9 March 2005 RESINOUS CIRCU T HARD WTH PINS | MPROVED I N JO NI NG STRENGTH
BACKGROUND OF THE INVENTION 1. Field of the Invention ~ The present
invention relates in general to a resinous circuit board having a
substrate nmade of resin or a conposite nmaterial containiggusRnidnosand nore
particularly to a resinous circuit board provided with pins having a high
joining strength. 2. Description of the Related Art 10 As circuit boards
for nounting thereon electronic devices, there are heretofore known a
cerani ¢ ci r RESINOUSACTROUAY EBANRDARITH BN HMPRAVES N THEININGE ShfinctiCh as

alum na and a resinous circuit board nmade of an insulating resinous

mat eri al such as epoxy resin and a conposite material consisting of resin
and gl ass fBAGEGRO HES N :o~eranlc circuit board having pins serving

as i nput anlg tdggr n | s thereof ,"the pins are attached to a
Substrate ybrlnglngt § heaas tRereof in the form of a nail head, into
contactdwith pi n%dé—’ele@pols’mnaiora Heahés gin rgeaerali o Aireatfoudf a
substrate andchberbosehdeidi dPe ihduhGe AL RadE o 20 baccase of a

resinous circuit board subs rate aving pins Sserving as |°mB°? %hd out put
term nal s tHEFESH copfainingorrsidger apd "‘°E§ RHOWAWLarlY §o & resdneusii | arly

sol der the qﬁlmelf’boh:a&lplirgvi'dhu?Iﬁlter%é halitey BH1h0IoBing dtheadi O Pin pads
PD provided, to al&ess%ﬁé Al H%\ggver @FEG pi ns are Iow In the joining
strength and | ac P aBFIPﬁ/ Bt% are not fit for practical use.
For thil8 reasonAs pM@ndemmlmmﬂzihgemeﬁém egecsﬁﬂoamgtdembés has been
practiced, h 7 0 S extendlng
bet ween the@%rée%ma#egegd\)/\%fesﬁ??acesb%f E&&E}lﬁ ngﬂ ﬁgsg it ect i on) of
the substrat® at%??ﬁ?ﬂé@@fiﬁi@@q@%ampédmé\nr@nh@aslsuuuime form of
a nai| head ticartiedehsoughnbel 8ng T s3RGu inkBe 1 A0cACL bEGAPLSF2 1O the

substrate 1 %y u%sﬁ% as shown in Fi to first
form t hr ough'=2 © & WB%lSIW‘&er B8t 99}6$%§1P¢4‘ n ¥he
respectlbve asesof ateeraikucp:rmelf iboapd Mavitdg PAs Rerbang Bg ﬁﬁ%g&% Pia and
P4a at a pouttggﬁ #éﬁ&.ﬁ\%? geg t en the o p(%ilte | ongi tudi nal ends, into
the respect] ol'es ]r_r, n ?l&‘é‘&l AARAh &OpR VbBETakR P4 5 to
p p
t he subst rd?)eé)rln%ngjehﬁgﬂ@dbdeme@f in the form of a nailhead, into
contact with pin pads disposed at a front or rear main surface
of a substrate and then soldering the heads to the pin pads.
20 In case of a resinous circuit board substrate having pins
serving as input and output terminals thereof, it is considered,
as shown in Fig. 6, to similarly solder the pins Pl having heads
Pla in the form of a nailhead to pin pads PD provided to a substrate
1. However, the pins P1 are low in the joining strength and lack
25 reliability, so they are not fit for practical use. For this
reason, in order to increase the joining strength, it has been
practiced, as shown in Fig. 7A, to first form through holes TH
extending between the upper and lower surfaces (i.e., in the
thickness direction) of the substrate 1, then press fit the pins
30 P2 having heads in the form of a nailhead in the through holes
TH and fixedly attach the pins P2 to the substrate 1 by using
solder SR, or as shown in Figs. 7B and 7C to first form through



- SUNI'l ~RY OF THE (~v However, as w |l be understood fromFigs. 7A to 7C,
such an arrangenent of pins P2 , P3 and P4 rec~~; res a nunber of |arge
hol es TH and H of the dianmeter nearly equal to the pins P2, P3 10 and P4
-~ ~to be formed in the substrates 1,~ thus decreasing the aiggdah 2008 front
or rear surface for arrangenent of wiring conductors (not shown) and
therefore considerably lowering the freedomin design of the wiring
conductors. For this reason, a conplicated wiring requires a increased
nunber of |h@@§é¥ﬂﬁ$¥%§ﬁ@ﬁedh@lmﬂmm§mmemvﬁuus}t@ates hepeess for

machi ni ng U fiakhes phS aRORp dkahe dﬂ;tabég phe SRipoys i rouit
board is costlﬁ gl is_accordingly an ecth thlgiap?%atts% n%éntl onto

provi de a r¥% qter bEFreeso &he Qmoéhtﬁa%oqgiﬁgd-’]llﬂlned%o iinte Pie substrate
with a hi grrqS@eatn@a fbLE gt naM] laahemi eag%aathheﬂ éu@aegﬂ@%%ﬁ ep4 gn of
e e

W ring and be| g of l,ow cost., To .achiev e above object reis
provi ded accord n%J 9 J‘rgﬁ S dpB¥UsIAg; $R195TeSRnt i nvention a circuit device

COR~ri si ng SUMMARIK | ( [EJINVENTIONt € nade of a resinous material, a plurality
25 of pin pads fﬁ&ggggron f cen substrate, _an Iur lity of

pi ns each having a pi n’rr%?r"\vig%&% angé%sn%g’gu’t% 182t ﬁ 65L?ngFH out from
an end of t3eaprangagent fdpinedeh B3 anﬁeP‘biraqubmsng mmibéercfﬁilaj:gé he

abut nent saﬁile@nm%r@aﬁmpfthé%a%@eﬁ%l V\Qﬁia&' ntpgection is
made of SO'zﬂﬁ her in nelting point 30 han so ugﬁlcrig ?2‘1’ s§ol dering

each oft% hé 0P ZEFESt 1 (fhepubshEgies 1o thas cq‘?czm‘élﬁ drery to
anot her as pretct.h@ffrbh'e oﬂrmerﬁurtfaﬁélibt%rahmt oSwRFRY Esuet6i4 cui t board

conpri si ng ubstrate resinous material, a
plurality o@’ gﬁ %ﬁ%'én S%'P I‘(;)?Fe §°§%’rﬂqde§8§£%fal°f”ﬁ€l%%5§?r5¥e§ domnip 5
plurality cﬁeqmgn@%ahdn mamg\goﬁdlmtiolrp eﬂdrpmﬁ.tslmasaﬁd achgAdcaeedi on , each

of the pi ngngﬁh e%ﬂr@ %h;he a in,such manner as to
cont act t he ga portion ?o each 6‘nﬁ1 aé? WRETSi ﬁ °tPR head

porti oddi nclamdaated { | afysthemt i Be i easdgridr wiadhihimg t tie ehdlegpotd i on and an
abut ment  segddea8i Pl NI TR ftqugnb}_.}{]&f ngesLhed %i&ﬁﬂb%ogg&‘ direction
I on

opposite to the tip. end port| on utment sec el ng made of
sol der hi gkf'é?Stllﬁ melting point than solder used for soldering each of the

pins to each of theiiddchAdihigly an object of the present invention to

provide a resinous circuit board which has pins joined to its

20 substrate with a high joining strength, while having a high
freedom in design of wiring and being of low cost.

To achieve the above object, there is provided according

to an aspect of the present invention a circuit device comprising

a circuitized substrate made of a resinous material, a plurality

25 of pin pads formed on a surface of the substrate, and a plurality

of pins each having a pin main body and an abutment section bulging

out from an end of the pin main body, each of the pins being

soldered at the abutment section to each of the pin pads, wherein

the abutment section is made of solder higher in melting point

30 than solder used for soldering each of the pins to each of the
pin pads.



