1 ELECTRONI C COVPONENT AND METHOD FOR MANUFACTURI NG THE SAME

CROSS- REFERENCE TO RELATED APPLI CATION 5 [0001] The application is based
:upon and clainms the benefit of priority fromthe prior Japanese Patent

~ Application No. 071975/2008, filed on fqarch 19, 2008; the entire contents
of which are incorporated herein by reference. 10 BACKGROUND OF THE

| NVENTI ON [ 0002] P afoNnreridapofenr AResi EDMENSiKDR! el ates to an

el ectronic conponent conprisin connecting termnal part that conprises
an el ectroconductive base MAABTRACIRRINGSTIdEr$AN im cont ai ni ng ni ckel

plating filmprovided on the surface of the el ectroconductive base
material. The present invention also relates to a nethod for manufacturing
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comprises an electroconductive base material and a
15 germanium-containing nickel plating film provided on the
surface of the electroconductive base material. The present
invention also relates to a method for manufacturing the
electronic component.
[0003] Background Art
20 Various electronic components such as packages
and circuit boards have been utilized as electronic components
on which a semiconductor chip or the like can be mounted.
Among them, for example, lead frames and BGAs (ball grid
arrays) may be mentioned as the package. In such electronic
25 components, soldering or wire bonding has hitherto been used
as bonding means. Specifically, the soldering or wire bonding
is utilized to bond an electronic component to a semiconductor
chip mounted on the electronic component or is utilized for
bonding to a connecting terminal in mounting a package to a
30 printed wiring board or the like. For example, in a lead frame,
a semiconductor chip is mounted, and wire bonding is applied
between an electrode in the semiconductor chip and an inner
lead in the lead frame while soldering is applied to an outer
lead.
35 [0004] Regarding such electronic component bonding and
mounting techniques, for example, Japanese Patent Application




2 Laid-Open Publication No. 8438/1997 discloses that, in a lead frane, a
nickel plating film a palladiumplating film and a gold plating filmare
sformed in that order on the surface of copper as a term nal base materi al

- “to inprove bonding properties in wire % bonding and sol der bondi ng

termnals. [0005] Further, Japanese Patent Application Laid-Qpen
Publ i cati on Jyg-OPR3¢ 1 R08ighsRlcosga 3igiabo 7 nidcRidodnbel inmantdagt uring

an el ectronic conponent in which a soldering pagt .is subjected to, surface
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by holdin ecific thickness relationshi g bet ween the palladium |ayer
and the golal teaydnal [motmsMaketint tot HBPrANAIDOOE 18 RO EHES dppM!E@nt s  of
the 155pr A UPR bOIAAKE i ABORImRkural i Ly of pall adium plating
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[0007] Thushanafaestisriag: amptelessranicel@snpemantc dipsndish aorldsgin@chni que

have been rBaéq% 4 lsat | i i fangl t, f
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solutions that can be used at a terminal part in an electronic
component and possess excellent solder wettability (for
example, Japanese Patent Application Laid-Open Publication No.
335986/2001 (USP 6811674 B2) and Japanese Patent
20 Application Laid-Open Publication No. 355093/2001).
[0007] Thus, various attempts as an electronic component
bonding technique have been made to form a plating film, for
example, in a bonding part, for example, from the viewpoint of
improving solder wettability of a bonding part or a connecting
25 terminal part.
[0008] However, there is still a strong demand for a further
size reduction or an enhanced density of packages. To meet
this demand, a reduction in film thickness of the bonding part
per se or a reduction in area is further required. At the same
30 time, there is a demand for a bonding part or a connecting
terminal part that can realize a good bonded state even when
the film thickness or size has been further reduced and the
bonding part has undergone a high-temperature heat history.
Specifically, a bonding part or a connecting terminal part, which
35 can realize a good bonded state even under severer conditions

than in the past, is desired. Accordingly, also from the



35 can realize a good bonded state even under severer conditions than in
the past, is desired. Accordingly, also fromthe 3 viewpoint of inproving
:a production efficiency, the formation of a bonding part or a connecting
“terminal part possessing excellent heat resistance and solder wettability,
whi ch can realize good bonding even when the bonding part or the 5
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that is, in further reducing the thickness of aWpI ating filmin the
bonding 20 part. [0010] Th&MMERNOF dRtINWENTIOMe descri bed by taking
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in further significantly reducing the thickness of a plating film
while maintaining heat resistance and solder wettability
comparable with those in the prior art techniques, that is, in
further reducing the thickness of a plating film in the bonding

