10 NOV 2003 1 DESCRIPTION El ectronic Conponent, And El ectronic Apparatus
I'n Which The Electronic Conponent Is Munted And Its Manufact urf GoNGYH2603

FI ELD OF THE | NVENTI ON The present invention relates to an electronic
conponent, an electronic apparatus nounted the el ectronic conponent and a
met hod of manufacturing the electronic adparatus. The invention relates
particularly to the electronic conponent, the el ectronic apparatus nounted
the electronic conponent and the mepESUCRETIRAQUf acturing the apparatus to
address probl ens of the environment on the earth. BACKGROUND OF THE

| NVENTI ON Recently, for inproving the pollution of the environment on the
earth, a big effort Hegranegompangst, AndBlectioninAppasiusgnhWhigidous

subst ance such lead in el ectroni ar af us ch as tel evi gion
receivers or vi dgﬁﬁgf%ﬁomé %B?@ntihgﬁﬂmfﬁ éﬂgiﬁs fn ,ctugwgg}ie’%qo,d Sn- Ag,
Sn-Zn or Sn-Cu based-lead- free solder is actively in research and

devel opnent instead of a conventional Sn-Pb based eutectic sol der

wi del y-used in assenbly of the EIFJDQOMTEE BOVENTIONES. I n these lead free
sol ders, the Sn-Cu based-eutectic alloy is especially noted as a sol der

used in a flowinfillher guwessnts dhcentiong refpies atausan  gleetrenicCcamapenenbutact i
alloy can i P efectronic %%Bialpa Is ?rrl]gur?tlegct rei glglctronic component and a method of
manufacturing the electronic apparatus. The invention relates particularly
to the electronic component, the electronic apparatus mounted the
clectronic component and the method for manufacturing the apparatus to

address problems of the environment on the earth.

BACKGROUND OF THE INVENTION

Rec‘ently, for improving the pollution of the environment on the earth,
a big effort has been actively made for not using hazardous substance such
as lead in electronic apparatuses such as television receivers or video tape
recorders.

Under this situation, an Sn-Bi, Sn-Ag, Sn-Zn or Sn-Cu based-lead-
free solder is actively in research and development instead of a conventional
Sn-Pb based eutectic solder widely-used in assembly of the electronic
apparatuses. In these lead free solders, the Sn-Cu based-eutectic alloy is
especially noted as a solder used in a flow-infiltration soldering apparatus.
The Sn-Cu based-eutectic alloy can improve mechanical and electrical
characteristics properties in a solder joint as well as economical situation.

On the other hand, in the soldering by a flow-infiltration method using
the Sn-Cu based-eutectic alloy, an external terminal in the electronic
component placed on a printed circuit board is Sn-Pb plated or Sn plated in the
surface of the terminal. An electronic component plated with Sn-Bi or Sn-Ag is

considered to produce a lead-free external terminal.



characteristics properties in a solder joint as well as econom cal
situation. On the other hand, in the soldering by a row—infiItr‘hﬂiNﬂV 2003
met hod using the Sn-Cu based-eutectic alloy, an external termnal In the
el ectronic conponent placed on a printed circuit board is Sn-Pb plated or
Sn plated in the surface of the termnal s An el ectronic conponent plated
wth Sn-Bi or Sn-Ag is considered to produce a | ead-free external
termnal. 10 NOV 280Rer? différent andthesect agePlsl Bsugly, as Ph,isBnixe0int6rthén is
m xed into the nelted Sn-Cu eutectic alloy and the mxture is left for a
long tine, a tidliedi In-Gyaeuteetic eHoy hadpthe misduxsi isdefit fob @alongi timpeelcitsift a
Sn-Cu alloy layer. Accordingly, reljability of the_apparagus |.owered. The
peeling is capg‘gﬁn" |90 ttﬁe o?lflgt.e\él RUEH  Board: iy npeel o8 é‘ng‘k&k}f alAy craver.
external term i I A n L Qi t tal s, iiskers
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may short. Theffpresent invention can address the problens and provide the
el ectroni c conponent which is friendly to the environnment of the earth and
hi ghl y-reliabl e i nimthoelectrbaionemnpohmnt eoft whivhl extemal tainioél isheatedewithoni ¢

conponent and_the circuit pattern on the printed circuit board. DI SCLOSURE
OF THE | NVENTPENGOR{RIBNRE A9 s metals, whiskers snay e rrmedndepending joh a

there i's provigded oGiHBAPHN AtuRhiEH AL RPIRY SRk, cOTPI 1 S ng:

The present invention can address the problems and provide the

electronic component which is friendly to the environment of the earth and
highly-reliable in a joint between the external terminal of the electronic

component and the circuit pattern on the printed circuit board.

DISCLOSURE OF THE INVENTION

According to a first aspect of the present invention, there is provided
an unmounted electronic component comprising:

an external terminal; and

an Sn-Cu alloy layer over a surface of said external terminal.

According to a second aspect of the present invention, there is
provided an electronic apparatus comprising:

a printed circuit board; and

an electronic component comprising;

an external terminal; and

an Sn-Cu alloy layer over a surface of said external terminal,
wherein said external terminal of said electronic component and a circuit
pattern on said printed circuit board are electrically jointed with Sn-Cu
based alloy containing no lead, and said Sn-Cu alloy layer is formed before
the jointing,

According to a third aspect of the present invention, there is provided
a manufacturing method of manufacturing an electronic apparatus
comprising the steps of:

forming an Sn-Cu alloy layer over a surface of an external terminal



an external termnal; and an Sn-Cu alloy |ayer over a surface of a&b
external termnal. According to a second aspect of the present lgv V02003
there is provided an el ectronic apparatus conprising: a printed circuit
board; and an el ectroni c conponent conprising- an external termnal; and an
Sn-Cu alloy | ayer over a surface of said exter nal termnal, wherein said
external term nal of said electronic conponent and a circuit pattern on

sai d printed gf i 6idctdRdd Bompenehectrically jointed with Sn-Cu based all oy
containing no |lead, and said Sn-Cu alloy layer is fornmed before the

jointing. Accordi nmmountiagt the ctclestpamit obmipoaept ezdht then\SanCuonlloyhéaeeri s
provided a manufacturing nethod of , mapufacturing an el ectroni c apparatus
conpri si ng t horgtesdherearopraginad sieelf baardyantyer over a surface of an

criernal term el JNRARO0R Rk, e AT SoFOPRETE IpEC b
Phe el ect roni & RORCH aff @ Seak i o She ghiicd Wiiclie SOARL il Pulet ©
board with Snb43ed alloy containing no lead.
In the present invention, Sn-Cu alloy layer is disposed over the surface
of an external terminal in an electronic component. The Sn-Cu alloy layer
preferably contains 0.5-3% of copper. An electronic apparatus of the present
invention employs the electronic component of the present invention. The
electronic component can be coupled to a circuit pattern with a Sn-Cu

eutectic alloy.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a cross sectional view of an electronic apparatus according to

an exemplary embodiment of the present invention,



based all oy containing no lead. In the present invention, Sn- Cu‘]ag N@Va@@ﬁa
I s disposed over the surface of an extgrnal termnal in an electronic.
conponent. The Sn-Cu alloy layer preferably contains 0.5-3% of copper. An
el ectroni c apparatus of .the present invention enploys the electronic
conponent of the present invention. The electronic conponent can be
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bath with dlssolved Sn-Cu alloy. The “x” shows that the zero crossing time is

not less than 3 seconds, and the circle shows the other result.

Table 1 |

. Cu-Concentration 0 | 03. 0.5 1.0 30 | 5.0
in Alloy (%),
Rate of Forming 5/10 3/10 0/10 0/10 0/10 0/10
Whiskers
Solder-affinity | © e} o o o) X

Condition of measurement;
Temperature of Sn-Cu soldering: 255°C
Velocity of immersion: 5Smm/sec (Imm/sec)
Depth of immersion: 2mm (O.Imﬁ)
_ Flpx: rosin based active flux

.Measuring device: SAT-5000 (REHSCA Company, Lt_d.)