- As descri bed above, in case a pin made of kovar and having a head in the
formof a nailhead is soldered to a pin pad on a 15 resinous substrate
simlarly to a prior art ceramc circuit board, the joining strength of the
- pinis low. This.is considered due " to stress concentrati @wafichi3ddsi oi nt

bet ween the head of the pin and an insulating substrate made of resin or a
conposite material conta;n;ng resin. In contrast to this, in the above
structure 20 of this invention, the pinis soldered to the pin pad by

i nt er posi ng t he Adaerdbng tg@@btb&rbspe@emftlmptémg:eumtimm therd he pin and
the pin padgl Sl o section to bul ge
out fromtﬁ'g ?Ir%nge sgctlon In the %&:!d 0‘%% g%g%‘gﬁ: Ee? ﬁi%t ep end
portion. THade ebfa resins pateriad, s@lmammfcmn Qaésfﬁoemeﬂhan a pin

mai n body rRderedcdkoyahe ddhitrEe, GRRPET 1u951$ﬂgﬁok Aﬁﬁ bet ween
the fla ge SSFtIOﬂ of the pin and” the pin . I'S reason t he stress

caused 1pofRY PIRdiqR e h"’ehSPﬁ ml%e %ﬂcﬁl Bﬁdtfll% niBSobeiny by

def or mat i ors:oaﬁei-étla toseeidh 80| €y pOi gaALdirs @uER s aRAndNBECRY bRt&Ased, so the
j 0i t he above structure

joint 30 beg, |s hard to eak Ther ef or e, of

this i nventaﬁton rPo na(%f’ ?‘?‘fghoﬁ b PiRoPRSyg WheFelry the bepdypr ch 2005

bet ween th@q!r'rcmoxanqudeeﬁl a fhahges seotpar ethtebtdl twithcane tiyg @idy s

directly s the The c rcui substrate
teisd ala e REUAO Jd%180 bAng TG ChIGH hE? 8

i ncl udeS Wir1ng conductors | Spose 0 P%¥te, on the
rear fac,sé’°611°n sinyithfi Alrasdienfoppoghte cen the *éimmnﬂsmr‘@bna thengl e

i nsul ating db&&tﬁén@ée@tﬁntﬁéihbtméd@foﬂ é‘éilde%tﬁi@ﬁef Y Hed t] Jfl Lestigys materi al
for the substrate can be res reSIn yimde resin, BT
resin and FesiRe ?ﬁesoﬂ‘ggjfjrﬂﬂl ‘%’a?’g % ¥§89@§H the PEHRASSi te
material consi stAmglesérxhe@achef | hreeass wpimmage aFskdvard aehsvasyl pol yester
resin. The bofracd de £t 3kch aBiianead dsCETIERRHLES Rob B dPer = sect i on i s
sel ect 8 f rE@iLnpes subsixiatg samhlgﬁezrtmeprmgapbceramﬂmrcmnemaw.er used for
sol dering td@ Bbthing 5Pt MP%heipi® is low. This is considered due
to stress concentration at the joint between the head of the pin
and an insulating substrate made of resin or a composite material
containing resin. In contrast to this, in the above structure
20 of this invention, the pin is soldered to the pin pad by
interposing the abutment section between the flange section of
the pin and the pin pad in such a manner as to allow the abutment
section to bulge out from the flange section in the direction
opposite to the tip end portiq_n. Thus, soft solder or hard solder
25 which is softer than a pin main body made of kovar, 42Ni-Fe, copper
or the like, is present between the flange section of the pin and
the pin pad. For this reason, the stress caused at the Jjoint
between the pin and the pin péd is absorbed by deformation of the
soft solder or hard solder and thereby released, so the joint
30 between them is hard to break. Therefore, the above structure

of this invention ‘enables to attain a higher joining stress



15 selected fromsilver solder such as Ag-Cu alloy, gold solder such as
Au-Si alloy, Au-Sn alloy and Au-Ge alloy, and high tenperature soft sol der
such as 95Pb-5Sn and 90Pb-10Sn. Further, the solder for soldering the pin
to the pin pad is determ ned on consi deration of the sol @btk sgoBper at ure
of 20 an electronic device or devices to be nounted on the circuit board
| ater, e.g., can be selected from Pb-Sn sol der such as 37Pb-73Sn eutectic
sol der 50Pb-50Sn and 90Pb-1 GSn and Sn- Ag sol der such as 96.SSn-3.5Ag. In
case the abRatvesp Becpiand dhemjirapad as spimparedvith th@tcasehetie it ged shape

'S mde of {h1e1$asElyRbRedt hECUR Aol P p*,a is a general practice

to formthe abutnent section together n mai n body by pressing

si mul t aneously s&% h&’?—r?‘h‘é:iza%utsﬁﬁﬁ‘éraéiéctmué@ﬁj wheing ncwmiuq:tbmiy

constitut esdaaspawgleﬁ: RE&SE on thOWRWAE , surifREE, (e th: rdas %ﬁ%% Ly formation
ment. sectign uite difficult an t]ﬂe cost per

of such 5@ S 30_abu

each pi dce ‘plqgms]o er&ﬂf @hé:?ﬁlqeycm’r”és %r‘?ﬁ SgRals MRswetdng daver circuit

board is soon ar plyrdlisy,off angesatfingmayansr edﬁet&s&b@m maberidd bbr ch 2005

t housand, f th cOSt per piece causes a | arge
shbéﬁla%e %%%@s?n t% %po nlﬁ% g

i ncrease of the cost e uni » oPOLYL |rﬁ51Esed inthis
enbodi nent FRsespa @IaFItP-P§phTe$Mc-al 'I‘aburemaimousemaﬁamﬁlnmmp ehnsvé der and

coveri ng tF&nﬁo@l@téuﬁt%%apfcofnlsi@%gssﬁéﬁémﬁeﬁf e 01;2 z nalgraLﬁggl ] head.

Thus, e pin main body can have an” end ead and
t her ef e cHPesE faﬁfiné’éflﬁﬁtr?r dAPeTs FuitoregnRated Withplzasing &-gi ece of
sol der on tdﬂl&as%l—dﬁoxyﬁltééﬁ@%:ﬁf 14w -Brangansection and heating and nelting

10’ shape and canTBe Fide g B PP B Eo AP E T S SR
D~~z| PTTO(VS@lEHE.sDﬁé&ebtedBrgm thasé hagisg hermyheﬁ meflevad potiad thew of a
I ﬁi'eﬂ?.“in Y AR e S8 SR e 3l T SPS Bl G Jr B of t he
circuitl boa$@e@te¢|fg0mls&l\r§r gol@ex sscraasmlgl-(letambyolgom salda@t Bach of
ﬁfzfﬁbn?hé%fﬁtﬁt boa?éuﬁggglggiooﬁ’{%rﬁgﬁand ‘%e ﬁ;:%h 5 RS 8{3 rF!t |gca: f\yby
soft solder such as 95Pb-5Sn and 90Pb- lOSn
Further, the solder for soldering the pin to the pin pad
is determined on consideration of the soldering temperature of
20  an electronic device or devices to be mounted on the circuit board
later, e.g., can be selected from Pb-Sn solder such as 37Pb-73Sn
eutectic solder, 50Pb-50Sn and 90Pb-10Sn and Sn-Ag solder such
as 96.55n-3.5Aqg.
In case the abutment section having a part-spherical or
25 other bulged shape is made of the same metal as the pin main body,
it is a general practice to form the abutment section together
with the pin main body by pressing simultaneously so that the
abutment section and the pin main body constitutes a single piece.
However, since the pin is so small, formation of such a spherical
30 abutment section is quite difficult and the cost per each piece
is so high. Generally, the number of pins used in the circuit
board is so large, i.e., ranges from hundreds to about one



Fig. 2Bis an illustration of a nmethod of neasuring the joining strength
of a pin of -the circuit board of Fig. |A by holding the circuit board
inclined by 20 degrees and pulling the pin vertically; 25 Figs. 3A to 3E
—are illustrations of the steps of soldering the pins to @ gsnidoese in the
circuit board of Fig. |A Figs. 4 is aviewsimlar to Fig. 1B but shows a
variant of the first enbodinent: Figs . 5A and 5B are views simlar to
Fig. 1B but shows second 30 and third enbodi nents of the , present

i nventi on, I 5C | S Pyl W Si mlar to Fi 5B but shows a
vari ant ofﬁlt%ﬁgglﬁl%/(gae%gg ﬁ%ﬁfease" t‘fﬁ/ﬁsrtcﬂerzﬁb%cq:?@‘se%? 4a%ge en| ar ged,
f r agment ar yincgease ol the awstfof qnemmimwngmbemimentidne fraempf a nai

| head, sol dgegdid redba St UQ% [a Ci I‘CUI devi ce
according to a pr ?’g?sart ©an 1!Ei‘f;sgs 7‘% ar f SW% fté?ﬁ +&tti onal
views of aTiPort sSplder andsrevamingi ﬂ@ﬁusﬂdbmacm&ﬁme&:l&i{

PREFERRED HMBER®: Wb?ﬁsoﬂ%bﬁ&i.mh 11|fiﬁéerﬁrienﬁlﬁ fhalh Goay! bsrl Bal 4 @ first
enmbodi nrent wil | ﬁ’ %escrl bed. Fi shows a resinols circult device or
board 10 £ cHS BFEI(f’gsaan%gﬂ%@dsﬁB%@rf&F% cep pg forEefiovittof a plate

whi ch is nemsky smmn(nbmm mi@'sma@ﬂag a gi@éf@rbﬂ/se:fdef%n&ﬁea&l@g f'hxed

to a rear %%E.‘ff ower . surface rawi ng) of the

substrate a?g% Aﬁfur% klai’nggl ﬁesc%r\/\ﬁ?%ﬁ"eggm% %Eft“gaﬁﬁ put

termnal s abpﬁ@ersmswamecambqa fomperpintd aparbusphegical brapheticaiur face |1 a

t her eofipan drapehin icinase $euA Wtﬁ?efl%b{ae&éti?ﬁ withSegdlown 1n Fg. 1B, 2
urality o

