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(57) Abstract: A metal lead frame (100) for an optoelectronic device (150) comprising three metal layers is disclosed. A first metal
layer (110) comprises copper, a second metal layer (120) adjacent to the first metal layer comprises nickel and a third metal layer
(130) adjacent to the second metal layer comprises silver. The second metal layer (120) comprises a first and a second sublayer (121,
122), which are adjoining and polycrystalline with a mean grain size each. The mean grain size of the first sublayer (121) differs
more than 30 % from the mean grain size of the second sublayer (122). Moreover, an electronic device comprises such a lead frame.
Additionally, a production method of such a lead frame is disclosed, comprising the steps: - Providing a copper lead frame; - galvan -
ic deposition of nickel onto the copper lead frame; and - deposition of silver onto the nickel coated lead frame. The galvanic depos -
ition of nickel is split into a first and a second process step with different deposition conditions, thus generating a first and a second
polycrystalline sublayer. The mean grain size of the first sublayer differs more than 30 % from the mean grain size of the second sub-
layer.
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LEAD FRAME AND METHOD FOR PRODUCING A LEAD FRAME

DESCRIPTION

The invention refers to a metal lead frame, a method of pro-
duction of such a lead frame and an optoelectronic device
with such a lead frame. Metal lead frames are usually made of
copper, as copper is a suitable material for metal lead
frames due to its thermal and electrical conductivity. To im-
prove the metal lead frame, to improve particularly the abil-
ity to solder a device comprising such a lead frame, a silver
layer is implemented on top of one side of the copper lead

frame.

An assignment of the invention is to provide a new metal lead
frame with improved mechanical properties. Another assignment
of the invention is to provide an optoelectronic device with

such a lead frame and a production method for such a lead

frame.

The solution of these assignments is disclosed in the inde-
pendent claims of this invention. Preferred embodiments are

disclosed in the dependent claims.

A metal lead frame for an optoelectronic device is proposed,
which comprises three metal layers, wherein a first metal
layer comprises copper. A second layer adjacent to the first
metal layer comprises nickel and a third metal layer adjacent
to the second metal layer comprises silver. The implementa-
tion of a nickel layer between the copper and the silver su-
presses the diffusion of copper atoms to the silver layer and
thus supresses the deterioration of the silver layer. The
second metal layer, thus the nickel layer, comprises a first
sublayer and a second sublayer. The nickel comprises a poly-
crystalline structure with a distribution of grain sizes
around a mean grain size within each sublayer. The mean grain
size is the arithmetic mean of the grain sizes of all grains

forming the polycrystalline structure of the sublayer. The
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first and the second sublayer are adjoining and the mean
grain size of the first sublayer differs more than 30 % from
the mean grain size of the second sublayer. Using this multi-
ple grain structure will provide a higher ductility and an
improved shear effect of the metal lead frame compared to the
cracking problems obtained with a nickel layer with just one
mean grain size. Thus the mechanical properties of this metal

lead frame are improved.

In one embodiment the second metal layer comprises a third
sublayer adjacent to the second sublayer. The third sublayer
comprises a polycrystalline structure with a distribution of
grain sizes around a mean grain size as well. The mean grain
size of the third sublayer is similar to the mean grain size
of the first sublayer. The composition of the nickel layer in
this way further improves the mechanical properties of the

metal lead frame with nickel and silver layer.

In one embodiment the mean grain size of the first sublayer
varies from the mean grain size of the second sublayer by a
range of 35 to 200 %, preferably 50 to 150 %, particularly
preferably 75 % to 100 %. Differences in the mean grain sizes
in that ranges are best suited for metal lead frames with

good mechanical properties.

In one embodiment of the invention the mean grain size of the
first sublayer is 20 nanometres and the mean grain size
of the second sublayer is above 27 nanometres. With these
mean grain sizes the mechanical properties of the metal lead
frame are suitable to prevent cracking of the silver layer of
the metal lead frame.

