tines that an inserting and
“ng-"Gt

pul Ting- SPE &S o g é“eﬁ%h?ef%r%o‘?l%‘bﬁl%%t%%‘?ngCtion

51 esitst@tteedf ¢ AdIRIGRANRSH AN StEA Ml Endntén are formed,
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connector structure (1), an inserting and pulling- out
op@F&t tHF WA Liee foat ity Laffereountrch @ mMeand® 98 Q1 a circuit

coppagki 0N RQIiMS ,tﬂéﬂ%&l%rgﬁ%uﬂr;gzéfép?%?@%é S%he

connection structure was neasu ows the
resul t, Idh&hds tstieusdmtract thessi sl arfcip simwietsclable. Thus,

av g h 3 on ti,an ints. 5 clear ,from )
FI %E)?ng(fa&%é%cg'r}ﬁ]egctt e i (A ep%'ods PR O‘gra‘# jorder, it is
spposkiibakl yo0detaTh drt keldwedivaie aft efithea new IC chip
i nserti, gg and pul I'i ng-out operation was repeated 200

ti RESVL1dEHeWes 5@Pda§§%¥%mﬂﬁ9199ﬁk994ittIe i ncr ease

and QOOQIGQOBdU%hbW%t%dM@%dﬂﬂﬂgEH%?%*m@#&flﬁa er circuit

I nfluence of the nunber of tines that the 1nserting

andBoptfll Phgustiurepditaties liay eperdfioramed; hgrard in FIG. 37)

COPREShEPAg BLALDY 9" S@nnection structures C according to
the present invention.

This structure is constructed using three first
connecting members (flexible substrates) A. Each
connecting member A is provided with determined circuit
patterns 1lc, and is in itself a flexible circuit board. 1In
the structure shown, the two connecting members A (forming
the upper two layers) have conductive projections 7 each
electrically connected with a circuit pattern 1lc, while the
connecting member A forming the lowermost layer does not
have conductive projections 7.

This structure is constructed by stacking the
connecting members A successively by inserting the
conductive projection 7 of each connecting member A into
the female terminals A; of the connecting member A below,
thereby forming electrical connection structures C
according to the present invention.

This structure is a multi-layer circuit board produced
by mechanically stacking thin first connecting members A as
unit boards. Although the structure shown is a three-

layer structure, a multi-layer circuit board consisting of
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To the connector structure (1), the inserting and

pul I i ng-out operation was r&jeated, where, each tineg,

force 15 required for disassenbling a connection

(connection holding force) was neasured. FIG 27 shows
a2 gieRteesiimbensof| bavefpofnRl Be 2pnsthucEefndyt iSdrcking

simi x_d'f‘ﬂré@r&&n&a’é§%gﬁ‘?\8&8@§§dAt gué%gs%%rl e while

e inserfing an I'ng-out operation was repeat ed
sdﬁﬁﬂalumem boaed, (fheat20obeeanengsmabber)t Aen dedmehable.

thd  FRRRS LIBALE, ST LoNOD o LT LB and s

posgmbxbt&muréﬁma@@nnecbnan athéQtUthha&ahdghea81ly

rellab|$|L¥ i's thought that t he decrease in
cdifecti oY am@ e38MpbecaloBs et eedes: PRr&ads Sitgucture

1nc§1<§ﬁ?g iS18cet pbhl i é@ﬁh@@tl@ﬁogﬁus;ﬁc'tﬁr‘é@' ehalche e &o the
nal e term nals beconme fitted to each other. (c

Presﬁﬁﬁ ¥wrert/bdmat i ng the heat resistance of the
€§téé¥hé€&H&tHéecégsIFﬁcEgﬂnﬁgﬁﬂp %ﬁeQQ%g §Gpstrates
of tenpera t hen

I n an environmen ture
as ahnun1xnnFI® n@asurepehéfcoal gt ernedi Slaxdidlef auhstrate is

.con ctJon u ure sult is n
an AT R o ol PRF b1 BRmB e wbBRTCBA R0 R 3P E: ARChuding a
padEﬂﬁhdﬁﬁﬁﬂé&hdﬁé@hv@zpr6§e@tﬂahsfWoﬁbEhgd 38, teéeperiphery
after the connector structure was kept in the
+ dRAThER dFeq chpErBPUREINGOE SEBECPOGUSERTs dqWHee in the

cenﬂéyﬂfgﬁ &S SLANCL: 04 EHeiﬁQBQEQEQOQine in FIG. 39, a
determined semiconductor device 11 is surface-mounted in the
center le.

