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1 Navy Case No. 70,866

2 METAL FILM COATINGS ON AMORPHOUS METALLIC ALLOYS

3 BACKGROUND OF THE INVENTION

4 This invention relates to metal alloys and more

particularly to amorphous metal alloys.

6 - -Fe-metalloid amorphous metallic alloy ribbons, when

7 properly annealed in a transverse magnetic field, exhibit

8 extremely high magnetomechanical coupling, These materials are

9 the most strain sensitive materials knowno with strain-gauge

10 figures of merit of about 4 x 105. Technological exploitation

11 of these materials is made difficult by a number of factors (in

12 addition to the ones inherent in using extremely stress

13 sensitive materials). The ribbons have very high surface-to-

14 volume ratios, greatly exaggerating the importance of surface

15 effects, especially the effect of surface nonuniformity.

16 Another problem is that Fe-metalloid amorphous metallic alloys

17 are extremely prone to corrosion, even in moderately humid air.

18 Conventional protective coating against corrosion place stresses

19 on these materials which render them useless for measuring

20 strains.

21 -4Other amorphous metallic alloys (or glassy metals) have

22 desirable properties such as high strength, corrosion

23 resistance, high magnetic permeabilities, etc. Nevertheless

24 (these materials are limited in their uses by their high

25 resistivity (about 130 to 160 microohms-cm). Moreover;,
26 conventional electroplating can not be used to form metal (e.g.,

27

28



Cu, Ag, Au) coatings on these amorphous metallic alloys.
2 Proprietary methods of electroplating the amorphous metallic

alloys appear to be complicated and very expension.
4 Untika, Inc., of Japan has produced amorphous metallic

alloy wires containing chromium which have high strength and

6 resistance to corrosion. Filaments of these amorphous metallic

7 alloys would be useful for reinforcing rubber structures such as

8 tires and sonar domes. Unfortunately, rubber and other

elastomers do not bond well to the amorphous metallic alloy

10 filaments.

11
SUMMARY OF THE INVENTION

12
Accordingly, an object of this invention is to provide a

13 method of coating amorphous metallic alloys with a crystalline
14 metal film.

15
Another object of this invention is to protect Fe-metalloid

16 amorphous metallic alloy filaments, ribbons, and wires against

17
corrosion.

18
A further object of this invention is to improve the

19 bonding ability of amorphous metallic alloys to rubber and other

20 elastomers.

21 Yet another object of this invention is to add electrical
22 conductivity to amorphous metallic alloy wires and ribbons.

23
These and other objects of this invention are accomplished

24
by:

25 cathode magnetron sputtering a suitable crystallilne metal
26

onto an amorphous metallic alloy sheet, ribbon, fiber, filament,
27

or wire. The cathode is made of the crystalline metal (for
28
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example, copper, aluminum, silver, gold) and the sheet, ribbon,

2
fiber, filament, or wire is passed through or passed by the

3 cathode in a continuous coating process. Novel products
4 produced by this process include: copper coated amorphous

metallic wires for torpedo and missile controls; shielding

6 materials for electromagnetic waves; and anticorrosion coatings

7
for Fe-metalloid amorphous metallic alloy magnestostrictive

8
elements.

9
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

10
In the processes of this invention, magnetron sputtering is

11
used to form good crystalline metal coatings onto passive,

12
poorly electrically conducting amorphous metallic alloys (glassy

13 metals). In contrast to the failure of conventional metal

14
coating techniques such as electroplating, cathode magnetron

15 sputtering produces a good adhesive crystallie metal coating on
16

the amorphous metallic alloy at a reasonable cost. Conventional
17

cold cathode magnetron sputtering methods are used employing a
18 suitable gas, such as argon, at low pressure (2 to 10 millitorr)

19 to provide the plasma. The cathode is made of the crystalline
20

metal to be placed onto the amorphous metallic alloy substrate.
21

Examples of crystalline metals include copper, silver, and gold
22

to provide conductivity and aluminum to provide conductivity and
23

corrosion protection.. Hollow cathode magnetron sputtering is
24

used to coat amorphous metal alloy filaments such as fibers,
25

wires, or ribbons. The process may be continuous with the
26

filament passing through the cylindrical hollow cathode at a
27

steady rate. Planar magnetron sputtering may be used to
28
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1
coat sheets and ribbons of amorphous metallic alloys with the

2
crystalline metals, also in a continuous process. In all of

3
these methods the coating thickness is controlled by selecting

4
the deposition rate and the exposure time of the amorphous

5
metallic alloy. This ability to form good crystalline metal

6
coatings on amorphous metallic alloys is useful in producing a

7
number of new products.