20  part.
[0010] The present invention will be described by taking a
specific example. In a lead frame as the electronic component,
when a three-layered plating film of nickel (Ni)-palladium
(Pd)-gold (Au) is formed by adopting a conventional-type nickel
25 plating film free from germanium on the connecting terminal
part in the lead frame and using pure palladium and pure gold
respectively for the palladium plating film and the gold plating
film, in order that the three-layered film achieves a zero
crossing time of not more than 2 sec in a solder wettability test
30 using a eutectic solder in the air under heating conditions of
400°C and 30 sec, the thickness of the plating film should be at
least about 1 um for Ni, at least about 0.015 um for Pd, and at
least about 0.007 pm for Au. This value is close to the limit
value in the prior art techniques. By contrast, the present
35 inventors have found that, when a nickel plating film is formed
using a plating solution prepared by adding germanium to a



value in the prior art techniques. By contrast, the present 35 inventors
have found that, when a nickel plating filmis formed wusing a plating

:sol ution prepared by adding germaniumto a 4 nickel plating bath, a zero
"crossing tine of not nore than 1 sec upder heating conditions of 400C and
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[0011] The present invention has been made based on such
finding.
[0012] Accordingly, an object of the present invention is to

20 provide an electronic component comprising a plating film,
provided on a surface of an electroconductive base material in a
connecting terminal part, that possesses excellent heat
resistance and solder wettability and can realize a further
reduction in film thickness.

25 [0013] According to one aspect of the present invention,
there is provided an electronic component characterized in that
a germanium-containing nickel plating film is provided on a
surface of an electroconductive base material in a connecting
terminal part.

30 [0014]} According to another aspect of the present invention,
there is provided an electrical product comprising the electronic
component according to the present invention.

[0015] According to a further aspect of the present
invention, there is provided a method for manufacturing an

35 electronic component, which comprises forming a
germanium-containing nickel plating film on a surface of an



conponent according to the present invention. [0015] According to a further
aspect of the present invention, there is provided a nethod for
:manufacturing an 35 el ectronic conponent, which conprises formng a
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reduction in weight and size of the electronic component. A
further reduction in plating film thickness can significantly
contribute to the prevention of separation of the plating film
upon bending of the member. Accordingly, products in various

20 forms unattainable by the prior art techniques can be proposed.

BRIFF DESCRIPTION OF THE DRAWINGS
[0017] Fig. 1 is a conceptual diagram of a three-layered
plating structure comprising Ni, Pd, and Au provided in that

25 order on a conventional lead frame material;

Fig. 2 is a graph showing the relationship between
the concentration of germanium in a nickel plating bath and the
content of germanium in a nickel plating film formed using
nickel plating baths having respective various germanium

30 concentrations;

Fig. 3 is a graph showing the results of an
experiment in (2) a) in Example 1, that is, the relationship
between the heating time (sec) and the zero crossing time
(solder wettability), when an evaluation sample is heated under

35 predetermined conditions;
Fig. 4 is a graph showing the results of an



Fig. 3 is a graph showing the results of an experinent in (2) a) in
Exanple 1, that is, the relationship between the heating tine (sec) and
:the zero crossing time (solder wettability), when an evaluation sanple is
“heated under 35 predeterm ned conditians; Fig. 4 is a graph show ng the
results of an 6 experirrent in (2) b) in Exanple 1, that is, the

rel ati OnShlé)X Lehyesh Itnh enlt] gfxagﬁ e urﬁHart :,ag nltﬁléehen)ghtabh@gifﬁl | m
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Fig. 7 is a diagram showing the results (depth
15 profile) of an analysis in the depth-wise direction of a
three-layered plating film of an evaluation sample after heat
treatment (sample 5, present invention) for the behavior of
diffusion of nickel from a nickel layer with an X-ray
photoelectron spectroscopic analyzer (XPS).

20
DETAILED DESCRIPTION OF THE INVENTION

[0018] Electronic component
As described above, the electronic component
according to the present invention is characterized by
25 comprising the connecting terminal part having a surface of an
electroconductive base material and a germanium-containing
nickel plating film provided on the surface.
[0019] In general, in order to improve the heat resistance
of plating films in electronic components, preferably, upon
30 exposure to thermal load, nickel in the nickel plating film on the
surface of the electroconductive base material and the main
(base) metal (for example, copper) of the electroconductive
hase material as a substrate is diffused to the outermost
surface layer of the plating film and is exposed to the surface of
35 the plating film to prevent the oxidation of the plating film by
the air. Methods considered effective for preventing the




of plating films in electronic conmponents, preferably, upon 30 exposure to
thermal | oad, nickel in the nickel plating filmon the surface of the

el ectroconductive base naterial and the main (base) netal (for exanple,

" copper) of the electroconductive base 7material as a substrate is diffused
to the outernost surface |layer of the plating filmand is exposed to the
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and the gollthse material as the substrate into the surface layer by simply
adding germanium to a nickel plating bath in the formation of
the nickel plating film. This has been unexpectedly found by
the present inventors.