The structure of FIG. 38 is constructed by stacking
flexible substrates (first connecting members) A as shown in
FIG. 39, each with a semiconductor device 11 surface-mounted
on, successively, by inserting the conductive projections 7 of
each flexible substrate A into the female terminals Ay of the
flexible substrate A below, thereby forming electrical
connection structures C according to the present invention.

In this structure, each substrate is thin and each
connection structure formed has a small height. Thus, the
structure as a whole is very thin. Further, by arranging the
female terminals Ay as well as the male terminals (conductive
projections) 7 in a two-dimensional grid-like array, the space
occupied by the connection structures formed by the female and
male terminals can be reduced.

Further, even if a semiconductor device on some layer

goes out of order, it is possible to remove only the
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structure showed little change. Thus, the connector 5
structure (1) proved thermal |l y28&table. As clear from
t he above test results, the connection structure C
according to the present invention is small in

flemilke FeRskrabec® Whbhsthpt PrekprcseadeonpussRradevice
s%ﬁﬁéé&@gﬁn@a&r‘ow 5Aqt bephgpet ki F tﬂf t e %%%r G e

1 ng-out operation, is ther y stable, and
has hi@gh 40 eshats| anyexgm@lezgfshomcandt bennestiag srember B

fé@rfgiﬁ%% (gi?c£Plégfn% HEEEQPR s %egzk a%cordlng to

secon nec Euct
tmn(pfﬁﬁemmsiﬂVémtnad on the other 15 S|de 6b, in

addi on to the projections 7 fornmed on the side 6a,
S C e OF 1R ThEBb e B RnCenPEnces: Ao fradide Substrate as

aéﬁégﬁthémbé@ tHed p6eSeNtibBvent tABrabe, f eometidiy ve
i nserting the conductive proj ections 7 on each side

plfcrﬁ%cfw@l?r el e 2eFangafsinCRoPrédchide ewgapi-r stfurther,
| g JBEbes s, A1220,08 KB o%OEB?%%ISHulMe%Y 92b, 12b

(2), the’ second cohnecting me unctions as a
an&ﬂn%@gqﬁﬁdrﬁ@rp@eefouﬁlGbrﬁérshomstaﬁoshde éa@nnect or

str 3 t he connect or ru 3

o edf L5 Honnlet 5o BRREEHC/nEt o RaMET ik epsaches =
cqureseiattvent t1ohs atenhectity ﬁémbﬁrlh&%rﬁbﬁ@lhhﬁermlnals

conductive projections 7 of two second connectln

Lot B hatdl FerAY efaper i BRAI BANESAo abt thfe L Oﬂarfsltons

cd¥¥H§¥3déﬁh@Eﬂpeﬁh@‘céﬁ@ﬂb€?9¥ep§8geEEQ@thHQWt%QEgrld like
first connecting nenber A shows anot her

agGihecdnt rmake ugeidds. for rece1v1ng the columnar guides and

hollow columnar guides, formed at the surface locations
corresponding to them.

The intended electrical connection structures are
constructed by fitting the columnar guides 12a, 12a and hollow
columnar guides 12b, 12b of the connecting member B into the
female guides of the first connecting member intended as a
counterpart, and then pressing both connecting members against
each other, thereby inserting the conductive projections 7
into the female terminals of the first connecting member.

Thus, the provision of the columnar guides and hollow
columnar guides to the connecting member B allows the
conductive projections to be smoothly aligned with the female
terminals. Particularly when the construction of the
electrical connection structures is carried out automatically,
providing such columnar guides and hollow columnar guides to
the connecting member B is desirable.

FIG. 41 shows another example of the second connecting
member.

