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METAL 

The present invention relates to & metal 
inaer~ which is at least partially embedded in a molded 
res~~ mass, and~also relates to a method of surface 
treatment for roughening aurf acea of auch a metal 

10 insert. 

For exaMpla, a• a metal insert which is 
partially embedded in a molded resin mass, a lead frame 
is well ~nown to be used in the production of electronic 

15 components or electronic packages. In general, the 
lead f·rame comptiae1 a central &t!lge for supporting an 

electric element such as an integrated circuit (IC) chip, 
and a plurality of lead elements arranged around the 
central stage. In the production of electronic package, 

20 th• IC ohip. is eeourely moun~ed on .the central atage of 

the lead frame, and then is electrically ~onnected to 
the inner ends ot the lead elements by a. well-known 
wire-bonding process. Thereafter, the central sta9e 
with the IC chip is enclosed together with the inner 

25 enda of the lead ele-menta by a split mold, ·and than a 
suitable curable synthetic ~~sin i• introduced into the 

. . 

split nold. Thua, the _IC chip.is.seal-din the molded 
resin maaa in such a manner that the lead frame 11 
partiallJ embedded therein. 

30 The lea~ frame may be· forme~ from a thin cu 
plate, cu alloy plate, Ni-Pe alloi. plate or the like by . ~ 

a mechanical punching process or a photoetching p&oeeaa, 
and i• subjected to a surf~ce treatment 10 as to 
improve an adhesion property with respect to the-molded 

85 resin mass. For example, the surfaces of tbe lead frame 
Are roughened by a.mechanical presaing process or a 
chemical etching proces1, and thus the contact area 
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between the lead frame and the moldect;~;sesin N .,;,,~is 
increased so that the lead ·frame exhiblf~k~~ved 
adhesion property to the molded r~sin mass. If the lead 
frame is not subjected to the rough surface treatment, 

• . . i 

5 moisture can easily penetrate into the boundaries between 
the lead frame ana the molded resin mass, so that cracks 
may occur in the molded resin mass due to evaporation of 
the penetrated moist~e. 

Neverthel~s, 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 treatment, 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 surf ace of said metal insert 
. . 

blank, the si~e of said granulations being at most. l,.O µm. 
25 According to a second aspect of this invention, a 

30 

35 

method·of surface treatment for roughening a metal insert 
for at least partially embedding in.a molded resin mass, 
comprises· the steps of: 

producinq a substantial quantity of copper nuclei over 
the surf ace of the me~al ins~ blank by controlling an 
electrolytic-copper plating process such that the average 
thickness of the plating is from.about o.s to about 1.0 µm; ... 

and, 
growinq up said copper ~uclei as nickel or nickel 

alloy granulations by controlling an electrolytic-nickel 
Plating ·process such that the average thickness of. the 
Plating.is-from about o.5 to about 1.s µm. 
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Preferably, the metal insert blank is formed from 
copper, c~p~er alloy, or Fe-Ni alloy. When the 
granulations are grown up with the nickel alloy, the 
second electrolytic plating process pr~f erably consisting 

5 of a Sn-Ni alloy plating process, a Co-Ni alloy plating 
process or a Fe-~o-Ni all~y plating.process. 

Particul~r· embodiments of ~e present invention will 
now be. described with reference to the· accompanying 
drawings; in ~hich: 

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

Figure· 2 is an electron microscope photograph showing 
a lead frame blank which .has been treated by an electro­
lytic-~opper-plating ·process in accordance with the present 

15 invention; 
Figur·e 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 ls an electron micr~scope photograph similar 
to the photograph of Figure 3, showing the lead frame blank 
which has been further treated by another electrolytic­
nickel -alloy plating process in accordance with the present 
i_nvention; and 

. 25 Figure 5 is an electron microscope photograph showing 

"', .. 

a lead frame blarik which has been directly treated by an 
electroiytic-nickel all~y plating·process 

< -. 
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in accoidance under the same conditions aa those in 
FiV• 3 without being subjected to an electrolytic-copper­
plat.inq process. 

