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SPECIFICATION

LEAD FRAME MATERIAL
TECHENICAL FIELD
The present invention relates to a lead frame material
useful for the production of lead frames, such as those for
semiconductor devices. '

BACKGROUND ART
As the integration of IC's and LSI's is increasing, the

- required pin-count is increasing, necessitating fine

patterning of leads. Etching is suited to the production of.
lead frames having leads of fine patterns from lead frame
materiais. For example, Japanese Patent Appiication
Unexamined Publication No. 3-148856 (1991) discloses
production of lead frames by etching a three-layered lead
frame material comprising two metal layers of different
thicknesses and an aluminum etching stop layer sandwiched
therebetween.

In the method, the etching stop layer enables selective
etching of one of the two metal layers of different

thicknesses. The thicker metal layer is to be the base

material of the lead frame and is thick enough to afford the
required mechanical strength. The thinner metal layer is to
be the bonding areas for connection with IC's and is thin '
enough to form finely patterned bonding areas. Thus lead
frames having both fine bonding areas for connection with
IC's and sufficient mechanical strength can be produced by
the selective etching. '

The etching stop layer of the three-layered lead frame
material used in the method, however, is an aluminum layer
formed by vapor deposition. The vepor deposition for forming
the aluminum layer disadvantageously requires a complicated
process, which increases the production cost of the lead
frame material.

Further, in the course of producing lead frame by the
above-described method, the three-layered lead frame material

'is exposed to high temperatures when, for example, polyimide
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films are bonded as an inéﬁlatiﬁg protective films to the
surfaces of the lead areas w?th polyamic acid adhesives by
curing the adhesives at 350 C or higher. The etching stop
layer therefore requires a good heat-resistance enough to
withstand such a high temperature. For example, nickel
layers, which are readily formed by electroplating, cannot
act as etching stop layers; because copper diffuses from
metal layers into the nickel layers at high temperatures of
350°C or higher. '

In Japanese Patent Application Unexamined Publication

No. 5-121617 (1993) is disclosed the production of lead
frames from a two-layered lead frame material comprising a

first copper layer of 80 to 150 Xm thickness and a second

aluminum layer of 10 to 50 #m thickness, by selectively

plating a third copper layer on the second aluminum layer,
and then patterning the first copper layer to form inner
leads. Having the aluminum layer as an etching stop layer,
the two-layered lead framé material used in the method also

‘involves the same problem as that with the three-layered lead

frame material.

DISCLOSURE OF INVENTION _

An object of the present inventlion is to proVide a
three-layered lead frame material and a two-layered lead
frame material, which have an etching stop layer being able
to formed readily by electroplating without requiring a
troublesome process such as vapor deposition and having

" excellent heat-resistance.

As the results of studies to solve the above-described
problems, the inventors have found that a specific alloy
layer'of a specific thickness is useful as the etching stop
layer of three-layered and two-layered-lead frame materials
because it can be formed readily by electroplating without
requiring a troublesome process such as vapor deposition and .

_contributes excellent heat-resistance to the three-layered

and two-layered lead frame materials. They have completed
the present invention o@ the basis of the findings
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That is, the presenihinvention provides a lead frame
material, comprising s

a copper or copper alloy'iayér (A) of 35 to.300 Mm
thickness; i .

a nickel-phosphorus alloy layer (B) of 1.6 to 10. #m
thickness which is formed on the copper or copper alloy
layer (A) and contains 0.3 to 1.0 wt¥ of phosphorus; and

‘a copper layer (C) of 0.2 to 30 4m thickness which is

formed on the nickel-phosphorus layer (B).
The present invention further provides a lead frame
material, comprising
a copper or copper alloy layer (A) of 35 to 300 Um
.thickness; and ' " |
a nickel-phosphorus alloy layer (B) of 1.6 to 10 Um

thickness which is formed on the copper or copper alloy
layer (A) and contains 0.3 to 1.0 wt$% of phosphorus.

BEST MODE FOR CARRYING OUT THE INVENTION
The 35 to 300 4m thick copper dr.copper alloy layer (3)
of the lead frame materials of the present invention is to be

patte:ned into the outer leads or the like of lead frames.