In one embodiment 90 % of the grains of any of the sublayers
comprise a grain size within the range of 90 % to 110 % of
the mean grain size. This leads to sublayers with well-

defined mechanical properties.
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A method for producing a metal lead frame comprises the
steps:
- providing a copper lead frame;
- galvanic deposition of nickel onto the copper lead frame;
and
- deposition of silver onto the nickel coated lead frame,
wherein the galvanic deposition of nickel is split into a
first and a second process step with different deposition
conditions, thus generating a first and a second polycrystal-
line sublayer with different mean grain sizes within the
nickel layer. The mean grain size of the first sublayer dif-
fers more than 10 % from the mean grain size of the second
sublayer. Using different conditions for the galvanic deposi-
tion of the nickel atoms leads to nickel sublayers with dif-
ferent mean grain sizes, thus leading to a nickel layer ac-

cording to the invention.

In one embodiment of the method the galvanic deposition of

nickel is split into three process steps, wherein the deposi-
tion conditions for the first and third process step are sim-
ilar. Therefore, three polycrystalline sublayers are generat-
ed, wherein the mean grain size of the third sublayer is sim-

ilar to the mean grain size of the first sublayer.

In one embodiment of the method a current density during the
galvanic deposition of the first step is different from a
current density during the galvanic deposition of the second
step. Modifying the current density leads to different mean

grain sizes within the galvanically deposited nickel layers.

In one embodiment of the method an impulse-pause ratio of a

current during the galvanic deposition of the first step is

different from an impulse-pause ratio of a current during the
galvanic deposition of the second step. Using pulsed currents
leads to improved properties of the nickel layer, compared to
continuous current galvanic deposition. Changing the impulse-
pause ratio of the pulsed current during the galvanic deposi-

tion leads to changed mean grain size of the nickel layer,
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thus enabling nickel sublayers with different mean grain siz-

es.

In one embodiment a concentration of a grain refiner additive
is different for the first step and the second step. The
grain refiner additive leads to proper formation of the nick-
el layer. Changing the concentration of this grain refiner
additive leads to different mean grain sizes of the sublayers

established by the first step and the second step.

In one embodiment an impulse-reverse-pulse ratio of a current
during the galvanic deposition of the first step is different
from an impulse-reverse-pulse ratio of a current during the
galvanic deposition of the second step. With an impulse-
reverse-pulse ratio of the current impurities can be removed
in situ within the galvanic deposition of the nickel layer.
Changing the impulse-reverse-pulse ratio leads to different
mean grain sizes and thus enables a nickel layer with sublay-

ers with different grain sizes.

An optoelectronic device comprises a lead frame according to
the invention. In one embodiment the optoelectronic device is

embodied as a light-emitting device.

The above described properties, features and advantages of
this invention as well as the method of obtaining them, will
be more clearly and obviously understandable in the context
of the following description of the embodiments, which are

explained in more detail in the context of the figures.
In schematic illustration show
Fig. 1 a cross section through a metal lead frame with

three layers, wherein the middle layer is subdivid-

ed into two sublayers;
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Fig. 2 a cross section of a metal lead frame with three
layers, wherein the middle layer is subdivided into

three sublayers;

Fig. 3 a cross section of the middle layer;
Fig. 4 another cross section of the middle layer; and
Fig. 5 an optoelectronic device.

Fig. 1 shows a cross section through a metal lead frame 100.
A first metal layer 110 comprises copper. A second metal lay-
er 120 is located adjacent to the first metal layer 110 and
comprises nickel. This second metal layer 120 is subdivided
into two sublayers 121 and 122. A first sublayer 121 is lo-
cated adjacent to the first metal layer 110, a second sublay-
er 122 is located adjacent to the first sublayer 121 on the
side of the sublayer 121 not adjoining the first metal layer
110. Adjoining to the second sublayer 122 of the second metal
layer 120 a third metal layer 130 is located. This third met-
al layer 130 comprises silver. The first sublayer 121 and the
second sublayer 122 comprise a polycrystalline structure with
a distribution of grain sizes around a mean grain size each.
The mean grain size of the first sublayer 121 differs from
the mean grain size of the second sublayer 122 by more than
30 5. It is possible that the mean grain size of the first
sublayer 121 is higher or lower than the mean grain size of
the second sublayer 122 to improve the mechanical properties
0of the lead frame 100.

