; e3e00Lpx6Tewt 0 8 MAY 2002 RESI N SUBSTRATE BACKGROUND OF THE INVEI\I'I'bQNlAVI'mZ
present invention relates to a resin substrate, mhlch 5 has a substr

body and a pin serving as an input/output term nal, rly
to a resin substrate having a pin which can reliably be conn @m@wﬂ,mﬂmmm”m
socket or another substrate. 2. Description of the Related Ar
Conventionally, a structure has been known in which a pin servinglsasstan

i nput/output termnal is semnwggtfﬂmtg@smmhfmect on a substrate body made

of an insulating material, such as resin, for exanple, epoxy '
conposite material of thadR&EANS 6| S )45 he pin bemgﬂwmﬂﬂmwuhnd
stood 15 erect by using a "Pb-Sn") s

material, such ag;BhySpreytacty der. As the foregoing resin $M&trate,
a resin substrate Structure or exarrple as shown in Fig. 6 is

exerpl i fi ed. ﬁa%&&te@mt@%a}lé@@s %gegttse;r@ggr%@& WA resin 20

insul ating | ayer circurt Frs§t main surface
102A.0f th t d 104 f

Sol d&r 1 sfsfef'}ft}s? 5" Porhen & SE R EH b tReCLORREEE on pad
104. The has a ar ge- di anet er ortr on lllA arlt)d s 2% _ haft ortion
111b and %ﬁ’f}’r% a %?‘?d%?fﬁ TR TR B erald Ie&l’lfnaéé] S-1aP h ni ckel

(hereafter_. I at| n her eaf t n not ovvn) The
S E i o 2aidndiler pELFPIBRE Seaaftd s oo
with a solderi ng mat eri aI 115 to be opposite to the connection pad 104
aI | owed $'PEXPBEE over the sol der resist |ayer 105. The sol dering material

for estab i shi ng th connec |on 5 bt .--‘ the pin |11 and the substrate
body 102 i s wet de8 iRt 5 < surface of the exposed

connection pad 104 ar tions f t he Ia ane ort on 111A and t he
sha 6 plortl gng‘iﬂiﬁngbeﬁgﬁré{t' fhe §8F5‘8Fené% g’i‘?rﬁlna I SKantially

a truncated-cone. fill et shape t he. %’Sril n substra e 1 1 has. been

2 nen e A sy BPBEt (e ek e PR APl s HTRASS Rrd S
f 102 f th bt dy .102 d.th f f th
otk Gy B AL SR RN gdeﬁfg%?*fnf/ﬁle%*??ﬁé MR Soai R e 101 is
t ed t bst | | f d.
?ﬁgnrﬁasgén’ l‘fae%? Lifele i 'aREhANE, OEoblS + oraér.rn% S°°§-°ﬁt2f g'ﬁ%a’{r)]p e moved

and wel f t 1 enthe i,n 111 is

sol dere Fie Su%{‘cf‘ ria]tépsc% fdﬁnel%% s aEt b%ljf%fl arrgeeds 5’ arf‘éter of

t he; shaf t ortlon 111b of the piny1 Thus, thg §Q Ft 20 p@rjf_Jg;lnf 111H
cannot s‘?ﬁ? %i e]ht/l y 5ee§ *be :%narshertIEJen into thg %oc%et eSK or a thr ough hol e
of the Oédsl:ecﬂeﬁuhgtmaterlbfl t Bacharge Ppapni sufteadd;, sdiledeveral | hei ght
realized after the resin substrate 101 has been j oi ned to the socket SK or

L fé‘%%@‘%o‘i{%ﬁ@iﬁ@’%\ém best2akeIUL r{é?;tt &duai ng the

hei ght canno e et 111 o ype whi I oj ects over the first
ma) n SL”J@EE&@&%%Hnyé&5%§5$p13, as shown in Fig. 6 is exemplified.

A substrate body 102 of the resin substrate 101 has a resin
20 insulating layer 163 and a circuit layer (not shown). A first
main surface 102A of the resin substrate 101 has a connection
pad 104 formed thereon. A solder resist layer 105 is formed

to reach the edge of the connection pad 104.

The pin 111 has a large-diameter portion 1l11A and a
25 shaft portion 11lb and having a structure that the
overall surface is applied with nickel (hereafter ™“Ni”)

plating or gold (hereafter “Au”) plating (not showo). The
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0 8 MAY ?00? | ength sonetines suffers fromunsatisfactory reliabilit CM
the connection with the socket SK or the |ike. Mreover, a requi remem, A(X,ZUOZ
connecting the substrate nade of the resin 101 and the socket SK or the

ot her substrate to each other 5 for a shortest distance cannot be net. As
the wettability between the soldering material 115 and the Au-plated | ayer
on the surface of the pin 111 is inproved, the height HSA of the sol dering

mat eri al Whi my.e en ¢t Pl 1 I §S i s.enl arged.
Uhen 10 THESGentanetoEy POTeRRRiIA8A RS FRstb B TP R PR

sol derin terial 115 which ) il t nsi.dered _that the
overal | %é:’l%ghqaeﬁjeré?' gfr;jﬁie} Iﬂf% \Agé%e%gﬁ\égébls er%?%%%oﬁ%secoteleonn %gidned to

t he socket, SK or t | i ke can be reduced, ;15 It is_an obj of the present
vents ond4 G pTOUFHE S SEeRE SBat FAPCC o AR AT AP WA vedh ho
substr at e%ffgd%/,and anot hei ﬁ’gstrate r .the like can be reduced when the
resin 20 SHBRE A8 MRRGEAGLa gl £°F1 ESTAP 1o i VPSSt AR Ut / out put
termnals and stood erect is joined to a socket or _another substrate.
Acco? di MEEEeeRetpe RNt hvadtl itdie SURSEFate sl ddd 45 ssiidesubSirat e,
conprising: a substrate body made of resin 25 or a conposite materi al

cont ai niﬁm\gosr*é%lilﬁlahél}’f%lﬁ?réh"?lfﬂ%l S PR 19k & hengpRORROCRORRECA 1Y st mai n
surface; and a pin -3 0 8 MAY ?~02 having a surface on which an Au-pl ated
| ayer i PFDrIRA anth@ogitianfe Qfi fhies 1ag9¢edd@ned arth@ oy dtld Hhadd with a
sol deri ngi1 material mainly conposed of Sn and Sb so as to be projected over

the firsthemipSurFadel ot lHe s s Bdd@y scdderd ngr 8a&er iiadveati on has
the structure that the soldering material for securi ng{'lthe pin and the
subst r atfemeRlys wos earhial hEr i §TURE2EIAGEANTy fdtlat Ahawenl y conposed of
Sn and Sb. The foregoing soldering material beconmes wet with Au plating on
t hel@urface dfhem&hsiresmeuRstiayiq 19y hag been joined to the socket,

a large gap HSA is formed between the first main surface 102A

of the substrate body 102 and the upper surface SKA of the

socket SK, for example, as shown in Fig. 7. When the resin

substrate 101 is mounted on another substrate or the like,

15 also a large gap is formed. The reason for this lies in that

the soldering material 115 upwards moved and welded to the

shaft portion 111b of the pin 111 when the pin 111 is soldered

to the substrate body 102 substantially enlarges the diameter

of the shaft portion 111b of the pin 111. Thus, the shaft

20 portion 111B cannot sufficiently deeply be inserted into the
socket SK or a through hole of the other substrate.

