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The present invention relates to an improvement in 
the anodization of articles, and more particularly, to a 
method and a device for the anodization of selective areas 
of thin metal layers to produce a layer having a pattern 
of both anodized and unanodized areas. 

Anodization of selected areas prior to this invention 
was accomplished by various masking techniques. These 
masks or shields are made of nonconductive material. 
When applied over areas of an article which are not to be 
anodized, the masks divert current away from these cov 
ered areas and thus retard anodization. These techniques 
while effective to a degree are time consuming and merely 
add an extra step to the production procedure. 

It is an object of this invention to provide a method 
and a ‘shaped electrode device for selectively anodizing 
a metal articles which simple, effective and suited to mass 
production techniques. 

It is a further object of this invention to provide a 
method for ‘forming conductors within a body of dielectric 
material by a selective anodization procedure. 

It is a still further object of this invention to provide 
a method for producing thin ?lm resistors and capacitors 
in any desired pattern on a substrate by a selective anod 
ization procedure. 

These and other objects are accomplished in accord 
ance with the broad aspects of present invention by utiliz 
ing a novel, shaped, anodization electrode system. The 
shaped electrode system is constructed so as to suppress 
the growth of the oxide in certain areas. In the areas of 
a metal article where no oxidation is desired, the shaped 
electrode system has projections which may be placed 
closely adjacent to or contiguous to the article. The re 
maining portions of the shaped electrode adjacent to 
which anodization is desired are depressed. There are 
conductive layers on both the projections and at the bot 
tom of the depressions of the shaped electrode. The con 
ductive layer on the surface of the projections is main 
tained at substantially the potential of the anode, the 
article to be anodized. The conductive layer on the bot 
tom of the depressions is the cathode of the electrolytic 
cell. The purpose of the projections of the shaped elec 
trode positioned adjacent to the metal article is to dis 
charge all hydroxyl ions in its immediate vicinity thus 
suppressing the growth of the metal oxide in these areas. 
In order to keep the current in the projections from get~ 
ting too large and also to insure good resolution, the 
projection surfaces may be placed in actual contact with 
the article. 
The selective anodization technique may be utilized 

to fabricate thin ?lm components such as resistors, capac 
itors, parallel conductors, tunnel emission diodes and simi 
lar thin ?lm elements. Two shaped electrodes of different 
surface con?guration are used in this procedure. The 
?rst electrode has depressions of the desired shape of the 
area to be anodized. Anodization of the article is ac 
complished in an electrolytic cell partially through the 
article. A second shaped electrode having a depression 
cross-sectional shape other than the ?rst shaped electrode 
is then positioned over the article to be anodized. An 
odization is accomplished through the thickness of the 
article’s area designated to be anodized by the ?rst shaped 
electrode. Portions of the article can thereby be left 
unanodized within the dielectric body of the article. The 
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various passive thin ?lm components can be fabricated 
by choice of appropriate geometry of the shaped elec 
trodes. 
The foregoing and other objects, features and advan 

tages of the invention will be apparent from the follow 
ing more particular description of preferred embodiments 
of the invention, as illustrated in the accompanying 
drawings. 

In the drawings: - 

FIGURE 1 is a view, partially in section, of a ?rst 
embodiment of this invention; 
FIGURE 2 is a view, partially in section, of a second 

embodiment of this invention; 
FIGURE 3 is a sectional view taken along line 3-—3 of 

FIGURE 1 showing structure of the shaped electrode 
of this invention in a plane view; 
FIGURE 4 is a plane view of thin ?lm resistors that 

can be made by a method of this invention; 
FIGURE 5 is a sectional view of FIGURE 4 taken 

along line 5-5; 
FIGURE 6 is a plane view of thin ?lm capacitors that 

can be made ‘by a method of this invention; and, 
FIGURE 7 is a sectional view of FIGURE 6 taken 

along line 7—7. 
Similar reference characters are used for similar ele 

ments throughout the drawing. 
Referring now, more particularly, to FIGURES 1 and 

