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(57) ABSTRACT 
A multi-layered metal bond pad for a Semiconductor die 
having a conductive metal layer and an overlying ruthenium 
electrode layer. The ruthenium electrode layer protects the 
conductive metal from Oxidation due to ambient environ 
mental conditions. An interconnect Structure Such as a wire 
bond or solder ball may be attached to the ruthenium layer 
to connect the Semiconductor die to a lead frame or circuit 
Support Structure. Also disclosed are processes for forming 
the ruthenium layer. 
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AN INTERCONNECT COMPONENT FOR A 
SEMCONDUCTOR DIE INCLUDING A 

RUTHENIUM LAYER AND A METHOD FOR ITS 
FABRICATION 

FIELD OF THE INVENTION 

0001. The present invention relates to the field of inter 
connect Structures for integrated circuit packages, and in 
particular, to an interconnect Structure for electrically con 
necting two electronic components and a method of making 
the same. 

BACKGROUND OF THE INVENTION 

0002. In the semiconductor industry, an integrated circuit 
(IC) device must be connected to a lead frame or Some other 
Support Structure to produce a complete IC package. Tech 
nology has recently produced more powerful devices which 
can be packaged more densely. However, as the size of the 
devices decreases, new problems arise associated with con 
necting the devices to the lead frames or other Support 
StructureS. 

0003. An integrated circuit is usually fabricated on a 
Semiconductor wafer which has a number of bond pads on 
its Surface which connect to various components of the 
circuit. The bond pads are connected to a wire or other 
electrically conductive device to permit utilization of the IC. 
Common methods of connecting a device to a lead frame or 
other Support device are wire bonding, Tape Automated 
Bonding (TAB), Controlled Collapse Chip Connection (C4) 
or bump bonding, and the use of conductive adhesives. 
0004 Aluminum bond pads are the semiconductor indus 
try Standard, but a Significant problem with their use is the 
rapid formation of a tenacious nonconductive oxide on the 
Surface of the metal, even at room temperature. When an 
interconnect is made to the bond pad, the nonconductive 
oxide causes the interconnect to have an extremely high 
contact resistance. The resistance typically ranges from 
hundreds to millions of ohms. 

0005. In an effort to reduce the contact resistance, a noble 
metal, Such as gold, has been used to provide an inert, 
oxide-free Surface on the bond pad. The presence of gold on 
the bond pad precludes the formation of nonconductive 
metal oxides at the Surface of the contact. However, the gold 
plating of a Semiconductor die is an elaborate process that 
can be very difficult, expensive and time consuming. 
Another disadvantage to the use of gold is that gold and 
aluminum react to form an intermetallic mixture, known in 
the art as “purple plague', which is a poor conductor and 
interferes with the electrical functioning of the circuit. 
0006 Other methods of solving this problem have 
involved Scraping the bond pad to remove oxide immedi 
ately before the interconnect is formed, or use of a barrier 
layer on the bond pad. Known barrier layer materials include 
nickel, copper, cobalt, palladium, platinum, Silver, titanium, 
tungsten, tin, and chromium. Many of these materials, 
however, also form nonconductive oxides, or have poor 
electrical or thermal conductivity, or a high thermal expan 
Sion. In addition, the plating processes for these materials 
may be complicated. Palladium plating, for example, 
requires both a Zincate process and a plating process. 
0007. There is needed, therefore, a conductive barrier 
layer for use on the bond pads of an integrated circuit die that 
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will not oxidize to form a nonconductive material. A con 
ductive barrier layer material having good electrical con 
ductivity, good thermal conductivity, and low thermal 
expansion is also needed, as well as a simple process for 
forming Such a conductive barrier layer on the metal layer of 
bond pads. 

SUMMARY OF THE INVENTION 

0008. The present invention provides an interconnect 
Structure comprising a multi-layered metal bond pad on the 
Surface of a Semiconductor die. The Outermost Surface of the 
bond pad is a conductive ruthenium electrode that protects 
an underlying conductive layer from oxidation due to expo 
Sure to ambient environmental conditions. An electrical 
interconnect Structure Such as a wire or Solder ball bump 
may be placed directly on the ruthenium layer in order to 
connect the Semiconductor die to a lead frame or circuit 
Support Structure. Also provided is an electrolytic plating 
method for forming the ruthenium electrode of the present 
invention. 