If the large gap is formed, the overall height realized

after the resin substrate 101 has been joined to the socket

SK or the like is enlarged excessively. Thus, a requirement

25 for reducing the height cannot be met. The pin 111 of a type

which projects over the first main surface 102A by a short



10 inferior to the Pb-Sn soldering material. Therefore, the foregoiﬂ@ MAY 2007
sol dering material, which is capable of soldering the pin to the substrate
body, does not considerably upwards nove along the pin. Therefore, the
portions to which the solder is welded 15 and, the dianeter of each of
which is enlarged can be decreased . Hence it follows that the pin can
sufficiently deeply be inserted into the socket or the through hol e of

anot her substrate. Therefore, the gap between the first nmain surface of the
subst r at LEBBHY SIREt HRES Tkt e Tt §$hﬁiﬁqﬁ§t%ﬁﬁi39QﬁXaQﬁ§%§ 13&¥r 88uced. As
aresult, the overall height realized after the resin substrate has been

j oi ned t%h?h‘éo%%%‘RE%OBrw%%B FhreSeakebeSE RIuddte ik suN9EeVETholy may be
made of resin, such as epoxy resin, or an_insulating material made of a
conposi t ECHRLEPNENT2505f CPRBEFEABYoithE PBESATANG §RASs Ofi hBEsTeThB
substrate body includes a lamnated circuit substrate having a core
substrat&01-and phg §RykeposKoAreFhRePtEBPgeSBPSTRATS 88seB8EDWALRAL
insulating layers and circuit layers are alternately |am nated. As an

al t ePnat f9E @aosharsesh Hastadced cC@nm@l &St rate having no core substrate
and having the foregoing | amnated structure is included. The pin nust have
the surface ohswhhehwehbahylptHt bgtwapar the Felgeginghmabsndrhglsbrength of
the substrate body or the |ike nust be considered to arbitrary select the
pi n. TheapdnthaiyAveprhaped layele ofordhcofsuf@dref dthey mkn 1116k &6 pi n havi ng
10 a large-dianeter portion in an internmediate portion thereof . | The
mat eri al 1BPreviedpi the habdnp s ef bpemeSr@n@hnad@@eﬁﬂarl,lSawthil- Fe all oy
of a copper alloy. It is preferable that a Ni-plated |ayer is forned as the
base | ayePwabds tlheveg wien ddd pjar 1115igRrecoredriisngndairagedal Whse nainly
be made of tin (hereafter "Sn") and antinony (hereafter "Sb"). In
condi0der B¢ ovebtak hbihe| 1$ mAd pes hed diel nedudRridiegesighén SR, ofhthquantity
of the foregoing el enents nust be determned. In addition to the el enents,
such as Splagyisg, matevépl( AdPedhiieh 'unyardsimaugsy (Heresfthe "Bi"), Au,
Pb, indium (hereafter "In"), alum num (hereafter "Al"), arsenic (hereafter
"As") orcousigeredkehapytive eikial I heil@nalveaduiafd @Etar thet Kesphesent
invention, it is preferable that the height of the pin projecting over the
first neswbstrabeelPs hRagmbeensiainesd. tpf theesPERgEhSEf orhehgi Aileoj ecting
over the f first main 25 surface of the substrate body is too short, that
is, if t@@N|eagradnsed.nm or snaller, the portion of the pin which can be

ins?gted into the socket or the through hole of the -5 0 8 MAY 2002

SUMMARY OF THE INVNETION
It is an object of the present invention to provide a
resin substrate with which the gap between the substrate body
and another substrate or the like can be reduced when the resin
20 substrate having a multiplicity of pins serving as
input/output terminals and stood erect is joined to a socket
or another substrate.
According to the present invention, there is provided
a resin substrate, comprising: a substrate body made of resin
25 or a composite material containing resin and formed into a

plate-like shape which has a first main surface; and a pin



substrate is too short to reliably connect the resin substrate to tlgg My 29p
socket or the |like when upward novenent of the soldering material takes

pl ace greatly. If the connector of the socket is brought into contact with
the soldering material which 5 covers the pin, the reliability of the
connection sonetinmes deteriorates as conpared with the reliability realized
when the contact with the Au-plated | ayer is nade. The present invention,

uhi ch |SnaL5A00eE L QaRo 11301 PR 08 BRLEN &) sabM e gaIPORRGgh, S and

Sb havi ng wett a ity w e pin conpare € lead-tin

(her eaf t £hc” BRnSH:) o8RLAENGoTRE Labs k8 cB0kBAL 0 RERVENL cURNRL  roverren:

of the s i'ng materral "which occurs in7i's secure t hough
sur | oi cleEs ratg RGPeron BPobRE BT Surth $E RSN reb R PECYReteicker or
he 1 osi H78B0LNEate Edn R BB B Sondik G A0 St HSLubst rat e or the
AL pifat e | ayelnGt PERESR YGRS, TR Gt uehe UG (MSkness of the
i or | &l SPLREEPAIGIRT St CATASC T RO RGP TP EN] 08 SP S RRERY rovement
is enlarged . Therefore en_a.soldering, matecial, such as a Pb-Sn

ol der | nEonBRERI SFReRabEnh BEoRGT ABF ABPeNAEREABH ey i¥. oBHoSs8 Phe

the. of hes ™Sy he B cns T HE AE O PG Ea 1t LR TR® SERHIEBI der | ng
AR R e R AL S L T R S A
exal o, TDEBELAR 5P BRE GBI SR 165 o (i hfoh mi APREERE TN I8 dat  on
Ot eF R A Fhnitnm, e 4TS SN PRl RS aBSEELT S o,
poi nt. of CERGAA ehgtrr RUPGFFAFS] Bo¥Bo 15 hahEBEeHErREN Y BPYeBRBer | ng t he

pin to the subitratg% bod\‘e(L soneti mes encounters deterioration in the
char act eFP¥Ei 85°BF 18€; RdPsubstrate body, in particular, the resin

Vor cover .t hel BGEEEPEe b8, PPEa0RE: Fet PaEPot Bredo ABLor 0 HELE6  he
prei%nt 51[1] ?ril:thieoéliaxglggels“%l garlci:rrl]%fwhich is enlarged can be decreased.
Hence it follows that the pin can sufficiently deeply be
inserted into the socket or the through hole of another
substrate. Therefore, the gap between the first main surface
of the substrate body and the socket or the other substrate
20 can be reduced. As a result, the overall height realized
after the resin substrate has been joined to the socket or
the like can be reduced.
The substrate body may be made of resin, such as epoxy
resin, or an insulating material made of a composite material
25 of the foregoing resin and glass fibers. The substrate body

includes a laminated circuit substrate having a core substrate,



material is mainly conposed of Sn and Sb and arranged to 20 contain Eﬁw@;;
15 wt% or smaller. Therefore, the nelting point of the soldering mag 11002
is 280C or lower. Hence it follows that the pin can be soldered to the
substrate BUHeHhex Sdfeser deYe nfdesmpdr ahdecd. ipsudatbsal ayersmanat i al

havi ng excel | ent heat resistance is not required when the sol dering 25
operati on iSLEBHfol AEErs BYgsaleriabely denneeterdn demahe perfrartiyd wi t hout
any deterioration in the characteristics _7_ 0 8 MAY 2002 of the
substrate BodychiNor @ovdeémingses| eiacidh Dibstie wubstwiage nbodprean be
prevented or restrained. Since wettability required to secure the pin and
t he substr &WIgREa @ndabRvénBetheafiosedding emnipaiedraitavgtned, ishe
reliability 5 of the connection between the pin and the substrate body can
be i nprgvedinqly'dase present invention, it is preferable that the quantity
of Sb contained in the soldering material is not |less than 3 W% nor nore
than 15 wt % 10 TRfeR1R RESHBATS thye 6Px Epce ontvah idutha Auhplakedt ay@irder i ng
material is 3 wt%Qr |larger, deterioration in the wettability of

t hesol deri g AREBFFal HFpEPBALTY STEeRIEh Thdhsr srbstiien Loy quaiE ty of
contained Shis 3 wt%or |arger, u rd novenent of the soldering materi al
whi ch t ake ldieaE‘BSWJ%%CPﬂélﬁgrﬁ?ﬁcr \é\?ééi':’a?%ﬂ SEAF et BBy - heT BF &dént ed.

