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MULTI-LAYERED METAL

Background

[0001] In various industries, lightweight materials are increasingly being used.

Products built using lightweight materials can be lighter than if made with heavier

materials. Examples of products that can be built with lightweight materials include

electronic devices, such as portable computers, desktop computers, smartphones,

game appliances, or other types of electronic devices. Other types of products can

also be built from lightweight materials.

Brief Description Of The Drawings

[0002] Some implementations are described with respect to the following figures.

[0003] Figs. 1 and 2 are cross-sectional views of a composite multi-layered

metal, according to some implementations.

[0004] Fig. 3 is a cross-sectional view of a composite multi-layered metal,

according to alternative implementations.

[0005] Figs. 4A-4C schematically illustrate a process of forming a composite

multi-layered metal, according to some implementations.

[0006] Fig. 5 is a schematic diagram of a product built using a composite multi-

layered metal, according to some implementations.

[0007] Figs. 6 and 7 are flow diagrams of processes of forming a multi-layered

metal, according to various implementations.

Detailed Description

[0008] Examples of lightweight metals that can be used to build products include

magnesium alloys. A magnesium alloy includes a mixture of magnesium and other

materials, such as aluminum, lithium, zinc, manganese, silicon, copper, niobium, rare

earths, zirconium, and so forth. An issue associated with the use of a magnesium

alloy is that the magnesium alloy may have certain characteristics that may not be



optimal for certain applications. For example, a magnesium alloy may have

relatively high porosity. The higher porosity of a magnesium alloy contributes to its

being lightweight. However, increased porosity can lead to various issues. For

example, it may be difficult to achieve good adhesion with a metal that has a higher

porosity. Also, debris or particles may become trapped in the pores of a metal that

has a higher porosity.

[0009] A magnesium alloy may also have lower tensile strength. Tensile strength

refers to a maximum stress that a material can withstand while being stretched or

pulled before the material fails or breaks. Moreover, a magnesium alloy may have a

higher reactivity, which may cause the magnesium alloy to react with ambient air to

form tenacious oxides, which can lead to corrosion.

[001 0] In accordance with some implementations, to address various issues

associated with the use of a magnesium alloy, a composite multi-layered metal that

includes multiple layers, in which one of the multiple layers includes a magnesium

alloy layer, can be employed. Fig. 1 is a cross-sectional view of an example of a

composite multi-layered metal 100. In the multi-layered metal 100, a first layer 102

can be formed of a material that includes a magnesium alloy. A second layer 104

includes a metal and is bonded to the first layer 102 at an interface 106.

[001 1] In the example of Fig. 1, the second layer 104 is bonded to an upper

surface of the first layer 102. In other examples, the second layer 104 can be

bonded to a lower surface of the first layer 102. In alternative examples, the

composite multi-layered metal 100 can include more than two layers, as discussed

further below.

[001 2] More generally, the second layer 104 is provided "on" the first layer 102.

Providing the second layer 104 "on" the first layer 102 can refer to providing the

second layer 104 in contact with the first layer 102, where the second layer 104 can

be over, underneath, to one side, or have another orientation with respect to the first

layer 102.



[001 3] In some examples, the second layer 104 can include an aluminum or

aluminum alloy. In other examples, the second layer 104 can include a different type

of metal.

[001 4] In further examples, the first layer 102 can include a first type of a

magnesium alloy, such as a magnesium-lithium alloy, and the second layer 104 can

include a second type of magnesium alloy, such as an AZ31 alloy, AZ91 alloy, or

other type of alloys.

[001 5] AZ31 refers to a material that includes aluminum (as indicated by "A") and

zinc (as indicated by "Z"). The "31 " in AZ31 indicates that the alloy includes 3%

aluminum and 1% zinc. Similarly, an AZ91 alloy includes 9% aluminum and 1%

zinc. In other examples, other types of metals can be included in the layers 102 and

104.