As evident from table 71, in the case that the outermost layer of wire 4 or
external terminal 7 in the second electroﬁi_c 6omponent is ma;:le of Sn-Cu alloy -
and the Sn-Cu alloy contains 0.5-3% of Cu, whiskers are not formed, and
solder-affinity is favorable.

' Moreover, wire 4 of first electronic componenf 3 and external terminal 7

of second component 6 are electrically coupled to circuit pattern 2 on printed



Rate of Form ng5/1031100/100/1001100/10 Whi skers Sol der-affini rp@o ggna
Condi ti.on of neasurenent; Tenperature ofgSn-Cu sol dering: 255C Vel ocity o
i mrersion: 5nmf sec (I mm sec) Depth of Tmrersion: 2nm (0.1nm Flux: rosin
based active flux .Measuring device: SAT-5000 (REHSCA Conpany, Ltd.) As
evident fromtable 1, in the case that the outernost |ayer of wire 4 or

external t airowitdlodfdl D rédiRcsioenndiLRCORUNILCHOMRIRY LS WAL SRR

alloy and the, Sn-Cu alloy contains 0.5-3%o0 ers’are no

and  sol dewifd 4 oRiekyering] tenpnal ;s iNDLEPAWRIin Mo’ BefteQ'sd-CiSlugh8S LHRD! C
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| ed t i rcAl ; 'rgfeﬁjl ci.rcuit.board 1
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. . P . ) : 1oy, A
external t@AaNbRaeséribedi Mersed in the melted Sn-Cu eutectic a _
manuf acturi ng nmethod of the electronic apparatus as shown above w Il be

I R TR N S
S. is formed over printed circuit board 1 having through-hole 5.

Then, wire 4 having the Sn-Cu alloy layer in first electronic component
3 is in_serted into through-hole 5, and second electroni(:-coﬁponent 6 having
‘external terminal 7 with Sn-Cu alloy layer is fixed by an adhesive if necessary.

Then, wire 4 of first electronic component 3 and external terminal 7 of
'sécond electronic component 6 are electrically jointed to circuit .pattei‘n 2 on
printed circuit board 1 with the flow-infiltration method using molted lead-

.free Sn-Cu eutectic alloy.- They are jointed by Sn-Cu eutectic alloy layer 8.
_Bécause wire 4 of ﬁrét electronic componént 3 and external terminal 7 of

“second electronic component € are coated with Sn-Cu alloy layer of the |
embodiment, differeﬁt r_netals do not exist between Sn-Cu eutectic alloy iayer 8
for joint and wire 4 or external terminal 7. The connection between the
electronic component and circuit pattern is thus stable. '

In the above description, the method of manufacturing fhe electronic
apparatus by using the flow-infiltration method for soldering- is described.
Furt:herinore, when mounted electronic components are all surface-mounted
type aﬁd also the surface of the external terminal thereof is coated with Sn-CU
alloy layer with a composition of the alloy of the present invention, the ‘flow
soldering using Sn-Cu alloy can be used.

And also, in the above description, Sn-Cu eutectic alloy is used, however,
when manufacturing the electronic apparatuses, Sn-Cu alloys of no-eutectic

type also can be used depending on conditions.



Then, wire 4 having the Sn-Cu alloy layer in first electronic Cir@ﬂwm
is inserted into through-hole 5, and se @nd el ectroni c conponen 3
external terminal 7 with Sn-Cu alloy layer is fixed by an adhesive if
necessary. Then, wire 4 of first electronic conponent .3 and external
termnal 7 of second electronic conponent 6 are electrically jointed to

circuit pattern 2 on -printed circuit board 1 with the flowinfiltration
met hod using nolted | ead- free Sn-Cu eutectic .alloy. They are jointed by