Ci rcwtlzed substrate11c0n5|stso nsul'ating | ayers 12a,
12b, 12c . = B e bR ST T ywde of a conposite material of a

plurality of gl aB:BgfulAerls-. aa@dh&ﬁtrles»emevﬁlohsf vIMETES W fragenside of the
I nsul ating éi§¥81t board according to a first embodiment of the present
invention;

15 Fig. 1B is an enlarged, fragmentary sectional view of the
circuit board of Fig. 1A;

Fig. 2A is an illustration of a method of measuring the
joining strength of a pin of the circuit board of Fig. 1A by
holding the circuit board horizontally and pulling the pin

20 vertically;

Fig. 2B is an illustration of a method of measuring the
joining strength of a pin of the circuit board of Fig. 1A by
holding the circuit board inclined by 20 degrees and pulling the
pin vertically;

25 Figs. 3A to 3E are illustrations of the steps of soldering
the pins to a substrate in the circuit board of Fig. 1A;

Figs. 4 is a view similar to Fig. 1B but shows a variant
of the first embodiment: -

Figs. 5A and 5B are views similar to Fig. 1B but shows second

30 and third embodiments of the present invention, respectively;

Fig. 5C is a view similar to Fig. 5B but shows a variant

of the third embodiment;




20 12a there are forned a nunber of pin pads 14 each of which is made up
of a 20 um Cu-plated layer and a 5/.cm N -plated |ayer, and there is
further formed a solder resist layer 13 in such a manner as to cover a

- peripheral portion of each pin pad 14. The exposed porti @wmafchefB pi n pad
14, which is not covered by the solder 2~ resist layer 13, is nearly
C|rcular and 1.2 mmin dianeter. In the neantinme, within the circuitized
substrate 11, there are fornmed in a known technique vial 15a and internal
conductive | ayerigl®iseieet hchﬁg?@aggﬁgeggﬁg s 14. For
exanpl e, |nh£h1 g?F& nt fﬁEQV|aI 5a are fornggak ?Wrst form ng
hol es in the ) nsuf drarmiof,a nad theag, sol er?‘ﬁéﬁaﬁ?%ﬁﬂh’@qqfte hol es

and pouri ngof at:enstt:tateeoﬁrat@imc&htldaMcéf&bmh@d@to@@rﬂ&n%ﬁt iang | ayers
15b are foaned b)f. L atar NG, 7Iab egjra%ger?\c] tﬁ- 005 fran the above
described prior ar citedit boar Ay I -88YT I EER R &tRIF@TF rom Fi g.
1B, the Xi rémtﬁeﬁéﬂo%%mmfebmr@f the circuit board 10 of this embodi nent
is not formpgseriPhToe £ ipRepRRied $MASpRIFASs16 are to be press fitted and

t hereby fixed, 5 so the VI al 15a and e internal conductive | ayers 15b can
be designed so as to be |ocated dB®PeimeRt di n pad 14 as seen in Fig. 1B.

Pins 16 are sol daleedrwmightcswhdgr 11818 hhe}iffli‘_v‘sfle\ﬁ\%@hﬁnéﬂttm%eto the pin
pads 14. Ea @)féG tﬁ tS oend )fportl on 10 Gﬁ‘%}'g head portl on 16b.
The head portl on 16b CoO SI HRGES EHED Cf PR RRA¥D AR of a

nai | heatP whikgh irclpdgs metaqnqmﬁebsetrraamum the fiotth lofle, pmté which

apart - spherngaxbaﬂbyba%eﬁ%ﬁbmr%@mrh ﬂ&@GEéW”tF B e side
surface of the flange section 17a and out t romln 1 vvay as to
have a nearF§ %153 Fieo bt - eshab@’%ﬁ‘éﬁ:qc?r Hbéhe d@‘a\‘}lﬂ"ﬁh Pf theamet er. By

hol di ng thesplasuras;phlal iaral aaﬁnmnbf Jﬂ:bxshﬁbcbdh%hceéh%ﬁas%ﬁﬂaﬂ hg@api n pad 14
, the pin 1 the end ortlon 16a and

t he head po?t#%ﬁsg%&%konst ﬁ?g&rjaﬁ a?ﬁql} ﬁépf"'\ﬂ‘ﬁtch is made
of kovald (i surface llgetheiredd a@l I@)@lu@ndic rﬂsatshdmmﬁyhtﬁ@ ddtteadiiie. Further,

t he part sp rl,gdavln ngpsect 15S f tectic silver sol der
(e.q. 72AgH§8éCu neiﬁtjlfirtée tl0| ‘raf% dﬁ&}%%ﬁ 'ﬁ%%a%fzdgj PESHEE Sfch a nelti ng
poi nt that BRAFHEEY(RF h’t@d—ﬁﬁ%ﬂ-éﬁﬁﬁw@@f 12 1¢ p. S¥Rckedsaach atHeenper at ur e
that does nahd Gadseot Rechiosis®Mkbeil1 %?Uét 'Hiﬂi‘afﬁf‘}t b?'bJ]]a%Q £ £f | ow and

at does not cause the sol dér its to reflow at the

25 furth
ti meu(r)f g(r)lrmal([é(? qt‘}hr?ﬁmt he'ty B fPper surface gide ofnthe femelating kavesct i c

silver bl déra haeraasafﬁdrmeelatrhtynﬂétgif pEh phAg 10s4th of which ismaf@0 C) so it
i S not necessi :%g? o _nmake consideration on the reflow of the

part - spheri C8° R CuRiatrd dayep andig 34 mafi-plated layer, and there

is further formed a solder re51st layer 13 in such a manner as
to cover a peripheral portion of each pin pad 14. The exposed
portion of each pin pad 14, which is not covered by the solder
25 resist layer 13, is nearly circular and 1.2 mm in diameter. In
the meantime, within the circuitized substrate 11, there are
formed in a known technique vias 15a and internal conductive
layers 15b some of which are connected to the pin pads 14. For
example, in this embodiment, ﬂle vias 15a are formed by first
30 forming holes in the insulating layers 12a, 12b, 12c .. , then
plating the holes and pouring a conductive material into the
holes. The conductive layers 15b are formed by plating. Differing



- 30 consideration of the soldering tenperature of the I1C chip ic,

96. 5Sn- 3. 5Ag solder (nelting point is 220 "~) is used. -7 9 March 2005 The
exam nation of the joining strength was nmade with respect to the pins 16 of
 the resinous circuit board 10 in the follow ng manner. Fi igfthpth 20855hown in
Fig. 2A, under the condition where the circuitized substrate 11 is held
hori zontal ~ (inclination angle is zero), the tip end portion 16a of the
pin 16 is clanped by a chuck CH of a tensile testing machine (not shown)
and pul | ed FEFpdhei aerver (Gpsopibedd pador maitc ef ety board arasowilb bée draw ng

to measure idyaibyaakiePStdid £AM P19! 16081 Art fledd &%s%&é{%%&prﬁﬁ[t ron. The

sane neasurenent was made with respec to a conpara e which
has such a ‘Q¥nSLFRELt Beamsh et this gnbeslimert visi not Fermmdowitmhoidd y t he sane

as the abO\telﬂdeﬁlﬁdlbﬁﬁeCﬁlhﬁl«!LGt aﬁ@%b%é@r@é‘sc%@&éd‘% ttﬁk@rgﬂf#t &8, not have

apart-s herlc abut tion made of silver , as shown
i Ir[: Fig 8 %ll?ﬁd@ast i Teo AN TRTERS q’nslufsw@ rlé'ﬂﬁﬁ 7P sébslw ate 11 is
hel d incli rﬂm;lbyed&od&glteeaa lodeeteldi gbovedtHebpiwpating B ek irSFEd amped by
t he chuck of the tensile testing nmachine and pull ed perpendicularly as

i ndicated by the arrowin the drawing to nmeasure the breaking strength of
the pin 16 or itBig®ilsi age psmldeved wWitht belderansiaei taemﬂsyarfme@s_,urerrents 20

d ar X . Table 1
wer & ggbﬁorvwwfﬁﬁnﬁié f@%ﬁ%ﬁf}%@ qR: ga;gfepﬁ M8 2NAWehd okbiod

e head portion 16b consists of a
flange section 17a in the fonn of a nailhead, which is 0.6 mm in
diameter and 0.2 mm thick, and a part-spherical abutment section
17b in engagement with the entire side surface of the flange
section 17a and buléing out therefrom in a way as to have a nearly