3, there is shown an electrolytic cell 10 with an electro 
lyte level 11 having positioned therein the article 12 to 
be anodized and adjacent thereto the shaped electrode 
SYSI61'1’11114 of this invention. The article 12 may be a 
thin ?lm of metal 16 deposited on a glass substrate 18. 
The shaped electrode system 14 is constructed of an in 
sulating member 20 having openings or depressions 22 
therethrough. A conductive layer 24 is applied to one 
side of the insulating member containing the openings. 
A base member 26 composed of conductive material is 
placed on the side of the insulating member 20 containing 
the openings 22 opposite to the side having the conduc 
tive layer 24. A power supply 28 is connected across 
the base conductive member 26, which is made the cath 
ode of the cell, and the article to be anodized, which is 
made the anode of the cell. Progress of the anodization 
process may be observed by use of an ammeter 30 and a 
voltmeter 32 in the circuit. 
FIGURE 2 illustrates a simpli?ed electrical circuit for 

selective anodization. The conductive layer 24 on the 
projections of the shaped electrode system 14 is in touch 
ing relation to the article 12 to be anodized. Electrical 
connection to the positive side of the power supply for 
making the article 12 the anode of the cell is then re 
quired only to the conductive layer on the projections, 
rather than to both the conductive layer on the projections 
and the article to be anodized as in the FIGURE 1 em 
bodiment. This touching relation of the shaped electrode 
and the article additionally has the advantage of reducing 
excessive current in conductive layer 24. 

In operation of the FIGURE 1 and FIGURE 2 devices, 
the metal article 12 and the shaped electrode system 14 
are positioned adjacent to one another covered by an 
appropriate electrolyte within the electrolytic cell 10. The 
base conductive member 26 is made the cathode of the 
cell by connecting it electrically to the negative side of 
power supply 28. The metal article to be anodized is 
made the anode of the cell by electrically connecting it 
to the positive terminal of the power supply 28. The con 
ductive layer 24 is maintained at substantially the posi 
tive potential of the anode. The metal article may be 
composed of a valve metal such as aluminum, tantalum, 
niobium, zirconium, hafnium, tungsten, bismuth, antimo 
ny, silicon, germanium, etc. The electrolyte is chosen 
such that it will not dissolve the oxide as it is formed. 
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The power supply is turned on and the metal is anodically 
formed at an approximately constant current density while 
the voltage across the growing oxide is slowly raised to 
the desired forming voltage. Anodization is then allowed 
to continue at this constant voltage while the anodizing 
current decreases steadily as a more perfect oxide is 
formed. In the areas where the conductive layer 24 is 
adjacent to the metal article the growth of oxide is com 
pletely suppressed due to the discharge of all hydroxyl 
ions in its immediate vicinity. In the areas of the article 
opposite to the depressions of the shaped electrode, hy 
droxyl ions are discharged at the surface of the metal 
article and anodization is effected. The anodization of 
the desired selected areas of the article is thereby accom 
plished. 

Non-aqueous electrolytes are preferred to the aqueous 
electrolytes. Aqueous solutions tend to produce quanti 
ties of oxygen gas at the conductive layer 24 surfaces 
which reduces resolution. This can be eliminated by me 
chanical means. However, if non-aqueous electrolyte 
solutions with anhydrous salts are used, resolution is 
excellent. 
The shaped electrode system may readily be fabricated 

from a sheet of glass or similar insulator material having 
su?iciently good heat and chemical resistance properties 
to withstand subsequent processing. Openings in the glass 
sheet may be cut by various known techniques to any de 
sired shape. After cutting, the glass sheet is cleaned 
thoroughly in boiling detergent followed by rinsing and 
drying of the sheet. The conductive layer 24 is then 
applied by, for example, spraying or silk screening onto 
the surface of the sheet surrounding the openings on one 
side of the dielectric member. This conductive layer must 
be made of a material which will not oxidize in the anod 
izing solution. The preferred conductor material plati 
num may readily be applied to the sheet in the form of a 
commercially available platinum paste and ?red for ten 
minutes at 650° C. The conductive layer 24 may come 
to the edge of the opening 22 as illustrated in FIGURE 2 
or the immediate regions surrounding the openings may 
be free of the conductive layer as at windows 25, in FIG 
URES 1 and 3. To produce this window 25 which is 
free of the conductive layer an etching step is used. The 
conductive layer is protected by use of electroplater’s 
tape and the shaped electrode is placed in a hydrofluoric 
acid etching solution at room temperature for about 30 
minutes, then rinsed and dried. The dielectric member 
20, in the window area 25, is etched away to form a shoul 
der surrounding each opening. A piece of conductive 
metal foil will serve as the base member cathode 26 and 
may be held against the dielectric member by clamps. 
The invention is further illustrated by the following 