tigure l shows a lead frame a1 an example ot a 
I 

metal 1·nsert which is partially embedded in a molded 
resin mas1. Thia lead· frame is used in production of a 
dual-in-line trpe of elec~ronic package, and may be 
formed from a thin Cu plate, Cu alloy plate, Ni-Fe alloy 
plate or the like by a mechanical punching process or a 
photoetching process. The lead frame comprises a pair 
of aide frame portions 10, ana a plurality of lateral 
frame lateral frame portion• 12 integrally extended 
between ~he side frame portions 10 and spaced from each 

16 other~ Note, in Fig. 1, only one set of two adjacent 
lateral frame portions is illustrated. The lead frame 
also comprises a rectangular c~ntral st~ga 14 arranged 
at a center of a rectangul~r area defined by the set of 
lateral frame portions 12., a.nd the central stage 14 i• 

20 supported by the side frame portions 10 through the 
intermediary of two bar elements 16 integrally e~ter.ded 
between the aide frame portion• and opposed sides of 
the central stage 14, respectively. 'l'he lead frame 
further_ comprises a first ·group of lead elements 18 

25 inte9rally·extended from one of the lateral ll'ame 
portions 12 toward the central stage 14, a second 9roup 
of lead· element• 20 in.tegrafl.y extenaed from th• other 
lateral frame portions 12 toward ·the central stage 14, · 
a first dam-bar element 22 transversely extended through 

80 the lead_elem•nts 18 and int~grated with the side frame 
portions 10 at the end1 thereof, and a second daM-bar 
element 24 transversely extendecJ through the lead 
elements 20 and integrated with the side frame portions 
10 ·~ the ·ends thereof. 

35 In the production of the dual-in•line type 
package, an electric element such as an inte9rate4 
circuit (IC) chip i• securely mounted on the central 
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stage 14 of the lead frame by using a ailver or gold 
pa1te, and then 11 electrically connected to the inner 
and• of tha lead elements 18, 20 by a well-known wire­
bonc!in.g process. Thereaiter, the central stage 14 with 
the IC chip is enclosed together with the inner end• of 

I . 

the lead •lements ta, 20 by a split mold, and the dam-
bar elements 22 and 24 of the lead frame are in 
cooperation with the split mold t.o define a clos.ed 
molding caviti~ Then, a suitable curable synthetic 

1 o resin aucb a.s epoxy is introduced int.~ the molding . . 
cavity, and thus the IC chip is sealed in tha molded 
resin mass in such a manner that the lead frame is 
partially embedded therein. After the introduced resin 
is cured, the split mold is removed from the lead frame, ·. . 

16 and the dam-bar e.~.emen·ts 22, 24 are cut to .. release the 
.. 

lead elements 18, 20 from the dam-bar connectiona. 
Thereafter, the lead elements 18, 20 are trimmed by a 
pres~-cutting process 1uch that the lead element• 18, 

· 20 are detached from the lateral frame por~ions 12, and 
20 are bent downwardly with respect to the molded resin 

mass. As a result, the dual-in-li~e type package is 
obtained. 

The present inve~tio" is directed to a novel . . 

method of surf ace treatment for rougheni~g surfaces of 
25 the metal insert or lead frame as mentioned above, and, 

in thi• embodiment, the lead frame is treated by the 
rough-surface treatment method according to the present 
invention, prior to the mounting· of the IC chip on the 
central stage thereof. 

SO The rough-surf ace treatment method features 
two electrolytic-plating proc~ssest a first 
electrolytie-pl~ting process for produ~ing a substantial 
quantity of copper nuclei over the surfaces of the lead 
frame: and a second electrolytic-plating process fer 

35 growing up the copper nuclei with nickel or nickel alloy 
to thereby produce a substantial amount of granulat~c~a 
over the aurfacea of the lead fram•. In this case, the 
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aize of .the copp1r nuolei is on the order of sub­
microns, and can be obtained by controlling the tirat 
electrolytic-plating process auch that &n avera9a 
thickness of plating of 1111 than about ·1.0 u m 

5 (preferably 0.5 ~m) i• obtained. Aleo, ~he size of the 
9ranulation1 is at most 1.0 .um, and can.be obtained 
by controlling tho second electrolytic-plating proce•• 
such that an a~eraqe thickness af plating is about o.s 
to about 1.5 ~ m. 