Fig. 2 shows a cross section of a metal lead frame 100 with a
first metal layer 110, a second metal layer 120 and a third
metal layer 130. The first metal layer is thereby located ad-
joining to the second metal layer 120, the second metal layer
120 is adjoining to the third metal layer 130. The second
metal layer 120 is subdivided into three polycrystalline sub-
layers comprising a mean grain size each, a first sublayer

121, a second sublayer 122 and a third sublayer 123. The
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first sublayer 121 adjoins the second sublayer 122, the sec-
ond sublayer 122 adjoins the third sublayer 123. The first
metal layer 110 comprises copper, the second metal layer 120
comprises nickel and the third sublayer 130 comprises silver.
The mean grain size of the first sublayer 121 and the third
sublayer 123 are similar and differ from the mean grain size
of the second sublayer 122 by at least 30 3.

In one embodiment the mean grain size of sublayer 121 varies
from the mean grain size of the second sublayer 122 by a

range of 35 to 200 %, preferably 50 to 150 %, particularly
preferably 75 % to 100 %.
In one embodiment the mean grain size of the first sublayer
121 is 20 nanometres and the mean grain size of the second

sublayer 122 is above 27 nanometres.

Fig. 3 shows a magnification of the second metal layer 120
with three sublayers 121, 122, 123 between the first metal
layer 110 and the third metal layer 130. The grains of the
polycrystalline nickel sublayers 121, 122 and 123 are sche-
matically indicated by circles with different sizes. Other
shapes of the grains, particularly polygonal shapes, occur in
real sublayers. The grains within each sublayer 121, 122, 123
may also show a size distribution with a mean grain size rep-
resented by the size of the circles of fig. 3. The mean grain
size of the first sublayer 121 is similar to the mean grain
size of the third sublayer 123. The mean grain size of the
second sublayer 122 differs from the mean grain size of the
first sublayer 121 and the third sublayer 123, as the grains
within the second sublayer 122 are bigger than the grains
within the first sublayer 121 or the third sublayer 123. Thus
the mean grain size of the second sublayer 122 is bigger than
the mean grain size of the first sublayer 121 or the third

sublayer 123.

Fig. 4 shows another magnification of the second metal layer
120 with three sublayers 121, 122, 123 between the first met-
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al layer 110 and the third metal layer 130. In this Figure
the mean grain size of the first sublayer 121 the second sub-
layer 122 and the third sublayer 123 are reversed compared to
the sublayers 121, 122, 123 in Fig. 3. The grains of the pol-
ycrystalline nickel sublayers 121, 122 and 123 are schemati-
cally indicated by circles with different sizes. Other shapes
of the grains, particularly polygonal shapes, occur in real
sublayers. The grains within each sublayer 121, 122, 123 may
also show a size distribution with a mean grain size repre-

sented by the size of the circles of fig. 4.

It is also possible that the grains within any of the three
polycrystalline sublayers 121, 122, 123 comprise a size dis-
tribution which is a Gaussian distribution. This means that
68.27 % of the grains of the polycrystalline sublayer exhibit
a grain size, which deviates from the mean grain size by less
than one standard deviation. The standard deviation can be
calculated from the grain sizes of all grains and the mean

grain size.