15 semi-spherical shape which is about 0.6 mm in diameter. By holding
the part-spherical abutment 17b held in contact with the pin pad
14, the pin 16 is soldered to the pin pad 14. The tip end portion
16a and the head portion 16b constitute an integral pin main body
16p which is made of kovar (i.e., Fe-Ni-Co alloy) and plated with

20 Ni and Au. Further, the part-spherical abutment section 17b is
made of eutectic silver solder (e.g., 72Ag-28Cu : melting point
is 780 ). The solder 18 has such a melting point that enables
to attain soldering of the pin 14 at such a temperature that does
not cause the part-spherical abutment section 17b to reflow and

25 furthermore that does not cause the solder 18 of itself to reflow
at the time of soldering of the IC chip ic. In this embodiment,
the eutectic silver solder has a sufficiently high melting point
(i.e., 780 ) so it is not necessitated to make consideration on
the reflow of the part-spherical abutment section 17b. Thus, on

30 consideration of th_e sol_dering'temperature of the IC chip ic,

96.5Sn-3.5Ag solder (melting point is 220 ) is used.
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The examination of the joining strength was made with
respect to the pins 16 of the resinous circuit board 10 in the
following manner. Firstly, as shown in Fig. 2A, under the
condition where the circuitized substrate 11 is held horizontal
(inclination angle is zero), the tip end portion 16a of the pin
16 is clamped by a chuck CH of a tensile testing machine (not
shown) and pulled perpendicularly upward as indicated by the arrow
in the drawing to measure the breaking strength of the pin 16 or
its joining portion. The same measurement was made with respect
10  to a comparative example which has such a construction shown in

Fig. 6 and which is substantially the same as the above described
circuit board 10 except that the pin does not have a part-spherical
abutment section made of silver solder.

n

Further, as shown in Fig. 2B, under the condition where the

15 circuitized substrate 11 is held inclined by 20 degrees, the tip
end 1l6a of the pin 16 is clamped by the chuck CH of the tensile
testing machine and pulled perpendicularly as indicated by the
arrow in the drawing to measure the breaking strength of the pin

16 or its joining portion. In the meantime, similar measurements

20 were made with respect to the comparative example shown in Fig.

6.
Table 1
Inclination -
Angle Joining Strength (Kgf)

(degrees) - Average Max Min
Embodiment 1 3.95 4.69 3.41
Comparative 0
Example 1.76 2.05 1.53
Embodiment 1 2.31 2.82 2.17
Comparative 20
Example 1.11 1.25 0.95

Ten examples of each kind were prepared and examined.



- Ten exanpl es of each kind were prepared and exam ned. 9 March 2005 As

w Il be understood fromthe above table, the joining strength (tensile
strength) of the pin 16 in the circuit board 10 of this enbodi nent coul d

- be twice or nore of that of the prior art circuit board. giubRRhidths
conparative exanple, the flange section Pla in the formof a nallhead and
the pin pad PD are | ocated close to each other. In contrast. to this, this
enbodi ment is structured such that the part-spherical abutnment section 17b
made of eutecti &s willdre molerstood fmrmsado@tﬁma t Bge NMYinhggd- | i ke

flange 10 s 143, tﬁﬁ R p 4 s0 ase t he di stance

bet ween t he I!x—]g@hh(er gﬂi %{g’)uﬁg %%et 86‘816% ETEa 883  that the
.Young's m)dlﬂ gf %/W@ﬁ%%teuld bemwhceromwniﬁofltslﬁ%}.()thd\@&&sﬁs that of
kovar rangegrf 9pdA0@8at®. 155500, that of 42 Ni-Fe alloy is 15000 and

t hat of 5oxygen free copper is 12000, brazing 15 alloy (i . e . , hard
sol der) "and sol d&R go‘@aratl‘é%wedeﬂ}e iilén%fssctmdejefm thél e easily.

i Sti g’ botymen the {Lamee Sealton Loa . onars ecfed CIKe A et T ess

exi sting bet en te%eflala%gggiuonl
caused betwe FANTIasE LR dhis o thig embedimeny éﬁl%tIP@F-mﬁﬁrﬂaﬁu@ﬂ their
j oi ni ng porthain the ﬂﬁmbphe?ﬁcﬁarathﬁinenthﬁect&uﬁfm&ﬁetbﬁ QRitecapin body 16p

(e.g. , fl 7 rel.ativel nd_its surface roughness
is in thea%]%%er %?%én&gbl(j)su'?)ﬁa%?sgd Ee?vbe% %HD Eﬁ&?‘ef?‘ﬂ o 48980 this,

t he surlpacesﬁt}@ﬁnb'éas apfl the pdarpadgdesocas tabibomsse shetdimtaﬂl&’@ is in the
range from Bbtvebhiref. SFArtH8r, ds &fncﬁé‘%hggf&%oagfrtoﬂa%x gﬁ'e to the

fact that suyrface ir ularities:-and_void are cause ut ment
section 17b™fHer® K u‘g?: Pules (Kg/mmd) of eyesdia sdleest rsqldereus 980¢h a rugged

surface of m’m:eablﬂla‘emif kcaetraged Fhom m@aj(ﬁﬁﬁ@isﬁm CAMaGE 48hgapbet veen the
abut nent t| on ilzjta nd tﬁ]‘?‘sol der 18 to make themjoined nore firmy and
30 thereby i nc?eé% R@ Ty O5t PYFER HEreer GPRReR 1S (;le‘ggg, RFazirgwi | | be
under stldod atay (he.citaxdi soldbﬁaraddkﬁldért(mé. L BbpElsBBddr )hase KBt Pi Ns 16
having a higly hOFM815 2asily. Thus, by the effect of deformation of the
brazing alloy and solder existing between the flange section 17a
and the pin pad 14, the stress caused between them is released
to make it difficult for them or their joining portion to break.
20 Further, the surface of the pin main body 16p (e.g., flange
section 17a) is relatively smooth and its surface roughness is
in the range from about 0.05 4m to 0.5 4m Ra. In contrast to
this, the surface roughness of the part-spherical abutment
section 17b is in the range from 0.5 #mto 5 Um. It is considered
25  that this is due to the fact that surface irregularities and voids
are caused in the abutment section 17b when the silver solder is
cooled and solidified. Such a rugged surface of the abutment
section 17b increases the contact area between the abutment
section 17b and the solder 18 to make them joined more firmly and
30  thereby increase the joining strength.
From the foregoing, it will be understood that the circuit
board 10 of this embodiment has the pins 16 having a high joining




9 March 2005 strength and furthernore, differing fromthe prior art circuit
boards shown in Figs. 7A to 7C, it is not necessitated to form through
holes TH or blind holes H for press-fitting of the pins as wll be
~understood fromFigs . |Aand 1B . '"Due to this , the deS|gmﬁ§ fapggdom i n
designing the wiring or circuit to be fornmed within or on't Pront and
rear surfaces of the circuit board can be increased, whereby it becones
possible to constitute a circuit board by a relatlvely smal | er ntm ber of

i nsul ati ng Isa;rengtte\aaa fdxfthanﬁdfes:umfﬁ&ﬂih gfzﬁoﬁm BBe fi BB S G PRI Cat ed.
Accor di ngl Y bo in cost. Furt herrmre si nce

hﬁ CI rcugt a,? g

it is not neceSS| 1198 Atﬁg Grr Gg%‘? H’(?ItegeeﬂﬁséFa%ﬁq %8 Fmes H

the circuit thoaugh dnaﬂle@d'ﬂf or thldnd |mles HrfofrqsﬁeSSDfiﬂglgsréﬁﬂﬁét pinsihen, the
e

f d . Th d
Subotrate 1Eshan s bR eRpids A and T, YERClR PREs o7 oalan y of

i nsul ati pg Ifxpeden Mdée@fgnangdﬂpommgmrecmwtcablenﬁm\ddewﬂﬂmﬂe At the
rear surfaced bR {ie %ronttzi}l% 5.1 (Rl AC e @hé:'&fr Bat for d a number

of the pin pads 14 two I's shown in Gr AT as to have
exposed surfgEedsed. EH’&?F diﬁ@qCW%rB%éi‘blye ftor GQnSftgltntm@ szlﬁuajpi at ed

| ayer 20 of baeragwnat bé ¢ ivady tdhen1 &0 HinBer e\ nhBits %v /'gym
thick on tk}g Cu atgd I ﬁert%ln rder. to prevent oxi atlon o)

Ni - pl ated | ayef, %?‘&ﬁl ] dicateys -Aegardinglky. may be
formed 40 asthleocmrt bcbaacdemmsmjlmf am6c@§tthﬁ1ﬂﬂ1érﬂ\ére Aing&omn in Fig.