10 The gxanulatiOn& produced over the surfaces Of 
the lead frame contribute to increasing a contact area 
between the· lead frame and the ·molded resin maa1, 

·whereby· the lead frame exhibits a remarkably improved 
adhesion property with respect to the molded resin mass. 

15 When the second electrolytic-platin9 process 11 
controlled such that an average thicknela of plating is 
less tb~n 0.5 u m, the granul&tion1 cannot be 
suffic~ently grown up, and thu• an improvement in the 
adhesion property of the lead frame to ·the molded resin 

20 mass i·s poor. on the contrary, when the second 
electrolytic-plating process is controlled such that an 
averase thickness of plating is more than 1,5 u.m, the 
number of the granulations is reduce4 so that a contact 
area between the lead frame and the molded-resin mass 

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

When the copper nucl~i are grovn 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 platin9 process or a Fe-. . 

Co-Ni alloy platin9 proce••· 
Example 11 

35 A lead· frame was formed from copper,-an4 wa1 
subjected to an electrolytic-copper-plating process 
under the following condi~iona1 
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(1) A plating 1olution composed of a copper 
cyanide (CuCN) component of about 80 9/l , and a fre• 
potassium cyanide (XCN) of &bout 40 g/t was used. 

(2) The Plating temperature w.aa 40 'C • 
(3) fhe cathode current density was 5 A/d~1 

The electrolytic.!.copper-plating process wa1 controlled 
such tha~ an· average plating thickness of about o.s " 
m could be ·Obtained. ~he resultant· lead frame was 
observed by an, electron Microscope and was photographed 

1 O by ·an instant camera. This photo9raph 11 shown a1 
Pig~ 2. As shown in the photograph, a substantial 
quantity of coppe~ nuclei, which are viewed as small 
white stains·, are produced over the surface of t.he lead 
frame. A1 apparent from the acale shown 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 plating process under the following 
conditions: 

20 (1) A plating solution composed cf a stannous 

chloride (SnCl1 ) component of about 80 g/ I _, a nickel 
chloride (NiCl1) component of about 300 g/l , a sodium 
fluoride (N~P) component ~f about 30 g/l , and an 
ammoniu• hydrogen fluoride (NH1HP) component of about 

26 35 9/l was used, 

30 

(2) The plating temperature was 75 'C , 
(3) The cathode current density was 2 A/dm• 

The sn~Ni alloy plating process waa controlled eucb that 
an average plat.in9 thicknaa·s of about 0. 5 u m could be 
obtained. The resultant lead frame waa also observed 
by the electron mioroaeope and.was photographed by the 
instant· .camera.. 'rhia photograph is· ahown aa Fig, 3. As 
shown. in· the photograph, the copper nuclei were grown 
up as 9ranulations proa~ced ove& the surface of the 

85 lead frame. .As appu:ent from the scale shown in the 
Photograph, the 1ize of the granulations was leas tha~ 
1.0 " m. 
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Bxample II: 
. Similar to zxample 1, a lead frama was formed 

from copper, and was eubjected to an •l•ctrolytic­
copper-pl&ting proces1 under the same conditions as 
Example x. !hen, the lead frame was further subjected 

t . . 

t.o a Sn-Ni alloy plating ·process under the same 
conditions· aa Example I except that the Sn-Ni alloy 
plating procea~ was ·controlled auch th~t an average 
platinCJ thickn~aa of about 1.0 u m could be obtained, 

10 The resultarit lead frame wa1 observed by the electron 
microscope a~d vas photographed by the instant camera. 
This photograph·: is &hewn as Fi~. 4.. As shown in the 
photograph, the copper nuclei were 9rown up as 
9ranula~io~1 produced over th~ surface of the lead frame. 

15 As apparent from the scale shown in the photograph~ the 
size of the·granulationa was at most 1.0 ~ m. 

Example III1 

.A lead frame formed from Pe-Ni alloy waa 
prepared. This· lead frame was subjected to an 

20 electrolytic-copper-plating process under the same 
conditions as Bxample 1, and was then subjected to a 
Sn-Ni alloy plating proce~s under the aame conditions aa 
Example I. Similar to sxample I, the resultant lead 

. . . 
frame had a •~batantial amount of granulations produced 

25 over the surface thereof, but the eize of the 
granulartions w·as somewhat smaller that of the 

granulations according to Bxamp~e I. 

