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Description

Cross Reference to Related Application

This application is a continuation-in-part of application Serial No. 08/581,079, filed December 29, 1995, which is
herein incorporated by reference.

Field of the Invention

This invention relates to electroplating and, in particular, to electroplating a nickel layer on a nickel ferrite device.

Background of the Invention

In the manufacture of circuits containing magnetic components, it is sometimes necessary to electroplate a nickel
layer on conductors disposed on a nickel ferrite substrate. For example, in the fabrication of integrated power modules
it is desirable to electroplate nickel onto copper conductors disposed on nickel zinc ferrite substrates. The nickel-plated
conductors provide a surface that is wire-bondable with aluminum wire so that additional components can be directly
connected to circuit components on the ferrite substrate.

While the technology of nickel plating is generally well established, excessive lateral growth is encountered in the
conventional plating of nickel on nickel ferrite substrates. For example, in coating about 2um of nickel on ferrite-sup-
ported copper conductors, over 100um of lateral nickel growth was observed. Such lateral growth is highly deleterious
in the fabrication of circuit devices because adjacent conductors can be shorted. Moreover such lateral growth pre-
cludes the fabrication of high density circuits having tightly-spaced conductor lines. Accordingly there is a need for a
new method of electroplating nickel on nickel ferrite substrates.

Summary of the Invention

This invention is predicated on the discovery by the present applicants that boric acid in conventional nickel plating
baths is responsible for excessive lateral growth in the electroplating of nickel on nickel ferrite substrates. While nickel
baths without boric acid do not yield acceptable electrodeposits, the boric acid interacts with the ferrite substrate to
cause excessive lateral growth. Applicants further discovered that by eliminating the boric acid and adding another
acidic plating buffer such as citric acid, one can obtain isotropic nickel plating and produce a wire-bondable surface.

Brief Description of the Drawings

The advantages, nature and various additional features of the invention will appear more fully upon consideration
of the illustrative embodiment described in connection with the accompanying drawings. In the drawings:

FIG. 1 is a schematic cross section of a plated nickel ferrite substrate subject to excessive lateral growth; and
FIG. 2 is a schematic cross section of a nickel ferrite substrate plated in accordance with a preferred embodiment
of the invention.

It is to be understood that these drawings are for purposes of illustrating the concepts of the invention and are not
to scale.

Detailed Description

Referring to the drawings, FIG. 1 is a schematic cross section of a nickel ferrite substrate 10, such as nickel zinc
ferrite, bearing a conductor 11, such as copper. A coating of nickel 12 has been coated on the conductor using a con-
ventional nickel plating bath. As illustrated, the plated nickel on either side of the conductor 11 extends substantially far-
ther than the thickness of the nickel on top of the conductor. This lateral extension illustrates excessive lateral growth,
and one can readily see that such growth limits the close spacing of conductors.

As specific examples, applicants observed plating patterns similar to FIG. 1 using a conventional Barrett nickel sul-
famate bath. Two um of nickel were plated on two parallel copper conductor lines spaced about 360 um apart on a
nickel zing ferrite substrate. Plating was at a current density of 20 mA/cm? for 5 minutes. About 150 um of nickel depos-
ited on each side of the conductor, giving a vertical-to-lateral ratio of about 0.013. Reducing the plating time by increas-
ing the plating current density did not eliminate the excessive lateral growth. Nor did plating with a different commercial
bath, Sulfamtronics.

To investigate whether the boric acid contributed to the lateral growth, samples were plated with nickel using nickel
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sulfamate baths containing various amounts of boric acid ranging from 30 g/L to below 2 g/L. It was found that at a boric
acid concentration of 2 g/L or lower, lateral growth was not observed. However, the resulting nickel coating was not wire-
bondable to aluminum.

Since common nickel plating baths use boric acid as a buffering agent to prevent the formation of Ni (OH), at the
cathode interface and to prevent the formation of hydrogen, applicants formulated new buffered plating baths substan-
tially free of boric acid (less than 2 g/L).

FIG. 2 is a schematic cross section of a nickel ferrite substrate 20 bearing a metal conductor 21 electroplated with
nickel 22 from a buffered nickel plating bath free of boric acid. As illustrated, the lateral growth of nickel is substantially
the same as the vertical growth, so the plating is isotropic.