detailed procedure using tantalum as an example. Tan 
talum metal was cathode sputtered to a thickness of 100 
ohms per square onto a glass substrate. The shaped elec 
trode system 14 and the tantalum deposited article 12 were 
cleaned in acetone and then held together so that the 
tantalum deposit and a platinum conductive layer side 
of the shaped electrode were facing each other and in 
contact. A piece of tantalum foil was positioned on the 
side of the shaped electrode opposite to the tantalum 
article. The pieces were held together lightly by two 
stainless steel clamps. A 0.5% by Weight solution of 
anhydrous ammonium acetate in ethylene glycol was used 
as the electrolyte. The tantalum conductive sheet was 
made the cathode and the conductive layer attached to the 
positive side of the power supply. Since the conductive 
layer was held against the tantalum article to be anod~ 
ized, the article was at a positive potential and is the an 
ode of the cell. The current was adjusted to 30 milliamps 
and anodization continued for 15 minutes. The voltage 
across the growing oxide was raised to and maintained at 
100 volts. The anodized tantalum article shows very 
accurately the pattern of the shaped electrode. The tan 
talum that was not in contact with the shaped electrode 
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4. 
is clear and transparent tantalum oxide. The tantalum 
that was in contact with the shaped electrode remained 
in its original metallic form. The demarcation between 
the anodized and unanodized areas was excellent. 
Thin ?lm components such as resistors, capacitors, 

parallel conductors, tunnel emission diodes and similar 
thin ?lm elements may be made by an adaptation of the 
selective anodization technique described above. This 
method for making articles having at least one conduc 
tor layer within a dielectric body by selective anodization 
of a metal layer can be more readily understood by refer 
ence to FIGURES 4—7. 
The method for forming resistors within a dielectric 

body by selective anodization of a metal layer on a sub 
strate 40 can be more readily understood with reference 
to FIGURES 4 and 5. A first shaped electrode is pro 
vided with depressions having the cross-sectional shape 
of the layer to be anodized. The conductive areas of the 
?rst shaped electrode adjacent to the portions of the metal 
layer that are designated as the resistor 42 and the resistor 
contacts 44 are maintained at the positive potential of 
the anode metal layer. Anodization partially through the 
thickness of the metal layer is accomplished in the electro 
lytic cell in the usual way. The ?rst shaped electrode 
is then removed from the metal layer and a second shaped 
electrode is positioned adjacent to the metal layer. The 
conductive areas of the second shaped electrode adjacent 
to the portions of the metal layer that are designated 
as resistor contacts 44 are maintained at the positive po 
tential of the anode metal layer. Anodization complete 
ly through the thickness of the metal layer in the areas 
originally designated as the dielectric body by the shape 
of the ?rst shaped electrode is then accomplished in an 
electrolytic cell in the usual manner. Anodization dur 
ing the use of the second electrode proceeds partially 
through the thickness of the area 46 leaving a resistive 
metal ?lm between the substrate and the anodized area. 
The thickness of this resistance ?lm may be, of course, 
regulated by the time and voltage used during the second 
anodization process to produce a range of possible resist 
ances. 

Referring now to FIGURES 6 and 7, a thin ?lm capaci 
tor may be formed by depositing a metal layer on a sub 
strate 50 wherein at least one selected portion 52 of the 
layer is thicker than other areas. The ?rst shaped elec 
trode is designed to have its areas adjacent to the metal 
layer to be anodized that are designated as the bottom 
electrode 52 and the bottom contact 54 of the capacitor 
at the positive potential of the anode metal layer. The 
remaining area of the shaped electrode is at the cathode 
potential and spaced at a distance from the metal layer. 
Anodization partially through the thickness of the metal 
layer is effected in the usual manner in an electrolytic cell. 
The ?rst shaped electrode is then removed from the metal 
layer and a second shaped electrode is positioned adjacent 
to the partially anodized metal layer. The areas of the 
shaped electrode adjacent to the portions of the metal 
layer designated as the bottom electrical contacts 54 are 
maintained at a positive potential of the metal layer. 
Complete anodization in the electrolytic cell is then con 
tinued for a time su?icient to anodize the metal layer 
through its thickness in areas originally designated to be 
anodized by the ?rst shaped electrode. This leaves the 
areas of the capacitor designated bottom contacts in their 
metallic condition. The surface 56 of the bottom elec 
trode of the capacitor has an anodized coating thereover. 
A counter electrode 58 is then deposited on the opposite 
side of the bottom electrode in the usual manner, such as 
by vacuum evaporation, to form a capacitor. 
The invention provides a method and a shaped elec 