This connecting member is provided with a guide wall
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30 The connector structure (4) is a variant of the
connector structure (3). Here, the first connecting

menber A functions as a fermal @xype interposer. FIG

32 shows anot her connector structure (5). The

connector structure (5) is constructed using_two 23 .

f I leki Brerindinat dee wareduak evoaPranestbpnehé prrgpged in a

CQﬂﬂ@flifﬁb'Eﬁﬁ%§§,A&nspfg&éi8ﬁ|£ﬂe &&@uﬁhé%kguides and hollow

connecting nenbers A are each provided wt _
cormduiniaze griglestobnshenconhectidg hemperhspaws in FIG. 40.

f Y , d electrical connecti,o str
Ll P AN A SR bR £OIRPERNSA BsPh! HERHERT oS re has -
I sEriawgf dinveed ofwhtict é vl piwg echi snguidef weaddh1sf t he

two first caonnecting, nmenbers into the fermale .

Lormi ndl SSRGS THEUGTHRIL A fHhetidSs, Spca) geans which
desivald el cdripnge: hdandiosp8dUSt b¥eapligheat w9Bs éach other
and the female termnals Ao of each first connecting
MR LY a iy grenealieucht Fraturefeagngapstyacted.

proj ectgQNs 45 asr}ﬁv; e fe r gknal e e
| engt hwi se as we Egsaéw%%%ﬁyég,ggi%cgtt Stg%%nggg gﬁSlng a
stsagsing e ednistg uetracke halb efammedcofasefilthScircuit board
connectiaqn reliabili .. Jn the above-descri bed .

CSANEC A Vo iad ronddsnive ' PalPrhiph T oFotted on one side,

SPAE =S M M D BodeNged t (e thgoagprhntea cliaadipadshrd or a
constituting female termnals of the first connecting

MERFENIL SUPSE TR Q- | %R e¥emlehndibhr angBreHghzpole 14a
CORAUGY P 10l 1N Of i NerSECOREmG2BNEPHBY BREPE pad 2,

where the conductive projection 7 is inserted in the
through-hole 1l4a.

In this structure, an electrical connection structure
C according to the present invention is formed by the
conductive projection 7 placed in the through-hole 1l4a
being in contact with the pad 2, and the film circuit board
is detachable.

By using such film circuit board as a second
connecting member B and selecting, as a counterpart, a
different type of circuit board provided with a through-
hole, a variety of structures including an electrical
connection structure according to the present invention can

be constructed.

Industrial applicability

The electrical connection structure according to the
present invention is formed by mechanically inserting, into
an elastic female terminal, a conductive projection formed
on a surface of a counterpart to function as a male

terminal. The female terminal is formed to a first



i ntended as a counterpart, in the correspondi ng
grid-like array, since it can reduce the planar space
occupi ed by the electrical conpections C fornmed, to a
great degree. The above-descri bed connector structures
can be 25 di sassenbl ed, for exanple by manually, .
puFPPRE 619t ReMaetstf o rastheddt ishd Wenblkepib e nbswiating film,
fl Q?ﬁbblaep%@ib%%%tt%td(tzi)n%':'ﬂﬁ@ bl £ StGI £ Fi%‘ f&fmed of an
shows an exanple of a filmcable structure including
el eéppitdal masemaetli-onThusuctbeeso@nectdodi fprmed 3y inserting
th r [ ntion. |In thi.s filmcable structure,.a
ol a1 PR e Hr Y eslo s (RE TR U fa1 foan nave
5> neabeedudedl argghiteXidalmpa raudbstintat edje witof eset &6 Further, by
term nals AC)gorgEd i.n a determ ned array an%ﬁyﬁth
coRUGELEVEINFEFe LEMGHE F55 oS Wi 3% e pale
t heesABadkl Ay ar @ weSdmePRAGHJICR| d M- 10 K@ €ray, the planar
consisting of the longitudinally connected flexible
suPBRF&t BSTHR1EEr k¥da By litdsdit g tUfd Woh RRPesing a
or gi . cminal ‘ .
e G meD e, R et h T el S o b & 50 Gn e much
10 anvedecefli Lot acbnrwet ispgorersieering.hedebpdidrtiiong the first
el pcal connection structures C according to the
prgééé%ggﬁggnPF ?rlﬁstﬁggﬁégﬂé;ethe hei ght of each
connect i Dhus} rugt utelisingnMehlis Enest ik icaldrhddtion
ver% thin and flexible as a whole. When sonme
conhEREFHECmebERTBREXKST St HUStydRs b1 st bleqaple