Fig. 5 shows a cross section of an optoelectronic device 150
with a first metal lead frame 151 and a second metal lead
frame 152. The first metal lead frame 151 and the second lead
frame 152 are composed of three metal layers, a first metal
layer 110, a second metal layer 120 and a third metal layer
130. A magnification of the second metal layer 120 of the
second metal lead frame 152 indicates that the second metal
layer 120 is composed of a first sublayer 121, a second sub-
layer 122 and a third sublayer 123 with properties as de-
scribed above. On top of the second metal lead frame 152, ad-
jacent to the first metal layer 110 of the second lead frame
152 an optoelectronic chip 160 is located. A bond wire 170
connects the first metal lead frame 151 with the optoelec-
tronic chip 160. The bond wire 170 is thereby bonded to the
top side of the optoelectronic chip 160 opposite to the first
metal layer 110 of the second metal lead frame 152. The other
end of the bond wire 170 is bonded to the first metal layer
110 of the first metal lead frame 151. All components of this
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optoelectronic device 150 are positioned within a housing
180, which could be made of a transparent mold material sur-
rounding the other components during a mold process. Other
materials and methods for generating the housing 180 are also
possible. The third metal layer 130 of the first metal lead
frame 151 and the second lead frame 152 are located on the
bottom side of the optoelectronic device 150, thus forming
solder pads for this optoelectronic device 150. As the third
metal layer 130 consists of silver, these solder pads are
well suited for proposed soldering the optoelectronic device
150 to a carrier. However, the lead frames 151, 152 can be

used for any electric or electronic device.

In one embodiment, the size distribution of the grains within
the first sublayer 121 is a Gaussian distribution around a
mean grain size of 20 nanometres. The standard deviation of
the grain size is 2 nanometres. This means that 68.27 % of
the grains exhibit a grain size within the range of 18 to

22 nanometres. Other numeric values of the mean grain size
and the standard deviation of the grain size are also possi-
ble.

To produce the metal lead frame 100 of Fig. 1, four subse-
quent steps are performed. In a first step, a copper lead
frame is provided. This copper lead frame corresponds to the
first metal layer 110 of Fig. 1. Subsequently, the second
metal layer 120, particularly a nickel layer, is deposited
galvanically onto the copper lead frame 110. This galwvanic
deposition of the nickel is subdivided into a first and a
second process step with different deposition conditions.
Therefore, the first polycrystalline sublayer 121 and the
second polycrystalline sublayer 122 of the second metal layer
120 are generated. The mean grain size of the first sublayer
121 differs more than 30 % from the mean grain size of the
second sublayer 122. In a concluding process step, a silver
layer 130 is deposited onto the nickel coated lead frame,

thus forming the metal lead frame 100 as shown in Fig. 1.
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In one embodiment the galvanic deposition of the nickel to
from the second metal layer 120 is subdivided into three pro-
cess steps, forming the three polycrystalline sublayers 121,
122, 123. The result is then the metal lead frame 100 of Fig.
2. The deposition conditions of the first and the third pro-
cess step are thereby similar, thus generating a first sub-
layer 121 and a third sublayer 123 with similar mean grain
size. The mean grain size of the second sublayer 122 is dif-
ferent from the mean grain size of the first sublayer 121 and
the third sublayer 123 due to different deposition conditions
for the second process step compared to the first and third

process step.

In one embodiment the different conditions within the process
steps are due to a change of a current density during the
galvanic deposition. An increased current density leads to an
increased mean grain size. Therefore, alternating the current
densities also leads to sublayers 121, 122, 123 within the

second metal layer 120 with different mean grain sizes.

In one embodiment an impulse-pause ratio of a current during
the galvanic deposition of the first step is different from
an impulse-pause ratio of a current during the galvanic depo-
sition of the second step, thus also leading to different
mean grain sizes of the sublayers 121, 122, 123 formed within

these process steps.

In one embodiment a concentration of a grain refiner additive
during the galvanic deposition of the first step is different
from a concentration of a grain refiner additive during the
galvanic deposition of the second step. Increasing the grain
refiner additive concentration leads to an increased mean
grain size of the sublayers 121, 122, 123 established within
these process steps. Therefore alternating the grain refiner
additive concentrations leads to sublayers 121, 122, 123 with

different mean grain sizes.
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In one embodiment an impulse-reverse-pause ratio of a current
during the galvanic deposition of the first step is different
from an impulse-reverse-pause ratio of a current during the

galvanic deposition of the second step. The reverse pulse in
this method leads to removal of impurities within the nickel
layer and thus to a more pure nickel layer. Changing the im-
pulse-reverse-pause ratio also leads to different mean grain
sizes of the sublayers 121, 122, 123 created within the cor-

responding process steps.