8
For example, new types of guide wires for torpedoes and

9 anti-tank missiles can be made by coating strong amorphous

10
metallic alloy wires with a conductive layer of copper by using

11
cold, hollow cathode magnetron sputtering. Amorphous metallic

12
alloy wires having very high strengths and good fatigue

13
properties are available on the market. Unitika, Inc., of Japan

14
has developed amorphous metallic alloys containing chromium [for

15 example, (Fe0 2 5 Co0 75)63.sCr1 2 .Mo 2 B13 Sig) 9 hich have
16

excellent strength and fatigue properties. The amorphous
17

metallic alloy wires are also stiff enough to eliminate kinking.
18

Unfortunately, the amorphous metallic alloy wires have high
19

resistivities similar to Nichrome wire (in the range of 130-16020 microohms-cm). Their high total resistance makes the wires

21
useless for carrying the necessary electrical control signals to

22
the missiles or torpedoes. This can be overcome by coating the

23 amorphous metallic alloy wire with a conductive coating of

24
copper (resistivity of about 2 microohms-cm). The minimum25
thickness of the copper layer needed increases with the length

26
of the control wire and the signal to noise ratio needed by the

27

28
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1
torpedo or missile controls. The required copper coatings can

2
not be produced by electroplating, but rather are produced by

3
cold cathode magnetron sputtering. Preferably, the amorphous

4
metallic alloy wire is coated in a continuous magnetron

5
sputtering process by passing the amorphous metallic alloy wire

6
continuously through a cold, hollow, cathode made of copper, at

7
a rate that produces the desired coatings thickness.

8
Filaments of these strong amorphous metallic alloys

9 containing chromium would be useful for reinforcing rubber
10

structures except these amorphous metallic alloys do not bond
11

well to rubber or other elastomers. However, by cathode
12

magnetron sputtering a brass coating on these amorphous metallic
13

alloy filaments, a good bond can be achieved with rubber. The
14

resulting brass coated, chromium containing, amorphous metallic
15 alloy filaments can be used to reinforce rubber structures such
16

as tires and sonar domes.
17

An effective material for screening out electromagnetic
18

waves can be formed by coating a nonmagnetic, electrically
19

conductive crystalline metal (for example Cu, Ag, Au) onto
20

amorphous metallic alloy having a high magnetic permeability but
21

a low electrical conductivity. Fe-metalloid amorphous metallic
2 2 (-alloys, such as Allied Chemicals MetglasA2605SC "

23

24 (Fe8 1B 13 .5 si3.sC 2 ), generally have high magnetic 
permeabilities.

The magnetic permeabilities of filaments (fibers, wires,
25 ribbons) of Fe-metalloid amorphous metallic alloys ca$ be
26

maximized by annealing them in a magnetic field parallel to the
27

28
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long axis of the filament to remove magnetic stress and create

2
an easy axis of magnetization parallel to the long axis of the

3
filament.

4
The electrically conductive crystalline metal layer is

5
applied to the high permeability amorphous metallic alloy by

6
means of conventional cold electrode magnetron sputtering.

7
Hollow cathode magnetron sputtering will preferably used to coat

8 amorphous metallic alloy filaments. Planar electrode magnetron
9

sputtering will preferably be used to coat amorphous metallic
10 alloy sheets (solid or woven from amorphous metallic alloy

11
filaments or ribbons). The permability of the amorphous

12 metallic alloy and the thicknesses of the amorphous metallic
13 alloy and crystalline metal coatings will determine the

* 14 frequencies of electromagnetic wave energy absorbed.

15 1
Fe-metalloid amorphous metallic alloy ribbons exhibit

16
extremely high magnetomechanical coupling when properly annealed

17 in a transverse magnetic field as disclose in U.S. Patent No.
18

4,763,030 titled "Magnetomechanical Energy Conversion" which
19 issue to Arthur E. Clark, et al. on August 9, 1988, herein

20
incorporated by reference. Amorphous metallic alloy ribbons of

21 the formula FewBxSi yCz where 0.78 < w < 0.83, 0.13 < x < 0.17,

22
0.03 5 y S 0.07, 0.005 S z -< 0.03, and w + x + y + z = 1 are

23
disclosed to work especially well with such treatment. Strain

245
gauge figures of merit of about 4 x 105 have been obtain for

25
these materials. Although the patent discloses onlythe

26
treatment of ribbons, it has been found that the procedure works

27

28
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1
well with Fe-metalloid wires of the same composition. Such

2
wires, particularly with circular cross-sections minimize the

3 surface to volume ratio and thus the surface effects.

