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invention rel.ates to a metal insert which is at Ieastﬁpgggha{ly enbedded -

a nol ded resin .mass, and also relates to a method of &y
rougheni ng surfaces of such a netal 10 i nsert . Fo
insert which is partially enbedded in a nol ded res¥:
wel | known to be used in the production of electrom
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to the inner ends of the | ead efREARMENT METHOD W FOR LB Wire-bondi ng

process. Thereafter, the central stage with the IC chip is encl osed
together with the inner 25 ends of the |ead elenments by a split nold,t
and t hen suitabl e curable synthetic resin is introduced into the split

nmol d. Thus, the IC chip is sealed in the nolded resin nass in such a nanner
that the lead frane is The present invention relates to a metal

insert which is at least partially embedded in a molded
resin mass, and also relates to a pethod of surface

treétment for roughening surfaces of such a metal
10 insert.

For example, ag a metal insert which 1is
partially embedded in a molded resin mass, a lead frame
is well known to be used in the production of electronic

15 components Or eleotronic packages. In general, the
lead frame comprises a central stage for supporting an
electric element such as an integrated circuit (IC) chip,
and a plurality'of lead elemants arranged around the
central stage. 1In the production of electronic package,

20 the IC chip iz securely mounted on the central stage of
the lead frame, and then is electrically connected to
the inner ends of the lead elements by a well-known
wire-bonding process. Theredfter, the central stage

. with the IC chip is enclosed together with the inner
o 25 ends of the lead'elements'hy & 6plit mold, and then a
suitable curable synthetic resin is introduced into the
split mold. Thus, the IC chip is sealed in the molded
i resin mass in such a manner that the lead frame is
partially embedded therein. |

30 The lead frame may be formed from a thin Cu

piate, Cu alloy plate, Ni-Fe alloy plate or the like by
. a mechanical punching process or a photoetching process,
and is subjected to a surface treatment so as to
improve an adhesion property with respect to the molded

35 resin mass. For example, the surfaces of the lead frame
are roughened by a mechanical pressing process or a
chemical etching process, and thus the contact area
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parti al ¥y enbedded therein. 30 The |l ead frame-may be forned
froma thin Cu plate, Cu alloy plate, N -Fe alloy plate o the like by a
gechani cal punching process or a photoetching process,. a&”Ts subjected to
a surfate treatnment so as to i nprove an adhesi on proper- respect to

i
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may occur in the molded resin mass due to evaporation of
the penetrated moisture.

Nevertheless, when the lead frame is subjected to the

10 rough surface treatment by the mechanical pressing process,

- a residual strain is produced in the pressed lead frame,
and is actualised as a warp in the lead frame under the
thermal influence derived from the molding process. Also,
in the chemical etching process for the rough surface

15 treatmen.t, it is very difficult and troublesome to control
a degree of roughness without reducing the strength of the
lead frame. '

According to a first aspect of this invention a metal
insert at least partially embedded in a molded resin mass,

20 comprises: |

a metal insert blank; and, _

a substantial amount of nickel or nickel alloy
granulations produced over a surface of said metal insert
blank, the s:Lze of said granulations being at most 1.0 pm.

25 According to a second aspect of this invention, a
method -of surface treatment for roughening a metal insert
for at least partially embedding in a molded resin mass,
comprises the steps of:

producing a substantial guantity of copper nuclei over

30 the surface of the metal insert blank by controlling an
electrolytic-copper plating proc‘ess_ such that the average

thickness of the plating is from about 0.5 to about 1.0 um;
and,

growing up said copper nuclei as nickel or nickel
alloy granulations by controlling an electrolytic-nickel
Plating 'process such that the average thickness of.- the
Plating is from about 0.5 to about 1.5 um.
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thermal influence derived fromthe nol ding process. Also, in the chem cal
etchi ng process for the rough surface 15 treatment, it is very difficult
and troubl esone to control a degree of roughness without reducing the
strength of the lead frame. According to a first aspect of this invention a
nmetal insert at |least partially enbedded in a nolded resin mass, 20
conprises: a netal insert blank; and, a substantial anount of nickel or

ni ckel alloy granulations produced over a gurface of said netal insert '

bl ank, the size of said granulations being at nost 1.0 [err]. 25

Accordi ng to a secoPrefepaisly of thies metﬂltimertab&ahkodsoffmécacﬁrom

treatnent for g anl ngcq’p?a&_a 1193 t fog.ated allywﬁgp‘edghgg I n

a nol ded re5|n conprrses Re-S éps o pro CI a subst an
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t hi ckness of th S%tlng rslfroma ut % t%sa ou h&%errl g .
up sai d cobper®hudl ALLRY| PaAting, prosess ., |3, Corih aLi¢¥nRlaking
controlling anpebee*ssobytac&‘wcdxﬂki pabloygphatvingspeocésshat the average
thickness of the pl ﬁ&f@ﬂcﬁfgé'rgﬂggfﬂénQSSOE Otﬁgoﬂi'eéeﬁt[ ﬂl{antion will
now be. described with reference to the " accompanying
drawings, in which: | __

