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110

PROVIDE OBJECT INCLUDING BULK MATERIAL HAVING

BULK Cu CONCENTRATION OF BETWEEN 0 % AND 0.1 % 102

AND BULK MAGNESIUM CONCENTRATION GREATER
THAN ABOUT 1.5 %.

____________________ o

DEPOSIT LAYER OF SECOND MATERIAL HAVING :

SECOND Cu CONCENTRATION LOWER THAN BULK Cu N104

CONCENTRATION ON SURFACE OF OBJECT. 1

____________________ AR REL

ELECTROLYTIC OXIDATION PROCESS TO PRODUCE OXIDE

OXIDIZE SURFACE OF OBJECT USING PLASMA |\
106

LAYER INCLUDING ALUMINA AND OXIDE OF MAGNESIUM.

FIG. 1A

PROVIDE OBJECT INCLUDING: BULK MATERIAL HAVING
BULK COPPER CONCENTRATION; AND OXIDE LAYER
PRODUCED USING PLASMA ELECTROLYTIC OXIDATION
PROCESS WITH OXIDE LAYER HAVING MAGNESIUM
CONCENTRATION VARYING AS FUNCTION OF DEPTH IN
OXIDE LAYER WITH MINIMUM MAGNESIUM CONCENTRATION
OF GREATER THAN ABOUT 4000 PPM AND COPPER
CONCENTRATION VARYING AS FUNCTION OF DEPTH IN
OXIDE LAYER WITH MAXIMUM COPPER CONCENTRATION

112

BEING LESS THAN ABOUT 5000 PPM.

EXCITE GAS THAT INCLUDES HALOGEN OR CREATE
HALOGEN PLASMA.

EXPOSE OXIDE LAYER TO EXCITED HALOGEN-COMPRISING
GAS OR TO HALOGEN-COMPRISING PLASMA FORMING
MAGNESIUM HALIDE IN OXIDE LAYER.

|\116

FIG. 1B
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BULK Cu CONCENTRATION AND BULK MAGNESIUM

PROVIDE OBJECT INCLUDING BULK MATERIAL HAVING
CONCENTRATION. 310

i CLEAN SURFACE OF OBJECT BEFORE DEPOSITING 'L\
} LAYER OF SECOND MATERIAL. 1314

SECOND Cu CONCENTRATION LOWER THAN

DEPOSIT LAYER OF SECOND MATERIAL HAVING |
BULK Cu CONCENTRATION ON SURFACE OF OBJECT. | 314

A
OXIDIZE AT LEAST PORTION OF LAYER OF SECOND
MATERIAL USING PLASMA ELECTROLYTIC OXIDATION 316
PROCESS TO FORM OXIDE LAYER.

| EXPOSE OXIDE LAYER TO EXCITED HALOGEN- !
| _ COMPRISING GAS OR TO HALOGEN-COMPRISING  R_315
! PLASMA FORMING MAGNESIUM HALIDE IN OXIDE LAYER. 1
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350
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PROVIDE OBJECT INCLUDING BULK MATERIAL HAVING
BULK Cu CONCENTRATION AND BULK MAGNESIUM 360
CONCENTRATION.

Y

CONTACT SURFACE OF OBJECT WITH LAYER OF SECOND
MATERIAL HAVING COPPER CONCENTRATION SMALLER

THAN BULK COPPER CONCENTRATION. ~365
\
HEAT OBJECT TO DIFFUSE COPPER INTO LAYEROF |,
SECOND MATERIAL.
A 4
REMOVE AT LEAST PORTION OF LAYER OF 375
SECOND MATERIAL.
\ 4

OXIDIZE SURFACE OF OBJECT USING PLASMA
ELECTROLYTIC OXIDATION PROCESS TO FORM 380
OXIDE LAYER,.