t her @bt 6rBY, dezrserERL 29 hNQSHRRAGS At Sid é’g,eZl}:llS:lti'-

formed by t he broken connecting nmenber, manually,
15 ontayenndircuit board structures with replaceable components,

and stacked package structures, can be constructed.
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connecting a new connecting nenber A in place thereof.
(3) O her assenbly structures FIG 34 shows an exanpl e
of a structure in which an 15 el ectronic conponent

i ncluding electrical connecsion structures C
according to the present invention is surface- nounted
on a circuit board with determned circuit patterns
formed on a surface. In the structure of FIG 34,
there is used a second Zocgdﬂﬁg%ting menber B with,
for exanple solder bunp electrodes 8 fornmed on the
side 6b opposite to the side 6a with conductive

proj ectti.ons 7 for mefnosle®yridskerddrigddionc ettueture for
projections 7_of the second connecting nenher B into
tHe Rt

t
TPREl 80t BLRTREF S ACTRNEC HH VK 3 <t tafgnnecting
cagbelUbhBJaasttbnl €ommest iny nexpear, A, el ectri cal
connect{on Sstructures C,accoriég;to t he ,present )
vent B8 SLESTT GPRERCT Hid Ty HON Ao e Mo Padh B e
elsedktedes 8ofpribeng SLCOHNEk IOINEHING tTRIEDEL 1R, 1 8t least
lands 9a on a circuit board 9, for exanple b

r &FPoFOPABEEL¥E PRE EDHRYEM ‘?%c’ielﬁtng’“tehéis% of the

eligsulheahgCeNNRCt h OBoSd G SEL HH &S edit Pathaca- BRUBLAMNg
In this structure, the connection structures C have a
r édQFedPRer gt Of FEhe nead, frd ek dfpiauaby helea fgrmgdt RBrough

2% hef eMBLRNESEMbRAL e AL AS1 ¥ a5 1@ tCANPIGhLY¥eposition
projections 7 in a two-dinensional grid-Ilike arrai,
t Wd t§pRcEh8crapi edndya sl kARfxturen formeet ated paanar

b ot ohedieRtn ThE Spad’ Ml CEnkMALAR i3R2%E thOthe through-
C&%&%kng out surface-nounting

the second connecting member comprising a conductive
projection formed at least one side of the second
connecting member and electrically connected with a
conductive circuit pattern formed inside or on the second
connecting member, wherein

the electrical connection is formed in a manner such
that the conductive projection of the second connecting
member is inserted in the through-hole of the first
connecting member, through the small aperture in the pad,
bending the pad and the portion of the insulating film
under the pad, along the direction of insertion of the
conductive projection, so that the pad is pressed onto the
condﬁctive projection due to elastic force of the pad and
insulating film bent.
2. An electrical connection structure according to claim
1, wherein

the pad is formed of a material having both
conductivity and elasticity.

3. An electrical connection structure according to claim
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5 onto the circuit board 9, and all ows nore conponents
to be nounted, conpared with the prior art. The first
connecting nenber A is detachable. Thus, by using a
filmcircuit board having a %ﬁfferent function for
the first connecting nenber ™A the structure can be
arranged to performa 10 different function. FIG 35
shoms an exanple of a structure constructed using a
| st connectlng menber A formed of a flexible
Mn place of the second connecting menber B

of FI (Ehe%latb&llan /o5 wh&bhuchér padt ber eotmedisesl dopper,
menber, A for exanple sol der

flrst connect.i
‘éﬁf’ectsrt@déﬁgeaﬁ% G5ed: 8 °FHE°§| BECPEE oppAs?RRt 1F 2

thmnsdmiué hreashs doripdRdt@8n.A second connecting
ne er Bis a flexible substrate with conductive

i ectibrfsl eF HGGREd CORNERE LONEL T RGE AR R EFPRA DY thRe claim
CQDdWMég@iﬁHOJeCtIOHS 7 of the second connecting
menber B into the fenale term nals AO of the first
connectihfy SsHdeRPRLtAECLFi ERRLEBANERt FEPS SRR AR Lhan