10 Figqure 1 is a partial plan view of a lead frame used
in pfoduction of a dual-in-line type of electronic package;

Figure 2 is an electron micros'cope photograph showing
a lead frame blank which has been treated by an electro-
lytic-copper-plating process in accordance with the present

15 i'nvention,"

Figure 3 is an electron microscope photograph showing
the lead frame blank which has been further treated by an
electrolytic-nickel alloy plating process in accordance
with the present invention;

20 Figure 4 is an electron microscope photograph similar
to the photograph of Figure 3, showing the lead frame blank
which has been further treated by another electrdlytic-
nickel alloy plating process in accordance with the present
invention; ana

. 25 Figure 5 is an electron microscope photograph showing
a lead frame blank which has been directly treated by an
electrolytic-nickel alloy plating process



3 Preferably, the netal insert blank is formed from copper, copper

al | oy, or Fe-N all oy. When the granul ations are grown up with the

i ckel all oy, the second el ectrolytic plating process preferably
consisting 5 of a"Sn-N all oy plating process, a Co-N- alloy plating
process or a Fe-Co-N alloy plating process. Particul ar enbodi nents of the

present invention will now be describ&d¥wth reference to the

acconpanyi ng drawi ngs, in which: 10 Figure 1 is a parti al plan_V|ew

of a lead frame l:l%ﬁédc@rﬂ'&ﬁ@lécﬁh@@r Ahe S thdit'l%ntsyﬂ‘i tho%keifﬂog'g
ead frame

package; Figure croscope phot ograph show n

bl ank whi'ch has S’e‘ é'g‘ttg‘&“% Qaﬂ;‘%@@ﬂ% laF“yt’ﬁ‘b %ﬁp}éﬁtm%ﬁ’%ﬁrg “BPBE®ES i n
accordance with mﬁ@tgmesompcbil. invention; Figure 3 is an electron

m croscope photograph showi ng the | ead frane bl ank which has been further
treated by an electrolytic- nlckel all oy plati rocess in accordance with
the present & nvention; 20 Figure fighows ajle %ﬂ% &ﬂ!ﬁ Adn &R EXGTPdpeof a

phot ogr aph si i | aletiad tik@eROWRIEAPLS Ofa FLLRT By BmifddA¥ddnt ae modadaf r ame
bl ank resin mass. This lead frame is used in production of a
dual-in-line type of electronic package, and may be
formed from a thin Cu plate, Cu alloy plate, Ni-Fe alloy
10 plate or the like by a mechanical punching process or a
photdetching process. The lead frame comprises a pair
of side frame portions 10, and a plurality of lateral
frame lateral frame portions 12 integrally extended
between the side frame portions 10 and spaced from each
15 other, ﬁote, in Fig. 1, only one set of two adjacent
lateral frame portions is illustrated, The lead frame
also comprises a rectangular central stage 14 arranged
at a center of a rectangular area defined by the set of
lateral frame portions 12, and the céntral stage 14 is
20 supported by the side frame portions 10 through the
intermediary of two bar elements 16 integrally extended
between the side frame portions and opposéd gides of
the central stage 14, respectively. The lead frame
further comprises a first group of lead elements 18
25§ integrally -extended from one of the lateral frame
portions 12 toward the central stage 14, a second group
of lead elements 20 integrally extended from the other
lateral frame portions 12 toward the central stage 14,
. a first dam-bar element 22 transversely extended through
30  the lead elements 18 and integrated with the side frame
portions 10 at the ends theréof, and a second dam-dar
elenment 24 transversely extended through the lead
elements 20 and integrated with the side trama portions
10 at the ends thereof, '
35 In the production of the dual-in-line type
package, an electric element such as an 1nteg£ated
circuit {(IC) chip is securely mounted on the central



whi ch has been further treated by another electrolytic- nickel alloy

pl atfng process in accordance with the present invention; and 25

Figure 5 is an electron microscope photograph showing a | ead franme bl ank
whi ch has been directly -treated by an el ectrolytic-nickel alloy plating
process i n accordance under the sane §di|t|ons as those in Fig: 3