Although the invention was described and illustrated in more
detail using preferred embodiments, the invention is not lim-
ited to these. Variants of the invention may be derived by a
person skilled in the art from the described embodiments

without leaving the scope of the invention.
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REFERENCE NUMERALS

100 metal lead frame
110 first metal layer
120 second metal layer
121 first sublayer

122 second sublayer

123 third sublayer

130 third metal layer
150 optoelectronic device
151 first lead frame
152 second lead frame
160 optoelectronic chip
170 bond wire

180 housing
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CLAIMS

A metal lead frame (100) for an optoelectronic device
(150) comprising three metal layers (110, 120, 130),
wherein a first metal layer (110) comprises copper,
wherein a second metal layer (120) adjacent to the first
metal layer (110) comprises nickel and wherein a third
metal layer (130) adjacent to the second metal layer
(120) comprises silver, characterized in that the second
metal layer (120) comprises a first and a second sublayer
(121, 122), in that the first and second sublayer (121,
122) are adjoining, in that the first and second sublayer
(121, 122) comprise a polycrystalline structure with a
distribution of grain sizes around a mean grain size
each, and in that the mean grain size of the first sub-
layer (121) differs more than 30 % from the mean grain

size of the second sublayer (122).

The metal lead frame (100) according to claim 1, wherein
the second layer (120) comprises a third sublayer (123)
adjacent to the second sublayer (122), wherein the third
sublayer comprises a polycrystalline structure with a
distribution of grain sizes around a mean grain size, and
wherein mean grain size of the third sublayer (123) is
similar to the mean grain size of the first sublayer
(121) .

The metal lead frame (100) according to any of the pre-
ceding claims, wherein the mean grain size of the first
sublayer (121) varies from the mean grain size of the
second sublayer (122) by a range of 35 % to 200 %, pref-
erably 50 % to 150 %, particularly preferably 75 % to

100

o\°

The metal lead frame (100) according to any of the pre-
ceding claims, wherein the mean grain size of the first
sublayer (121) is 20 nanometres and the mean grain size

of the second sublayer (122) is above 27 nanometres.
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The metal lead frame (100) according to any of the pre-
ceding claims, wherein the size distribution of the
grains within any one of the sublayers (121, 122, 123) is

a Gaussian distribution.

A method for producing a metal lead frame according to
any of the preceding claims, comprising the steps:
- Providing a copper lead frame;
— galvanic deposition of nickel onto the copper lead
frame; and
— deposition of silver onto the nickel coated lead
frame,
characterized in that the galvanic deposition of nickel
is split into a first and a second process step with
different deposition conditions, thus generating a first
and a second polycrystalline sublayer with different
mean grain sizes, wherein the mean grain size of the

first sublayer differs more than 30 % from the mean

grain size of the second sublayer.

The method according to claim 6, wherein the galwvanic
deposition of nickel is split into the first, the second
and a third process step, wherein the deposition condi-
tions for the first and third process step are similar,
thus generating three polycrystalline sublayers, wherein
the mean grain size of the third sublayer is similar to

the mean grain size of the first sublayer.

The method according to any of the claims 6 or 7, wherein
a current density during the galvanic deposition of the
first step is different from a current density during the

galvanic deposition of the second step.

The method according to any of the claims 6 to 8, wherein
an impulse-pause ratio of a current during the galvanic

deposition of the first step is different from an im-
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pulse-pause ratio of a current during the galvanic depo-

sition of the second step.

The method according to any of the claims 6 to 9, wherein
a concentration of a grain refiner additive during the

galvanic deposition of the first step is different from a
concentration of a grain refiner additive during the gal-

vanic deposition of the second step.

The method according to any of the claims 6 to 10, where-
in an impulse-reverse-pulse ratio of a current during the
galvanic deposition of the first step is different from
an impulse-reverse-pulse ratio of a current during the

galvanic deposition of the second step.

An optoelectronic device (150) with a lead frame (100,

151, 152) according to any of the claims 1 to 5.

The optoelectronic device (150) according to claim 12,

which is embodied as a light emitting device.
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