3B, solder pas 0 a%L8e on the I n pads 14
of the ci rcu%tflgtegg éﬁ éﬂ F%thghe St ﬁgrhoﬁ'gﬁ F¥ig. 3C, a
nunber of pl}hsthelemﬁamtr@a@?ﬁ@apamfspﬁmlm :abmmm thﬂastrespect‘ljb f used
to the side surfaee 1{Rd e ghgffllnégg,@ $RELLAR I and 4t R Lﬂin.%f a

30

nai | head are gre ared and, ut In_a condition where their tip en

portions 16&S5FE ti’%?se?’i‘%&#%Wﬁ‘?éH%%?éé shwefingFid.32ais oimeyd j ig J
made of 15ar hynstackiaga pPfidAty dfidsiiating TRgeid hﬁa@%\feél%rﬁa%%é ons JC at
rc

the ends of througlh o} qmow feocrhnlrrg&g I%tegr?grtegr_suxface 11b (i.e.

the upper surface in Fig. 3A) are formed a number of the pin pads
14 (though only two is shown in the drawing) so as to have exposed
surfaces. Each pad 14 is formed by first forming a Cu-plated layer
20 of 20 4m thick and then forming a Ni-plated layer of 5 um thick
on the Cu-plated layer. In order to prevent oxidation of the
Ni-plated layer, a quite thin Au-plated layer of 0.05 Lm thick
may be formed so as to cover the exposed surface of the pin 14.
As shown in Fig. 3B, solder paste SP of Sn-Ag solder is screen

25 printed on the pin pads 14 of the circuitized substrate 11.
On the other hand, as shown in Fig. 3C, a number of pins
16 having the part-spherical abutment sections 17b fused to the
side surface 17al of the flange section 17a in the form of a
nailhead are prepared and. put in a condition where their tip end
30 portions l6a are inserted into through holes JH of a pin aligning
jig J made of carbon. The aligning jig J is formed with beveled
portions JC at the ends of through holes TH for make it easy to



insert the tip end portions 16a into the through holes TH and further
provided with a wall portion JWwhich is brought into contact with the

peri pheral surface of the circuitized substrate 11 for thereby positioning
the substrate~l| relative to the jig 5 J. In the neantine,gfmh&h20s5) i S SO
sized as to allowthe tip ends of the pins 16 to protrude therefrom when
the pins 16 are thrown into the through holes JH Further, each pin 16

i ncluding the part-spherical abutnment section 17b is previously plated with

Ni and Au simsesttihehaip end poutléry QeaNintd ahedthygh mewbsaT. &% 10 E.tm
thi ck Au-plated .oThi s s _for..preventi xj dation of the pin main
body 16p (i.e. ,e‘llf‘%%ﬁ)%(ri (?6%% A mgﬁ{'n gﬁd&?)ocs‘ Fﬁ'p&é?ﬂgﬁﬁ el
sol der abi | icoptaghenth dbesovipheralFsgrfacelyf the clrbgitized) supsdrate pl aced on
a refl ow bgard. | ana Then, the 15 circuitized
substrate (11% ?%ftncﬁ%}e%%?’gghs' omv\ﬁ'n?n&% éugé%%?sl %‘rﬂrﬁ% v&p%? d:g’ed , then
posi ti o_ﬁed F-el &Rithe meantige) i the) Jbg beisngoguizéddapyta hdlawaltheptigt i on JW and
fitted in tdn@si bf the ibrﬂ%]’wat&eﬂxgﬁhé’é)%gr%%foﬁ} %ﬁ?%o ; cuitized

S 0 e

c
X 6
substrate 11. In this instance, etip_en pin 6 are br ought

into cont adt oM IER Heethroush hodes - REUFHPT aeaBUPiD Lhvinelugima d rel ati ve

to the jig the sarttBph@ifiichl Hphehéibectiidhemt 15 vi@,aglyl%@a@é@w@apugh,t I nto
contact wi th(g pads 14 of the circuitized substrate 11 which i s wei ghed
by the wei gHt BOuSNASURAdlRvent © dohdhriFeNi-Birtedskausryand a Bedi rcui ti zed
25 subdfratemithichi hs-flGtedtlayeirs [Thasets ifor prestbhomd brki@agohNG Shown)

and heated e plie b8PV Ueg (A o220ns MrtTBh Gutlor ivar] BBLum for 2.5

m nutes , whereby to cause t sol der paste SP to nelt and thereby sol der

Wi th the edf®EPYIN% PGeFOLO8TAREL S Yns 16 to the pin pads 14 as shown in Fig

3E . In this iTsdmgnee showh NGEFRY. tbe thé%li%;Bh.ﬁ{;H@%'J&Q%I&@H &pction 17b
i's not causaedréfﬁ_o‘rﬂefblaow and gﬁ%n ain its orjginal shape, 1.e., a
sem spheri ¢alTEh&He PR hid ot?ent* st nk e M8F%i ngTRERnt TR eutectic
si | ver 180l ddrcultlized Mvstira@03 is th8(stateFstiowhhirs Figa$Bnis tthendd ange
section 17 pi I ed to _each ot her unde he
condition g'}&gg?%%béggg%gflﬁ%%tﬁ Izqugg‘?%gEé:?l?eHﬁaq BY&efLﬂ%gﬁéﬁa t of the
part . sphd® &h¢ vddt perhiionedd iapd flitdedi in the. jig 0. 3 Them ian wehgist
- enbodi ment Jooar8 WNikhg1SRACS Eﬂéfﬁn@ﬁh- fzed ! dan (i 18 tn
part-spherical abu%rreﬁt sect inon 17b)- ang Yée?j ds\grgrs*i’;%eB;e/nfhi gﬁ tt%}as circuit
board 10 i sm(,s(FH'B‘F%‘t dffe tip ends of the pins 16 are brought into contact

20 with the reflow board RB and caused to move upward relative to
the jig J, so the part-spherical abutment sections 17b are brought
into contact with the pads 14 of the circuitized substrate 11 wh:u.ch
is weighed by the weight board W.

Under this condition, an assembly of the circuitized

25 substrate 11, pins 16, etc. is placed in a reflow furnace (not
shown) and heated at the temperature of 220 C or more and 246 C
in maximm for 2.5 minutes, whereby to cause the solder paste SP
to melt and thereby solder with the eutectic solder 18 the pins
16 to the pin pads 14 as shown in Fig. 3E. In this instance, since

30 the part-spherical abutment section 17b is not caused to reflow
and maintain its original shape, i.e., a semispherical shape in
this embodiment since the melting point of eutectic silver solder

-11-




-In the meantinme, the pin 16 can be fornmed with the part-spherical abutnent
section 17b by allow ng silver solder to 10 be fused to a head of the pin
mai n body 16p, i.e., to the flange section 17a and be forned into

-asem -spherical shape, by a known techni que. For exanpl e, 5@&#@“2@95 shown,
the pin 16 can be nmade by such a nethod wherein a piece of silver solder is
pl aced on the side surface 1731 of the flange section 17a and heated to be
15 formed into a sem spherical shape by surface tension and then cool ed.
This method is preferable since the volune of the part-spherical abutnent

secti on 17aisam8®éC comorotiadréysdnh et e BRgd iseBtiors iﬁS)a}-ﬁ +hD &4l ece of
silver sol degg %Pa% es&?eg_,éép&eriggl tg}but me%%E sections 1l/a havi'ng a uniform
vol : une can 20 be Torned wth eacs” it UUE ERS CoBHEIRR 8§ bRiNGhe pi eces
of silver s&P8esd \ifi dieast ea c@intante eequl a® trhehwipht bei ts pasal-ume Since
such pins 1@pAéeidd oditmen_dctissd: 4 reat AR i n the nuf act ure
of cera(rjrbic pPﬁ circuit boagcés_ : H}fmm(/gé{'é %%‘?‘Féﬁ%%m nd at |ow
cost and f urPhEPSsRECEY JHieze fxRialSidyer 2®1Agrt Hoe. , t bartpisphdficaan be
produced noabutmsit yedtidnal7d)0dRi s608dr 28 . CBYPa{ied t@:ﬁd{f} t?c[},‘f% wher ei n
even apart-ipheri cal ﬁ%ﬁbﬁﬁ ment sectsi on is made of gkoﬁ\?iaer SO Ea ﬁle abut ment

section and the pﬁoﬂp body are forned into a single piece. The pin of
such a single pi e thequieaasinve NatHd Npir) D6 SarPabd | £oindla RF]ES 3@ form ng,