W t hout being subjected to an electrolyt c-copper- plating process. 5
Figure 1 shows a lead frame as an exanple of a netal insert which is
partial ly enbeddiddden 14 ofl ¢he leadnfrans. bfhiusinead filaner icx Lyitﬂd: in

productiqn of 61§ugﬂ€;raﬂd Qﬁ.hy&ﬁ g&egkﬁghggg |°&K§§¥%¥% ﬁﬁgte P formed

froma th|n Cu pl ¥ i ke

by a mechani cal fnd:hﬁ‘r é§s edemanprot§et %%l% Hrgldeknore wiser frame

conprises a pai roeafd itigdpridews .porhie@astt8r , 208e Soditral idvady mtﬂf@:*
rame

bor 1 one. 106 and S SR en anedpRER” LolsEle s Vith Jie Yithe wsihs 8 "o
two adj acent | at®rell€ahmlenentisons,i 20i byuat spld mahd, |aawdl ﬁhﬁﬂﬂu&l o)
conprises a r eCtpdW @ rdméritl¥ 22 at29q 4¢ 2he?1984 frame are in
cooperation with the eplit mold to define a closed
molding cavity. Then, a suitable curable synthetic
10 resin such as epoxy is introduced into the molding
caviiy, and thus the IC chip is gealed in the molded
resin mass in such a manner that the lead frame is
partiélly embedded therein. After the introduced resin
is cured. the split mold is removed from the lead frame,
16 and the dam-bar elements 22, 24 are cut to.release the
lead elements 18, 20 from the dam-bar connections.
Thereafter, the lead elements 18, 20 are trimmed by a
press-cutting process such that the lead elements 18,
- 20 are detached from the lateral frame portions 12, and

96 are bent downwardly with respect to the molded resin
mass. As & result, the dual-in-line type package is
obtained., |

The present invention is directed to a novel
method of surface treatment for roughening surfacas of

28 the metal insert or lead frame as mentioned above, and,
in this embodiment, the lead frame is treated by the
roughQSutface treatment method according to the present
invention, prior to the mounting of the IC chip on the

| central stage thereof. '

80 o The rough-surface treatment method features
two electrolytic-plating processes: a first t
electrolytic-plating process for producing a substantial
quantity of copper nuclei over the surfaces of the lead
frame; and a second electrolytic~-plating process for _

35 growing up the copper nuclei with nickel or nickel alloy
to thereby produce a substantial amount of grénulaticpn
over the surfaces of the lead frame. In this case, the



at a center of a rectangular area defined by the set of lateral frane
portions 12, and the central stage 14 is 20 supported by the side frane
portions 10 through the internediary of two bar elenents 16 integrally

ext ended between the-si-de frame portions and.opposed sides of the central
stage 14, respectively. The lead franme further conprises a first group of

| ead el enents 18 25 integrally extemd@d=fromone of the lateral frane
portions 12 toward the central stage 14, a second group of |ead elenents 20

integrally exten t he ot her eral fra ortions 12 toward the

central stage lﬁg féfs Ne, SABRST @P@&r@ﬁt £§2°Pn§h€v‘§é e¥@7ded t hrough
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connected to thébynﬁ@¢trolling the second electrolytic-plating process
such that an average thicknesdé of plating ie about 0.5
to about 1.5 g m.

10 The granulations produced over the surfaces of
the lead frame contribute to increasing a contact ares
between the lead frame and the molded resin mass,

whereby the lead frame exhibits a remarkably improved
adhesion property with réspect to the moldad resin mass.

15 When the second electrolytic-plating process is
controlled such that an average thickness of plating is
less than 0.5 z m, the granulations cannot be
sufficiently grown up, and thus an improvement in the
adhesion property of the lead frame to the molded resin

20 mass is poor. On the contrary, when the second
alectrolytic-plating process is controlled such that an
average thickness of plating is more than 1.5 am, the
number of the granulations is reduced so that a contact
area between the lead frame and the molded resin mass

25 becomes smaller, and thus an improvement in the
adhesxon property is also poor.

When the copper nuclei are grown up as the
nickel alloy granulations, the second electrolytic-~
, Plating process preferably comprises a Sn-Ni alloy
30 Plating process. Nevertheless, the growth of the
~ copper nuclei as. the nickel alloy granulations may be
carried out by a Co-Ni alloy plating process or a Fe-
Co~Ni alioy plating process.
Example It