[001 6] The second layer 104 includes a metal that has one or multiple

characteristics that improve upon the characteristic(s) of the magnesium alloy layer

102 for certain applications. For example, the second layer 104 can include a metal

that has lower porosity than the magnesium alloy layer 102, and/or have a higher

tensile strength than the magnesium alloy layer 102. Alternatively, the second layer

104 can include a metal that is less reactive than the magnesium alloy layer 102.

[001 7] More generally, the first layer 102 includes a material having at least one

characteristic selected from among a porosity of greater than about 2% of pore

volume to total volume. Pore volume refers to a volume of voids or pores. Porosity

is the fraction of the pore volume to a total volume of a material. In some examples,

the first layer 102 can have a porosity in the range of about 2% to about 5%.

Moreover, the first layer 102 can have a tensile strength of less than or equal to

about 150 megapascals (Mpa) (to within manufacturing tolerances). In addition,

magnesium that can be included in the first layer 102 may have an oxidation

potential (e.g. about 2.37 volts (V)) that is higher than the oxidation potential of

aluminum (e.g. about 1.66 V). A higher oxidation potential indicates that the surface

of a material is more reactive; in other words, the surface of this material tends to

oxidize more as compared to the surface of a less reactive material. Generally, the



first layer 102 may have an oxidation potential that is higher than the oxidation

potential of the second layer 104.

[001 8] The second layer 104 bonded to the first layer 102 includes a metal that

can have a reduced porosity (e.g. porosity of less than 2%) and/or a higher tensile

strength (e.g. greater than 150 Mpa). As an example, a magnesium-lithium alloy

included in the first layer 102 can have a tensile strength of about 150 Mpa, and an

AZ91 alloy in the second layer 104 can have a greater tensile strength of about 190

Mpa. Moreover, as noted above, the second layer 104 can be less reactive than the

first layer 102 (e.g. the oxidation potential of the second layer 104 is less than the

oxidation potential of the first layer 102).

[001 9] The second layer 104 provided on the first layer 102 can be in the form of

a sheet. A "sheet" refers to a continuous piece of material that can be provided on

the first layer 102 as one unit. Providing the sheet onto the first layer 102 "as a unit"

or "as one unit" refers to providing the sheet as an integrated layer, as opposed to

providing particles of the sheet onto the first layer 102 using some type of deposition.

By employing a sheet as the second layer 104, more complex deposition techniques

for depositing particles of the second layer 104 onto the first layer 102 do not have to

be employed. For example, an electrodeposition technique for depositing the

second layer 104 onto the first layer 102 does not have to be employed for

depositing particles of the second layer 104 onto the first layer 102. Use of complex

deposition techniques can lead to increased manufacturing complexities and

increased costs.

[0020] The sheet 104 can be a metal plate or a metal foil, which can simply be

placed onto the first layer 102 as a single unit. Once the sheet 104 is placed on the

first layer 102, heat and/or pressure is applied to cause inter-metal diffusion to bond

the first and second layers 102 and 104.

[0021] Fig. 2 schematically shows an inter-metal diffusion zone 202. Inter-metal

diffusion refers to a process in which molecules of the first layer 102 enter into the

second layer 104, and molecules of the second layer 104 enter into the first layer

102. The mixing of the molecules of the materials of the layers 102 and 104 in the



inter-metal diffusion zone 202 continues until an equilibrium state is reached. This

mixing (or diffusion) of the molecules of the layers 102 andl 04 cause the layers 102

and 104 to bond together.

[0022] To cause inter-metal diffusion, heat can be applied to the top surface 108

of the second layer 104, as indicated by arrows 110 . The heat is applied to the top

surface 108 of the second layer 104 after the second layer 104 has been placed on

the upper surface of the first layer 102. The heat applied to the top surface 108 of

the second layer 104 is transferred through the thickness of the second layer 104 to

an upper portion of the first layer 102, which can trigger the inter-metal diffusion

process. In some examples, inter-metal diffusion between the first and second

layers 102 and 104 can be triggered if the temperature of the first and second layers

102 and 104 exceeds about 150° Celsius.