trode device for selectively anodizing articles composed 
of any of the usual metals that can be anodized using 
standard electrolytes. The shaped electrode device is 
readily fabricated and the anodization method can be 
adapted to large scale production. A metal layer may 
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thus be anodized using the shaped electrode device in any 
desired pattern of anodized and unanodized areas. Fur 
thermore, electrical components may be formed in the 
desired pattern on a metal layer and then covered with an 
anodized layer for insulation purposes. 

While the invention has been particularly shown and 
described with reference to preferred embodiments there 
of, it will be understood by those skilled in the art that 
various changes in form and details may be made therein 
without departing from the spirit and scope of the inven 
tion. 
What is claimed is: 
1. In a shaped electrode for selectively anodizing an 

article, said electrode comprising: 
a member composed of insulating material having at 

least one opening therethrough; 
a conductive layer on one of the sides of said member 

containing said opening; 
a member of conductive material positioned on the 

side of said insulating member containing the open 
ing opposite to the side having said conductive layer 
thereon; 

said conductive layer and member being composed of 
a material that will remain substantially unoxidized 
in the anodizing solution; 

means for connecting said conductive layer to a source 
of positive potential; 

and means for connecting said member of conducting 
material to a source of negative potential. 

2. In a shaped electrode for selectively anodizing a 
?at metal article, said electrode comprising: 

a base member composed of insulating material having 
a plurality of laterally spaced ?at-tipped projections 
extending therefrom, the surface of said ?at-tipped 
projections de?ning a single plane; 

a conductive layer on each of said projection tips; 
a conductive layer on each of the portions of the base 
member without the said projections 

said conducting layers being composed of a material 
that will remain substantially unoxidized in the anod 
izing solution; 

means for connecting said projection tip conductive 
layers to a source of positive potential; 

and means for connecting said base member layers to 
a source of negative potential. 

3. In a shaped electrode for selectively anodizing a 
metal article, said electrode comprising: 

an insulating member having at least one depression 
in its surface; 

the cross-section of said depression being the shape of 
the area of said article to be anodized; 

a conductive layer on the bottom of said depression; 
a conductive layer on the said surface of said insulating 
member; 

said conducting layers being composed of a material 
that will remain substantially unoxidized in the anod 
izing solution; 

means for connecting said surface conductive layer to 
a source of positive potential; 

and means for connecting said depression conductive 
layer to a source of negative potential, 

4. In a shaped electrode for selectively anodizing a 
metal article, said electrode comprising: 

an insulating member having at least one depression 
in its surface; 

the cross-section of said depression being the shape of 
the area of said article to be anodized; 

a conductive layer on the bottom of said depression; 
a conductive layer on the said surface of said insulating 
member; 

said conducting layers being composed of a material 
that will remain substantially unoxidized in the anod 
izing solution; 

the said surface of said insulating member being free 

6 
of said surface conductive layer in the region sur 
rounding said depression; 

means for connecting said surface conductive layer 
to a source of positive potential; 

5 and means for connecting said depression conductive 
layer to a source of negative potential. 

5. In a shaped electrode for selectively anodizing a 
metal article, said electrode comprising: 

a member composed of insulating material having a 
plurality of openings therethrough; 

a conductive layer on one of the sides of said member 
containing said openings; 

the said side of the insulating member having said 
conductive layer thereon being free of said conduc 
tive layer in the immediate region surrounding the 
said openings; 

a member of conductive material positioned on the 
side of said insulating member containing said open 
ings opposite to the said side having said conductive 
layer thereon; 

said conducting layers being composed of a material 
that will remain substantially unoxidized in the an 
odizing solution; 

means for connecting said conductive layer and con 
ductive member to sources of electrical potential. 