86 A lead frame was formed from copper, and was
subjected to an electrolytic~-copper-plating process
under the following conditions:



ends of the |ead elenments 1B, 20 by a well-known w re- bondi ng process.
Thereafter, the central stage 14 with 5 the 1C chip is enclosed together
with the inner ends of the lead elenents 18, 20 by a split nold, and the
dam bar elenments 22 and 24 of the-tead frame are in cooperation with the
split nold to define a closed nol ding c% ity. Then, a suitable curable
synthetic 10 resin such as epoxy-is i'nfToduced into the nolding cavity,
and thus the 1C chip is sealed in the nolded resin nass in such a manner

that the lead frame is pa(l)aAIpusﬂtﬁgkkﬁidﬁﬁﬂhek%mpéiherothe toppeguced
the dambar of eBARSIE, teudR) bl e Wie 9 213 RBCA 2P 50
fromthe dam baPOSBRALEN; ByanideciieN) @f atmut d&dgdﬂennnss“!e¢ 20 are
trimrmed by a press-cutting2proresplseiiy tdadp 4gyidggadnglququ$ 18,. 20 are
detached fromthe | ateral SFagﬁ portions 12, 4%n S h Somnmardly
with resped® to the ol defl B R Sakho M%F‘r’é%tul ‘l"l‘ig HB&I I8%he type
package i s obt afhedel@btrplptiotcoppeniplating ¢roraisadwae aonnrella&thod of
Ve as! e SlghoRAEe AR gy SRR e BeTRRRL, 8387 | oo
treated by the F“o&@ﬁléubﬁaebt#éa@mrﬁthMrhMngémﬂhUﬂsresent
cbserved by an. electron nicroscope and was photographed
10 by an instant camera. This photograph is shown as
Fig. 2. As shown in the photograph, a substantial
quantity of copper nuclei, which are viewed as small
white stains, are produced over the surface of the lead
frame., As apparent from the scale ghown in the
15  photograph, the size of the copper nuclei is on the
order of sub-microns. ' '
‘Then, the lead frame was further subjected to
a Sn~-Ni alloy pléting process under the following
conditionss |
20 . (1) A plating solution composed of a stannous
chloride {5nCl;) component of about 80 g/2 , a nickel
chloride (NiCl;) component of about 300 g/2 , a sodium
fluoride (NaF) component of about 30 g/f , and an
ammonium hydrogen fluoride (NH,RF) ccmponent of about
25 35 g/t was used.
' {2) The plating temperatu:e was 75 C ,
(3) The cathode current density was 2 A/dm?
The 8n~ni alloy plating process was controlled such that
) an average Plating thicknesgs of about 0.5 s m could be -
- 30 obtained. The resultant lead frame was also ocbserved
by the electron microscope and was photographed by the
instunt}cameka. This photograph is shown as Fig. 3, As
shown in the photograph, the copper nuclei were grown
up as granulations produced over the surface of the
35 lead frame. As apparent from the scale shown in the

photograph, the size of the granulations was less than
1.0 g Mme



I nvention, prior to the nounting of the IC chip on the central stage

t hereof. 80 The rough-surface treatment nethod features two
el ectrolytic-plating processes: a first electrolytic-plating process for
produci ng a substantial quantity of copper nuclei over the surfaces of the
| ead frame; and a second el ectrolytic-plating process for 35 grow ng up
the copper nuclei with nickel or nicket 8oy to thereby produce a
substanti al anount of'granulations over the surfaces of the lead frame. In

this case, the ?aﬁé § copper nuclei is on the order of sub- mcrons
and can be obtalned rofling the first electrolytic-plating process
such that an average th|cﬁﬁekbibftanHQMR}Qﬁirl@séeﬁﬁaﬁtamsuﬂai gormed] 5

(preferabl y 0. 5££6ﬁrbbppir9biﬁdﬂﬁﬁb s\m%btédh&osumeeqicebawuaul ations is
at nost 1. [err% be obté;uneql ollin HZ gcon
el ectrol yt i c- pl & PR pPgégéggs%% G it ’Eﬁ%’a&&‘aj‘émfh PRALELOBE BPating is
about 0. t;»absxampli FerrThedd the lead frameThmsgfaxthaeri eudjpcoddced
Dutreonthe | ocd, U8 §3fod B CA7 UG haol AU kit Contact ar e
conditions as Example I except that the Sn-Ni alloy
plating procees was controlled such that an average
plating thicknéss of about 1.0 um could be obtained,
10 ‘The resultant lead frame wags ohserved by the electron
microscope and was photographed by the instant camera,
This photograph is shown as PFig. 4. As shown in the
photograph, the coppét nuclei were grown up as
granulations produced over the surface of the lead frame.
15 As appafent from the scale shown in the photograph, the
size of the granulations was at most 1.0 2z m.
Exahple IIXI: :
A lead frame formed from Fe-Ni alloy was
prepared. This lead frame was subjected to an
20 electrolytic-copper-plating process under the same
conditions as Example I, and was then subjected to a
sn~Ni alloy plating p:ocess under the same conditions as
Example I. Similar to Example I, the resultant lead
frame had a substantial amount of granulations produced
25 over the surface thereof, but the size of the
' granulartions was somewhat smaller that of the
_granulations according to Examp;e I.
Comparative Examplei