t hus i ncreag) t I n. i | nder st ood fromthe

f or egoi pg, E he hsredi?lg %&g]f a?‘%%&%?tr{ch %ﬁéﬁﬁgaqy ﬁ'gﬁ?‘ﬁgﬁts@gﬁis@rd@éﬁ%e

control t€d B 4596 &0 1 bepd of the pin onin(eSyt Ie.vbleinetoftheot teiget 0 be

fused o { heeétRngers 8ad thNEoridh! B o LORL NEHARL AT SAdle. PR LosRher | €
0

abut ment section is not always necessitate e equ "Rdi us of

the flange SEEYHGNE- TROT S¥&mblgye theighhpot Sheye Bae PiBpiferdrcbb mekdst nent
section 17bbgasudie aSmelteioar whdarednsalifialekyoP k10088 | B8RAE I QN pPhedd 1§ di amet er
of the pin E’ﬁg i4 agld ahg im%tg_ﬁ %he fl ange section E?a so that the
di stance between “Eha pefc pddt 1 1§ 9¢ |SgRGLOR ddeiand heatedstedat rol | ed so
as to bE wi farmed iptedetsamisples-icah gshapéa by agirfabe ErdiedioAeata knkf Referring
to Fig. 4, acypdd.antmaf }r? L rst enbodinent W ll- be described: This
variant differs from the fe‘lrls Jésnb%%ﬁ{’rf%rﬁlfcﬁn PieVaHEEnefofthgol der for
j oi ning of PAEtTHPherfzals @bhikentpaertitn t1ve dancbé pidniolDed gy fhest
enbodi ment vbilmede0@.tt gd,Qf St NPld fﬂ)féj:e of silver solder, so the
part-spherical abutment sections 17a having a uniform volume can
20 be formed with ease and at low cost by employing the pieces of
silver solder which are controlled so as to have a uniform volume.
Since such pins 16 are produced and used in great quantities in
the manufacture of ceramic, PGA circuit boards . they are available
with ease and at low cost and furthermore stable in quality.
25 Further, the pin 16 can be produced more easily and at lower
Ccost as compared with such one wherein even a part-spherical
abutment section is made of kovar so that the abutment section
and the pin main body are formed into a single piece. The pin
of such a single piece requires a machining or a particular press
30 forming, thus increasing the cost of the pin.
As will be understood from the foregoing, the height of the
part-spherical abutment section can be controlled by controlling

12



1~ As will be understood fromFig. 4, each pin 16 is soldered wth sol der
18A to the pin pad 14 of the sane C|rCU|t|zed substrate 11 as the first
enbodi ment (refer to Fig. 1B). The solder 18A is Sn-Ag solder simlarly to
the first enbodi ment but the |arger anmount is used in thigppieadoosnt for
sol dering of the pin 16. 20 Due to this, as conpared with that the sol der
18 in the circuit board 10 forms a neniscus (refer to Fig. 1B), the sol der
18A in the circuit board | 0A wets and extends beyond the circinrferential
surface 17a2 of the flange section 17a up to the tip end side surface 17a3

of sane. Nalméyolmrbh@f samar td 88 fiiseliOFdTRHe if1hAgS 6Bt Fon. as‘%‘zﬂ%’ shape t hat
surta

i ncl udes: so%der tiion 18A1 around the circunferenti al ce 17a2 and
se

a sol der ﬁl%A? die PFRFG PR PAL| FRITERE sestionds Refuglvaissi ng t he
fl ange sectremesieatied tb:eb@eqthaswtme trhdtug Bﬁtﬁ@'fd@xﬁgeﬁgé’cu%ﬁ' d']?ﬁéﬂ“hg with a
littl e excessi sol der 18A 30.increases the area of the joint
bet ween thgls:’o er g?%&é 3% “RPIE cﬁﬂlr%’l’é?‘ﬁ%?é CHP A4 anikeisi | e
stress Ps aiﬂﬂemdnﬂd)suhtnqmymri@onmﬁﬂaltwﬂn@fsmﬁwdfIt!me FBth. 4, the
tip end si nf 3 5 agenent h_t he sol der
18A transmdgf‘asds;iheghgct?r%%sdl%"esperse%ﬁllg fia:%::é ﬁ’cghgz #fie?h%ect i on
18A1, thus ¢iftaRes betweerddienpin imad d# namdy ‘@Erélgtde aedtitdnetl%ox& enabl i ng
to attain é&;ﬁrgp:[&iggaggecdgé%@m%?mm 3(#%& grring to Fig. 5A,
i's enb

t he second enbodi nent will be describe ni differs fromthe
first embodiment only in therdgapefoFmbedimens 1j ke part of the description

will bd0 om ttedR@feﬁh.ﬁ@lﬂofFifgd 4 18 vasivht beheeUnder dnpRdiddiamMH 0. S5A each

pin 26 is . sol der corres ondln pin pad 14 of the
sane circﬁbeltlze l?ﬁ%ISt e ft é%f%ge’ﬁj Mﬁaﬂ&y to the
first enmbodimghe amaung @f BoBd‘emasrajoﬁ.hme)fsem |pan 2o asbnLikeepai®Or m of a
nail head. The deNgedoligtiGe toh%ﬁe A ARUEARY i mESE 19T be omitted or

simplified.

15 As will be understood from Fig. 4, each pin 16 is soldered

with solder 18A to the pin pad 14 of the same circuitized substrate

11 as the first embodiment (refer to Fig. 1B). The solder 18A

is Sn-Ag solder similarly to the first embodiment but the larger

amount is used in this embéd:iment for soldering of the pin 16.

20 Due to this, as compared with that the solder 18 in the circuit

board 10 forms a meniscus (refer to Fig. 1B), the solder 18A in

the circuit board 10A wets and extends beyond the circumferential

surface 17a2 of the flange section 17a up to the tip end side

surface 17a3 of same. Namely, the solder 18A is formed into such

25 a bulged shape that includes a solder section 18Al1 around the

circumferential surface 17a2 and a solder section 18A2 on the tip

end side surface 17A3, thus causing the flange section 17a to be
enclosed within the solder 18A.

'Soldering with a littlé excessive amount of solder 18A

30 increases the area of the joint between the solder 18A and the

pin 16. Furthermo:;e, in case a tensile stress is applied to the

pin 16 to pull the séme downward in Fig. 4, the tip end side surface



15 27b which is nearly sem .spherical or part-spherical and nade of
eutectic silver solder. However, differing fromthe partspherical abutnent
section'1~7b in the first etnbodisnent, the abutnment section 27b is so
shaped as to bulge fromor as to be in engagenent with oglyaseg2oosf the
side surface 27al of the flange 20 section 27a. Mre=specifically, the

abut ment section 27b is so shaped as to bulge fromor as to be in
engagenment with only a central part of the side surface 27al. Accordingly,
the volune of sol der existing between the flange section 27a and the pin

pad 14 canliss niflengababdntehy thatBer sABecOABAT 8fhibst ' e first 25
enbodi nent . _Furt her he di stance _bet ween t he flaye ssec?[?%nétg:?ég and t he

pin pad 14 PBEHENEC et rrapdinmeolier sealdonniaMe thals fiatkheri r cui t

board 20 of indriemsénddiientmining sitkemytis ehdl ehefeidireraisn] $86 oMt tafR) and

sol der 18 e¥hsSinREl YERAe § | ange section 27a of each pin 26 and each pin

pad 14, thus 30 naking 1t-possrble to increase the joining strength of each

pin 26° 9 March 2005 Wil e the Bmboddwerdf 2maki ng the circuit board 20 of

this enbodi ment Rkgf I me t f first odinment, it
sr&enegaliey e SATE 83 %@Bn& e@ﬁ%&gip@g};t

differs alittle in the nethod of naking the prn n thereto

i s made. ThESS5TAPe8: U smpofimentefifermdaomshe £irat embodiment mmiye, by
first forning te shape ¢ Hikb 3s ij&eugsﬂti& tdhe hibésliptihodungntand-~t hen
al | owi ng on&xy&%% ab%;ne?%%ﬁgﬁ;ion 27b made of silver "solder to partly

di ssolve in“etc |nar58FQ ichis , for exanple , sold under the trade
name ofl10GSSD7 andésodtlines ondddstoad airbalrie. fsaneda] pim 26N ssRlese§0. , Ltd.
, for 10 t Y, i t.he abut nent section 27b.tqQ . reduce in volunme and
size. F. ~ngﬁfﬁpnps,%?é b etjra)r iaﬁgg%%%é’%m%?g, B0} Ry 14n5d REnSE | be
descri bed. FHI}UéApeA isibatratief 1kres thefirse dnbpdimemtbodimeharnky i n the 15
shape of thendifArss @mbbEndd@r t qgg i Pt i_rst ,enbodi ment
will be om{ted aor sin Iifieé.U%iPa?%F e éﬁggkg 6%%I§E§éﬁﬁfﬁ? B, the pin
36 i s sol det¥d @fth "?g'lpi-ﬁ%?d'wm‘%)l’ﬁﬁezspifﬁrﬁaﬂ? has @in ghetmeatresesitioni ti zed
substratse 137mshibatisohedilsy sédusiphepladi BB Part - oAl 36aasad ok ange

section

eutectic silver solder. However, differing from the part-

spherical abutment section 17b in the first embodiment, the

abutment section 27b is so shaped as to bulge from or as to be

in engagement with only part of the side surface 27al of the flange

20 section 27a. More:specifically, the abutment section 27b is so

shaped as to bulge from or as to be in engagement with only a

central part of the side surface 27al. Accordingly, the volume

of solder existing between the flange section 27a and the pin pad

14 can be made relatively larger as compared with that in the first

25 embodiment. Further, the distance between the flange section 27a
and the pin pad 14 can be made relatively smaller.