_____________________ Lo

i EXPOSE OXIDE LAYER TO EXCITED HALOGEN- :
1 COMPRISING GAS OR TO HALOGEN-COMPRISING ~.385
i PLASMA FORMING MAGNESIUM HALIDE IN OXIDE LAYER. K
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PROVIDE OBJECT INCLUDING: BULK REGION WITH
ALUMINUM, BULK COPPER CONCENTRATION AND BULK | _
MAGNESIUM CONCENTRATION: AND OXIDE LAYER 410
PRODUCED BY PLASMA ELECTROLYTIC OXIDATION
HAVING MAXIMUM COPPER CONCENTRATION IN OXIDE
LAYER OF GREATER THAN ABOUT 5000 ppm.

\

EXTRACT COPPER FROM OXIDE LAYER UNTIL MAXIMUM I\
412

COPPER CONCENTRATION IN OXIDE LAYER IS ABOUT
OR LESS THAN ABOUT 5000 ppm.

FIG. 4
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PROVIDE OBJECT INCLUDING: BULK REGION WITH ALUMINUM,
BULK COPPER CONCENTRATION AND BULK MAGNESIUM

BY PLASMA ELECTROLYTIC OXIDATION PROCESS AND
HAVING MAXIMUM COPPER CONCENTRATION IN OXIDE
LAYER OF GREATER THAN ABOUT 5000 ppm.

\

LEAST UNTIL MAXIMUM COPPER CONCENTRATION OF
OXIDE LAYER IS ABOUT OR LESS THAN ABOUT 5000 ppm.

FIG. 5A
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CONCENTRATION; AND OXIDE LAYER LAYER PRODUCED 510

APPLY ENERGY TO OBJECT TO DIFFUSE COPPER AT I\
520

! APPLY ELECTRICAL POTENTIAL GRADIENT ACROSS ]
! OXIDE LAYER. :

i HEAT AT LEAST PORTION OF OBJECT TO ENHANCE
! DIFFUSION. }

522

- 524

i HEAT AT LEAST PORTION OF OBJECT TO TEMPERATURE 1.
' IN TEMPERATURE RANGE BETWEEN MINIMUM '
'TEMPERATURE THAT PERMITS DIFFUSION OF COPPER ONl
! | PRODUCTION TIME SCALE AND MAXIMUM TEMPERATURE |
i LOWER THAN TEMPERATURE THAT PERMITS DIFFUSION ,
: OF MAGNESIUM ON PRODUCTION TIME SCALE. '

iMAINTAIN PORTION OF OBJECT IN TEMPERATURE RANGE !
| AT LEAST UNTIL MAXIMUM COPPER CONCENTRATION OF !

| OXIDE LAYER IS ABOUT OR LESS THAN ABOUT 5000 PPM.

- 526

- 528




WO 2011/153228 PCT/US2011/038746

710

600
. [PROVIDE OBJECT INCLUDING: BULK REGION HAVING BULK Cu
CONCENTRATION AND BULK MAGNESIUM CONCENTRATION; |
AND OXIDE LAYER PRODUCED BY PLASMA ELECTROLYTIC [ 610
OXIDATION AND HAVING MAGNESIUM CONCENTRATION
VARYING AS FUNCTION OF DEPTH IN OXIDE LAYER AND
COPPER CONCENTRATION VARYING AS FUNCTION OF DEPTH
IN OXIDE LAYER WITH MAXIMUM COPPER CONCENTRATION
OF GREATER THAN ABOUT 5000 ppm AT FIRST DEPTH.

Y

REMOVE PORTION OF PROTECTIVE LAYER EXTENDING
BEYOND FIRST DEPTH TO SECOND DEPTHWHERE | _
COPPER CONCENTRATION AT SECOND DEPTH IS LESS | 612
THAN ABOUT 5000 AND MAGNESIUM CONCENTRATION
AT SECOND DEPTH IS GREATER THAN ABOUT 4000 ppm.

FIG. 6
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FIG. 8A
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