20  [0021] It is generally considered that the nickel plating film
according to the present invention is formed by adding
germanium to a nickel plating bath and performing nickel
plating and germanium is codeposited in the nickel plating film.
The present inventors have now found that germanium present

25 in the nickel plating film functions to prevent or delay the
diffusion of nickel into the pailadium plating film and the gold
plating film covering the nickel plating film.  Further, the
present inventors have found that germanium present in the
nickel plating film also has a barrier effect by which the

30 diffusion of the main metal (for example, copper) of the
electroconductive base material as the substrate into the
surface layer can be suppressed.

The behavior of germanium in the nickel plating film
described above includes a theoretical assumption, and the

35 assumption does not limit the present invention.

[0022] Specifically, according to the present invention,



plating filmcovering the nickel plating film Further, the present

i nventors have found that germaniumpresent in the nickel plating film
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features of present inve I'n one preferred enbodi nent of
the pr esentaﬂfﬂ nvfenfaﬁ)lhy flhecpledt lbdnlt@&:dhfgﬁi‘rﬁent Beeondionfied chetheesent

i nvention I A i al I adi um
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pl ati ngOf i IAQp23Yi dedlion enhe spréfegeedf emabq@rrﬁemel opl diieng PFEFBNThe
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preferred odlnent 0 I hvention, the electronic conponent
accor di ng tplatheg filesenta donepiatbnghiknaptavided ayethd 9Haragkthact ure

g?gﬂ th??lrﬁncléBf‘ldiggl&lﬂg]fﬁhgt: ﬁg\% kb%?ﬁ%'o‘#iﬂﬂ%ﬁﬂ%ﬁ%l ﬁ Fi?ﬂgjef@rfn Whenni ckel
the palladium plating film or the gold plating film can protect
the nickel plating film, for example, against corrosion such as
oxidation, and, for example, the heat resistance and the solder
wettability can be improved.

20 [0024] In one more preferred embodiment of the present
invention, the electronic component according to the present
invention has a three-layered plating structure comprising a
palladium plating film provided on the surface of the nickel
plating film and a gold plating film provided on the surface of

25 the palladium 'plating film (for example, see Fig. 1). The
three-layered structure can protect the nickel plating film, for
example, against corrosion such as oxidation, and, for example,
heat resistance and solder wettability can be improved.

[0025] In another one preferred embodiment of the present

30 invention, the thickness of the nickel plating film in the
electronic component according to the present invention is 0.01
um to 5 um, preferably 0.01 um to 3 um, more preferably 0.05
um to 2 um, still more preferably 0.1 um to 1 um, further more
preferably 0.3 pm to 1 pm, and particularly preferably 0.5 pm

35 to 1 pum. When the thickness of the nickel plating film is
smaller than 0.01 um, in some cases, the effect of suppressing



25 the palladiumplating film (for exanple, see Fig. 1). The three-Ilayered
structure can protect the nickel plating film for exanple, against
-corrosi on such as oxidation, and, for exanple, heat resistance and sol der
wettability can be inproved. [0025] In @nother one preferred enbodi nent of
the present 30 invention, the thickness of the nickel plating filmin the

el ectronic ﬂ@é’rﬂﬂﬂ%@oﬁc@fﬂrﬂtﬁgl {9 e nﬁ)@eélemammgemmors lr@d@m@ﬁ apmh,to 5 m
preferably 0.01 mto 3 nor e referabl 0. 05 ég E
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particul ar'asfﬂrc%her a@'mﬂe%m@ﬁ Hannér @ nyheal phetihbi ﬂhﬁfﬁ%ﬁ.@éném ofi ckel
platlngfllmls ses, the effect
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is difficult. On the other hand, a nickel plating filmthickness of
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size of the prod [0026] In a further one preferred enbodi nent of the
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1096 by el o e oF GBIy 61505 s Dby hFare A ce R itﬁ68§5t o’
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preferably cpnyen 0 n e
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e od| nment of the present invention,
t he connectmi@glm@rrﬁlﬁm l@arnedufetdneaadectfwﬁh@r ensuring good heat

resistance and solder wettability is difficult. On the other hand,
when the content of germanium in the nickel plating film is
more than 5% by weight, the germanium is likely to affect the
20 reliability of wire bonding and the solder bondability.
[0027] In one preferred embodiment of the present
invention, the connecting terminal part in the electronic
component is subjected to soldering or wire bonding.
[0028] In one preferred embodiment of the present
25 invention, the electronic component according to the present
invention is a package comprising any of a lead frame, an
organic substrate, or an inorganic substrate. When the
electronic component is a lead frame, a germanium-containing
nickel plating film is formed on an inner lead and/or an outer
30 lead in the lead frame. On the other hand, when the electronic
component is an organic substrate or an inorganic substrate, a
germanium-containing nickel plating film is formed on a part
called a pad, a pin, or a land. In an electronic component,
particularly in a connecting terminal part in the electronic
35 component, when bonding is carried out by soldering or wire
bonding, the formation of a germanium-containing nickel



conmponent is subjected to soldering or wire bonding. [0028] In one
preferred enbodi nent of the present 25 invention, the electronic conponent
-according to the present invention is a package conprising any of a | ead
franme, an organic substrate, or an ingrpganic substrate. Wen the