0009 Advantages and features of the present invention 
will be apparent from the following detailed description and 
drawings which illustrate preferred embodiments of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1 is a top view of the semiconductor die of a 
preferred embodiment of the present invention. 
0.011 FIG. 2 is a cross-sectional view of the semicon 
ductor die of FIG. 1. 

0012 FIG. 3 is a top view of an integrated circuit 
package containing the Semiconductor die of FIG. 1 elec 
trically connected to a circuit Substrate. 
0013 FIG. 4 is a cross-sectional view of the integrated 
circuit package of FIG. 3. 
0014 FIG. 5 is a cross-sectional view of a semiconductor 
die undergoing the process of a preferred embodiment of the 
invention. 

0.015 FIG. 6 shows the die of FIG. 5 at a processing step 
Subsequent to that shown in FIG. 5. 
0016 FIG. 7 shows the die of FIG. 5 at a processing step 
Subsequent to that shown in FIG. 6. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0017. In the following detailed description, reference is 
made to the accompanying drawings which form a part 
hereof, and in which is shown by way of illustration specific 
embodiments in which the invention may be practiced. 
These embodiments are described in Sufficient detail to 
enable those skilled in the art to practice the invention, and 
it is to be understood that other embodiments may be 
utilized, and that Structural, logical and electrical changes 
may be made without departing from the Spirit and Scope of 
the present invention. 
0018. The terms “wafer" or “substrate” used in the fol 
lowing description include any Semiconductor-based Struc 
ture having an exposed Silicon or germanium Surface in 
which to form the structure of this invention. “Wafer' and 
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“Substrate” are to be understood as including Silicon-on 
insulator, doped and undoped Semiconductors, epitaxial 
layers of Silicon Supported by a base Semiconductor foun 
dation, and other Semiconductor Structures. Furthermore, 
when reference is made to a wafer or Substrate in the 
following description, previous process StepS may have been 
utilized to form regions or junctions in the base Semicon 
ductor Structure or foundation. When referring to aqueous 
solutions described herein, the term “percent” refers to the 
percent measured by weight, e.g., a 10% hydrochloric acid 
solution is 10% by weight hydrochloric acid. 
0019. The term “bond pad” is intended to include and 
encompass all Suitable terminal Structures to which a bond 
may be made, including both elevated and recessed bond 
pads as well as flat, concave or convex bond pads and other 
terminal Structures. AS used herein, it should be understood 
that the term “ruthenium” includes not only elemental 
ruthenium, but ruthenium with other trace metals or in 
various alloyed combinations with other metals as known in 
the Semiconductor art, as long as Such alloy is conductive. 
Elemental ruthenium undergoes limited oxidization at ambi 
ent conditions to form a conductive ruthenium oxide, which 
functions similarly to elemental ruthenium for the purposes 
of the present invention. 
0020. The term “ambient oxidizable metal', as used 
herein, refers to a metal which readily oxidizes upon expo 
Sure to ambient atmospheric conditions to form a noncon 
ductive metal oxide. Examples of ambient oxidizable metals 
include aluminum, which oxidizes readily at room tempera 
ture (-20 to 30 degrees Celsius) to form nonconductive 
alumina (Al2O), nickel, copper, tungsten, titanium, and 
molybdenum. For purposes of illustration, the embodiments 
of the present invention are Set forth using aluminum as an 
exemplary ambient oxidizable metal, because aluminum is 
currently the Standard metal for bond pads in the Semicon 
ductor industry. The aluminum may be alloyed with, or used 
in combination with copper or another ambient oxidizable 
metal. It should be understood, however, that the present 
invention is not limited to use with aluminum electrodes, 
and is designed for use with any Suitable ambient oxidizable 
metal. 