[0023] Alternatively, or additionally, heat can be applied to the bottom surface

112 of the first layer 102. Furthermore, heat can be applied to the top surface 108 of

the second layer 104 and the bottom surface 112 of the first layer 102 at the same

time.

[0024] In addition to, or in place of, heating the layers 102 and 104 to cause

inter-metal diffusion, pressure can be applied to the layer 104 and/or the layer 102 to

cause the inter-metal diffusion. Pressure can be applied mechanically. For

example, the first layer 102 can sit on a support structure (not shown in Fig. 2), and a

pressure-application structure (not shown in Fig. 2) can be pressed against the top

surface 108 of the second layer 104. The pressure-application structure can apply a

downward force on the second layer 104. Alternatively, the support structure below

the first layer 102 can apply an upward force on the first layer 102.

[0025] In other examples, pressure can be applied by increasing the pressure in

a chamber in which the assembly of the first and second layers 102 and 104 is

placed. Pressurized gas (e.g. an inert gas) can be introduced into the chamber to

cause pressure to be applied to the first and second layers 102 and 104. In some

examples, to cause inter-metal diffusion between the first and second layers 102 and



104, the applied pressure can be greater than about 50 psi (pounds per square

inch).

[0026] Fig. 3 is a cross-sectional view of an alternative composite multi-layered

metal 300, which includes three layers. The three layers include a magnesium alloy

layer 302, a second layer 304 that is provided over the magnesium alloy layer 302,

and a third layer 306 that is provided underneath the magnesium alloy layer 302.

Effectively, the layers 304 and 306 sandwich the magnesium alloy layer 302, which

is provided between the layers 304 and 306. In some examples, the layers 304 and

306 can include an aluminum or aluminum alloy layer. In other examples, other

types of metals can be included in the layers 304 and 306. The metals in the layers

304 and 306 can be the same, or they can be different.

[0027] The bonding of the second layer 304 to the magnesium alloy layer 302

and the bonding of the third layer 306 to the magnesium alloy layer 302 is performed

by using inter-metal diffusion in respective inter-metal diffusion zones 308 and 3 10 .

The inter-metal diffusion can be initiated by applying heat and/or pressure to the

respective upper surface 3 12 of the layer 304 and the lower surface 314 of the third

layer 306.

[0028] Figs. 4A-4C schematically illustrate a process of forming the composite

multi-layered metal 100, according to some implementations. In Fig. 4A, the first

layer 102 is provided on a support structure 402, such as a base plate of other

structure. The support structure 402 can be part of manufacturing equipment for

building composite multi-layered metals according to some implementations.

[0029] Next, as shown in Fig. 4B, the sheet 104 is provided on the first layer 102,

where the sheet 104 can be placed on the first layer 102 by a human or by a

machine. As noted above, placing the sheet 104 on the first layer 102 avoids having

to perform deposition to deposit particles of the second layer 104 onto the first layer

102.



[0030] As shown in Fig. 4C, heat and/or pressure is applied to the assembly of

the first layer 102 and the second layer 104, to cause bonding of the first and second

layers 102 and 104 by inter-metal diffusion.

[0031] Additional processes can be performed on the composite multi-layered

metal 100, which are not shown.

[0032] A similar process can be used to form the composite multi-layered metal

300, except that additional manufacturing tasks are performed to bond the three

layers.

[0033] Once a composite multi-layered metal according to some implementations

is formed, the metal can be used in forming a product. In some examples, the

product formed can include a notebook computer 502, as shown in Fig. 5 . The

notebook computer 502 includes exterior housing(s) 504, which can be formed at

least partially using the composite multi-layered metal. In further examples, internal

components of the computer 502 can also be formed using the composite multi-

layered metal.

[0034] Although Fig. 5 shows an example of building a computer using the

composite multi-layered metal, it is noted that the composite multi-layered metal

according to some implementations can be used to build other types of products,

including smartphones, tablet computers, game appliances, and so forth.