el ectronic conponent is a |lead frane, a germani um containing nickel

plating 1i1MdtsnfOrTRs a0 A BB%KIhBA% A/ n aBrovics 3R leadtinithe | ead

frame. On the ot ~when the electronic conponent Is an organic
substrate ofCEIPGMRNpATENgUbRPraYed eayeerdip0fEcont ai ni ng nickel plating
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conmponent, “particularly in a connecting termnal part in the electronic 35
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formatian ofcéy ARMEAN YRLCORLALMY Ny BREKS il Rl & LAAVERBAM hitgdondi ng
part can provide an el ectronic conponent hav ng i nproved heat resi stance.
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i nventi on may be con\gentl one“?l ni ckel  pl aql ng solution and I's not
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pl ating filexcesiveiyt hegh, tthpei stabijily cohveskeloimalthel alatiggbaohyjon de
lowered. In this case, nickel forms an insoluble compound in the
form of a hydroxide. The nickel piating solution may contain a
nickel alloy which can form a nickel alloy plating film.

20 Further, typically, conventional plating baths, for
example, a Watts bath or a sulfamic acid bath may be used.

[0030] The palladium plating solution for use in the
formation of the electronic component according to the present
invention may be a conventional palladium plating solution and

25 is not particularly limited. 1In general, the paliadium plating
solution contains a soiuble palladium salt and a conducting salt.
Soluble pailadium salts include, for example, palladium chloride,
dichlorotetraammine palladium, dibromotetraamine palladium,
dinitrotetraammine palladium, diiodotetraammine palladium,

30 palladium tetraammine dinitrite, palladium tetraammine
dinitrate, palladium tetraammine disulfite, palladium
tetraammine  disuifate, chloronitrotetraammine palladium,
dichlorodiamine palladium, dibromodiamine palladium,
dinitrodiamine palladium, diiodotetradiammine palladium,

35 palladium diammine dinitrite, palladium diammine dinitrate,
palfadium diammine disulfite, palladium diammine disulfate,



exanple, a Watts bath or a sulfamc acid bath may be used. [0030] The
pal | adi um plating solution for use in the formation of the electronic
.conponent according to the present invention may be a conventi onal

pal | adi um pl ating solution and 25 is ngt particularly limted. In general,
the palladiumplating solution contains a soluble palladiumsalt and a
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soluble g %Iajsagltt gﬂ‘(ﬁl é E‘gﬁgﬁgﬂ% Srséih . LS%C')%E‘% ed}ggl §é§§| ﬁs}‘iﬁﬁgI 382\ for
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acid. The weight of the soluble gold salt in the gold plating

solution is 0.1 to 10 g/L in terms of gold metal. The gold

20 plating solution may contain a gold alloy which can form a gold
alloy plating film.

[0032] Method for manufacturing electronic component
[0033] As described above, the method for manufacturing
25 an electronic component according to the present invention is
characterized by comprising forming a germanium-containing
nickel plating film on a surface of an electroconductive base

material in  the connecting terminal part using a
germanium-containing nickel plating bath.

30 [0034] In one preferred embodiment of the present
invention, the concentration of germanium in the nickel plating
bath used in the method for manufacturing the electronic
component according to the present invention is 0.1 to 10000
ppm, preferably 10 to 5000 ppm, more preferably 10 to 1000

35 ppm, still more preferably 10 to 500 ppm.

[0035] In one preferred embodiment of the present



solution is 0.1 to 10 g/L in terns of gold netal. The gold 20 plating
solution may contain a gold alloy which can forma gold alloy plating
film [0032] Method for manufacturing electronic conponent [0033] As
descri bed above, the nethod for manufacturing 25 an electronic conponent
according to the present invention is characterized by conprising formng a
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15 [0038] In another more preferred embodiment of the
present invention, the method for manufacturing an electronic
component according to the present invention comprises
forming a palladium plating film on the surface of the nickel
plating film and further forming a gold plating film on the
20 surface of the palladium plating film.

EXAMPLES
[0039] The present invention is further illustrated by the
following Examples that are not intended as a limitation of the
25 invention.