0021. In addition, the invention is not limited to a par 
ticular form of interconnect Structure, but may be used with 
any interconnect Structure Such as wires, TAB, C4 or bumps, 
conductive adhesives, or the like. Exemplary embodiments 
are illustrated as using bumps for a flip-chip arrangement, 
but these embodiments are only Some of many examples of 
the present invention which will be apparent to one of skill 
in the art given the teachings herein. The following detailed 
description is, therefore, not to be taken in a limiting Sense, 
and the Scope of the present invention is defined by the 
appended claims. 
0022 Referring now to the drawings, where like ele 
ments are designated by like reference numerals, an embodi 
ment of the ruthenium electrode of the present invention is 
illustrated in FIGS. 1 through 4. This embodiment is a 
multi-layer bond pad having a top ruthenium layer covering 
an underlying layer of ambient oxidizable metal. 
0023. As shown in FIG. 1, the semiconductor die 10 is a 
conventional die that includes a Silicon Substrate 12 on 
which integrated circuits 14 have been formed. Bond pads 
16 are connected electrically to the integrated circuits 14. 
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During the manufacturing process the die 10 is fabricated on 
a wafer with a large number of other dice. Each die 10 on the 
wafer may Subsequently be singulated by Saw cutting or 
other suitable means. The surface of the die 10 containing 
integrated circuits 14 is coated by a passivation layer 18 
which leaves the bond pads 16 exposed. The passivation 
layer 18 may be Silicon dioxide, Silicon nitride, a polyimide, 
or other material Suitable for protecting the integrated cir 
cuits 14. 

0024. Referring now to FIG. 2, the bond pads 16 are 
typically polygonal (e.g., Square) metal pads, about 100 
microns on a Side. The bond pads 16 comprise a conductive 
layer 20 of an ambient oxidizable metal Such as aluminum, 
and a ruthenium electrode layer 22 located on the conductive 
layer 20. The conductive layer may be of any suitable 
thickness, for example, approximately 3000 to 6000 Ang 
Stroms thick, and the ruthenium electrode is of a Suitable 
thickness Such as approximately 50 to 200 AngStroms. A 
layer thinner than approximately 50 Angstroms is typically 
less desirable because of the Slightly porous nature of many 
ruthenium materials. An electrical interconnect Structure 24, 
Such as a bump, wire, conductive adhesive, or tape is located 
on the ruthenium electrode 22. 

0025 FIGS. 3 and 4 illustrate the interconnection 
between the semiconductor die 10 and a circuit Substrate 26. 
The circuit substrate 26 is a lead frame or other support 
Structure which, in connection with the die 10, produces a 
complete IC package 32. A Surface circuit trace 28 on the 
circuit Substrate 26 defines a bonding site 30. During pack 
aging, an electrical connection is formed between the die 10 
and the circuit substrate 26 by placing the die 10 onto the 
circuit Substrate 26 so that the bonding site 30 comes into 
contact with the electrical interconnect Structure 24. 

0026. The ruthenium electrode 22 is manufactured 
through a process described as follows, and illustrated by 
FIGS. 5 through 7. The embodiment described herein 
involves an acid strip of metal oxide from the surface of the 
ambient oxidizable metal prior to formation of the ruthe 
nium layer. The ruthenium layer is formed via a plating 
process, preferably an electrolytic process. The ruthenium 
electrode manufacturing process begins Subsequent to the 
formation of integrated circuitry on a Semiconductor die 10, 
and is usually carried out as one of the final Stages of IC 
fabrication. 

0027. As shown in FIG. 5, prior to formation of the 
ruthenium electrode, the bond pad 16 comprises a conduc 
tive layer 20 of an ambient oxidizable metal such as alumi 
num, which has oxidized to form a metal oxide layer 34 
located on the conductive layer 20. A passivation layer 18 is 
then formed on the surface of the die 10 to cover integrated 
circuit structures (not shown) and protect them from chemi 
cal action, corrosion, and handling. The passivation layer 18 
is formed as a blanket across the Surface of the wafer, and 
conventional techniques are then used to define the bond 
pads 16, and to selectively remove the passivation layer 18 
to expose the bond pads 16. The passivation layer 18 may be 
Silicon dioxide, Silicon nitride, a polyimide, or other material 
Suitable for protecting the integrated circuits 14. 
0028 Referring now to FIG. 6, the first step in the 
formation of the ruthenium electrode is the removal of the 
metal oxide layer 34 from the bond pad 16. Removal occurs 
by an acid Stripping proceSS in which the die 10 is Sub 
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merged into an acid bath for a time Sufficient to completely 
remove the metal oxide layer 34 from the Surface of the 
conductive layer 20. Any suitable acid which attacks the 
metal oxide layer 34 but not the passivation layer 18 may be 
used, for example, the use of hydrochloric acid (HCl) is 
preferred for Stripping alumina. Suitable acid Strengths 
include 0.001 to 10% acid in aqueous solution. A preferred 
acid solution is 0.1% HCl. If the metal oxide layer 34 is 
alumina, the following reaction occurs: 