A Jead frame formed from copper was directly
39 subjected to a sn-Ni alloy plating process under the
same conditions as Example I.' The resultant lead frame
was obgerved by the electron microscope and was
photographed by the instant camera, This photograph is
shown as Fig. 5., as shown in the photogzaph. the lead

- 85 frame has no granulations produced over the surface
] " thereof,

Package Crack Evaluation Test:




whereby the |ead frame exhibits a remarkably inproved adhesion property
wth respect to the nolded resin nass. 15 When t he second
el‘ectrolytic-plating process is controlled such that an average thickness
of plating is less than 0.5 [err], the granudl ations ¢tdrnnot be sufficiently
grown up, and thus an inprovenent in the adhesion property of the |ead
frame to the nolded resin 20 nmass is goer. On the contrary, when the
second el ectrolytic-plating process is controlled such that an average

t hi ckness of plating is nDre than 1. err], the nupber of {he anulatlons
i s reducedl so that a cont 38 Meﬂdt Ké‘NE&d"PF&W%rf{F?‘h%

resin mass 25 :beommsumwéd aramparadﬁai&utigal wapeopeoduted N t1te adheSI on

B oy gt anul at 1 oREBE g JAOadl ofedal rfase™ s aR, ApSEPaS B 410
conprises a Sn- I\FBIBPCD%W ol &k |'Glg amdoaassir modekvhe| eententhieofr owt h of
ok ar oy Barartacy VR IGHA A G280 BBS.TTYARE ORUE | REQUL by G
|: 35 P J'chﬁ\gfse W *'Paifbfa%"f &Vﬁﬁdhl‘?’& cgﬁ éPQgﬁg‘”&vas subj ec{ne)d to
an el ectrol yti c-tepperaphze iof) 385¢ s overdpertiiod bdl LOWseg. cokslidi ons
result, no cracks occurred in any of the sample
packages. The same test was perfo:med on each of the
10 cases of Examples II and III, and no cracks occurred in
any of the sanmple packages. Further, the same test was
performed on the Conmparative Example,'and cracks
occurred in seventy-five parcent pflthe gample paékages.
In the toregoing description, although the
15 metal insert is represented by the lead frame used in
the production of an electronic package, it should be
understood that the present invention can be applied to
another type of metal insert such as connecting pins of
an electrical connector, metal contacts of an |
20 electrical switch or the like which are partially
embodied in a molded resin mass. Further, the metal
insert may be a reinforcement which is fully embedded in
& molded resin mass,
~ Also, although the metal insert or lead frame
. 925 ~is formed from copper or Pe-Ni alloy, it may be another
metal such as copper ;110y, steel or steel alloy.
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7 (1) A plating solution conposed of a copper cyanide (CuCN) conponent of
about 80 [err], and a free potassi um cyani de (_QN) of about 40 [err] was

used. (2) The pI ating tenperat F ré 3) The
cat hode current density was 5 [- '3&%% oEIy |c c ess
was controlled such that an avegage i el Hmnnﬁﬂllm

coul d be obtained. The resultan ead frapoe was observed* % am ekectr on

m croscope and was phot ographed 10 by an instant canera. This photograph

is shown as Fig. 2. As shown in theGloPo@ I8 a substantial quantity of
copper nuclei, which are viewed as small white stains, are pr oduced over

the surface of the le frame. As apparent from_.the | e shown in

phot ogr aph, tife si é“‘%r‘ﬂtrjré‘ sexkoak f&#"erpairst’t?ﬁ @“% dof"nst’,rbmﬂ‘a? ns
Then, the | eaedirmmases foompreisingy ected to a Sn-N alloy plating process
under th% foIIowerﬁ

t (1) A plating solution
conposed~of a stannousS C I%‘?r%ﬁt%qﬁl]k’corgp%rfent of about 80[err], a nickel
a substantial. amount of nickel or nickel alloy

granulatlgns produced over a surface of said metal insert
blank, the size of said granulations being at most 1.0 um.
2. A metal insert according to claim 1, wherein said
10 metal insert blank is treated by an electrolytic-copper
plating process such that a substantial amount of copper
nuclei are spread over its surface, and vherein the copper
nuclei are grown up és the nickel or nickel alloy

granulat:.ons by an electrolytlc-nlckel or nickel alloy
15 plating process.