6. A method of anodizing an article in selected areas 
comprising: 

passing an electric current through an electrolytic cell 
containing an anodizing electrolyte with said article 
immersed in the electrolyte forming the anode elec 
trode of the cell; 

maintaining selected areas of an electrode system at 
substantially the positive potential of the said anode 
and positioned adjacent to said anode; 

electrically insulating said selected areas from the 
remaining area of said electrode system; 

and maintaining the said remaining ‘area of said elec 
trode system at a negative potential and spaced at a 
distance from the said anode, whereby the growth of 
an ‘oxide on said anode is suppressed in the areas 
where the electrode system is held at a positive po 
tential and promoted where the electrode system is 
held at a negative potential. 

7. A method for anodizing a metal article in selected 
areas comprising: 

passing an electric current through an electrolytic cell 
containing an anodizing electrolyte with said article 
immersed in the electrolyte forming the anode elec 
trode of the cell; 
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malntarnlng selected areas of an electrode system at 
the positive potential of the said anode and positioned 
contiguous to the said anode; 

electrically insulating said selected areas from the re 
55 maining area of said electrode system; 

and maintaining the said remaining area of said elec 
trode system at a negative potential and spaced at a 
distance from the said anode, whereby the growth of 
an oxide on the said anode is suppressed in the areas 
where the electrode system is held at a positive po 
tential and promoted where the electrode system is 
held at a negative potential. 

8. A method for anodizing a metal article at selected 
areas in an electrolytic cell comprising: 

positioning a shaped electrode having at least one 
‘depression therein adjacent to said metal article with 
in the electrolyte of said cell; 

making the bottom of the depression the cathode of the 
said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said shaped elec 
trode; 

making the said article the anode of the said cell; 
maintaining the surface of said shaped electrode adja 
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cent to said article at substantially the potential of 
said anode; 

and passing a current between said cathode and said 
anode. 

9. A method for anodizing a metal article at selected 
areas in an electrolytic cell comprising: 

positioning a shaped electrode having a plurality of 
projections in close proximity to the said metal 
article within the electrolyte of said cell; 

making the bottom ‘of the depressions between the said 
projections the cathode of the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said shaped electrode; 

making the said article the anode of the said'cell; 
maintaining the tips of the said projections adjacent to 

said article at substantially the potential of the said 
anode; 

and passing current between said cathode and said 
anode. 

10. A method for anodizing a metal article at selected 
areas in an electrolytic cell comprising: 

positioning in the electrolyte of said cell a shaped elec 
trode having at least one depression therein with 
the surface of the electrode in touching relation with 
the said metal article and the depressions spaced at 
a distance therefrom; 

making the bottoms of the said depressions the cathode 
of the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said shaped electrode; 

making the said article the anode of the said cell; 
maintaining the surface of the said electrode adjacent 

to said article at substantially the potential of said 
anode, said electrolytic cell containing an electrolyte 
in which the oxide formed by anodization is insolu 
ble; 

and passing current between said cathode and said 
anode. 

11. A method for anodizing a metal article at selected 
areas in an electrolytic cell comprising: 

positioning in the electrolyte of said cell a shaped elec 
trode having a plurality of projections and depressions 
with the tips of the projections contiguous to the said 
metal article and the depressions spaced at a distance 
therefrom; 

making the bottom of said depressions the cathode of 
the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said shaped electrode; 

making the said article the anode of the said cell by ap 
plying a positive potential to the anode through the 
said continguous projection tips, said electrolytic cell 
containing an electrolyte in which :the oxide foumed 
by anodization is insoluble; 

‘and passing current between said cathode and said 
anode. 

12. A method for making articles having at least one 
conductor layer within dielectric body by selective anod 
ization of a metal layer comprising: 

passing a ?rst electric current through an electrolytic 
cell containing an anodizing electrolyte with said 
metal layer immersed in the electrolyte forming the 
anode of the cell; 

maintaining areas of a ?rst shaped electrode which are 
positioned adjacent to areas of said metal layer that 
are designated as the said conductor layer and the 
electrical cantacts at the positive potential of the 
said anode; 

electrically insulating said areas from the remaining 
area of said ?rst shaped electrode; 

maintaining the said remaining area of said ?rst shaped 
electrode at a negative potential and spaced at a dis 
tance from the said anode; 
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8 
turning off said ?rst current before anodization of the 

metal layer is complete; 
passing a second electric current through an electro 

lytic cell containing an anodizing electrolyte with 
said metal layer immersed in the electrolyte forming 
the anode of the cell; 

maintaining areas of a second shaped electrode which 
are positioned ‘adjacent to areas of said metal layer 
that are designated as the electrical contacts at the 
positve potential of said anode; 

electrically insulating said areas from the remaining 
area of said second shaped electrode; 

maintaining the said remaining area of said second 
shaped electrode at a negative potential and spaced 
at a distance from the said anode; 

and turning off said second current when the said metal 
layer has been anodized through its thickness in the 
areas designated as the said dielectric body. 