0029. The structure of the bond pad 16 after the acid 
stripping step is shown in FIG. 6. 
0030) Subsequent to the removal of the metal oxide layer 
34, a ruthenium electrode layer 22 is formed on the surface 
of the conductive layer 20 by a plating process, as shown in 
FIG. 7. The plating process is carried out by submerging the 
die 10 into a plating bath containing an aqueous ruthenium 
Solution. The aqueous ruthenium Solution will accept elec 
trons from, and plate to, the conductive layer 20 in an 
oxidation-reduction or “redox' reaction, resulting in the 
structure shown in FIG. 7. The aqueous ruthenium solution 
contains ruthenium associated with a base Such as hydroxide 
in a concentration of 0.1 to 20%. A preferred concentration 
is 10% ruthenium hydroxide (Ru(OH)). If the conductive 
layer 20 is formed of aluminum, the following reaction will 
OCCU 

0031. The plating process is performed for a time suffi 
cient for a ruthenium layer 22 of a desired thickness to form. 
The time that the die 10 must remain in the bath depends on 
the thickness of the layer 22 desired. A reaction time of 
Several Seconds to ten to twenty minutes is generally Suitable 
to form a layer 22 approximately 50 to 200 Angstroms thick. 
The plating process may be carried out at Substantially any 
temperature, but is preferably performed at temperatures of 
10 to 100 degrees Celsius, and most preferably is carried out 
at room temperature (~20 to 30 degrees Celsius). 
0.032 The plating bath in a preferred embodiment is 
electrolytic, but an electroleSS bath may also be used. An 
electrolytic bath permits formation of a thicker ruthenium 
layer 22 than an electroless bath. This is because the 
aluminum (or other conductive layer material) electrons are 
continuously replaced by the electric current applied and 
therefore the plating Solution, which has an electron affinity, 
may continuously plate to the conductive layer 20. If 
desired, the plating proceSS may begin as an electroleSS 
process, and a Voltage may later be applied to carry out an 
electrolytic plating process. 

0.033 Acid stripping and ruthenium plating may be car 
ried out Separately by utilizing Separate acid and plating 
baths, as described above, but preferably are carried out 
Simultaneously by using a single bath containing acid and a 
ruthenium compound Such as ruthenium hydroxide. A pre 
ferred solution is an aqueous solution of 0.1% HCl and 10% 
Ru(OH). These compounds are preferred for use together 
because aluminum ions will dissolve in the Solution, and 
ruthenium metal is insoluble in hydrochloric acid. 
0034. In addition, any number of semiconductor dice 
may be simultaneously processed by using a large bath, 
thereby reducing the cost of manufacture. The dice may be 
processed while conjoined in a wafer, or after Singulation. 
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The process of the present invention is not limited to 
Semiconductor processing, however, and may be used in any 
application in which an ambient oxidizable metal is used as 
an electrode. 