If it is less than 35 Um thick, the mechanical strength of

the outer leads will be insufficient, and if more than 300 U
m thick, it will take a long time to etch and lower the

productivity. It is preferably 50 to 200 M4m thick.

Preferred copper alloys include alloys of copper with at
least one metal selectéd from Sn, Ni, Zn, P, Fe, Zr, Cr, Mg
and Si, and the content of other metals than copper in the
copper alioy.is preferably 0.01 to 5 wt%.. The copper or

- copper alloy layer (A) preferably has a surface roughness Ra

of 0.1 to 2.0 Um, more preferably 0.2 to 0.8 Um. If the

surface roughness Ra is less than 0.1 4m, the adhesion of

the nickel-phosphorus alloy layer (B) may be low, and if more
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than 2 Um, pin-holes may be méde in the-nicke14phosphorus
alloy layer (B). R

The 0.2 to 30 &m thick copper layer (C) of the three-
layered lead frame material is to be pafterned into fine
patterns.  If it is less than 0.2 4m or more than 30 Km in
thickness, fine patterns cannot be formed. It is preferably
0.5 to 10 4m thick.

The 1.6 to 10 le-thick“nickel—phosphorus alloy layer
(B) is not etchable with the etchant for the copper or copper
alloy layer (A). The function of this layer in the three-
layered lead frame material is to prevent one of the layers
sandwiching it from being etched while the other is being
etched. Compared with the conventional aluminum layer which

" has been formed by vapbr deposition, the nickel-phosphorus

alloy layer (B) is advantageous because it can be formed .
readily by electroplating without requiring the troublesome
process, thereby lowering the production cost of the lead
frame materials. Further, it has good heat-resistance
because the phosphorus contained in the nickel-phosphorus
alloy inhibits the diffusion of copper from the adjacent

"layers into the nickel-phosphorus alloy.layer (B) even at

high temperatures. The phosphorus content in the nickel-
phosphorus alloy layer (B) is 0.3 to 1.0 wt%, preferably 0.5
to 0.8 wt¥. If the phosphorus content is less than 0.3 wtg,
the heat-resistance will be too low to prevent the diffusion
of copper into the nickel-phosphorus alloy layer (B), and the
layer cannot wofk as an etching stop layer. If it is‘more
than 1.0 wt%, the productivity will be low due to the low
nickel-phosphorus electrodeposition efficiency.

If the nickel-phosphorus alloy layer (B) is less than

1.6 4m thick, it cannot fulfil the function of an etching

stopping layer, namely. the function of prbtecting oﬁe of the
adjacent metal layers while the other is being etched. If it

is more than 10 4m thick, the removal of the etching stop

1éyer in the final stage of the producfion of lead frames
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‘will take a long time, thereby lowering the productivity.

Preferred thickness is 2.0 to 5.0 Um.

The surface roughness Ra of the nickel-phosphorus alloy
layer (B) somewhat depends on the surface roughness of the
underlying copper or copper alloy layer (A), but is
preferably 0.1 to 0.8 unu _ |

- For the purpose of anticorrosion, the surface of the
lead frame material is preferably treated with a chromate or
a chromate containing zinc compounds.

The lead frame material of the present invention may be

produced by forming the 1.6 to 10 Um thick nickel-phosphorus

alloy layer (B) on one side of the 35 to 300 #m thick copper

or copper alloy layer (A) by nickel-phosphorus plating, and,
in case of the three-layered lead frame material,

- additionally forming the 0.2 to 30 um thick copper layer (C)

on the surface of the nickel-phosphorus alloy layer (B) by
copper plating. If necessary, a chromate layer may be formed
on the exposed surface of the copper layer (C).

When the two?layered lead frame material is used, fine
bonding areas for connection with IC’'s can be formed by
forming plating resist patterns on the nickel-phosphorus

-alloy layer (B) and then plating copper thereon. When the

three-layered lead frame material is used, fine bonding areas
for connection with IC's can be formed by etching the copper
layer (C).