3. A metal insert according to claim 2, wherein said

electrolytﬁic-cgpper plating process is controlled such that

the average thickness of the plating is from about 0.5 to

about 1.0 pm, and wherein said electrolytic-nickel or
20 nickel alloy plating process is controlled such that the

average thickness of the plating is from about 0.5 to about

1.5 um. ' .

4. A metal insert according to claim 2 or 3, wherein

said electrqutic-niqkél alloy plating process is a Sn-Ni
25 alloy plating process, a Co-Ni alloy plating process, or
' a Fe-Co-Ni alloy plating process.

5. A metal insert according to any one of the preceding

claims, wherein said metal insert blank is formed from a

. copper, copﬁ'e'r: alloy, or Fe-Ni alloy.
; 30 6. A method of surface treatment for roughening a metal
insert for at least partially embedding in a molded resin
mass, comprising the steps of:

producing a substantial quantity of copper nuclei over
the surface of the metal insert blank by controlling an
electrolytic~copper plating process such that the average

thickness of the plating is from about 0.5 to about 1.0 pm;

35
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chloride [err] conponent of about 300 [err], a sodiumfluoride [err]
.conpenent of about 30 [err] , and an ammoni um hydrogen fluoride [err]
conponent of about 25 35 [err] was used. (2) The pI atl ng tenperature
was 75 [err] (3) The cathode curr H]

pl ati ng process was controlled sudhTHi$LHE PEE@ Iatl m mmlmmmﬂ
about 0.5 a mcould be 30 obt aifined. P¥R tanf{ |ead frame wds al

observed by the el ectron nmicroscope and was_phot ographed by the instant
canera. This photograph is shown as Fig. 311as shown in the phot ograph t he

copper nuclei were I | ation ed o rf
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the size of theé %uﬂﬁﬂ‘%ﬁ% jmors | bys contirollinge g electy 'En Cerl
Sinmlar to Exarfpiaetﬂn %fkeaéséf FHHCENLL TRE TAVPARP PERICRAES¥ADE the

subj ected to an tjc- er-plating process under the sanme
ﬁ ‘H@P t‘ﬁesl'%%oa Qulrel v Beur t her subj ect ed

conditions as

5 7. A method according to claim 6, wherein said metal
insert blank is formed from copper, copper alloy, and Fe-
Ni alloy.

8. A method according to claim 6 or 7, wherein said
electrolytic-nickel alloy plating process comprises a Sn~Ni -

10 alloy plating process, a Co-Ni alloy plating process, or
a Fe-Co-Ni alloy plating process.

is Sheet Has Been Reﬂlaced
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to a Sn-W alloy plating process under the sanme conditions as Exanple |
except that the [err] alloy plating process was controlled such that an
average plating thickness of about 1.0 [err] could be obtained. 10 The
resultant |ead frane was observed by the.electron mcroscope and was

phot ographed by the instant camera This photograph Is shown as Fig. 4. As
shown in the photograph, the copper nuclei 1%ere .grown up as granul ations,

produced over the surface of the |egdgfga Sa apparent fromthe
scal e shown in the photograph, the §TZE§U$E¥%éFgT5£uIations was at nost 1.0
[err]. Exanple I'll: A lead frame forned fron1[err] aIon was prepared. This
| ead frahe was subj ect e(METARR ISR REENENG Ng process

under the sanme conditions as Exgaple.l i} ‘-.' ubjected to a Sn-N
all oy plating process under the®Sae—coftartro S
Exanple |,5the resultant |ead frane had a substantlal anount of

granul ati ons producqd 2y %%Ft:p%to%; btAGR L Rl iy Wb inf e

granul artions was somewhat snal ons accor
Exanpl e |. Conp@ided, Fesimass compri sesan% me ﬁ%d ipsertchppBk,wwdt a
directly 30  gubtenitddl ameunt bf MilckelbloH iniekeloeaIvyudgendlations

produced over .a surface of it, the size of the
10 granuiatiohs being at most 1.0 pm. the metal insert blank
is treated by a first electrolytic plating process such .
that a substantial quantity of copper nuclei are spread
over the surface, and thé copper nuclei are then groﬁn up
as the,pickel or nickel allqy_granﬁiations by a second
15 electrolytic plating process. The first electrolytic
plating procéSS' is control}éd such that the average
thickness of the plating is from about 0.5 to about 1.0 pm,
and the second electrolytic plating process is controlled
such - that theAaverage thickness of the plating is from
20 about 0,5 to about 1.5 pm.