4
Corrosion, although reduced, remains a problem.

5
Magnetron sputtering offers a method by which protective

6
crystalline metal coating can be applied to amorphous metallic

7 alloy surfaces. The detrimental effects of metal (copper)
8 coatings on the magnetomechanical coupling of the Fe-metalloid
9 amorphous metallic alloy ribbons was shown by M. Wun-Fogle et
10

al. in "Magnetoelastic Effects in Amorphous Wires and Amorphous
11

Ribbons with Nonmagnetic Thin-film Coatings," J. Appl. Phys. 64
12 (10), pp. 5405-5407, 15 November 1988, herein incorporated by

13 reference. The effect of coating thickness of copper on the
14

magnetomechanical coupling factor and anisotropy field of
15 traverse-field annealed METGLAIP 2605SC (Fe81B 13.5si 3 .5 C2 )
16

ribbons is illustrated in table 1 from that article.
17

18
TABLE 1

19

20 Coating Anisotropy
Thickness k3 3  field 2 2

21 (nm) (max) (0) k33/(l-k33 )
2

22
31 0.98 0.9 24.3

23
62 0.91 1.0 4.8

24
93 0.88 1.3 3.4

25 123 0.86 1.5 2.8
26

186 0.80 1.6 1.8
27

28
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As can be seen, metal coatings of up to about 31 rnm (310A) still

2
provide exceptional magnetomechanical coupling. However, the

3 magnetomechanical coupling factor (k3 3) of the amorphous

4 metallic alloy ribbon is substantially reduced at 61 nm (610A)
5 and above.
6 The reduction in the magnetomechanical coupling factor k 3 3

7 of the METGLAS2605SC ribbon is caused by (1) the dynamic

8 loading of the coating, (2) the intrinsic stress produced during

deposition of the coating, and (3) the resistance of the coating
10 to magnetostrictive dimensional changes. Dynamic loading causes
11 less than 1 percent in the reduction of k3 3 and therefore can be
12 ignored. The intrinsic stresses impossed during deposition

13 account for about 90 percent of the reduction in k3 3. This
14 stress can be greatly reduced or eliminated by carefully

15 adjusting the cathode magnetron sputtering conditions to

16 minimize or eliminate the intrinsic stress produced during

17 coating. Finally, the stresses produced by the resistance of

18 the metal coating to magnetostrictive dimensional changes

19 account for about 10 percent of the reduction in k3 3.

20 Unfortunately, there is no way to eliminate this source of

* 21 stress. To correct this problem, the metal coating is sputtered

22
onto the amorphous metallic alloy while the amorphous metallic

23
alloy is magnetically saturated by a bias field. As a result,

24
the metal coated amorphous metallic alloy magnetostrictive

25 element will be under maximum stress at zero magnetic field but
26 it will near a minimum stress in the bias field during strain

27
measurements.

28
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1 The thickness of the crystalline metal protective coating

2 on the Fe-metalloid amorphous metallic alloy structure is

preferably from about 2 to about 60 and more preferably from 5

4 to 35 nanometers thick. If a metal (Cu, Ag, Au) that is less

electrochemically active than the Fe-metalloid amorphous

6 metallic alloy is used, cracks in the thin protective metal

coating will result in the preferential corrosion of the Fe-

8 metalloid amorphous metallic alloy. However, if a crystalline

9 metal (aluminum) which is more electrochemically active than the

10 metallic glass is used, the active metal of the coating will

11 corrode in preference to the Fe-metalloid amorphous metallic

12 alloy. Thus, even if the thin aluminum layer cracks, the Fe-

13 metalloid amorphous metallic alloy will still be protected

14 against corrosion. Accordingly, aluminum is the preferred metal

15 for the corrosion protection layer.

16 Obviously, numerous modifications and variations of the

17 present invention are possible in light of the above teachings.

18

19

20

21

22

23

24

25

26 -

27
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4 >Aoating of crystalline metals (-g u, C7- ) are formed

on amorphous metallic alloys (glassy metals) by cathode

6 magnetron sputtering. The process can be used to produce new

products such as copper coated amorphous metallic alloy wires

8 for torpedo controls, shielding materials for electromagnetic

waves, and anticorrosion coatings for Fe-metalloid

10 magnetostrictive elements.-- ,.... 7
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