13. A method of forming resistors within a dielectric 
body by selective anodization of a metal layer comprising: 

passing a ?rst electric current through an electrolytic 
cell containing an anodizing electrolyte with said 
metal layer immersed in the electrolyte forming the 
anode of the cell; 

maintaining areas of a ?rst shaped electrode which are 
positioned adjacent to areas of said metal layer that 
are designated as the resistors and the resistor con 
tacts at the positive potential of the said anode; 

electrically insulating said areas from the remaining 
area of said ?rst shaped electrode; 

maintaining the said remaining area of said ?rst shaped 
electrode at a negative potential and spaced at a dis 
tance from said anode; 

turning off said ?rst current before anodization of the 
metal layer is complete; 

passing a second electric current through an electro 
lytic cell containing ‘an anodizing electrolyte with said 
metal layer immersed in the electrolyte forming the 
anode of the cell; 

maintaining areas of a second shaped electrode which 
are positioned adjacent to areas of said metal layer 
that are designated as the resistor contacts at the 
positive potential of said anode; 

electrically insulating said areas from the remaining 
area of said second shaped electrode; 

maintaining the said remaining area of said second 
shaped electrode at a negative potential and spaced 
at -a distance from said anode; 

and turning off said second current when the said metal 
layer has been anodized through its thickness in the 
areas designated as the said dielectric body. 

14. A method of forming capacitors Within a dielectric 
body by selective anodization comprising: , 

depositing a metal layer on a substrate wherein at least 
one selected portion of said metal layer is thicker than 
other areas; 

passing a ?rst electric current through an electrolytic 
cell containing an anodizing electrolyte with said 
metal layer immersed in the electrolyte forming the 
anode of the cell; 

maintaining areas of a ?rst shaped electrode which are 
positioned adjacent to areas of said metal layer that 
‘are designated as the bottom electrode of the said 
capacitor and the bottom contact at the positive po 
tential of said anode; 

electrically insulating said areas from the remaining 
area of said ?rst shaped electrode; 

maintaining the said remaining area of said ?rst shaped 
electrode at a negative potential and spaced at a dis 
tance from said anode; 

turning off said ?rst current before anodization of the 
metal layer is complete; 

passing a second electric current through an electro 
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lytic cell containing an anodizing electrolyte with 
said metal layer immersed in the electrolyte forming 
the anode of the cell; 

maintaining areas of a second shaped electrode which 
are positioned adjacent to areas of said metal layer 
that are designated as the bottom contact of the said 
capacitor at the positive potential of said anode; 

electrically insulating said areas from the remaining 
area of said second shaped electrode; 

maintaining the said remaining area of said second 
shaped electrode at a negative potential and spaced 
at a distance from the said anode; 

turning ‘ea said second current when the said metal 
layer has been anodized through its thickness in the 
areas designated as the said dielectric body; 

and depositing a counter electrode on the opposite side 
of the anodized metal from the bottom electrode. 

15. A method for making articles having at least one 
conductor layer within a dielectric body vby selective an 
odization of a metal layer comprising: 

positioning a ?rst shaped electrode having at least one 
depression adjacent to the said metal layer within 
the electrolyte of an electrolytic cell; 

the cross—sectional shape of said depression being the 
desired shape of the area of the said metal layer to be 
anodized; 

making the bottom of the said depression the cathode 
of the said cell; 

electrically insulating the said cathode of the said cell 
from remaining portions of said ?rst shaped elctrode; 

making the said article the anode of the said cell; 
maintaining the surface area of said shaped electrode 

adjacent to said metal layer at substantially the po 
tential of said anode; 

passing a ?rst electric current between said cathode 
and said anode for a period of time su?icient t0 
anodize partially through the said metal layer; 

replacing said ?rst shaped electrode with a second 
shaped electrode having at least one depression ad 
jacent to said metal layer within the electrolyte of 
said electrolytic cell; 

the cross-section of the ‘depression of said second shaped 
electrode being other than the cross-section of the 
depression of said ?rst shaped electrode; 

making the bottom of the said depression the cathode 
of the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said second shaped 
electrode; 

making the said article the anode of the said cell; 
maintaining the surface area of said second shaped 

electrode adjacent to said metal layer at substantial 
ly the potential of the said anode; 

and passing a second electric current between said 
cathode and said anode for a time su?icient to 
anodize through the thickness of said metal layer 
areas designated to be anodized by said ?rst shaped 
electrode. 