C ¢ i itve i Rcegent invention are fornmed, and
the whole is surface nmounted on |lands 9a on a circuit

boar d Rr B aghiniFalh€oaprgsioBufipreFbere odeeoling ¢o claim
36 shpysrsh exanpl e of a structure constructed with

an 1C chi p surface-nmounted using el ectrical connection

st ruct s sieddr @ibed tuget héspﬁegéﬁﬁul‘ﬁx/erﬁCPbYQOflanl o $lit-

Stjigglgf%néy1gﬂgﬂgﬂ p 10 is used as a second 30
connecting nenber B. A first connecting nenber Ais a

6. An electrical connection structure according to claim
1, wherein

The first connecting member has a plurality of the
pads arranged in a two-dimensional grid-like array and the
second connecting member has a plurality of the conductive
projections arranged in a two-dimensional grid-like array
corresponding to the array of the pads.
7. An electrical connection structure according to claim
1, wherein

the conductive projection has a rising angle of 65° to
160°.
8. An electrical connection structure according to claim
1, wherein

the conductive projection is greater in cross section
at the top than at the base.
9, An electrical connection structure according to claim
1, wherein

the second connecting member comprises a flexible
substrate having the same structure as the flexible
substrate of the first connecting member, and the

conductive projection is formed on one or each side of the



flexible substrate with, for exanple sol der bunp

el ectrodes 8 forned on the side | b opposite to the
side with pads forned on, as in the case shown in
FIG 35. Already-described congductive projections 7
for the 26 second connecting nber B are forned on
one side of the IC chip 10, for exanple on |ands. By
inserting these conductive projections 7 into the
fenghe t nina%s AQ of the first connecting nenmber A,
el ect PIERICcBARBEER bR 5 structures C according to the
present Anvenéconi@sP ¢OnM@ek i ot it uM0lRdotding to claim
surEace-nDunted on lands 9a on a circuit board 9, "
usi hg YR&TEdPder bunp el ectrodes 8. In this structure,

the I C cbhe EsréeteshaddeindMsnoed FuRrPlempeleshy

g(:ehigvlo,goes out of order, it is 10 possible to

det GRRYFEL LAY PEPISCLELION QR tIN% Hewach cHide ofr bhedédexible
Wi t Bup9ongaletéi ve projections. FIG 37 shows an exanple

of multi-layer circuit board structure (three-I|ayer

Ci rib'rt boapterhritad amneqgtidniditdgcsiget Bcearding to claim
conpecih&peshructures C according to 15 the present
invention. This structure is constructed using three

first cOdnNPWERiokeeferaits slg fiaamiesl enstbst sadespfAthe first

10EaCBonKOBPES iﬁ@hﬁ%%?&éﬁé}ﬂﬁ% Q&p¥%%eg%$%tpﬁqgtgﬁg18§g formed

circuit patterns | Is initse exi bl é
ci rei tohodr dthe rpixe tdfe tHte weoend shonecttihg tewber opposite

CONPECE &1 0s [EIDGS &, AHd WA 142e f 8YSLS)
have conductive projectionsd% égghPQQRSCtE%R £8tmed’ on.
12. An electrical connection structure according to claim

1, wherein

15 the second connecting members comprises the same

20

flexible substrate as the first connectiﬁg member, and the
conductive projection is formed on each of the flexible
substrates constituting the first and second connecting
members, on the side opposite to the side with the pad
formed on, where the pad and the conductive projection are
each located at the periphery of the flexible substrate,

leaving an area for mounting a semiconductor device in the
center of the flexible substrate.



electrically connected with a circuit pattern |c,
whil e the connecting nmenber A form ng the | owernost

| ayer does not have conductive projections 7. 25 This
structure is constructed by ifflng the connecting
menbers A successively by |L$} ng the conductive
projection 7 of each connecting nmenber Ainto the
femal e term nals AO of the connecting nmenber A bel ow,
thereby formng electrical connection structures C 30
according to the present invention. This structure is
a nulti-layer circuit boaIﬂl duted by nechanically
stacking thin first conne K;P ers Aas unit
boards. Al though the structure shown is a three- |ayer
structure, a nulti-layer circuit board consisting of
27 a greater nunber of Iayers canibe constructed by
stacking simlar A