{(No figure]



sanme conditions as Exanple I. The resultant |ead franme was observed by the
el ectron m croscope and was phot ographed by the instant canera. This

phot ograph is shown as Fig. 5. As shown in the photograph, the |ead 35
frame has no granul ati ons produced over the surface thereof. Package Crack
Eval uati on Test: By using the | ead franmes obtained from Exanple |, one
hundred sanpl e packages were produced. Theqsanpl e packages were exposed to
an anbience having a tenperature of 85 [err{3and an air npisture content of
5 85 % (RH), over a period of 168 hours, and then were placed in an
infrared oven having an interior tenperature of [err], over period of 10
sec. As a result, no cracks occurred in any of the sanple packages. The
sanme test was perforned on each of the 10 cases of Exanples Il and |11
and no cracks occurred.in any of the.sanple packages. Further, the sane
test was perforned on the Conparative Exanple, and cracks occurred in
seventy-five percent of the sanple packages. In the foregoing description,
al though the 15 = netal insert is represented by the lead frane used in

-F~i~g’.1 o |
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t he production of an electronic package, it should be understood that the
present invention can be applied to another type of netal insert such as
connecting pins of an electrical connector, netal contacts of an 20
electrical switch or the like which are partially enbodied in a nol ded
resin mass. Further, the netal insert may be a reinforcenent which is fully
enbedded in a nolded resin nass. Also al t hough the netal insert or |ead
frame 25 - is forned from copper or 3alloy, it may be anot her netal
such as copper alloy, steal or steel aIIo CLAIMS 1. A netal insert
at least,partially enbedded in a nold |n. ss, conprising: a netal
i nsert bI ank; said netal |nsert bI ank | ei } r&at ed by an el ectrol ytic-
copper-pl ati ng proces bl Lol ! i : . lei is
spread over a surface B fl ati ons
produced over the surfj

granul ati ons bei ng at

.
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sai d nickel granulations being forned on the copper nuclei by an

el eetrolytic nickel plating process. 2. A netal insert as set forth in
claim 1, wherein said electrolytic-copper-plating process is controlled
such that an average thickness of plating i.s fromabout 0.5 to about 1.0
[err], and wherein said electrolytic-nickel-plating process is controlled
such that an average thickness of plating_is fromabout 0.5 to about 1.5
[err] 3. Anetal insert as set forth in cB#m 1, wherein said netal insert
blank is formed froma netal material gebécted fromthe group consisting of
copper, gopper alloy, and Fe Ni all oy. 4] Al n;e@ i nsert at least partially
enmbedded in a nol ded rg "X : | - sai d

metal insert blank bei s j process
such that a substanti o M surface
t hereof; a substanti aljg ®cd over
the surface of said megg bei ng
at nost 1.0 [err]; andg on the

copper nuclei by an el [N SE—. -:,f;ﬂ%> .} ‘}“ T ’;- . Ee et a
insert as set forth | N x ' -
process is controlled
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average thickness of plating is fromabout 0.5 to about 1.0 [err] and
wherein said el ectrolytic-nickel alloy-plating pro- Fegqisuch
t hat an aver age—thi-eknesswof plating is from about 0 HRERLWHMISEEEH].

-11- 6. An'eta Mﬂj as set forth in claimb5, wher *roagquEClSQ?

el ectrolytic-n H Em,ng procegs CONMPri ses AP B . wmmnrireisinens !
trolytic-plati ed fromthe group conStstrng of a Sr=N

all oy plating process, a Co N all oy plating process, and a Fe-Co-N alloy
plating process. 7. A netal insert asgggiyforth in claim4, wherein in that
said netal insert blank is fornmed fronra-wetal material selected fromthe

group consi sting of F t hod of
rough-surface treat nt'rffR 8?mdn§§l§aﬂtqk%§eﬁ¥ﬁ§ﬂyl %‘E@ngéérl??{a ﬁi/()le edded in a
nol ded resin nass,restmmass, SOMPRHBESt ep of : produci ng a substanti al

quantity of copper r’é‘?ﬁ&]&il W@étglﬂ{face of a netal insert blank by
controlling an elec- tr

yt1 c- coppe | atj ng process such that an average
thi ckness of plati ngsdld metah imsert l@lﬁ b@lnﬁbgpﬁﬁ SY[%‘F %%ﬁa
ooppcr—plaung process such that a substanual amount

of copper nuclei is spread over a surface thereof;

a substantial amount of nickel granulations produced over
the surface of said metal insert blank, a size of said
granulations being at most 1.0 pm; and

said nickel granulations being formed on the copper

nuclei by an electrolytic nickel plating process.