Also in the resinous circuit board 20 of this embodiment,

silver solder (abutment section 27b) and solder 18 exist between

the flange section 27a of each pin 26 and each pin pad 14, thus

30 making it possible to increase the joining strength of each pin
26.



20 37a in the formof a nailhead simlarly to the first enbodinent. The pin
36 further has a nearly spherical .abutnent section 37b nade of eutectic
silver solder and so formed as to enclose therewithin the abutnent section
37a. By the . effect of the silver solder (i.e., spherical almirgRPoos€eCti on
37b) and the solder 18 25 which are present between the pin main body 36p
made of kovar and the pin pad 14, it becones possible to nake higher the
joining strength of the pin 36. The nethod of meking the circuit board 30
is generally simlar to that of the first enbodi nent except that it differs
30 a little in tNalletthedmetthodakE meaking the cAfcultidodpird pmicr kedy 36p

havi ng a hegghddimén éﬂgtp I i he formo rail head),

which is usgﬁ al so ?%E?%Je?%l r t@%%%‘h?%ﬁ%’,gti% g‘tl%fi‘b‘s 5 pr epar ed.

On the flanfe d¥diersnaziatile tire tien meghed boflymakings theaptd a6pkece of

si | ver sol degplehbeion $herdtdydhanet E‘HQ‘ign 24 %Eﬁ&rintgﬁt% ysed in the
solder 1s e o e A

first e?ocment. The piece_of silver eat such a
manner as tb° WBHES afdr SXEERYS oPEIEiRSt forming thResagledrins 46 fasces 8%ed but t he

circunferenﬁiaﬂuSuﬁ&aceaﬂ&dﬁheﬁtt&ﬂiéﬂﬁmS%iﬁmﬁﬁ%f%ﬁ&yoihéhﬁmﬁigﬂge section
37a, then f&%?i ol S0 a.nearl ) s%her'cal shape by the effect of surface
tensi on and thersaf (el et 'ETcmisies: ko B Risgolvgy ingtehisgnilarly to

the first esdodinenhichhs, Soreriacple abdldrandersetd itoad3hhmes 8 ctephe

control | ed &%%&ﬁ\&tﬁ%]wiaﬁ?ﬁ%. .and sj ze ontrolling the vol une
and size of the piece of” si vertslrséo#%%"rrl%ﬁe@m%, h °’Spilg$1'c§ T abut ment
sect i ontU37pthenebyecausing dheyatityent gechion Rande seiiceoin Iamentndmol t en
silver sol dgfze VWhil e the pin main body 36p has been descri bed and shown | ~

as having the flange section 37a in the formof a nailhead, it can be
shaped |ike a straight bar w tholtwedirert 8| ange section. That is, as shown

in Fig. 5C the Referrng tory.36®. a0 r@enBsdtkel!wi14nd B5LRiiR.gi aneter so
i i a f]1 ange section

g? it(r)lcrg\a(lge '&FW”@@%&%&#&E@%@W é‘lr*bé’ tinpthad portion
36a. THe enshagecdf othe3pah, afo filke pait ndf RhBOGYsBEPtidiRRoCODaEE W th the
the head porttonnenf WGt b Ml By e Rk Fe Cor tai n pr of er red enbodi ment s
have been descri Beild beundématoodfiroghiig.d5he thadenss®ded $dlddersany changes
and modi T i CRLIO8E14EY1 To RED ISP f of! 2 Wi AEARN Hkd LARHLRE, SCOPE Of
the appen e11 (a:xsz%:ll'xg% of the first embodiment. The pin 36 has a flange section
20 37a in the form of a nailhead similarly to the first embodiment.
The pin 36 further has a nearly spherical abutment section 37b
made of eutectic silver solder and so formed as to enclose
therewithin the abutment section 37a. By the effect of the silver
solder (i.e., spherical abutment section 37b) and the solder 18
25 which are present between the pin main body 36p made of kovar and
the pin pad 14, it becomes possible to make higher the joining
strength of the pin 36.
The method of making 'the circuit board 30 is generally
similar to that of the f;rst embodiment except that it differs
30 a little in the method of making the pin 36. The pin main body
36p having a head (i.e., the flange section 37a in the form of

a nailhead), which is used also in the first embodiment, is

-15-



. xanpl e, although eutectic silver solder is used for formng the
Egai?spﬂgrical abutgent section 17b and the spherical 30 section 37b, it
can be replaced by gold solder, silver solder other than described above or

- sol der which is higher in neltlng poi nt than the sol der 18g\fyreh 2085 Pb- Sn
solder). Further, although -1fr 9 March 2005 Sn-Ag sol der 1s used for the.
sol der 18, it can be replaced by other solder, e.g., 50Pb-50Sn, on
consideration of the soldering tenperature of IC chlps ic, etc. F~S-ther,
al though the section of the pin that i's brought 5 into contact with the pin

pad 1471s sippepansa bebnanbor Ealel Sict1bhey AL BE SHICELE ot AP sect i on 17

or the spheri.cal section 37h, can forn~ aiﬁe such as

a cylinder ®A8°E &RiSTEHE Eﬁlﬁ’é’r sEasT whigl d§u dhougte nob pheen dbdarger sol der

and soft solttien thae @eam&ﬂ:\w%hﬁgbgnédtanqseg?i% g? s;%@elaggls&eet}gf 10 pin
Siress. wever, 1n v
ﬁggu%gc?[}?e&%p’lt S%Sé‘ﬁ‘“e}ig 5 SUSY 8¢ INNereAs fo et andiextand ovgr pot

part - spher i @ally ofhes stide i saifacd BT nbuts ebei eitcuhberht2s] Mhrface and
the tip end side surface of the flange section 37a, then formed
into a nearly spherical shape by the effect of surface tension
and thereafter cooled to complete the pin 36. By this, similarly
to the first embodiment, the spherical abutment section 37b can
10  be controlled so as to be uniform in volume and size by controlling
the volume and size of the piece of silver solder. Otherwise,
the spherical abutment section 37b can be formed by dipping the
flange section 37a into molten silver solder. ‘
While the pin main body 36p has been described and shown
15 as having the flange section 37a in the form of a nailhead, it
éan be shaped like a straight" bar without such a flange section.
That is, as shown in Fig. 5C, the pin main body 36p’ can be
generally uniform in diaméter so as to have an end section 37a’
which is not provided with a fiange section or increased Giameter
20 section at an end opposite to the tip end portion 36a. The end
section 37a’ of the pin main body 36p’ can cooperate with the
spherical abutment section 37b made of silver solder SO as to
constitute the head portion -36b’ of the pin 36°.
Although certain preferred embodiments have been described
25 and shown, it should be understood that many changes and
modifications may be made thereto without departing from the scope
of the appended claims.
For example, although eutectic silver solder is used for
forming the semispherical abutment section 17b and the spherical
30 section 37b, it can be replaced by gold solder, silver solder other
than described above or solder which is higher in melting point
than the solder 18 (e.g., 95Pb-Sn solder). Further, although




9 March 2005 What is clained is: 1. Acircuit device conprising: a
circuiti.zed substrate nade of a resinous material; a plurality of pin pads
formed cn a surface of said ~ substrate; and. a plurality of pins each
having a pin main body and an abutment section nmade of a bJipisth20bs3~€r

bul ging out froman erid of sa i.d pin main body, each of said pins being
sol dered at said abutnent section to each of said pin pads with a second
sol der; 10 wherein said first solder oonatitutina the abutment section bas
a nelting Point hi h~nr than said sated sol der used for soldering each of

said pins t ach sai d . .. The circuit device according tb

claiml |, V\%é?‘ %95 %egﬁ%ﬁﬂl%&& htsanbesapdaced byinthesf a fl ange

section in sdigefror m.gf, asmab-ISbSﬁd of acOnsEietb B S CHhONsORiR}Ing

part - spherl%glh)e%?gmpuloglf fJ'r,cgnﬁ%al d flange section. 3 . The circuit
eTei

board accor 0 clai m Sai d abutnent 20 section covers an
entire side surfﬁ.‘elétl‘@fr sal’dldubhng'@ sectiqmof4the Phe martCﬁlstbrbﬁhghé accordi ng

to claim2 mﬁm%g{:&t’?%ghqgﬁte &m FiQn SFOWE LS gig%"gg %]énged; surface of

said flange section bear: accor wherein
sai d pi n maHif SeRisehegicat @HP@I@néeQﬂi@nebTb arfﬂmgeh@aoaioseqtnon he fore of

a nai .| heas7isaiid @ﬁuwan@e%@nawhag SRR 5@l a% cgﬁ ol !
therevv|t~|n said Ian e se 6. The circuit beard according to claim
1, wherein Sard |%S VSR 1oyenrty SPnieinai sakdesr aafld has an
end secti onS9fT solder are present between the flange section 17a and the
10  pin pad 14 and can release the stress. However, in view of the
ease of manufacture of the pin, it is preferable to use a pin
having a part-spherical or spherical abutment section.