He it faoll t hat_.n facturi i d qf th i bst r at

P ber oy JayOHR 4 M RS Foth 08 Hehlagiol Rora fP ik 8 BT erE S hat

th [ ti i | Al . i i 280C L . 20

doscr Bd ghogeaerfiheled Bt aoRo I Pt R PR RS Y oo i g,
the operat in9n £9f 504 HEkE Nk %*ﬂﬁr‘ iR é&én‘?%i‘ihﬁe%'pztmre@aﬁ wbggf&v.ﬁes

encounters deterioration in the characteristics of the substrate Hody, in
particul ar,a UhaI-ee B118$UbALE REphayesi1ey. the sal gectogat FAmelAt We 25
according to the material. Mireover, the substrate body is sonetines
decol or ed. Nig-plat@d8lafer 28020 Ehed & st ke praaseDhy &A\FRIR £ B8 s pAtarleet ur ed
such that the nelting point of the soldering material is 280C or |ower, a
mat eri al hawaway-excel l ent heat resistance is. not required when the pinis
secured to prevent or restrain deterioration 5 in the characteristics of
the supstrate b3a@¢. FALEHEECCcBAPIRYE hg "™HSdwi RGSPLIE e 1Magleg of  tin
parti g! l y-eeﬁg@én%fagelcr 0ssnsect iagaal a\hitQ)izNoﬂQ Sh(@éiragf?zlaf es'r\lsbsubztrat En
according to epbodinents 1 to 3; Fig. i.s.a partially-enlar Cross
sectional GPBFASFERGIRT ListHe T%R&%ﬁgcr?oﬁﬁé PES] ﬁh§ut§ys°tn%éflg %268?8?%9 to
In

the quantity of the foregoing elements must be determined.

addition to the elements, such as Sn and Sb, silver (hereafter

“Ag”), bismuth (hereafter “Bi”), Au, Pb, indium (hereafter
“In”), aluminum (hereafter “Al”), arsenic (hereafter "“As”) or
) 20 the like may be added in a small quantity.

In the present invention, it is preferable that the
height of the pin projecting over the first main surface is
2 mm or smaller.

If the length of the pin projecting over the first main

25

surface of the substrate body is too short, that is, if the
length is 2 mm or smaller, the portion of the pin which can

be inserted into the socket or the through hole of the



enbodi ments 1 to 3 has been joined to a socket; Figs. 3Ato 3C are 3 agr ams
showi ng a method of 15 manufacturing the resin substrate according U8 MAY 2007
enbodi ments 1 to 3, Fig. 3 A showing the substrate body, Fig. 3B showing a
‘'state in which a solder ball has been placed on the substrate body and Fig.
3C showing a state in which the pin has been secured to the substrate body;
20 Fig. 4 is a partially-enlarged cross sectional view showng a resin

subst r ab@paeatd Ny t6o emoad 1M b1y Bonhiegt thé seg ipagibsattytenl arged
cross sectional view showing a state in which the resin substrate according

to enmbodinent s AR Brhase R84 LREN’HULd Revehbek skl 8dRiebnfi 9. 6 is
a partially-enlarged cross sectional "view showi ng a conventional Substrate;

and _g_pa Q.8 A 52002 Ebtgﬁ Jrést By partsd %hlsey%&%ééggﬁ 51 5 Sectepenal view

showi ng a state in whi e” conventional substrate has been joined to a

socket (& PREFERAED EPCOLNENTS OFIHERLNVENELOYCERBOdbIEN! sirlier? and. 3)

Preferré s~ of I'nvention W 1Tl now be described with
f d i , XN i
vene avids) phel b i, £ fRRIIT TR BACERL R Ioh oA HhES N
i | . view._ Th b 1 e . 2 f d
Pt o R e R R BLTR D e s i R S I
t hi ckne

A first nBAQ_nggggel%§e%Aigfm%g%.substrate body 2 has a

of, 1.mm ]
nai | - ho AR RERT Tt The
The present invention, which is arranged to use the

) soldering material mainly composed of Sn and Sb having a poor

10 wettability with the pin as compared with the lead-tin
(hereafter “Pb-Sn”) soldering material, is able to
prevent upward movement of the soldering material which
occurs when the pin is secured. Although the portion of
the pin which projects over the substrate body is short,
a sufficiently long portion of the pin which is inserted
15 into the socket or the through hole of the other

substrate can be maintained. As a result, the resin

substrate can reliably be connected to another substrate

or the like.

J In the present il:xvention, it is preferable that the
thickness of the Au-plate layer of the pin is 0.04 um or larger.

20 If the thickness of the ABu-plated layer on the surface
of thepin is enlarged, the solderingmaterial is easily wetted.
Thus, the height realized by the upward movement is enlarged.
Therefore, when a soldering material, such as a Pb-Sn
soldering material, having considerable wettability is used,

25 the thickness of the Au-plated layer cannot be enlarged.



serving as input/output termnals stood erect to forma lattice
configuration by using a soldering material 15 nade i of Sn-Sbh. Ean%I#%KI@I
1, 2 and 3 have the sane structure except for the different sol dering
materials 15. Enbodinment 20 1 is arranged to use a soldering materi al
(having a nelting point of 240C) made of 95Sn-5Sb, enbodinment 2 is arranged
to use a soldering material (having a nelting point of 235C) nade of

98Sn-2Sb and gihogi | $q ar edsbAtUSSyéntobaerd el &e ( having
a nelting point of gﬁgg€?gé§%béjg¥ﬁ258885n-ZOSb. -1gﬁhﬂ%u§§%%¥ 26%2 The

subst ratg, bagy <, d%rrj) | Iet'ég:ctﬂaait laRQ h@%ﬁ%qu%9%8£t589¥¥gge§é” and a

circuit layer (not sho copper. The rst main sur e 2A has a

wn
connect | A 03¢ 8rB9MR: Ao AR Hov MRAPSR! e Gul A1 2ydr ARy £hqof 0 . 65

nmm is forne reach ge of the connectlion pa Mor eover, a

sol der 25151, RUSLIRLRAYE N AL CHARSS: 1 20 (WD A1BEOLaCPY; T esi N i s

f or med. hand, the pin is nmade of covar an avl ng a

ilzh - sh I - di i i i f 0.
nal | sheolipe, [ Gl ot honal i hovkgce 10, SRl of 0,6 m
38 hei ght I t h- f 0.95 .. AN | - ph h h ft
35S 6 U1 9 o 3 SHBA D £8hafa%e Mgy A Kl apliosphiopye, (her ol Lor
f i ] . AuU- I i hi ck
surtace late BHudd MRACEETan S 00 BEaLEd [BYGRI Y g S recs

manuf act yr i proc i erfornmed, contact of the soldering material 15
wth théﬁ%ﬁggféggdgﬁgy%$k€3 causes the Au plating 13 to be dissolved and

dirspersed in i%e%%%lgﬁé%ﬁgﬁngﬁgéhgko%g.F%hﬁﬁgbgg%eIggﬁeggkggrE%% materi a

15 is wel ded I'Ng portions the surface of

the.pin t.0. Whi ¢ h Lderi.n rj al ; e l.de
subsPr aBbatS et ReREriieh S SRR Bt Rl 1t RE
soldeﬂlg%rgg pal 15 such that the large dianmeter portion 11A of the pin

11 is positioned opposite to
If themelting point of the strengthmaterial is too high,

the operation for soldering the pin to the substrate body
sometimes encounters deterioration in the characteristics of
15 thesubstratebody, inparticular, theresin insulating layer,
at the soldering temperature according to the material.
Moreover, the substrate body is sometimes decolored.
According to the present invention, the soldering
material is mainly composed of Sn and Sb and arranged to
20 contain Sb by 15 wt% or smaller. Therefore, the melting point
of the soldering material is 280°C or lower. Hence it follows
that the pin can be soldered to the substrate body at a low
soldering temperature. As a result, a material having
excellent heat resistance is not required when the soldering
25 operation is performed. Thus, reliable connection can be

performed without any deterioration in the characteristics

-7-



25 the connection pad 4 exposed to the outside over the sol der resi@é | ayer
5 of the substrate body 2. The hei ght PS of -1l 0 8 MAY 2002 proj tMAS 12002
of the pin 11 when viewed fromthe first main surface is 1 mm The
soldering material 15 is welded to substantially the overall surface of the
exposed connection pad 4, the overall body of an engaging portion 11A of
the pin 5 11 and a portion (an upper portion in the draw ng) of the shaft

portion JABsaich,bhetafe"BEgy A QuSHESWEAT LEHPESEEE 1 6ANEET Lhket shape is
formed. The height HS of upward novenent of the wel ded sol dering materi al