' The copper-phosphorus plating is carried out preferably
by using the following plating solution under the following
plating conditions. '

- {1) The composition of plating bath

nickel sulfate .200-300 g/1
boric acid - 10-100 g/1
phosphorous acid 0.2-20 g/1
sodium o-sulfobenzoic acid imide  1-50 g/1

magnesium sulfate - 10-200 g/1

(2) Electrolysis conditions



10

15

20

25

30

35

6

pH: 1.6-3.0, current density: 1-10 A/dm’,

solution temperature: 20-70 C

Preferred examples of the semiconduCtor devices which
may be produced using the lead frame materials of the present
invention include TBGA (tape ball grid array) devices and CSP
(chip size package) devices.

The present invention will be described in more detail
with reference to the following Examples. These examples,
however, are not to be construed to limit the scope of the

-invention.

EXAMPLE 1

A 150 4m thick copper alloy foil (proddcsd by
Mitsubishi Shindo Co., Ltd., copper-nickel-tin~alloy, trade
name: TAMAC15, surface roughness Ra: 0.2 Um) was prepared, .

and was coated on its non-plating surface with a plastic film
for preventing the deposition of electrolytic metal.
The,following steps (1-5) were carried out in order by
using the foil, to produce a three-layered lead frame
material by forming on the cbpper alloy layer a nickel-

phosphorus alloy layer (thickness: 2 4m, phosphorus content:
0.8 wt%, surface roughness Ra: 0.2 U“m) and a copper layer

(thickness: 2 4m, surface roughness.Ra: 0.2 Mm). After

each of the steps 1-5, washihg with water was carried out.

Production steps

__1. Degreasing -

(1) Degreasing solution _
" sodium orthosilicate: 30 g/l
sodium carbonate: 20 g/1
sodium hydroxide: 20 g/1
(2) Electrolytic degreasing conditions
current density: 5 A/cm?, treating time: 30 seconds,
solution temperature: 40 C

cathode: copper -alloy foil, anode: iridium oxide
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2. Washing with acid
(1) Washing solution x
sulfuric acid: 25 g/i-r
(2) Washing conditions

treating time. 30 seconds, solution temperature: 20 C

3. Production of an electrolytic nickel-phosphorus alloy
layer
(1) Plating solution

nickel sulfate 300 g/1
boric acid : 40 g/l
.phosphorous acid | 4 g/l
sodium o-sulfobenzoic acid imide 10 g/1
magnesium'sulfate 80 g/l

(2) Electrolysis conditions
current density: 1.1 A/dm’
" electrolysis time: 10 minutes
 solution temperature: 35 C
PH: 2.5
, anode: iridium oxide
4. Production of an electrolytic copper layer
(1)'P1ating solution .
copper sulfate 280 g/1

sulfuric acid 70 g/1
additive {gelatin) 3 ppm
additive (C1°) 10 ppm

(2) Electrolysis conditions
current density: 3.5 A/cm®
-electrolysis time: 4 mihutes
solution temperature: 35 C
anode: iridium oxide
5. Production of an anticorrosion layer
(1) Treating solution -
‘sodium bichromate 3.5 g/1
(2) Treating conditions
dipping time: 25 seconds

solution temperature: 20 C
PH: 4.7
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6. Drying _
drying conditions: temperature: 100 C, time: 5 minutes
The three-layered lead frame material produced through

the above-described steps. was heated (200°c, 300°C, 400°C,.

500" C) for 30 minutes in the atmosphere of gaseous N,, and

then the following high-temperature thermomigration test was
carried out to evaluate the heat-resistance of the lead frame
material.

High-temperature thermomigration test

The test pieces heated to the different temperatures
were analyzed on their sections (crossing the interface
between the nickel-phosphorus alloy layer and the thinner
copper layer) with an SEM (scanning electron microscope) and
an Auger electron spectroscopy analyzer, to obtain the degree
of the thérmomigration alloying of metals caused by heating
as the thermomigration percentages (%), which are given in
Table 1. The lesser thermomigration percéntage (%) indicates
the lesser alloying of metals, and indicates the excellence
of the lead frame material in heat-resistance and the ability
of selective etching.