2. A metal insert as set forth in claim 1, wherein said
electrolytic-copper-plating process is controlled such that an
average thickness of plating is from about 0.5 to about 1.0
pm, and wherein said electrolytic-nickel-plating process is
controlled such that an average thickness of plating is from
about 0.5 to about 1.5 pum.

3. Ametal insert as set forth in claim 1, wherein said metal
insert blank is formed from a metal material selected from
the group consisting of copper, copper alloy, and Fe-Ni
allo

4yA metal insert at least partially embedded in a molded
resin mass, comprising:

a metal insert blank;

said metal insert blank being treated by an electrolytic-
copper-plating process such that a substantial quantity
of copper nuclei is spread over a surface thereof;

a substantial amount of nickel alloy granulations pro-
duced over the surface of said metal insert blank, a size
of said granulations being at most 1.0 pm; and

said nickel alloy granulations being formed on the copper
nuclei by an electrolytic nickel alloy plating process.

5. A metal insert as set forth in claim 4, wherein said
electrolytic-copper-plating process is controlled such that an
average thickness of plating is from about 0.5 to about 1.0
pm, and wherein said electrolytic-nickel alloy-plating pro-
cess is controlled such that an average thickness of plating
is from about 0.5 to about 1.5 pm.




grow ng up said copper nuclei as nickel granulations

el ectrol ytic- npekeL_pLang_pLoeess such that an av
t al n@ﬁaﬂ&ﬁé&g

plating is from about 1. 9. A

forth in clalmEm mllﬂl l taI |nsert bl ank i s| faster®d-£rom-a- mst_ I
materi al sel ect con5| s{j ng of coppe¥;—copper alfoy, and
Fe-Ni alloy. 10. A nmet ho rough-surface treatnment for a netal insert at
| east partially enbedded |n a nol ded resin mass, com prising the step of:
producing a substanti al quantity of copper nuclei over a surface of a netal
insert bl ank by ¢ ohtmetd!i ingemnaseker fottholry claine dypwhepeiat saig process such
that an averag '@e,%ketanbyl 188nf Sprioces’ @bpusrifedah @ladout 1.0 [err];
and form ng nﬁﬁ%“& t.f c&ﬁt&nQﬂQ lé%h@isu%&f)m rolling an
el ectrolytic F %é

plating is fr

? g%{) 8 roc ge t hi ckness of
in claim10, %l

mmﬁﬁ&fkﬁéé’éf
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l[ﬂip t as set forth
g@r i aloy| Pllaﬁé’GrPr%e&ﬁ-k is formed froma netal
mat eri al sel ect §d A metal fesegt asiset foth sini clainf 4¢ sderein cophatr al | oy, and
Fe-N alloy. said metal insert blank is formed from a metal material
selected from the group consisting of copper, copper alloy,
and Fe-Ni alloy.
8. A method of rough-surface treatment for a metal insert
at least partially embedded in a molded resin mass, com-
prising the step of:
producing a substantial quantity of copper nuclei over a
surface of a metal insert blank by controlling an elec-
trolytic-copper-plating process such that an average
thickness of plating is from about 0.5 to about 1.0 um;

and

growing up said copper nuclei as nicke} granulations by
controlling an electrolytic-nickel-plating process such
that an average thickness of plating is from about 0.5 to
about 1.5 um.

9. A metal insert as set forth in claim 8, wherein said metal
insert blank is formed from a metal material selected from
the group consisting of copper, copper alloy, and Fe-Ni
alloy. '

10. A method of rough-surface treatment for a metal insert
at Jeast partially embedded in a molded resin mass, com-
prising the step of:

producing a substantial quantzty of copper nuclei over a
surface of a metal insert blank by controlling an elec-
trolytic-copper-plating process such that an average
thickness of plating is from about 0.5 to -about 1.0 pm;
and

forming nicke] granulations upon said copper nuclei by
controlling an electrolytic-nickel alloy-plating process
such that an average thickness of plating is from about
.0.5 to about 1.5 pm.

11. A metal insert as set forth in claim 10, whercin said
metal insert blank is formed from a metal material selected
from the group consisting of copper, copper alloy, and Fe-Ni
alloy.



- lla.- 12. A netal insert as set forth in claim1l, wherein said
el ectrolytic-nickel alloy-plating process conprises ajf€ree

trolytic-plating process selected fromthe group consjj SEFAGCER v SRaTET
all oy plating process,a<€o-N-—alloy plating process,|| and ﬁge@jﬁqﬂal
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12. A metal insert as set forth in claim 11, wherein said
clectrolytic-nickel alloy-plating process comprises an elec-
trolytic-plating process selected from the group consisting of
a Sn-Ni alloy plating process, & Co-Ni alloy plating process,
and a Fe-Co-Ni alloy plating process.