10040} Example 1
In Example 1, a bonding part for bonding to solder

was formed in an electronic component using a nickel plating
30 solution, and the solder wettability of the bonding part was
then evaluated.
[0041] (1) Preparation of evaluation samples
Copper (Cu) alloy fead frames were first provided.
Nickel plating, palladium plating, and gold plating were
35 successively carried out on the surface of a part as a
connecting terminal part in the Cu alloy lead frames under the




formng a palladiumplating filmon the surface of the nickel plating film
and further formng a gold plating filmon the 20 surface of the palladium
-plating film EXAMPLES [0039] The present invention is further illustrated
by the follow ng Exanples that are notzintended as a limtation of the 25
invention [0040] Exarrple 1 I'n Exanple 1, a bonding part for bonding to

| d I 30
SO o SHER BN ELRE hoR e apeet gL Sat e
eval uat ed. [jladuig ftloy, Rrepad ag0sh pIAtEalfilan | oﬁ%%n@;l%@dcb%@)@r reci§Sal | oy
lead frames,uere f adr g‘ébﬂ?gtnyN's“éﬁﬁ'p |pLati lpg% pﬁl i@dhumdy| @&ijtg and

seréi
gol d pl ati ng were 5 Successi ve carried out e surface of a part as
a connectl rdj atgerani nalf ;mrthW&ﬂtlh‘eemdalniéylﬂ%aatmﬁﬁég dpdered hem3a

fol | ow a%éhﬂ Tc,]atheg ?n%.h@flalw Jf,g? Q@Higﬂl um plating

film and atlng Iat were used as

eval uati on [§HipRes. Fi @.MM&MM@&Mﬁgram of a three-|ayered
plating str nal lead frame (Cu alloy |ead
frame) nmat eﬁﬁa‘#{eq {@E%@fa%]pﬁ? O&%ﬁgmrﬁg treatnment: N ckel sulfanate

pl ating sol utll*d)lm:ldﬂllcswfamtfaarrate 450 g/ 145QNighel bronmide 10 g/l 10 Boric
acid 30 g/l i e (in terns of niumnetal) 0, 1, 10, 50,
100, and 1000%6;5% ﬁ{gﬁﬁﬁ)ﬁg t enperature Sggjafg? Current density 3 A/dnez
[0043]1Di) PalBadcumidl ating treatnent: Pad® &dilum pl ati ng sol ution

(manuf act ur-e@ep%%EwDéa‘xide

(in terms of germanium metal} 0, 1, 10, 50, 100, and 1000

ppm
- Solution temperature 55°C

15 - Current density 3 A/dm?
[0043] i) Palladium_plating treatment:

Palladium plating solution (manufactured by MATSUDA
SANGYO CO., LTD., Palla Sigma LA-5).

. Concentration of palladium 5 g/l
20 - pH 8.5
- Solution temperature 55<C
. Current density 0.5 A/dm?
[0044] iii) Gold plating treatment:
- Gold plating solution
25 Gold potassium cyanide 2 g/!
Citric acid 50 g/l
Potassium citrate 70 g/i
- Solution temperature 55°C
. Current density 0.1 A/dm?

30 [0045] Specifically, at the outset, the provided Cu alloy
lead frames were subjected to electrolytic degreasing treatment
(direct-current power supply device, solution temperature 60°C,
applied voltage 5V, immersion time 120 seconds) as
pretreatment to remove contaminants and oxides present on

35 the surface of the lead frames. The lead frames were then
pickled (5% sulfuric acid, 30 sec), were washed with pure water,



SANGYO CO., LTD., Palla Sigma LA-5). Concentration of palladium5 g/l 20
pH 8.5 Solution tenperature 55C Current density 0.5 A/dnz [0044] iii)
Gold plating treatnment: Gold plating solution 25 Gold potassium cyani de 2
g/l Citric acid 50 g/I Potassiumcitrgie 70 g/l Solution tenperature 55C
Current density 0.1 A/drrz 30 [0045] Specifically, at the outset, the

provided Cu ﬁ. | PereCafich e%erﬁ,.ﬁfbmazederocr SoECh! Y tbe dgghgasing

treat ment current ower ply devic t enperature 60C,
appl i ed vol @eg@amrum neenseois t | rﬁe‘tezotlsectrrmvetmeet phet mdakaenplatedr enove

cont am nant R ANdnoxhdes PLesehla QRASE Bubaisaply LRd! Sadiy BER.  The
| ead franes Wwere then éj , _weré washed
with pure veitejected tenidwmadla elmﬂppmterdgvﬁrﬂatm@k'el i eb@trecbfleaﬁe above

germani ym cAnLEaLS, Ak EhehNG,SL08 Tliln Wate! Gt PLEbREeLERE LhaTes
were waShed W th™ pure water and were t ec ed 0 e pal

pl ati ng tre@orcermlat‘ﬂm reatethigad nsl fwamesdwede tohenepastedvaiudtioat er
wer e subj ecgaelq] g the gold plating treatnent, and were dried to prepare
eval uati on rﬁ) 3s. [ 0046] The plating treatnent was carried out to forma