Sn-Cu eutectic alloy |ayer 8. Pﬁ?ﬁ st el ectronic conponent
3 and external term nal 7 of secgm‘?‘%@ﬁ%ﬁ Tv%onent 6 are coated with
Sn-Cu al | oy Iay different do not exl st bet ween
Sn- Cu eutectic a on Ité]l;e/'rﬂlebr Q’gb%i%neljeﬁrﬁpmaﬁﬂm\ﬂopﬁn g peeseRt Weention 7.
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surface-no %‘ﬁgg}?tt%n and al s r&?éhe sur ace, of the external term nal t-hereof

i s coated aF | B Prinked ciyguat, aa%ﬁnb%éqlpt%h“at ehBowtindiltrationhe

present inye t he fl ol derj ng ing Sn-Cy all oy can be used. And.

also, in tﬂje@né%(g\‘/@l%géppﬁﬁlocﬁ‘ i@b’éi&& tén&#ﬂl%ﬁol@h@éﬂ% ohbimdoethe
appar at uses, Sn-Cu al |l oys of no-eutectic

when manuf 'gﬂﬁ h&- el ectro g’
type al so ﬂ'n HEEed Bgﬁ%qﬂﬁq#g% ﬁc%‘bﬁf’dﬁhﬁeﬁ% mgtalgdonawt exigiin the jointed

portion, a stable joint is provided, and reliability of the electronic apparatus is ‘

~

improved. The electronic apparatus of the present invention, which has a
Sn-Cu alloy layer with the most favorable Cu-concentration over the surface of
its external terminal, is also reliable for preservation.
According to the Present invention, Without using metal affecﬁng the
-environment of the earth such as lead, hlghly-rehable electromc apparatus

can be produced w1th great industrial avaﬂablhty



| NDUSTRI AL AVAI LABI LI TY As shown above, the el ectronic conponent of the:
present invention includes a Sn-Cu alloy |ayer having a specifi
Cu-concentration over the surface of an external termnal. Thar@mﬂéj 2&081
the external termnal and a circuit pattern on a printed circuit board are
jointed wwth a flowinfiltration nethod using. a nolted Sn-Cu all oy,
different netals do not solve out into thF Sn-Cu al l oy. Consequently,
because different netal do not exist in thhe jointed portion, a stable
joint is provided, and reliability of the electronic apparatus is

I mproved. The el ectroni c apparatus of (E]Pgngjsesent I nvention, which has a
Sn-Cu alloy layer with the nost favora -concentration over the surface
of its external termnal, is also reliable for preservation. According to
the present invention, without using netal affecting the -- environnent of
the earth such as ﬂeaknumngLMthelecmtmhi@nqjoaemtrconipdsiagpar atus can be
produced wth great |ndustr| avai | abl lity. 10 NOvV 2003 7 CLAIMS 1. An
unmount ed el ect roni ¢ 8gTHS ﬁfe ,,ag ng: an external termnal; and an

ol ect roni ¢ companent - acibPiis egT kR er X KRG #%ﬁ‘sx%analéaniwby | ayer
contains 0.5-3% of Cu. 3. An electronic apparatus conprising:

2. The electronic component according to claim 1, wherein said Sn-

Cu alloy layer contains 0.5-3% of Cu.

3. An electronic apparatus comprising;
a printed circuit board; and
an electronic component comprising:
an external terminal; and
an Sn-Cu alloy layer over a surface of said external terminal,
wherein said external terminal of said electronic c'omponent and a circuit pattern
on said printed circuit board are electrically jointed with Sn-Cu based alloy

containing no lead, and said Sn-Cu alloy layer is formed before jointing,

4. The electronic apparatus according to claim 3, wherein said Sn-
Cu alloy layer over the surface of said external terminal contains 0.5-3% of
Cu.

5. The electronic apparatus according to claim 3, wherein said Sn-
Cu base alloy jointing said external terminal of said electronic component

and the circuit pattern on said printed circuit board is Sn-Cu eutectic alloy.