successively. E:
menber) is

la

|nsulat|ng
i ncl udi ng a pad 3
formed at the perlﬁherx

FIG. 2

4 /"
5 2
[ la

r— - _—'L-__éj /
\\\I ' NG
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| d, leaving an area for nounting a sem conduct or
device in the center le. As indicated in inmaginary
line in FIG 39, a 15 determ ned sem conductor device
11 is surface-mounted in the_center le. The structure
of FIG 38 is constructed by2§ égﬂing flexible
substrates (first connecting nenbers) A as shown in
FIG 39, each with a sem conductor device 11
surface-nounted 20 on, successively, by inserting the
conductive projections 7 of each flexible substrate A
intothefermletermnalsAthh flexible
substrate A bel ow, thereby df 'ng%ilectrica
connection structures C according to the present
invention. In this structure, each substrate is thin
and each 25 connection structure fornmed has a snal

hei ght. Thus, the e as a whole is very thin

Furt her, i ng t:- ral e termnals AD as we
as the male tefm n ,AQEE%Zuctive A1 84 $) 7 inbg

Pl ke array, '

onnec?>bn

ention.

connecti ng nenber S
structures C according to

BN\




The connecting nenber B conprises a flexible substrate
as a base nenber, and on a side 6a thereof,
conductive projections 7 are arranged in a grid-Iike
array. Further, columar uigz 12a, 12a and hol | ow
col umar guides 12b, 12b 1 ,A iprovided at the four
corners on the side 6a. A first connecting nenber (not
shown) intended as a counterpart of this connecting
menber has fermale terminals forned in the

al ready-descri bed manner at the |ocations
corresponding to the con jye oj ections in the
grid-like 15 array, and fle .gu) des for receiving

t he col umar guides and holl ow col ummar gui des,
formed at the surface |locations corresponding to
them The intended el ectrical connection structyrBs
are constructed by fitting the col umar guidi?yEZa,
12a and hollow 20 col umarqguides 12b, 12b ofgthe
connecting nmenber B i ng® thg femal e gui des,of the
n

first connecting nberp in ded as couﬁ?erpart,
and then pressi ot h NEdt rs_dgai nst
each ot he

proj ectio INQt f t \ 0 el first
connecti ng nenber. us, € provision e

col umar gui des and hol |l ow Jcol utmar gui des to the
connecting nmenber B al |l ows @he conduct i vel proj ecti ons
to be snmoothly aligned with the female term nals.
Particularly when the construction of the electrical
connection structures is carried out automatically, 30
provi di ng such col umar gui des and hol | ow col umar
guides to the connecting nenber B is desirable.

FIG. 6

NN
N
NN




FIG 41 shows anot her exanple of the second connecting
nmenber. This connecting nenber is provided with a
gui de wall 29 13 surroundi ng the conductive
projections 7 arranged in gzag-like array, in place
of the col ummar gui des andahél w col umar gui des of
t he connecting nenber shown in FIG 40. A first
connecti ng nmenber intended as a counterpart has a 5
holl ow formed for receiving this guide wall 13. Al so
this guide wall 13 functi S means which all ows
t he connecting nenbers t Ligned with each other
snoot hl y, when connection structures are constructed.
FIG 42 shows an exanple of a structure conprising a
10 second connecting menber B formed ofga filmcircuit
board wth a tapered conductive projegtion 7 forned
on one side, and a circuit board 14 (% rigid printed
cirquit board _or a_ ceranc substrate Yfor exanple)

&\he\\%’\ djwith,

I -
CUINTUuCTtiTvVv

AN

ZNPS nmmr s
t hr ough- (Yo & A4 2 ol e
connection struct g to the present

i nvention d by the conductive projection 7
pl aced i n/the throjygh-hole 14a 20 being in cont agf
with the/pad 2, and the filmcircuit board is

det achabl e. By 6igin§ such filmcircuit board as a
second




connecting nmenber B and selecting, as a counterpart, a
different type of circuit board provided with a
through 25 hole, a variety of structures including an
el ectrical connection strucgur ccording to the
present invention can be cogg(z& ted. Industria
applicability 30 The el ectrical connection structure
according to the present invention is formed by
mechanically inserting, into an elastic female
termnal, a conductive projection forned on a surface
of a counterpart to function as a nale termnal. The
female termnal is forned to a first 30 connecting
menber formed of a thin fhgﬁgﬁtg nQiulatlng film and
a pad constituting the fe is formed of an
elastic material. Thus, the connection fornmed by
inserting the conductive projection into the female
term nal can have 5 a reduced height, conpared with
the prior art. Further, by arranging the female A2
termnals as well as the male termnals in a

two- di mensional grid-like array, thé planar ?ce J,
occupi ed by a nultl-pln structure c npr|5|ng a

plurallt ANCere | g C ur es ca be
mch 02 E0gtod 2o AR By

t he flrst connectlng nmenber 1S
utilizing this electrical connectio

struct re

variety of structures, such as fil c Rpl e sgrudﬂhres,
extrenely thin connector structures, nultl