15 over £onect i I e nt 0. 35min
enbodiné%?ga and 0$§@g ggﬁoéﬁngfgvgﬂﬁggigghf%ggggﬁgégg iglgce

partial |vYét‘_et‘fﬂ}§‘{d;g§§¥ &;é;@finﬁﬁg%%éuyé%ém 884 %hﬁé ghssma\e@i 5&aphe

substrate 1 nm S been joined"'to a socket ST. The socket ST has

an upper; SULEACE RIA ddh %E%Eg?gé%tlﬂ%in@ ifid e, le#‘nie[&ﬂefféﬁfl%y are

formed at positions correspon e positions o e pins of the

substr at% ]tﬂga@%fn(?lfecrtei%rpbely%rf%%\é?ﬁteh%ﬁgiagr?cf e §Eb@%§3‘&%“£>88§zﬁce Al Tor

securing the shaft portions ns 11 inserted into i nd
hol es BL; qﬂﬂ knal s SSB nol ded integrally 20 with the contacts SSA and
aIIomedH¥% pr %é%?abver a |l ower surface STH of the socket. The term nals

SSB project ! ng, oyl LPEsLPetpolhtash SIR 9k Lhe R06kak ShaArgfdiserted

into through via conductors of ano elf Sub 0 bé secured by
using a &Péﬁiiy%ﬁéb@éﬂéﬂleﬁ% Eﬂ‘g soldet{ Ymggggial is not less

) than 3 wt% nor more than 15 wt%.

10 When the quantity of Sb contained in the Sn-Sb soldering
material is 3 wt% or larger, deterioration in the wettability
of the solderingmaterial apparently occurs. Therefore, when
the quantity of contained Sb is 3 wt% or larger, upward
movement of the soldering material which takes place when the

15 pin is secured can reliably be prevented. Hence it follows
that manufacturing yield of the resin substrate can
furthermore be improved.

In the present invention, it is preferable that the
melting point of the soldering material is 280°C or lower.

20 As described above, if the melting point of the strength
material is too high, the operation for soldering the pin to
the substrate body sometimes encounters deterioration in the
characteristics of the substrate body, in particular, the
resin insulating layer, at the soldering temperature

25 according to the material. Moreover, the substrate body is

sometimes decolored.



The hei ght HS of upward movement of the soldering material 15, the
appearance of the substrate 1 nmade of resin and the |ike were exan1A£%N%£2WZ
foll ows. The hei ght HS of upward novenent of the soldering 5 nmaterial 15 of
the substrate 1 made of resin according to each of enbodinments 1 , 2 and 3
was neasured . Thus , average val ues of five sanples were obtained.

Mor eover, the appearance of the resin substrate 1 to which the pins 11 have

been sol der edsygsei 139G N A nGRMRALAL | ¥ 6 eXaPL £8d sMIsthakesnarde of 10
resin which were the sane as those according to the enbodi nent except for

the sol drﬁéif‘ﬂnﬁ%@ih@'éf"‘@ﬁ@ EBD&&EEBP‘rﬁQteHQﬂ ikhgshieb bt 183,0f  upward

novenment and t appearance were simfarly measured and i nspected’ Results

of measuy r Y& Ehaﬁpirlx (éﬂé’éallyeﬁl{"?l‘g%ﬂ Bekal@nl? 1s not required

Conpo- HSMel t 1 ngTenpe- Appear ancenent Poi nt ofrestore

?Lf&kﬁﬁéﬁlﬁ%m AR R R ﬁé%%??éﬁ@%‘% ?%%ﬁ%@gé T5325d0t
;ESL%EGSgépggé %ggggggggég %?gfégfgébfégg%$;é£%§ 672 Rg]cgn be under st ood

from Table 1, the height HS of upward novenent of the soldering material 15
whi ch was Sn-Sb sol dering material according to enbodinents 1, 2 and 3 was

-13 0 8 MAY 2002 0F%gEﬁg%kﬂ%%g@ﬁg%ﬁfz#ﬁﬁg%gﬁégggﬁk%p enbodi nrent 2 and
0.06 mmin enbodi nmen exanpl es(0.84 mmin

Cbnparatlve Exg %g écggﬂgg ? gnhk%ggﬂggaratlve Exanple 2 ) arranged to

use the -Sn solderring ight 5 HS of upward novenent was

Irg?;gredwelrg SEHe o8 B cHRRRa Tl SR ARSs ERNNR, kR arhat i o
arr a8ged RS £ %%in%%&gfgiéf%ggi@ ?ﬁf‘é@‘g%%un%?%‘éi Pt that a
Theref or e, neCTenghbof BaEhiatATaRRLATERR BEbbEC et o, Wt socket 1
i nsuf {1 clggti X s@ogggtgeegewhacf]%a%%%t <Lg e subslyiate cannot

rellably e jO ned Socke nent ountered a

fact tha% ﬁ$§iﬁ%§§£r t@obgdx?ggﬁggﬁnééghg q%cglg %% %nd the insul ating

Layerhd eriora he subs resin-except’ for enbodlnen} 3

22§Ctiﬁ Zhgggﬁﬁé %ﬂa535§§|n ehgggﬁpgh?tfgnggg |nm%§h%a£;??vgaégghgleli
26 i ng.:

?glaslve AK% % npeé ?ures m%ﬁcfu%%?§a§§8%9969§l§g”B?A%@%&f %dering

te”perati”t%s 3ar %&aoenm?h&ﬂ? rt@%%btstlerc?ho f}én?ﬁgo %dsﬁ’d f‘}? ut 10C.

On the ot her Han ment 'S arrange ering terlal
having the @Rl i f%ith a solder ball has been placed on the substrate

v
)

body and Fig. 3C showing a state in which the pin has been
secured to the substrate body;
20 Fig. 4 is a partially-enlarged cross sectional view
showing a resin substrate according to embodiments 4 to 6;
Fig. 5 is a partially-enlarged cross sectional view
showing a state in which the resin substrate according to
embodiments 4 to 6 has been joined to the other substrate;
25 Fig. 6 is a partially-enlarged cross sectional view

showing a conventional substrate; and



0 8 MAY 2002 point which is 315 C and arranged to perform sol deri ng08tM&280?
C . Thus, the tenperatures are high as descri bed above. Wen a substrate
body nade of a material, such as polyimde, having excellent heat
resi stance i s enpl oyed, decoloration of the 5 substrate body and
deterioration in the insulating |l ayer do not occur if the soldering
material ( 80Sn-20Sb ) according to enbodinent 3 is enployed. As described
above, the supstrage;l gag%ﬁcefiaﬁ]q?-%r{m%&r ANk d & LIPS IENS Sed, 2 and 3
terial

has the structure that 10"t he sol dering 15 for securing the pins

11 and t Jhst L = bility
can be rggf}?;gg gagg%o%g%le h\%\néth hnﬁgﬁe@%%]%%i%gﬁl%ﬂn%%ér %\z%s%k%ﬁerefore,
t he hei ght . of. .u venment of the soldering material 15 can be
reduced.9%ﬁk§gr%9c§r§%gkgﬁé gquantity of 15 contained Sb is 3 W% or | arger
such that the quantity is 5 wt%in enbodinent 1 and 20 wt % i n enbodi nent 3.
Therefore, the height HS of upward novenent of the soldering material 15
can furthernore be ef qr.e I LG fficiently deeply
be 23 inserted int " gap DS Detween the first nmain

AR b . ,
surface f.th bstrat 0 2 and the upper surface STA of the socket
ST can b§§W§88§8§?%$h re o%@% ?