COMPARATIVE EXAMPLE 1

A lead frame material was produced in the same manner as

~ in Example 1 using the same copper a;loy foil as that used in

Example 1, except that the step 3 was replaced by the
following step 3’ for production of an electrolytic nickel
layer to replace the nickel-phosphorus alloy layer by a

nickel layer (thickness: 2 u4m, surface roughness Ra: 0.2 U

m). Thermomigration test was carried out in the same manner
as in Example 1, and the results are given in Table 1. '

3'. Production of an electrolytic nickel layer
(1) Plating solution’ '
nickel sulfate - 280 g/1
boric acid 40 g/1
sodium o-sulfobenzoic acid imide 5 g/1
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(2) Electrolysis conditions "
current density: 1.0. A/dm’
electrolysis time: 10 minutes
solution temperature: 35 C
pPH: 2.5 .
anode: iridium oxide

Table 1 -
-Thermomigration:percentaée (%) .
| 200°C 300°C 400°C 500°C
Example 1 0 0 o 50
g;’;‘ﬁ;:tive o 25 75 100

The results as given in Table 1.show that the lead frame
material of Example 1 has good heat-resistance.

EXAMPLE 2 .

A lead frame material was produced in the same manner as
in Example 1, except that the step 4 was not carried out.
Thermomigration test was carried out in the same manner as in

" Example 1, and the results are given in Table 2.

- COMPARATIVE EXAMPLE 2

A lead frame material was produced in the same manner as
in Comparative Example 1, except that the step 4 was not
carried out. Thermomigration test was carried out in the
same manner -as in Example 1, and the results are given in
Table 2. ' -

" Table 2
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Thermomigration percentage (%)
2000¢ | 300°cC s00'c | s00°C
Example 2 0 ) 0 0 50
Comparative 0 25 : 75 100
example 2

The results .as given in Table 2 show that the lead frame
material of Example 2 has good heat-resistance.

INDUSTRIAL APPLICABILITY

The lead frame materials of the present invention are
not only suited for p:oducing fine lead areas but also.

‘excellent in heat-resistance because it has an etching stop

layer made from a nickel-phosphorus alloy. The lead frame
materials of the present'invehtion are also excellent in
productivity becaﬁse the etching stop layers thereof aré
nickel-phosphorus alloy layers which can be formed by
electroplating without requiring troublesome processes such
as vapor deposition. '
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 CLAIMS

1. A lead frame material, comprising
a copper or copper alloy layer (A) of 35 to 300 4m
thickness; _
a nickel-phosphorus alloy layer (B) of 1.6 to 10 Um

thickness which is formed on the copper or copper alloy
layer (A) and contains 0.3 to 1.0 wt% of phosphorus;'and

a copper'layer (C) of 0.2 to 30 Um thickness which is
formed on the nickel-phosphorus layer (B).

2. The lead frame material of claim 1, wherein the.nickel-
phosphorus alloy layer (B) contains 0.5 to 0.8 wt% of
phosphorus.

3. The 1ead'frame méterial of claim 1, wherein the copper'

or copper alloy layer (A) is a copper alloy'layer comprising
an alloy of copper and at least one metal selected f£rom the

group consisting of Sn, Ni, Zn, P, Fe} Zr, Cr, Mg and Si.

4. The lead frame material of claim 1, wherein the copper
or copper ailoy layer (A) has a surface roughness Ra of 0.1

to 2 Um.

5. The lead frame material of claim 1, wherein the nickel-
phosphorus alloy layer (B) is formed by electroplating.

6. The lead frame material of claim 1, wherein the copper

layer (C) is 0.5 to 10 #m thick.

7. A lead frame material, comprising
a copper or copper alloy layer (A) of 35 to 300 Am
thickness; and
a nickel-phosphorus alldy layer (B) of 1.6 to 10 4m

thickness which is fo:med on the copper or copper alloy
layer (A) and contains 0.3 to 1.0 wt¥ of phosphorus.
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8. The lead frame_material_of claim 7, wherein the nickel-
phosphorus alloy layer (B)~éontains 0.5 to 0.8 wtg of
phosphorus. ' '

9. The lead frame material of claim 7, wherein the copper

or copper alloy layer (A) is a copper alloy layer comprising
an alloy of copper and at least one metal selected from the
group consisting of Sn, Ni, Zn, P, Fe, Zr, Cr, Mg and Si.

10. The lead frame material of claim 7, wherein the copper
or copper alloy layer (A) has a surface roughness Ra of 0.1

' _to 2 KHm.

11. The lead frame material of claim 7, wherein the nickel-
phosphorus alloy layer (B) is formed by electroplating.