15
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9 March 2005 including said end thereof, said abutnment section being
spherical and enclosing therewithin said end section. 7 . The circuit board
according to claim1l; wherein said resinous 5 material is a conposite
material containing resin. 8. The circuit board accordi ng ¢ mardiPpdnsl
wherein said circuitized substrate includes at | east one of a set of
conductors disposed within said substrate, a set of conductors di sposed on
10 a front surface of said substrate and a set of conductors di sposed on a
rear surface of said substrate. 9. A resinous circuit board conprising: a
circuitized substrate made of a resinous material; 15 a plurality of pin
pads fornmed on a surface of said substrate; and a plurality of pins each
having a ti pw%arfd SoFkFBRS fd a head .portion, each. of said pins being
sol dered to each mfcis:ia:udtmorh@@ dembhisidgh a manner as to contact at said
head portion to each of .20 erein said head portion includes a
fl ange section in ecg’TrgPlgﬁ “gisgrﬂep“@ﬂ%l Yot Fesinans meterdait:nent secti on
bul gi ng out from saptiufdlangeosepisr aredsh fobfedlidrecd | SRABROSEL €51 » said tip
end portison subg@;:gtéa.bgégent section being made of solder higher 25 in
nmel ting point than sol der used for soldering each of said pins to each of
said pin pads. 102 plugalidyi ®MIWIMVMMPWQMI&QYt£dC$§| %’%”

but ment

wher ei n sai dsédti&g‘i‘naﬁsgf' 28115t lsglc{‘etl‘eb&l%% Sut Frog! l nead, of asg.(lj. Sp%mam
body, each of sald pins being soldered at said abutment section to each
of said pin pads with a second solder;
wherein saild first solder constituting the abutment section
has a melting point bigher than said seccnd
solder used for soldering each of said pins to each of said pin pads.

10

2. The circuit device according to claim 1, wherein said pin

15 main body has at said end thereof a flange section in fhe form
of a nailhead, said abutment section being part-spherical and
bulging out from said flange section.

3. The circuit board according to claim 2, wherein said abutment
20 section covers an entire side surface of said flange section.

4.  The circuit board according to claim 2, wherein said abutment
secticn covers part of a side surface of said flange section.

25 5. The circuit teoard according to claim 1, wherein said pin
main bcdy has at said end thereof a flange section in the form
of a nailhead, said abutment section being spherical and enclosing
therewithin said flange section.

30 6. The circuit board according to claim 1, wherein said pin
main body is generally uniform in diameter and has an end section

18




30 section is part-spherical and in engagenment with an entire side surface
of said flange section. 9 March 2005 11. A resinous circuit board
conprising: a circuitized substrate nade of a resinous material; a
plurality of pin pads formed on a surface of said substr@gﬁﬁtﬁqmo5 a
plurality of pins .each having a tip end portion and a head portion, each
of said pins being soldered to each of said pin pads in such a nmariner as
to contact at said head portion with each of said pin pads; wherein said
head portion includes.a flange section 10 integral mﬁth said tip end

portion andjaky 1ﬁ9ﬂ§@§ﬂ&eEEQEmSQo eo%ng uerkﬁfre n sai jggge section

sai d abut ment sect bei'n +ﬁﬁ?? nt than
sol der used@}®enciesine thgr%d@himfsadl elnc'paaestim each of said pin pads. 15
12. The resinous circuit board according to claim1ll, wherein said

abut ment section has a spherical outer configuration. 13. A resinous
circuit boafd cBMpfieiuy:boardiaceardingstp siain L awbersidesaid resieoinous

mat er al ;5 20matapianals oy cohpdiiife Rasteriol MG tainthe vebace of said
circuitized substrate; and a plurality of pins each having a tip end

portion and a head portion, each of said pins being soldered to each of
said pin pa8ls i nThechimcwirnbeardsaddorafig atd claimang WeawbiBOhign With

each of  25.pahd tPidh BdSrate includes at least one of a set of conductors
disposed within said substrate, a set of conductors disposed on
10  a front surface of said substrate and a set of conductors disposed

on a rear surface of said substrate.

9. A resinous circuit board comprising:
a circuitized substrate made of a resinous material;
15 a plurality of pin pads formed on a surface of said
substrate; and
a plurality of pins each having a tip end portion and a head
portion, each of said pins beJ.ng soldered to each of said pin pads
in such a manner as to contact at said head portion to each of
20 said pins;
wherein said head portion includes a flange sectioh
integral with said tip end portion and an abutment section bulging
out from said flange section in the d:i.rectibn opposite to said
tip end portion, said abutment section being made of solder higher

25  in melting point than solder used for soldering each of said pins
to each of said pin pads.

10. The resinous circuit board according to claim 12, wherein
said flange section is in the form of a nailhead, and said abutment

30 section is part-spherical and in engagement with an entire side
surface of said flange section.



wherein said head portion includes an end section in the fozln of a rod of
a uniformdianeter and integral with said tip end portion, and an abut nent
section enclosing therewithin said end section, said abutnent section
bei ng nmade of sol der higher 30 in nelting point than sold dos"

sol dering each of said pins to each of said pin pads. 9 March 2005 14.
The circuit board according to claim 13, wherein said abutnent section has
a spherical outer configuration. 15 . A nmethod of making a circuit device
including a circuitized 5 substrate made of a resinous nmaterial, a

plural ity of1 pin padsihended -8l & UhALELRl Ll Substrate, and a plurality
Y,

of pins soldered to the pin pads, respectrve the method conprising the
steps of ; prepafi FFVaFiEed gebsiratgchade winacresinaes eathrialn has a 10 pin

mai 0 body and anaapuisEnicysest iah BadS bl B ANdluekached shegan end of

said pin naiq)?gd :_ana sol dering said abutment section of each of said
pins to each O ggﬁtiﬁ? n pads by using solder which is lower in nelting
poi nt tWan said sqiltieality of pins @hth aavinPatipesid Fo-aRE 4 Suehga Manner
15 that  saig, Ay, mebn $6°L ¥ o BOIng 83 %ed Yo' &M 5201 520 294e
‘ in such a manner as to contact at said head portion with each of
said pin pads;
wherein said head portion includes a flange section
10 integral with said tip end portion and an abutment section
enclosing therewithin said flange section, said abutment section
being made of solder higher in melting point than solder used for
soldering each of said pins to each of said pin pads.

15 12. The resinous circuit board according to claim 11, wherein
said abutment section has a spherical outer configuration.

13. A resinous circuit board comprising:
a circuitized substrate made of a resinous material;
20 a plurality of pin pads formed on a surface of said
circuitized substrate; and |
a plurality of pins each having a tip end portion and a head
portion, each of said pins being soldered to each of said pin pads
in such a manner as to contact at said head portion with each of
25 said pin pads;
wherein said head portion includes an end section in the
form of a rod of a uniform diameter and integral with said tip
end portion, and an abutment section enclosing therewithin said
end section, said abutment section being made of solder higher

30  in melting point than solder used for soldering each of said pins
to each of said pin pads.
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9 March 2005

14. The circuit board according to claim 13, wherein said
abutment section has a spherical outer configuration.

15. A method of making a circuit device including a circuitized
substrate made of a resinous material, a plurality of pin pads
formed on a surface of the substrate, and a plurality of pins
soldered to the pin pads, respectively, the method comprising the
steps of;

preparing said pins in such a manner that each pin has a
pin main body and an abutment section made of solder and attached
to an end of said pin main body, and

soldering said abutment section of each of said pins to each
of said pin pads by using solder which is lower in melting point
than said solder forming said abutment section and in such a manner
that said abutment section is not caused to reflow.

21-