ﬁe overall height realized after the
substrate 1 de .of _resin has j oi.ned . reduced.
35 The | engt het BFSFEEE, SRePaTmeRT oekd she R8s Pt BRISEE sl B8 Fhe
first in surfac A i.s.a _short length . -15 Q.a r zoo2 of 1 mm
Fbmevep?EgléssFﬁégﬁéigﬁ?hH§%§eﬁﬁ§ﬁﬁ QHﬁﬂﬁnﬂﬁa¥ﬁn$%é sol dering material 15
is reduced sugh_that the HS.s 0,25 in_eppbodinents, 1, 0.35 mm.in

enbod hent's ZAaHEOh & TR AP S BOSORIAS 5o TREArte iy A &8 ot ¢ ne
shaf.t, portion 5 B can_be enl arged,, c in h rtion which cannot be

i nselrot ed°1'AY8 %rhéllsgdcge"’fhjﬁh 5 %%’a}%%aﬁy'%éi%gggglﬁﬁqsst ﬁgcgﬂ‘ﬁgtar&at el
made of rgsin can reliably be connected to the socket ST. ' Since the
Au-plateﬁ ?gyer 13 fornmed on the surface of 10 the pin 11 has a |l arge

L ckness of RO heMiB 2UHBH 1L ALY SEA0P KB Ly
Ut e 8l A0 A T 956 AR kb A 1 B o
oo 1e9) n 588 AUETRLHRR B9 Tnl SR I5RuToRERLR! 10 1
|0, SEOUASEE, BngTUSEELLEe BT ol I SRR Ao eplng opf ot ance 1

serving as input/ocutput terminals stood erect to form a

lattice configuration by using a soldering material 15 made

of Sn-Sb. Embodiments 1, 2 and 3 have the same structure

except for the different soldering materials 15. Embodiment

20 1 is arranged to use a soldering material (having a melting

point of 240°C) made of 955n-5Sb, embodiment 2 is arranged

to use a soldering material (having a melting point of 235°C)

made of 98Sn-2Sb and embodiment 3 is arranged to use a

soldering material (having a melting point of 315°C) made of

25 80Sn-20Sb.

-10-



20 resin insulating layer 3 and the solder resist layer 5 and deterigﬁﬁgkfﬁ
in the insulating characteristic when soldering is perfornmed. A neth 02
manuf acturing the substrate 1 made of resin will now be described with
reference to Figs. 3Ato 3C. 25 Initially, the substrate body 2 shown in

Fig. 3Ais manufactured. That is, a known nethod is enployed to form-16

0 8 MAY 200 7 the resin |nsulat|ng | ayer 3. Then, the solder resist layer 5
is formed suchhthabbsheatean) Ronapad résiis §X§Q$§dlﬁ\ij6‘1a§'8§ § imagle Mai n
surface 2A. Then, as shown in Fig. 3H a solder ball 15A nmade of Sn-Sb 5

sol deri rtgfr@%id%( %Lesﬁ%5§ﬂa%591tceu%b9@ly@mtncﬂn s8R Z@dérbﬁ@%%@le@nt 2 and
80Sn -20Sb i'n enbodlnent is placed on the connection pad of the first

Mmai n Surqfﬁ&%ﬁfét &/Qiﬁ%«ﬁffaéé\%%& é%&%ﬁ%dfﬂo%ﬁ %dMQPc% g 12 and

the Au atlng 13 1's prepared t he sol der 15A is h ed and

mel t ed fﬂo[ﬁ%ggﬁgn@e%ﬁ%‘}né&&”%@@ g ”Qﬁpﬁéﬂg%&fté he aq dering

naterlal m nute shown ort1ons of the

I t t 1 t dj t
Lo oot ”ﬁeﬁ e°°rfg§“4%%ﬁ 208 hCRBHl | | AR g r%nté%o&d@f Redigt PLcen

bstrate 1 1 di t f act d
The sol de %7 w.wg 5 Tl hoERs By bh%mﬁ;ﬁgﬁ O AR FS R Eo pin 11

which is_a %ed with the Au plating 13 so as to be fornmed into a noderate
fillet é%éﬁg aving a relatively | ow hei ght FB of upmard novenent. The

Au- pl ated 20 13 nad cont wi.th .the s g _mter 15 is nelted
and di sperse e‘ﬂ% Erb?]a rh%’ qél%rfi%} JfS“] O elc)? ?ﬁof“f’d[ %l’?‘é( "Bher ef or e,

th | d t | ded to the Ni ted | 12 of th

11, as (%9% n”f‘?%?é' aﬁapﬁaaﬁ? iege erS%gﬁLn@npz@ B 8 4, 5 and 6

ol SRR S SRR S S o %p%lrtsr{%%ef?érem

f |, 2 d h | - b h

subst ?2‘3 "%3&#‘%5@ Aofiee ez gtatnd .nr?f‘é‘hwgﬁi“?marﬁo O

f t t h 1,2 d 3.
Ther of of% 2% B ar fort okttt Frethrul "TnBdarsonrs ?‘b% %ssse onitt ed

from deseaniet i a2 onadesgrisbethsckpeys Tfe gubstrase 2drmede cof tRsin has a

substrate bo " forned.ipto subst tlaII a rectan ul ar shape and
having & for%u.ﬁtFBFFéFFy%’? Eé?l Hdhd? hapeM%f%%"%ﬁr HeUTBLEFEE- I i ke

confi gunatyean by usiAgga 5ot WEE kN@s saber inalos39,pade %r&@dsban Ephedi ment s
4, f;and 6 are different fromone another in only the soldering materials

35." The SstH&rCdor tGfons thee tNé~Bamlat 5oy derianftimat édi-al Pheavi ng a
| 4 5 5 4
mel ti ngm%‘?fur}.taé)rfu 1? % 1% 8£f8§§ed S@o%@aggmcfx:%% Blg?}g‘glgnmaggb lsa

sol dering materia aving a et fing poi Nt o

enpl oyed, i [ i har iRk poi nt
o 50 ey Boea o AT l%?’né%%%o%?‘hm‘ﬁ?a%“é‘%aﬁ%ﬁé‘%u Strate

body 22 ma%oabreeshrggﬂ%@tam d BV r £3a apg éﬁ’éd%l&@ﬂﬁb ha¥ek3a35 and 29.
The resin insulating layer 23 has a through hole 36 formed fromthe | ower

surface;33A &He&@&cHQPe&H%”ﬁd%&éfﬁ%ﬁlﬁ@%@PYSI 18 RBrQEQHeﬁ' @ocepduct or 37
is formed in the inner wall of the rough hole 25 36. flrst connection

pag 24 Ni_fpobfr%ch c?oqad hhehéhlsl@yahohgl@fB@néts&pQéétamr%\ gife 1hover
surface 23A sol resist -18
to which the soldering material 15 has been welded.
The substrate body 2 and the pin 11 are secured to each
other with the soldering material 15 such that the large-
diameter portion 11A of the pin 11 is positioned opposite to

25 the connection pad 4 exposed to the outside over the solder

resist layer 5 of the substrate body 2. The height PS of

-11=



0 8 MAY 2002 |l ayer 25 having an opening 26 is formed to reach the fgpﬁﬁmyzm
connection pad 24. On the other hand, a circuit layer 27 is provide !
t he upper surface 23B. A solder resist |ayer 29 having an opening 30 is
formed in the portion of the second 5 connection pad 28 forned around the

t hrough hole 36. On the other hand, the pin 31 is nmade of covar and having
a nail - head-shape | arge-di aneter portion 31A (having a dianeter of 0.6 nm

d hei ght. of .0.1 d. ft i : i i t f

0" S5 rm B 2l T EH DRt o gy ieifba, AU £ A ATELS O g &
t hi ck f. 2 ig f t [ | f f. th j 1. M ,
b Ao ot SESGFEdF Jaminy; AjeacPhfet (Bea el iod T e s PRl 3F e o
Ni - P-pl at I \ . Simlarl di ts 1, 2 3 I, f th
Surface BROERENEIALSY EBOVATERAEhes SEEQST br 1ong FapeRra 258RREE 1BBon wel ded
are melded tp the N -P-pl.a eg Ia¥er 32. Thegfin %l S gﬁlQﬁgﬁ%amhile t he
Iarge-dlgﬁgtgf T OVET HEAPPEYLRT A EFAGET S BOFfd Qe bR ePt-fon pad
28. Th haf t ti 31B trat the.th h vi, t 37.to 20
oroj bt Dbt PARC Lo R (R RPPEE Tieh o o rabst A I0! d e SBaFter e t o