plating fi I[rﬁﬁ)vilﬁ[h a t Aihekreasing theatonent cWe:IS carpieaiimugtfﬁd nordd @ith a
Bh68$nﬁ18?or6!§’c%f'g& @J%OMQ?LAVZCI :Jgfnhgggsanp &8 prepare Ea\tla\%t/@a%'ﬁg ﬁ{ﬂggsfso?fa
ger manilGm cwiltrer tofi clon epen ofa Oged mumh ufor eaitativrof angpan pl@tg’eg nhrmum
(1:88tent of V%PchB”%h;%k%%sgeéﬁB%W&W&Ptgo?&50 ppm a ger mani um cont ent of
For the evaluation samples prepared above,
samples for a germanium content of 0 ppm, a germanium
content of "1 ppm, a germanium content of 10 ppm, a
15 germanium content of 50 ppm, a germanium content of 100
ppm, and a germanium content of 1000 ppm in the nickel
plating bath used in the nickel plating treatment were used as
evaluation sample 1 (comparative example), sample 2 (present
invention), sample 3 (present invention), sample 4 (present
20 invention), sample 5 (present invention), and sample 6
{(present invention), respectively.
[0047] The amount of germanium (Ge) codeposited in the
nickel plating film for each of the evaluation samples was
measured with an inductively coupled plasma (ICP) emission
25 spectroscopic analyzer manufactured by SII NanoTechnology
Inc.
[0048] Based on the resuits thus obtained, the relationship
between the concentration of germanium in the nickel plating
bath and the content of germanium in the nickel plating film
30 formed using the nickel plating bath having each of the
germanium concentrations was determined. The results are
shown in Table 1 and Fig. 2.



ppm and a germani um content of 1000 ppmin the nickel plating bath used
in the nickel plating treatnent were used as evaluation sanple 1
-(conparative exanple), sanple 2 (present invention), sanple 3 (present

i nvention), sanple 4 (present 20 invenifon), sanple 5 (present invention),
and sanple 6 (present inventi on), respectively. [0047] The amount of

ger mani um Eﬁm dinthe nickel plating filmfor each of the
eval uati on sarrpl e asured with an inductively coupled plasma (ICP)
eni ssi on 25 spect 18&t@dbic anal yzer manufactured by SI| NanoTechnology |Inc.

[0048] Based on the resul tsddntemivhéioredf Ghe r eloattieonishii e betNieen| t he

concentratign GVJERKEN um i n,t kel hRHAL i ng pibatdy #inth (heoepnt ent of
germani um in theS&lﬂTtﬂ{el pI at |lﬁgﬂppm,& g formed USpI ng |-'tghe ni gkel EI at | ng

bat h havi ng [eae ch the e uul\.,UII\.,c ptrations—was—determmedThe
results are ';SﬁmpfﬁniTahl 1_and Fi%. 2. 15 10049} THole 1]—Fa
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hl.-ao
Eval uati on QorsmmptatZon of Ge Contehnt of Ge i Ni qanﬁl Q0PN N plafing
bath plating fSdmp(wt39 -Bru lke 11® 0. . -Sanmple 2 100160 5 - S appl e 3
10 0. 16 Sarrplg%ﬁl1 e59 0.50 Sarrpl &@ 100 0.83 Samle 6,3000 3.64 [DO50]
(2) Eval uat|o$‘a|hp§8 fer—w [[aDI | |1t[y (zero Crossi ng 5 blgg (ZCT) test) The

eval uati on sarptes—were—-hel-d--under redetermmedheatd |g enperatrure
conditi ons (A mj?dﬁ or_.a m \IQF;I‘Q\Q(D’I od—of -t ile -t o-uhnd % a

hi gh-t enperature heat hi story and were i nmmersed in a sol der bath (63%

tin-37%]I 6?80530% sol utj ot gl 8l UL e 230 e°RettdBRIRAT R0 tPbstMfy

sanpl es,
5 time (ZCT) test)

The evaluation samples were held under
predetermined heating temperature conditions (400 + 2°C) for a
given period of time to undergo a high-temperature heat
history and were immersed in a solder bath (63% tin-37% lead,
© 10 solution temperature 230 + 5°C). Thereafter, for the samples,
the time necessary for the force received from the solder bath
to become 0 (zero) (zero crossing time (sec)) was measured to
evaluate solder wettability.
In this case, the shorter the zero crossing time, the
15  better the solder wettability.
[0051] a) Influence of sample heating time on soider
wettability
The sample 5 (present invention) in which the
concentration of germanium in the nickel plating bath during
20 the plating treatment was 100 ppm and the sample 1
(comparative example) corresponding to a conventional product
and free from germanium were provided as evaluation samples.
For the evaluation samples, the relationship between the
heating time (sec) for heating of the evaluation samples to 400
25 + 2°C and the zero crossing time (solder wettability) was
determined.
[0052] The results were as shown in Fig. 3.
[0053] As is apparent from the vresults, for the
germanium-free sample 1, the zero crossing time rapidly




the.tinme necessary for the force received fromthe solder bath to becone 0
(zero) (zero crossing time (sec)) was neasured to evaluate sol der
wettability. In this case, the shorter the zero crossing tine, the 15
better the solder wettability. [0051] a) Influence of sanple heating tine
on solder wettability The sanple 5 (present invention) in which the
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15 plating film on solder wettability
For the evaluation samples 1 and 3 to 6, the zero

crossing time was measured under heating conditions of

heating temperature 400 + 2°C and heating time 30 sec to

evaluate the relationship between the content of germanium. in
20 the nickel plating film and the solder wettability.