Additionally, the composite multi-layered metal can be used to build other types of

products, such as cars, home appliances, and so forth.

[0035] Fig. 6 is a flow diagram of a process 600 of forming a multi-layered metal,

according to some implementations. The process 600 includes providing (at 602) a

first layer including a magnesium alloy, and providing (at 604) a sheet including a

metal on the first layer. The process 600 further includes bonding (at 606) the sheet

to the first layer, by applying at least one of heat and pressure to an assembly

including the first layer and the sheet to cause inter-metal diffusion between the first

layer and the sheet.



[0036] Fig. 7 is a flow diagram of a process 700 of forming a multi-layered metal,

according to alternative implementations. The process 700 includes providing (at

702) a first layer including a first metal having at least one characteristic, the at least

one characteristic selected from among a porosity of greater than about 2%, and a

tensile strength of less than or equal to about 150 megapascals. The process 700

further includes bonding (at 704) a second layer including a second metal to the first

layer, by applying heat and pressure to the first and second layers to cause inter-

metal diffusion between the first and second layers.

[0037] In the foregoing description, numerous details are set forth to provide an

understanding of the subject disclosed herein. However, implementations may be

practiced without some or all of these details. Other implementations may include

modifications and variations from the details discussed above. It is intended that the

appended claims cover such modifications and variations.



What is claimed is:

1. A method of forming a multi-layered metal, comprising:

providing a first layer including a magnesium alloy;

providing a sheet including a metal on the first layer; and

bonding the sheet to the first layer, by applying at least one of heat and

pressure to an assembly including the first layer and the sheet to cause inter-metal

diffusion between the first layer and the sheet.

2 . The method of claim 1, wherein applying the at least one of the heat and

pressure is performed without performing electrodeposition of a material of the sheet

on the first layer.

3 . The method of claim 1, wherein the bonding is performed after providing the

sheet on the first layer, wherein providing the sheet on the first layer comprises

providing the sheet on an upper surface or a lower surface of the first layer.

4 . The method of claim 1, wherein providing the sheet comprises providing one

of a metal plate and a metal foil.

5 . The method of claim 1, wherein the sheet includes aluminum or an aluminum

alloy.

6 . The method of claim 1, wherein the first layer includes a first type of

magnesium alloy, and the sheet includes a second type of magnesium alloy.

7 . The method of claim 1, wherein the metal of the sheet has at least one of the

following characteristics: a lower porosity than the magnesium alloy of the first layer,

a higher tensile strength than the magnesium alloy of the first layer, or a lower

reactivity than the magnesium alloy of the first layer.



8 . The method of claim 1, wherein the sheet is bonded to a first surface of the

first layer, the method further comprising:

bonding another layer to a second, different surface of the first layer, by

applying at least one of heat and pressure to cause inter-metal diffusion between the

first layer and the another layer.

9 . The method of claim 1, wherein the bonding is performed by applying both the

heat and the pressure.

10 . A method of forming a multi-layered metal, comprising:

providing a first layer including a first metal having at least one characteristic,

the at least one characteristic selected from among a porosity of greater than about

2%, and a tensile strength of less than or equal to about 150 megapascals; and

bonding a second layer including a second metal to the first layer, by applying

heat and pressure to the first and second layers to cause inter-metal diffusion

between the first and second layers.

11. The method of claim 10, wherein the first metal includes magnesium.

12 . The method of claim 10, wherein bonding the second layer comprises

bonding a sheet to the first layer, wherein the sheet is provided on the first layer as a

unit.

13 . The method of claim 10, wherein the second metal has at least one of the

following characteristics: a lower porosity than the first metal, a greater tensile

strength than the first metal, or a lower reactivity than the first metal.



14. A multi-layered metal, comprising:

a first layer including a magnesium alloy; and

a sheet provided on a surface of the first layer as a unit and bonded to the first

layer by inter-metal diffusion provided by application of at least one of heat and

pressure to an assembly including the first layer and the sheet.