16. A method for making resistors within a dielectric 
body by selective anodization of a metal layer comprising: 

positioning a ?rst shaped electrode having at least one 
depression adjacent to the said metal layers within 
the electrolyte of an electrolytic cell; 

the cross-sectional shape of said depression being the 
desired shape of the area of the said metal layer to 
be anodized between the areas designated as the said 

i resistor and the resistor contacts; 
; making the bottom of the said depression the cathode 
I of the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said ?rst shaped 
electrode; 

making the said article the anode of the said cell; 
maintaining the surface area of said shaped electrode 

10 

20 

25 

30 

40 

45 

50 

55 

65 

70 

75 

10 
adjacent to said metal layer at substantially the 
potential of the said anode; 

passing a ?rst electric current between said cathode 
and said anode for a period of time sufficient to 
anodize partially through the said metal layer; 

replacing said ?rst shaped electrode with a second 
shaped electrode having at least one depression ad 
jacent to said metal layer within the electrolyte of 
said electrolytic cell; 

the cross-section of the depression of said second shaped 
electrode being the desired shape of the said metal 
layer to be anodized surrounding the areas desig 
nated as the resistor contacts; 

making the bottom of the said depression the cathode 
of the said cell; 

electrically insulating the said cathode of the said cell‘ 
from the remaining portions of said second shaped 
electrode; 

making the said article the anode of the said cell; 
maintaining the surface area of said second shaped 

electrode adjacent to said metal layer at substantial 
ly the potential of the said anode; 

and passing a second electric current between said 
cathode and said anode for a time sut?cient to 
anodize through the thickness of said metal layer 
areas designated to be anodized by said ?rst shaped 
electrode. 

17. A method for making capacitors within a dielec 
tric body by selective anodization of a metal layer hav 
ing at least one selected area thicker than other areas 
comprising: 

positioning a ?rst shaped electrode having at least one 
depression adjacent to the said metal layer within 
the electrolyte of an electrolytic cell; 

the cross-sectional shape of said depression being the 
desired shape of the area of the said metal layer 
to be anodized between the areas designated as 
the bottom electrode of the said capacitor and the 
bottom contact; 

making the-bottom of the said depression the cathode 
of the said cell; 

electrically insulating the said cathode of the said cell 
from the remaining portions of said ?rst shaped 
electrode; 

making the said article the anode of the said cell; 
maintaining the surface area of said shaped electrode 

adjacent to said metal layer at substantially the po 
tential of the said anode; 

passing a ‘?rst electric current between said cathode 
and said anode for a period of time su?icient to 
anodize partially through the said metal layer; 

replacing said ?rst shaped electrode with a second 
shaped electrode having at least one depression ad 
jacent to said metal layer within the electrolyte 
of said electrolytic cell; 

the cross-section of the depression of said second 
shaped electrode being the desired shape of the said 
metal layer to be anodized surrounding the areas 
designated as the capacitor bottom contacts; 

making the bottom of said depression the cathode of 
the said cell; ‘ 

electrically insulating the said cathode of the said cell 
from the remaining portions of said second shaped 
electrode; 

making the said article the anode of said cell; 
maintaining the surface area of said second shaped 

electrode adjacent to said metal layer at substantial 
ly the potential of the said anode; 

and passing a second electric current between said 
cathode and said anode for a time su?icient to 
anodize through the thickness of said metal layer 
areas designated to be anodized by said ?rst shaped 
electrode; 



3,240,685 
1 ll 1 2 

and depositing a counter electrode on the opposite side 2,739,935 3/1956 Kehl et a1 _________ __ 204—-—224 
of the anodized metal from the bottom electrode. 3,008,892 11/1961 Owen ____________ __ 204-224 
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