t he through via nductor 37 and the first connection pad 24. Thus, the
s 5 PR bea, 188 BECh s hatne: MAtEE, SECIAE HOTRESE THE col dori ng
material 35_welded to, the portion_of the first connectjon pad 24 and the 25
Chart ooftrdRtashepe ihdammedy “lod peaghtiis oL fvEmang; oZhape i n

the formof a circular tryncated cqn ape. The -19 0 8 MAY 2002 hei ght
e of CUnhRP AT RSB TP L OFiRG MO EEg Mot daPrRE REELFPEPCSs IotaPaand {1 oy

connection pad 24 is 0.22 in enbodipent 4, 0.33 mmin enbadi t 5, and
5208 TR Enbodiheint BEODMEThan ndorBhoht FHGHITH e aren0ob ot ha pi n
31 qver the_firsg 5.main surface 22Ais 1 mm Fig. 5is a partially

enl alged™®@r 48s STELHLBRAL Vitew showing a state in which the substrate 21
made of resin_has heen joined,t%_anot er supstrate WB. The substrate WB has

a nultiplicityt8F £ntSughPRETES HY FER S S MR hosteY ons of the
pins 31 of the substrate 21 pade of resjn. A cylindrical conductor |ayer TD
havi ng aSPRVABgnanBFateDini YhighERS RUPRETRARel WAFP BFf LREPNPBEgh hol es
TH and agound.the t hr ough hol es TH of the upper and | ower main surfaces WHA
and WBB. ®&8Bod P8R0t Re SORKEL Fdrti on 31H of the pin 31 15 is inserted
into the throuHh holg TDH OL t he ot her substrate WH so as fo be sol dered.
Thus, the subStFaf8S5¢tnadeNgf POsIRREE S3ACSF o the" Bt HEr2 subst r at e
V\B. ghe he&ght HS. of ugwgrd enent of the soldering nmaterjal 35, the

appéar antBLbiPLAEIEYLOEr Bldndy FL AES FPethRt RPFHRECRre exami ned
as follows. The hei ght of upward nov nt of e sol deri material 35
of the SREFrAPEBISHS L G DPELE hORE AR BRAP IS dcohiHenPLPY: 8 End 6

havi ng tre structures.that the conposjtions o£ éhe soldering materials 35
were di f1ePERE PEORFSERondIORETYRT  whae nEaSkr EaST ARy EPAGECAI BEof fi ve

Sl 25 US2 SULGLIRS. AL o9 L hoeatence o e Sustr 0o 2Loeds 120 O
O oot MBS SN AET MR e Mt e e SRR Byl 030 2eeoudgg,to
i leOar g:?i?}?ujéggeggn%ggtisnggzexcgin n'allowed to project over a lower
surface STB of the socket.
The terminals SSB projecting over the lower surface STB
of the socket ST are inserted into through via conductors of
another substrate WT so as to be secured by using a soldering

25 material HD.

-12-



5 Results of the neasurenent were shown in Table 2. 08 MAY 2002
Conpo- HSMel t i ngTenpe- Appear ancevent (nm) Poi nt of rature

of Sol deri ngSol deri ngMateri al Materi al * C CEnbodi ment 95Sn5Sb0. 22240250sat i sf ac
t or y4Enbodi ment 98Sn2Sb0. 33235245sat i sf act or ySEnbodi nent 80Sn20Sb0. 05315325de
teri orat ed6Conpar e- 37Pb63Sn0. 81183210sat i sfactoryti veExam | e

3Conpar e- 50Pb50Sn0. 70226236sat i sfactoryti veExamle 4 As can be understood

from Table 2,mpd mdpshy #9 SReupRheEONBYchBAREE @Re LRAqLeSNY Substrate
(according to enmbodinents 4, 5 and 6 ) arranged to use the Sn-Sb sol dering

10 mat e&d@é&&f?{ﬁ bk ﬁggreg L N80t e HR £ MpvandpaR¥esENted i @f the

r
sol dering nateri as co d wth Conparative Exanples 3 and 4 arranged

to use t Rgﬁ§nlfggc$§%€g%g§ﬁgﬁgélFglgoggg%gqular, enbodi ments 4 and 6

arranged to contain S wt % or rger are able to reduce the height HS

Comparat i ve Eum oot g e SAp AR R TBER PRt BReGRRIBRAEAG it er
e e U e e L e
the ot hér STESHRITY o B Rl ABRRIIEL 6 Tehetsoiv B aded i nat the
et or | o da Ve e VEr o RETFAARE A0F kDB SRR R s made of
he sol dart g il SMPAF AT, L S el SRR b 8 raF) BhOF SRitet oer .
poi nt s B HAE g A6 UnERe ey ER B B JRfbgt PACEL MABE P14 0%0ce 1 ne
por For micat Hh oy esbbd SRnE™ag ISR EboMILEY oF s SRR O TOTE O
15 oxcel TOREnadE Fog S aReeEdRn Sl e lhen R liBraReR” YRR, T2V
col tor | g el e I5F B2CF drRYSF L B BheRE pRA°TLE SrBRRRRR MIRRL | J°

enbodimgg f&aﬁg% I%%§%€g§1gﬁg;gaségﬁtggpstrate 21 made of resin 20

according to € n as the structure that the sol dering
material 35 f ri ' 3 d I 5. made of
Sn- Sb. Ther ererar LT b P o e B Har TR B Rt atiante e

Pb- sol dering material. Therefore, the height HS of upward 25 novenent
can be reduced. It leads to a fact that the shaft portion 31B of the pin 31

can sufficiently deeply be insert&g]jgzl

Compo- HS Melting Tempe-— Appearance
nent (mm) Point of rature of
Soldering Soldering
Material Material
°c) (°c)
Embodiment 95Sn5Shb 0.25 240 250 satisfactory
1
Embodiment 985n2Sb 0.35 235 245 satisfactory
2
Embodiment 80Sn20Sb 0.06 315 325 deteriorated
3
Compa- 37Pb63Sn 0.84 183 210 satisfactory
rative
Example 1
Compa- 50Pb50Sn 0.74 226 236 satisfactory
rative
Example 2

As can be understood from Table 1, the height HS of upward
movement of the soldering material 15 which was Sn-Sb

soldering material according to embodiments 1, 2 and 3 was

-13-



0 8 MAY 200Z into the through hole TDH. Thus, gap TS between the firz} @E@@
surface 22A of the substrate body 22 and the upper surface WBA of t@ %
substrate WB can be reduced. Therefore, the overall height realized after
the substrate 21 nade of resin 5 has been connected to the other substrate
WB can be reduced . The projection height PS of the pin 31 is a short

| ength of 1 nm However, also the height of upward novenent of the

sol dering, pt@hi 8l ehibdFinasuiced o.. 3Ehame] Ar &nbddemBRE 1 Ahdh .olsemmhaf t
portion 11H, the dianeter of which is enlarged, is 10 decreased. Thus, the

pi n can dgepinodendisert elsidinpdhes thiausbnpot 8t THE Sfantee Pt begasubstrat e

VWH so that reliable connection’is established. Since the Au-plated | ayer 33

formed ogmthecsibhaas i%% £REmPLE Bankas, A hdf 98 digdnas Sy OExAmBPeum t he
antioxidation 15 characteristic and reliability of the connection wth the

other substsatenfBacan Bfe Y @tRtin MNSR4AIg Wt 7L NG ROLB GRE t he

sol dering nmateri 35 according to enbodinents 4 and 5is relatively | ow.