80 

;35 
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Comparative Examplei 
A lead frame formed from copper was directly 

subjected to a sn-Ni alloy ~lating process under_ the 
. . I 

aame conclit.ion•. aa ·Example l. · The r_esul tant lead frame 
was ob•erved by the el.ectron microscope and was 
photogxapbed by ~he instant camera. Thi• photograph is 
•hown &8 Fig, s. Aa shown in the ·photograph, the lead 
~rame has no granulation1 produced over the surface 
thereof~ 

Package Crack Evaluation Tests 
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By uaing the lea~ f ramea obtained from Example 
I, one hundred sample package• were produced. The 
sample packages were exposed to an ambience having a 
temperature of 85 8C and an air moisture content of 

5 85 ' (RH), over a period ot 168 houri, -and then were 
placed in an infrared oven having an .interior 
temperature of 235-C , over perio4 o~ 10 aec. Aa a 
result, no cracks occurred in any of .the sample 
packages. 'l'he :.same test. was performed -on each of the 

JO cases of Examples II and III, and no cracks occurred in 
any of the sample packages. Further, the same test was 
performed on the Comparative Example, and cracks 
occurred in seventy-five percent ~f the sample packages. 

In the foregoing description, although the 
15 metal insert is represented by the lead frame used in 

the ~roduction of an electronic package, it should be 
understood that the present invention oan be applied to 
another type of .metal insert such as connecting pins of 
an electrical connector, ~etal 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 
a molded resin mass. 

Also, although the metal insert or lead frame 
25 is ·f~rmed from copper or re-Ni alloy, it may ·be another 

metal such as copper alloy, atee"l or steal_ alloy. 

80 

86 
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1. A metal insert at least partially embedded in a molded 
resin mass, comprisinq: 

5 a metal insert blank; and, 
a substanti~l- amount of nickel or nickel alloy 

granulations produced over a surface of said metal insert 
blank, the size of said qranulations beinq at most 1.0 µm. 
2. A metal insert ~ccordinq to claim ·1, wherein said 

10 metal insert blank is treated by an electrolytic-copper 
platinq process such that a substantial amount of copper 
nuclei are spread over its surface, and wher~in the copper 
nuclei are grown up a_s the nickel or nickel alloy 
granula~ions by an electrolytic-nickel or nickel alloy 

15 platinq ·process. 
3. A metal insert according to claim .2, wherein said 

. . 
electrolytic-copper platinq process is controlled such that 
the average thickness of .the plating is from about o.5 to 
about 1. o µm, and wherein said electrolytic-nickel or 

20 nickel alloy platinq process is controlled such that the 
averaqe thickness of the plating is from about 0.5 to about 
1.5 µm. 
4. A ·metal insert accordinq to claim 2 or 3, wherein 
said electrolytic-nickel alloy plating process is a Sn-Ni 

25 alloy plating process, a Co-Ni alloy plating process·, or 
a Fe-co-Ni alloy pla~inq process. 

: 30 

35 

5. A metal insert according to any one of the preceding 
claims, wherein said metal inse~ blank is formed from a 
copper, copper alloy, or Fe-Ni alloy. 
6. A method of surface treatment for rouq~eninq a metal, 
insert for at least partially 'embedding in a molded resin 
mass, com~risinq the steps of: 

producing a substantial quantity of copper nuclei over 
the surf ace 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. µm; 

and, 
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qrowinq up said copper nuclei as nickel or nickel 
alloy granulations by controllinq an electrolytic-nickel 
platinq process such that the average thickness of the 
plating is_ from about o.s to about 1.5 ~m. . . 

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

8. A method according to claim 6 or 7, wherein said 
electrolytic-ni'Ckel alloy platinq process comprises a sn-Ni 

10 alloy platinq process, a co-Ni alloy plating process, or 
a Fe-co-Ni alloy platinq proces~. 
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