[0055] The results were as shown in Table 2 and Fig. 4.

[0056] {Table 2]

Tabie?2;

Evaluation Content of Ge in Ni Zero Crossing
sample plating film (wt%) time {(sec)
Sample 1 0 Not solderable

Sample 3 0.16 1.48

Sample 4 0.50 0.25

Sample 5 0.83 0.26

Sample 6 3.64 0.28 N
[0057] As is apparent from the results, when the nickel

25 plating film contained germanium, the solder wettability was
significantly improved.

[0058] Example 2
Evaluation samples were produced in the same

30 manner as in Example 1, except that the nickel plating film was
formed to thicknesses of 0.1 um, 0.2 um, and 0.5 pm using a



For .t he eval uation sanples 1 and 3 to 6, the zero crossing tinme was
measured under heating conditions of heating tenperature 400 2C and
heating tinme 30 sec to evaluate the relationship between the content of
germanium in 20 the nickel plating fitmand the solder wettability.
[0055] The results were as shown in Table 2 and Fig. 4. [0056] [Table 2]

Table2: E t | I tin f
T (ot oo FoE (JauTY Rt dlauifd B Mo R e O A 0 e
1.48 Sam | @pmO. 50h0 25 Sarrple 5 0.83 0.26 Sanple 6 3.64 0.28 [0057] As
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eterm ned e sa er 06€0] The results were as
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nickel plating film was reduced to a certain level. Further, it

was expected that, even when the plating film thickness is

smaller, the desired solder wettability could be maintained by

15 regulating the germanium content,

[0061] Example 3
The samples 1 and 5 produced in Example 1 were

‘heat treated in the air under conditions of 400°C and 30 sec.

20 Thereafter, the behavior of diffusion of nickel from the nickel
layer in the three-layered plating film was analyzed in the depth
direction (depth profile) with an X-ray photoelectron
spectroscopic  analyzer (XPS) (Japan  Electron  Optics
Laboratories (JEOL Ltd.), JPS-9010MX).

25 As described above, the sample 1 (comparative
example) comprised a germanium-free nickel plating film {film
thickness 1 um), a palladium plating film (film thickness 0.01
um), and a gold plating film (film thickness 0.007 pm) provided
in that order on an electroconductive base material (a copper

30 based metal) in a Cu alloy lead frame. The sample 5 (present
invention) was the same as the sample 1, except that the nickel
plating film contained 0.83% by weight of germanium.

[0062] The results were as shown in Fig. 6 (results for the
sample 1 (comparative example)), and Fig. 7 (results for

35 sample 5 (present invention)).

[0063] In the drawing, the abscissa represents the depth



was .expected that, even when the plating filmthickness is smaller, the
desired solder wettability could be maintained by 15 regulating the
.germani um content. [0061] Exanple 3 The sanples 1 and 5 produced in Exanple
1 were heat treated in the air under ditions of 400C and 30 sec. 20
Thereafter, the behavior of diffusion of nickel fromthe nickel layer in
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three-| plat | t hout heat treatment, th
2 oraph of GiGHeRt BITtheT WCTHeR  FRBmeORCCPE Dl ng d4d m brl % do,

whi ch prowﬁeﬁt@namﬂt edfarvaielge@rm filvemabigei. Sand Mat is, the surface
ayer o1 de plpkds Placin dLALGAL LT O 35 AR oPLiTRR, et Mfenur oo
surface of ﬂrbm p@@tmabwnm@keeaa@s diffiated sfrolf tihe degkdl laaredses, the
conten di um i ncreases. he depth further .increases, t
conteni ;ﬁglgg jumn, dayesor the goﬁ Iayg T is, it "could pe
confirmed that nickel was present in a deeper portion from the
surface layer or a portion close to the surface layer of the
three-layered plating film. This means that nickel is diffused
by the heat treatment to a portion closer to the surface layer,
20 that is, to the palladium layer and the gold layer and nickel is
precipitated even on the outermost surface.
[0065] On the other hand, the profile shown in Fig. 7 is
utterly different from the profile shown in Fig. 6. In Fig. 7,
nickel was hardly observed in the surface layer and a portion
25 close to the surface layer and was at last observed around a
portion close to the end of the palladium layer. That is, for the
sample 5 (present invention) in Fig. 7, significant diffusion of
nickel into layers located near the surface side rather than the
nickel plating film was hardly observed. This fact means that
30 the presence of germanium in the nickel plating film suppressed
the diffusion of nickel into the surface layer.