The nickel ferrite substrate 20 can comprise any nickel-containing ferrite, but is preferably a ferrite of the form Niy.
xZNyFe-0y, NiFes ,AlLO4 and Niy.,Cd,Fe, 04 where x can vary from zero to nearly 1. The metal conductor 21 can be
any metal which can be adhered to the nickel-ferrite substrate as by co-firing (silver-palladium) or by electroplating to a
co-fired metal (e.g., copper electroplated to silver-palladium alloy). The nickel plating bath comprises a solution of nickel
salt in an acidic buffer having a pH of about 3 or less which contains less than 2 g/L of boric acid. It is possible to use
any acidic buffer that provides a pH in this range. Preferred nickel salts include nickel sulfate, nickel sulfamate, nickel
chloride and nickel fluoroborate. Preferred acidic buffers include citric acid, acetic acid, phosphoric acid, succinic acid,
glycolic acid, and tartaric acid.

Example 1

A nickel plating bath was made of the following composition:

Compound Amount (g/L)
Ni(SO3NHy), « 4H,0 383
NiCl, + 6H>0 11
Citric Acid 10

Nickel ferrite samples with copper conductors were plated at 20 A/ft? with a pH of about 1.9 and a temperature in the
range 35-45°C. No lateral growth was observed. The sample was plated to a thickness of 20 um. Lateral growth was
measured to be about 20 pm, which means that plating was isotropic. The appearance was acceptable, and the coating
was wire-bondable to aluminum wire.

Examples 2-8

Nickel plating baths having the same type and concentration of nickel salts as Example 1, but with the buffers indi-
cated below, were prepared. Nickel ferrite samples with copper conductors (pre-plated for 15 minutes at 25 A/ft?) were
also prepared and plated with nickel in the baths at 35°C. Table | below indicates the concentration of buffer, the plating
current, the pH of the bath, whether the nickel exhibited excessive lateral growth (i.e., anisotropic growth), and whether
the nickel coating was wire-bondable to aluminum.

Table |
Buffer Buffer Concen. | Plating Current | Bath pH Excessive Lateral Wire-Bondable
Growth
Boric acid 10 g/L 15 A/ft2 3.9 Yes Yes
Succinic acid 10 g/L 15 A/it2 2.22 No Yes
Glycolic acid 10 g/L 18 A/ft2 1.68 No Yes
Tartaric acid 10 g/L 18 A/ft2 1.71 No Yes
Formic acid 10 g/L 12 A/t 4.88 Yes not attempted
Acetic acid 10 g/L 15 A/ft? 1.72 No Yes
Phosphoric acid 5g/L 7 AP 2.36 No Yes
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Itis to be understood that the above-described embodiments are illustrative of only a few of the many possible spe-
cific embodiments which can represent applications of the principles of the invention. Numerous and varied other com-
positions can be made by those skilled in the art without departing from the spirit and scope of the invention.

Claims

1. A method of electroplating nickel on a nickel ferrite device comprising the steps of:
providing a substrate of nickel-containing ferrite;
adhering a metal conductor to said substrate;
disposing said substrate and said conductor in a nickel plating bath comprising nickel salt and an acidic buffer
substantially free of boric acid for buffering said bath to a pH of about 3 or less; and
applying an electric current through said conductor to isotropically electroplate a desired thickness of nickel on
said conductor.

2. The method of claim 1 wherein said nickel-containing ferrite comprises a ferrite selected from the group consisting
of Niy_,Zn,Fes0,, NiFes_,Al,O4 and Niy_,Cd,Fe-O,, where 0 < x < 1.

3. The method of claim 1 wherein said metal comprises copper.
4. The method of claim 1 wherein said metal comprises silver palladium alloy.

5. The method of claim 1 wherein said nickel salt comprises a nickel salt selected from the group consisting of nickel
sulfate, nickel sulfamate, nickel chloride and nickel fluoroborate.

6. The method of claim 1 wherein said acidic buffer comprises a buffer selected from the group consisting of citric
acid, acetic acid, phosphoric acid, succinic acid, glycolic acid, and tartaric acid.

7. The product made by the method of claim 1.
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