15 layer circuit board structures wth repl aceabl e
conponents, and stacked package structures, can be
constructed. 31 CLAIM 1. An el ectrical connection
structure for formng an r4 cal connection

bet ween a first connecting er and a second
connecting nenber, the first connecting nenber
conprising a flexible substrate conprising a flexible
insulating film at |least one conductive pad forned
on at |east one side of the insulating film a
conductive circuit pattern extending 10 fromthe rim
of the pad, and a through-hole fornmed through the

t hi ckness of the insul atj (2. nlﬁﬁ a planar position
within the pad, and a s er e forned at a

pl anar position within the pad and communi cating with
the through- hole', 15 the second connecting menber
conprising a conductive projection fornmed at | east
one side of the second connecting nenber and A4
electrically connected with a conductive circuit
pattern fornmed inside or on the sec®nd 2connectigg
menber, wherein 20 the electrical cqnnection is ({forned
in a & | i
t he Q€G
t hrough-hol e of the first connect g
the small aperture in the pad, bendlpggghe 'adlﬁpd
the portion of the insulating f|Im4A0

As




25 under the pad, along the direction of insertion of
the conductive projection, so that the pad is pressed
onto the conductive projection due to elastic force
of the pad and insulating fLl Qg nt. 2. An electrica
connection structure accordf? iclain1 30 1, wherein
the pad is forned of a material having both
conductivity and elasticity. 3. An electrical
connection structure according to claim32 2, wherein
the material of which the pad is fornmed is copper,

ni ckel , stainless steel, dﬁ‘ or jbryonze, Inconel or a
conductive resin conposition. 5 4. el ectrica
connection structure according to claim 1, wherein
the small aperture is smaller igh cross section than

t he conductive projection. 5. el ectrical connection
structure according to clai wherein the snmal
aperture has a circul ar, slit- like

pl anar shape. 6. An efec jonZstructure
according to claim 1, i rst connecting
menber has a plurality nged in a

t wo- di mensi onal grid-|

~




second connecting nmenber has a plurality of the
conductive projections arranged in a two-di nensiona
grid-like array corresponding to the array of the
pads. 20 7. An electrical go tion structure
according to claim 1, whége?gf he conducti ve
projection has a rising angle of 65 to 160. 8. An

el ectrical connection structure according to claim 25
1, wherein the conductive projection is greater in
Cross section at the t n at 1he base. 9. An

el ectrical connection sgﬁﬁtgﬁteﬁa ording to claim 1
wherein 30 the second connecting nenber conprises a
flexible substrate having the sane structure as the
flexible substrate of the figst connecti ng nenber,
and the conductive projection is forned on one or

each side of the 33 flexib upstrate. 10. An
el ectri cal connecti%n syfuctyre aceor di toclaim 1,
wherein the first conrgcting € W téher conpri ses

a 5 conductive projec
flexible substrate.

~



a bunp electrode is forned on the side of the first

10 connecting nmenber opposite to the side with the pad
formed on, or on the side of the second connecting
menber opposite to the side mﬁgg t he conducti ve
projection fornmed on. 12. ﬁw&)y/ ﬂrical connection
structure according to claim 1, wherein 15 the second
connecti ng nmenbers conprises the same flexible
substrate as the first connecting nenber, and the

conductive projection is f on ch of the

fl exible substrates constfﬁﬂzﬁng:kﬁg first and second
connecting nenbers, on the side opposite to the side
with the pad 20 forned on, where the pad and the
conductive projection are each:located at the

peri phery of the flexible substfate, |eaving an area
for nounting a seni conduct or ice in the center of
the flexible substrate. 1,71 FlIG 3la _(r) Il _y
Il --y 1A 5~4FA&ZArA] > 2
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