This tendency can be seen fromFigs. 6 and 7. [0064] Fig. 6 shows that, in
the nickel plating filmfree fromgermanium nickel was diffused fromthe
ni ckel layer to 15 palladiumlayer or the gold layer. That is, it could be
confirmed that nickel was present inqg deeper portion fromthe surface

| ayer or a portion close to the surface layer of the three-layered plating
film This neans that nickel is diffused by the heat treatnent to a
portion closer to the surface |ayet-A28Shat is, to the palladiumlayer and
the gold layer and nickel is precipitated even on the outernost surface.
[0065] On the other hand, the profile shown in Fig. 7 is wutterly different
from t he Pr of iAlre eshomenia EiYpoBENINCETYPIIBING [/ @I@@Iﬂ%é”%atﬁ(ﬁwr@ﬁserved in
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the nickel y observed. This fact neans that 30 the
presence of germaniumin the nickel plating filmsuppressed the diffusion
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el ect r oconducti vievdageredt eratindganstra cieremaponpEsimai Ai P EIKEN pl ating
film provided,on the., surf . . Th I ' o] a dyng to
claim1, whi ctﬁ"ﬂﬁé‘g i‘“f”m‘?rl%g’jg?édoél g??ngﬁgfﬁc&ufgﬁgoﬁp@%i Egé)%ﬁ%al | adi um
plating film piloviated gold helating atknoprovielad ckelths surfece 1ol #ér a gol d

plating filmprovided on the surface of the nickel plating film 3. The
el ectronic co%ﬁlﬁ%ﬁpg%téggr@ﬁg to claim2, which has a three-layered
plating structure conprising a palladium plating filmprovided on the

Zﬂ”ggg 8:%. Eﬂﬁ'hrg SELLR AL O ploddRADL A Mg ) RI4iRY 1) WRiRHOKEged on the
a three-layered plating structure comprising a palfadium
plating film provided on the surface of the nickel plating
film and a gold plating film provided on the surface of the
palladium plating film.

4. The electronic component according to any one of claims 1
to 3, wherein the thickness of the nickel plating film is
0.01 to 5 um.

5. The electronic component according to any one of claims 1
to 4, wherein the nickel plating film has a germanium
content of 0.005 to 10% by weight.

6. The electronic component according to any one of claims 1
to 5, wherein the connecting terminal part is subjected to
soldering or wire bonding.

7. The electronic component according to any one of claims 1
to 6, which is a package comprising any of a lead frame,

an organic substrate, or an inorganic substrate.

8. An electrical product comprising an etectronic component



pal Ladium plating film 4. The el ectronic conponent according to any one of
claine 1 to 3, wherein the thickness of the nickel plating filmis 0.01
-to 5m 5. The el ectronic conponent according to any one of clains 1 to 4,
wherein the nickel plating filmhas aogermanium content of 0.005 to 10% by
wei ght. 6. The el ectronic conponent according to any one of clains 1 to 5,
wherein the connecting termnal part is subjected to soldering or wire
bondi ng. 7. Theacebeditmphd caryreponeftciatosr Hittg7t o any one of clainms 1 to
6, which is a package conprising any of a lead franme, an organic
substrate, or an inorganic substrate. 8. An electrical product conprising
an el ectrdhi c Aonpetbotd 2@r aveondaofutioganynomdeotrogiiai komppaent, 9. A

nmet hod for nman ur.i n _el i.C cog[@q.ﬁ e WAL Gh ri: form ng
a germani um coﬁ{@?hi r(ngﬁP@%éaﬁ ?gf@?ﬁhg %9 o%ﬁgugqu\r&a@gl@?@nh&%l

el ect roconduct pletibgsdilmmaber ial simathe oformreceiagiroeonilnativiearhady using a
ger mani um cont gj ni ni cke | at | . : od, accar.ding.to claim
9, wherein theﬁ.‘gc%ﬁg%lnt ﬁ;tlhag %%%guﬁgﬁnﬁg [ﬁ'ﬂmb% a |iﬂg g%th used
is 0.1 to 1000@eppranilin-dhetasihgdiagkedbmpdabigpg bacthaim 9 or 10, wherein the
nickel plating bath is a Watts bath or a sulfamc acid bath. 12. The

nmet hod according to any one of clains 9 to 11, which further conprises
form ng a Igal | #deummlkedhbdg fadoording gol d gbhani n@ fi lwhenetrhe sueface of

the nickel plating film 13.. The net.hod .accordi.n 0, cl.ai ein the
bal 1 adi um bl 6P e FiARe S Y PREaTEH A C e dLERs) HARTbRE URE g
filmfollowed lyOtheof dOGEXI oprof the gold plating filmon the surface of
the palladiumplating film

11. The method according to claim 9 or 10, wherein the nickel
plating bath is a Watts bath or a suifamic acid bath.

12. The method according to any one of claims 9 to 11, which
further comprises forming a palladium plating film or a
gold plating film on the surface of the nickel plating film.

13. The method according to claim 12, wherein the palladium
plating film is formed on the surface of the nickel plating
film followed by the formation of the gold plating film on
the surface of the paliadium plating film.