6. A manufacturing method of manufacturing an electronic
apparatus comprising the steps of:
forming an Sn-Cu alloy layer over a surface of an external

terminal of an electronic component;



a printed circuit board; and an el ectroni c conponent conprising: an
external termnal; and an Sn-Cu alloy | ayer over a surface of qmgﬂmeg@
termnal, wherein said external termi nal of said electronic co

a circuit pattern on said printed circuit board are electrically jointed
with Sn-Cu based alloy containing no Ieagi, and said Sn-Cu alloy |ayer is
formed before jointing. 4. The el ectroni c apparatus according to claim 3,
wherein said Sn- Cu ahfmtingyek &%@froﬁf&?c&ﬁgBﬁ&ﬁ RfithS Med SRACET ARy flé;{é?‘ nal
contains 0.5-3%of Cu. 5. The electronic apparatus according to - cldim 3,
wherei n sai d femmeduhbeoa @l & pyinted circwg beard] aedt er nal term nal of said

el ectronic conponent and the circuit pattern on said printed circuit board
is Sn-Cu eutectic all@gctrgally rjﬁmjmcttgﬁi ﬁgt%@hdgrmmagaﬁﬁf&m wleeironia

el ectronic apparatus copmprising the ste of ;. form.ng.an Sn-Cu.all oy | ayer
over a surfacgcp%f)o%?{ﬁe Cgr%nﬁllrcu é?’ar‘ﬁeﬁ%lOrgih%r]i’r’éﬁt%‘itcrlr&ﬂ?tcge%r:ap%ghlsp'éfﬁﬁ NOV
2003 8 nountpNgqtd $iftdi I 50§ onent with the Sn-Cu alloy layer forned
thereon on a printe yﬁ rcull'rﬂ?dgoo%r%%mand electrically jointing the external

termnal of the electronic conponent and a circuit pattern on the printed

circuit board with Sn-Cu _ .
The manufacturing method according to claim 6, wherein the Sn-

Cu alloy layer over the surface of the external terminal contains 0.5-3% of
Cu.

8. The manufacturing method according to claim 6, wherein the Sn-
Cu based alloy jointing the external terminal of the electronic component

and the circuit pattern on the printed circuit board is Sn-Cu eutectic alloy.



based all oy containing no lead. 7. The manufacturing nmethod accdrfii
claim®6, wherein the Sn- Cu alloy |layer @ver the surface of theqegtgﬂ]\gfzona
termi nal contains 0.5-3%of Cu. 8. The manufacturing nethod according to
claim6, wherein the Sn- Cu baséd alloy jointing the external term nal of
the el ectronic conponent and the circuit pattern on the printed circuit
board is Sn-Cu eutectic alloy. ABSTABRESTRACHRN el ectroni c conponent, which-
is friendly to the environnment of the earth and has high reliability in a

joint between aAnexeetrbalc éanpbnaht, iwihicheis ST the eAPRBAReA Y the
circuit pattern on a printed circuit board, is provided. Further, an

el ect roni-cearthpatidtias laghWeliahililieirheeidtohdisvectOMR 64 Al i(éfefgﬁiﬁ}ﬁgl ﬁféd. a

manuf acturi ng met hod of the electroni¢ apparatus are provi

el ectroni CeRefiRANE RbmfonbAe AMESERirduity PRkt BASa pMhid Q@éhﬂg\nbt@ﬁﬁghg"

all oy layer as the outernost -layer or the external™ termnal

Sn-Qu al | oyrdvaled. aS Fubehadl! 8h MKtk ME" apbBrANR SRNAAGL UL JlIELARE, the
el ectroni c” conponent is electrica ﬁ y couf;:llp to a desired circlit pa Gern
on t‘ he prigdmfofithtcust nRAAtddO%naNG: mAnth@hb% B¥Hod of the electronic
.apparatus are provided. The electronic component of the present invention has
a wire having a Sn-Cu alloy layer as the outermost layer or the external
terminal with the Sn-Cu alloy layer as the outermost layer. In the

manufacturing method, the electronic component is electrically coupled to a

desired circuit pattern on the printed circuit board by the Sn-Cu alloy layer.