15 . The multi-layered metal of claim 14, wherein the sheet comprises one of a

metal plate and a metal foil.









A. CLASSIFICATION OF SUBJECT MATTER

B32B 15/04(2006.01)i, B32B 37/00(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
B32B 15/04; C04B 35/76; B32B 15/01; B32B 15/00; B23K 20/04; B32B 15/18; B32B 37/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
eKOMPASS(KIPO internal) & Keywords: magnesium alloy, lightweight, porosity, layer, sheet, bonding, and diffusion

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

W0 2010-136899 Al (THE GOVERNORS OF THE UNIVERSITY OF ALBERTA e t a l . ) 1-6 , 9 , 14 , 15

02 December 2010

See abst ract ; page 5 , l ines 17-31 , page 7 , l ines 1-13 , page 9 , l ines 19-26 ;

c l aims 1 , 3 , 4 , 5 , 19 ; and f igure 1 .

8

7 , 10-13

US 2010-0055491 Al (VECCHIO e t a l . ) 04 March 2010 8

See abst ract ; paragraph [0024] ; c l aims 1 , 2 ; and f i gure 1A.

US 2008-0026247 Al (NAKAGAWA e t a l . ) 3 1 January 2008 1-15

See abst ract ; paragraphs [0076]- [0085] ; and f i gures 2-5 .

US 2012-0021239 Al (MIYAMOTO e t a l . ) 26 January 2012 1-15

See abst ract ; paragraphs [ 0043]- [0047] ; c l aim 14 ; and f i gure 3 .

US 5322740 A (GHOSH , AMIT K. ) 2 1 June 1994 1-15

See abst ract ; co lumn 3 , l ine 11 - co lumn 4 , l ine 13 ; c l aim V, and f i gures 1 , 2 .

I IFurther documents are listed in the continuation of Box C . See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand

to be of particular relevance the principle or theory underlying the invention
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report

03 July 2014 (03.07.2014) 04 July 2014 (04.07.2014)
Name and mailing address of the ISA/KR Authorized officer .

tt International Application Division
Korean Intellectual Property Office
189 Cheongsa-ro, Seo-gu, Daejeon Metropolitan City, 302-701,

SONG, Ho Keun £ ., ,
R ubl of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5580 „

Form PCT/IS 210 (second sheet) (July 2009)



Information on patent family members PCT/US2013/066323

Patent document Publication Patent family Publication
cited in search report date member(s) date

WO 2010-136899 Al 02/12/2010 None

US 2010-0055491 Al 04/03/2010 US 2008-0286600 Al 20/11/2008
US 2011-300403 Al 08/12/2011
US 7621435 B2 24/11/2009
US 7992763 B2 09/08/2011
WO 2006-137823 A2 28/12/2006
WO 2006-137823 A3 01/03/2007

US 2008-0026247 Al 31/01/2008 CN 101112740 A 30/01/2008
CN 101112740 B 18/08/2010
DE 602007010869 Dl 13/01/2011
EP 1882542 Al 30/01/2008
EP 1882542 Bl 01/12/2010
JP 2008-023583 A 07/02/2008
JP 4961532 B2 27/06/2012

R 10-0925580 Bl 06/11/2009
R 10-2008-0010302 A 30/01/2008

US 8476549 B2 02/07/2013

US 2012-0021239 Al 26/01/2012 CN 101274387 A 01/10/2008
CN 101274387 B 30/05/2012
EP 1974847 A2 01/10/2008
EP 1974847 A3 08/10/2008
EP 1974847 Bl 18/05/2011
JP 2008-272825 A 13/11/2008
JP 5376391 B2 25/12/2013
KR 10-0983960 Bl 27/09/2010
US 2008-0241572 Al 02/10/2008
us 8058584 B2 15/11/2011
us 8507825 B2 13/08/2013

US 5322740 A 21/06/1994 None

Form PCT/ISA/210 (patent family annex) ( y 2009)


	abstract
	description
	claims
	drawings
	wo-search-report