Ther of Of s 8¢ RLGALA! ndINRACHGE! LARuRAl RSpabRNee ks not 20 Tequired

to prevent decoforation of the resin insulatinglayer 23 and the sol der
resi st 'éMﬁBd%eﬁEg P%Jn%r ho&%ﬁf%{‘niﬁ' tSﬁ?bE”?Wt@} b?gl%f' AGISd shhe when
ig ten%erat re.

soldering Is perfornmed at a The substrate 21 nade of

Cubst rat S bbe 5 TR IRTIE U Gf S ht Mot Rod Fhen. OSCahndlar

sol der -23, Y 2002 preform made of the Sn-Sb soldering material 35 (
sosn srergad dol ¢ 4, 98Sn-2Sb in enbodiment 5 and 80Sn -20Sb in

S o0 P BEEPE GERRLELCEPIARIAL AP 28 balbtst T
10 to use the Pb-Sn soldering material encountered a fact that
a major portion of projection of each pin was wetted with the
solder. Therefore, the length of each pin which can be
inserted into the socket is insufficiently short. Hence it
follows that the resin substrate cannot reliably be joined
15 to the socket.

Note that embodiment 3 encountered a fact that the
substrate body was partially decolored and the insulating
layer deteriorated. The substrates made of resin except for
embodiment 3 has the structures that the melting point of the

20 soldering material is 240°C in embodiment 1, 235°C in
embodiment 2, 183°C in Comparative Example 1 and 226°C in
Comparative Example 2. The foregoing temperatures were
relatively low temperatures which were 280°C or lower. Also
the soldering temperatures are somewhat higher than the

25 melting points by about 10°C. On the other hand, embodiment

3 is arranged to use the soldering material having the melting

-14-



5 the pins were inserted, and then the soldering material 35 is heatgﬁ ﬁ‘livzﬁuz
tenperature which is higher than the nelting point by about 10C for

m nute. Thus, the pins 31 are secured to the substrate body 22 so that the
substrate 21 nade of resin is manufactured. 10 The enbodi nents of the
present invention have been described. The present invention is not limted
to the description of the enmbodinents. As a matter of course, arbitrary

fmdificaé & 008 iB¥nbE BeEPErIRAa M shg tggf%ef%ﬁm%foltd@cdﬁ%jé{@z%“d.he

present 1 nvention. 15 For exanple nts 1, 2 an have t he

S
o g;ﬁ@ggttrg@%egmaﬁ Fod 41RAS 10 fesagsb§ ERNahole { nspoket ST In

substr at resinis joined to the

T gﬁ& ;hﬁﬁ%é L B R B e R hiéﬁsrﬁ?%?gf"%%i@?h%é’%ﬁ%’@g?;{t”%i

gggﬁe? ér}ﬁéé?eng{f;ﬁﬁo 1peac E‘?Qﬁ’ﬁ %a‘%}lé‘lg}? E)g J'1 tig Q’g¥%F1?BoO]9E1{Pﬁe tpion:sj (131
1

moverent g TR S dreny i BEeE By l%%ﬁﬁ%gnéﬁﬁaE%Se%a%@a°5Cr‘ﬁ2r“’2¥ore,

the gap ;24 .. Q.8 Sgﬁ gosooa@p FhaEa1 01 BBE,SuBsLnaLE Bedi gy o and 22

and the 8 e or et can e reduc Y 200z 1.
A resin %H? rate |S|ngay€dsubstrate body nade of resin or a conposite

mat eri al —con If‘enrllng resine ofmed into a plate-like shape which has 5 a

T et R SR, ROPLLELHER BRI B L
o e TR ETAR AL .“nf*zs%f%%fa%ﬁ;%%%ﬁ WE'&“ faffes” o
(500, SRS R0 AL B AT, JORLEL, BN P T
e T SrtREpASHE! SR e %w%%%ge L
o P D S A YR P BAEE BT A ALY e

Therefore, the height HS of upward movement of the soldering

material 15 can be reduced. In particular, the quantity of
15 contained Sb is 3 wt% or larger such that the quantity is

5 wt% in embodiment 1 and 20 wt% in embodiment 3. Therefore,

the height HS of upward movement of the soldering material

15 can furthermore be reduced.

Therefore, the pins 11 can sufficiently deeply be

20 inserted into the socket ST. Thus, gap DS between the first

main surface 2A of the substrate body 2 and the upper surface

STA of the socket ST can be reduced. Therefore, the overall

height realized after the substrate 1 made of resin has been

joined to the socket ST can be reduced.

25 The length (projection length) PS of the pin 11

projecting over the first main surface 2A is a short length

-15-



25 the quantity of Sb contained in said soldering material is 15 w?9 T]@ AY 2007
smal ler. -26 0 8 MAY 2002 6. The resin substrate according to claim iM
wherein said soldering material has a nelting point of 280C or |ower. 7.

The resin substrate according to claim3, wherein 5 said soldering materi al
has a melting point of 280C or lower. 8. The resin substrate according to
claim1, wherein said soldering material further conprises at |east one of
Ag, Bi, d¥,1 Rm. | Bowdber s al®o the hesghtsubsbratpwacgoicvagenbesei n t he

sol derlng material conprises weight of Sb. toclaiml, 3%to 15%by 27

- ALAE AW ¥ollidd iy mAcA il Ab. M Rludtd Auchl tha BYery #AAEs A0 As A. LA
A& A A 9s(36AUHaY (T X

8{val gbln cal el sedied ca) Qﬁlmhﬁalﬁakﬁ@baah@a}t%abc aheapcsl em] o@] ca] cal ca
] cha] cha] ca] ca] ca] ca] ca] cRa] c: a] ca] cal

P#~ OL} xséhishdd héeat § & Cahhalreadral ceh@a&fa]@@éﬁadm]q%akﬁakeaﬂ&ﬁ&mﬂ ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal *U

WK} xsni o ¢ | &) 05d Cé‘ﬂlfé‘f&é]iCa]:ﬁﬁ]s&‘ﬁllgcﬁ}l@abﬁi‘l:(i%}lc%}x(i%c%]a(iﬁ]o(ia]b%a] ca] caj ca]
ca] ca] cal] ca] ca] ca] ca] ca] Ca] ca] ca] ca!

L1 ShOPReA &&&%\@L}s&r}u&.ékl ealvalcafdaepal el aareaieg) caleal cal cal ¢
aJ cal cal ca] ca] ca]lca]ca]lca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal V&&&&&& V' "' ("
(1 ((() Nsundgdee){ “wtattd *af } X d_LAh CAd LAdI5 Py Ci5d C@&ﬁﬁé&@é&a&&ad&al ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal ca] ca] ca]ca]ca!,

11111 1W 2 LY 2@329& 3334T4444

5| wmhc”Y] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]
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13 is prepared. Then, the solder ball 15A is heated and melted
10 at a temperature higher than themelting point of the soldering
material by about 10°C for one minute. As shown in Fig. 3C,
portions of the large-diameter portion 11A and the shaft
portion 11B of the pin 11 adjacent to the connection pad 4
are secured to the substrate body 2. Thus, the substrate 1
15 made of resin according to this embodiment is manufactured.
The soldering material 15 is wetted by the shaft portion
11B of the pin 11 which is applied with the Au plating 13 so
as to be formed into a moderate fillet shape having a
relatively low height HS of upward movement. The Au-plated
20 layer 13 made contact with the soldering material 15 is melted
and dispersed in the soldering material 15 in a very short
time. Therefore, the soldering material 15 is welded to the
Ni-P-plated layer 12 of the pin 11, as shown in Fig. 1.
(Embodiments 4, 5 and 6)
25 Embodiments 4, 5 and 6 will now be described with

reference to Fig. 4. A substrate 21 made of resin according
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The substrate 21 made of resin has a substrate body 22
formed into substantially a rectangular shape and having a

10 multiplicity of nail-head-shape pins 31 in the lattice-like
configuration by using a soldering material 35 made of Sn-Sb.
Embodiments 4, 5 and 6 are different from one another in only
the soldering materials 35. The other portions are the same.
A soldering material (having a melting point of 240°C) made

15 of 95Sn-5Sb is employed in embodiment 4, a soldering material
(having a melting point of 235°C) made of 98Sn-2Sb is employed
in embodiment 5 and a soldering material (having a melting
point of 315°C) made of 80Sn-20Sb is employed in embodiment
6.

20 The substrate body 22 has a resin insulating layer 23
and solder resist layers 25 and 29. The resin insulating
layer 23 has a through hole 36 formed from the lower surface
23A to the upper surface 23B. Moreover, a through via
conductor 37 is formed in the inner wall of the through hole

25 36. A first connection pad 24 is formed around the through

hole 36 at a positiononthe lower surface 23A. A solderresist
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~&d" 10% &'
&d Moﬁé&égil—head—shape large~diameter portion 31A (having a

diameter of 0.6 mm and a height of 0.1 mm) and a shaft portion
31B (having a diameter of 0.38 mm and a height (a length) of

10 2 mm. A Ni-P-plated layer 32 having a thickness of 2 um is
formed on the overall surface of the pin 31. Moreover, an
Au-plated layer 33 having a thickness of 0.05 um is formed
on the Ni-P-plated layer 32. Similarly to embodiments 1, 2
and 3, portions of the surface of the pin 31 to which the

15 soldering material 35 has been welded are welded to the
Ni-P-plated layer 32.

The pin 31 is soldered while the large-diameter portion
31A is being engaged to the second connection pad 28. The
shaft portion 31B penetrates the through via conductor 37 to

20 project downwards over the first main surface 22A so as to
be soldered to the through via conductor 37 and the first
connection pad 24. Thus, the pins 31 are secured to the
substrate body 22. The portion of the soldering material 35
welded to the portion of the first connection pad 24 and the

25 shaft portion 31Bof the pin 31 is formed into amoderate fillet

shape in the form of a circular truncated cone shape. The
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35 over the first connection pad 24 is 0.22 mm in embodiment
4, 0.33 mm in embodiment 5, and 0.05 mm in embodiment 6. Note
that the height PS of projection of the pin 31 over the first
main surface 22A is 1 mm.

Fig. 5 is a partially enlarged cross sectional view
showing a state in which the substrate 21 made of resin has
been joined to another substrate WB. The substrate WB has
a multiplicity of through holes TH corresponding to the
positions of the pins 31 of the substrate 21 made of resin.
A cylindrical conductor layer TD having a through hole TDH
is formed in the inner wall of the through holes TH and around
the through holes TH of the upper and lower main surfaces WBA
and WBB. A portion of the shaft portion 31B of the pin 31
is inserted into the through hole TDH of the other substrate
WB so as to be soldered. Thus, the substrate 21 made of resin
is connected to the other substrate WB.

The height HS of upward movement of the soldering
material 35, the appearance of the substrate 21 made of resin
and the like were examined as follows.

The height HS of upward movement of the soldering
material 35 of the substrates 21 made of resin according to
embodiments 4, 5 and 6 having the structures that the
compositions of the solderingmaterials 35 weredifferent from
one another was measured. An average value of five samples

was obtained. Also the appearance of the substrate 21 made
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according to embodiments 4, 5 and 6 except for the soldering

materials to perform similar measurement and inspection.

5 Results of the measurement were shown in Table 2.
Table 2
Compo- HS Melting Tempe- Appearance
nent (mm) Point of rature of
Soldering Soldering
Material Material
(°c) (°c)
. Embodiment 95Sn5Sb 0.22 240 250 satisfactory
4
Embodiment 98Sn2sb 0.33 235 245 satisfactory
5
Embodiment 80Sn20Sb 0.05 315 325 deteriorated
6
Compara- 37Pb63Sn 0.81 183 210 satisfactory
tive
Example 3
Compara- 50Pb50Sn 0.70 226 236 satisfactory
tive
Example 4

As can be understood from Table 2, similarly to the
foregoing inspection, the resin substrate (according to
embodiments 4, 5 and 6) arranged to use the Sn-Sb soldering

10 material is able to reduce the height HS of upward movement
} of the soldering material as compared with Comparative
Examples 3 and 4 arranged to use the Pb-Sn soldering material.
In particular, embodiments 4 and 6 arranged to contain Sb by
3 wt% or larger are able to reduce the height HS of upward
15 movement of the soldering material.

On the other hand, Comparative Examples 3 and 4 arranged
to use the Pb-Sn soldering material encounter wetting of a
major portion of projection of the pin with the solder.

Therefore, the shaft portion of the present invention cannot
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Note that embodiment 6 encountered a fact that the
substrate body was partially decolored and the insulating
5 layer deteriorated. Similarly to the foregoing inspection,
the substrates made of resin except for embodiment 6 has the
structures that the melting point of the soldering material
is a relatively low temperature of 280°C or lower. Also the
soldering temperatures are somewhat higher than the melting
10 points by about 10°C. On the other hand, embodiment 6 is
arranged to use the soldering material having the melting
point which is 315°C and arranged to perform soldering at 325°C.
Thus, the temperatures are high as described above. When a
substrate body made of a material, such as polyimide, having
15 excellent heat resistance was employed, decoloration of the
substrate body and deterioration in the insulating layer did
not occur when the soldering material according to embodiment
6 was employed, similarly to embodiment 3.
As described above, the substrate 21 made of resin
20 according to embodiments 4, 5 and 6 has the structure that
the soldering material 35 for securing the pins 31 and the
substrate body 22 is made of Sn-Sb. Therefore, low
wettability can be realized as compared with the Pb-Sn
soldering material. Therefore, the height HS of upward
25 movement can be reduced. It leads to a fact that the shaft

portion 31B of the pin 31 can sufficiently deeply be inserted
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the pin 31 has a large thickness of 0.05 um, the antioxidation
15 characteristic and reliability of the connection with the
other substrate WB can be improved.
Moreover, the melting point of the soldering material
) 35 according to embodiments 4 and 5 is relatively low.
Therefore, a material having excellent heat resistance is not
20 required to prevent decoloration of the resin insulating layer
23 and the solder resist layer 25 and deterioration in the
insulating characteristic when soldering is performed at a
high temperature.
The substrate 21 made of resin according to this

25 embodiment is manufactured such that the substrate body 22

is manufactured by a known method. Then, an annular solder
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embodiment 4, 98Sn-2Sb in embodiment 5 and 80Sn-20Sb in
embodiment 6) is placed on the second connection pad 28 of
the first main surface 22A of the substrate body 22. Then,
the pins were inserted, and then the soldering material 35
is heated at a temperature which is higher than the melting
point by about 10°C for one minute. Thus, the pins 31 are
secured to the substrate body 22 so that the substrate 21 made
of resin is manufactured.

The embodiments of the present invention have been

described. The present invention is not limited to the

"~ description of the embodiments. As a matter of course,

15

20

25

arbitrary modifications may be performed within the scope of
the spirit of the present invention.

For example, embodiments 1, 2 and 3 have the structure
that the substrate 1 made of resin is joined to the socket
ST. In embodiments 4, 5 and 6, the substrate 21 made of resin
is joined to the other substrate WB. The substrate 1 made
of resin according to embodiments 1 and the like may be joined
to the other substrate or the substrate 21 made of resin
according to embodiments 4 and the like may be joined to the
socket. The length of each of the shaft portions 11B and 31B
of the pins 11 and 31 may arbitrarily be adjusted. In any
case, the height HS of upward movement of the soldering

materials 15 and 35 can be reduced. Therefore, the gap
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substrate or the socket can be reduced.
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a pin having a surface on which an Au-plated layer is
formed;

wherein said pin is soldered to said substrate body with

i a soldering material comprising Sn and 2% to 20% by
10 weight of Sb so as to be projected over said first main

surface of said substrate body.

2. The resin substrate according to claim 1, wherein
the height of said pin projecting over said first main surface

is 2 mm or smaller.

15
3. The resin substrate according to claim 2, wherein
the thickness of said Au-plated layer of said pin is 0.04 pm
) or larger.
20 4. The resin substrate according to claim 2, wherein

the quantity of Sb contained in said soldering material is

15 wt% or smaller.

5. The resin substrate according to claim 3, wherein
25 the guantity of Sb contained in said soldering material is

15 wt% or smaller.
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9. The resin substrate according to claim 1,
wherein the soldering material comprises 3% to 15% by

weight of Sb.

-27-