0035) Subsequent to the plating process, an electrical 
interconnect Structure 24, Such as a bump, wire, conductive 
adhesive, or tape may be formed by conventional means on 
the ruthenium electrode 22. The semiconductor die 10 may 
then be electrically connected to a circuit Substrate 26 to 
form a complete IC package 32. The die 10 is placed onto 
the circuit substrate 26 so that the bonding site 30 of the 
circuit Substrate 26 comes into contact with the electrical 
interconnect structure 24 on the die 10. Further steps to 
complete the IC package 32 may now be carried out. 
0036 AS can be seen by the embodiments described 
herein, the present invention encompasses a multi-layer 
bond pad having an outermost ruthenium electrode layer and 
an underlying ambient oxidizable metal layer. The ruthe 
nium electrode may be formed with a simple one-bath 
electroplating process that is easily automated. 
0037. The above description and drawings illustrate pre 
ferred embodiments which achieve the objects, features and 
advantages of the present invention. It is not intended that 
the present invention be limited to the illustrated embodi 
ments. Any modification of the present invention which 
comes within the Spirit and Scope of the following claims 
should be considered part of the present invention. 

What is claimed as new and desired to be protected by 
Letters Patent of the United States is: 
1. An interconnect component for a Semiconductor die 

comprising: 
a conductive bonding pad containing an ambient oxidiz 

able metal layer; and 
a ruthenium layer covering at least a portion of the 

ambient oxidizable metal layer. 
2. The interconnect component of claim 1, wherein the 

ambient oxidizable metal is aluminum. 
3. The interconnect component of claim 1, wherein the 

ambient oxidizable metal is nickel. 
4. The interconnect component of claim 1, wherein the 

ambient oxidizable metal is copper. 
5. The interconnect component of claim 1, wherein the 

ambient oxidizable metal is aluminum mixed with copper. 
6. The interconnect component of claim 1, wherein the 

ruthenium layer is elemental ruthenium. 
7. The interconnect component of claim 1, wherein the 

ruthenium layer is ruthenium oxide. 
8. The interconnect component of claim 1, wherein the 

ruthenium layer is at least 50 Angstroms thick. 
9. The interconnect component of claim 1, further com 

prising an electrically conductive Structure bonded to the 
ruthenium layer. 

10. A flip-chip interconnect bond comprising: 
a conductive bonding pad containing an ambient oxidiz 

able metal layer; 
a ruthenium layer covering at least a portion of the 

ambient oxidizable metal layer; and 
an electrically conductive bump bonded to the ruthenium 

layer. 
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11. The interconnect bond of claim 10, wherein the 
ambient oxidizable metal is aluminum. 

12. The interconnect bond of claim 10, wherein the 
ambient oxidizable metal layer is approximately 3000 to 
6000 Angstroms thick. 

13. The interconnect bond of claim 10, wherein the 
ruthenium layer is approximately 50 to 200 Angstroms 
thick. 

14. The interconnect bond of claim 10, wherein the 
electrically conductive bump is a Solder ball. 

15. The interconnect bond of claim 10 further comprising 
a circuit Substrate bonded to the electrically conductive 
bump. 

16. An integrated circuit comprising: 
a Semiconductor die having integrated circuitry formed on 

a Substrate; 

a conductive bonding pad on the Surface of the die and in 
electrical connection with the die integrated circuitry, 
the conductive bonding pad having an ambient oxidiz 
able metal layer; 

a ruthenium layer covering the ambient oxidizable metal 
layer; 

an electrically conductive structure bonded to the ruthe 
nium layer, and 

a circuit Substrate having a bonding site, wherein the 
electrically conductive Structure of the Semiconductor 
die is bonded to the bonding site. 

17. The integrated circuit of claim 16, wherein the elec 
trically conductive structure is a wire bond. 

18. The integrated circuit of claim 16, wherein the elec 
trically conductive structure is a tape automated bond. 

19. The integrated circuit of claim 16, wherein the elec 
trically conductive structure is a bump. 

20. The integrated circuit of claim 16, wherein the elec 
trically conductive Structure is a conductive adhesive layer. 

21. An electronic circuit bonding interconnect component 
comprising: 

a bond pad having an aluminum layer; 
a ruthenium layer covering the aluminum layer; and 
an electrically conductive structure bonded to the ruthe 
nium layer. 

22. The integrated circuit of claim 21, wherein the alu 
minum layer is approximately 3000 to 6000 Angstroms 
thick. 

23. The integrated circuit of claim 21, wherein the ruthe 
nium layer is at least 50 Angstroms thick. 

24. The integrated circuit of claim 21, wherein the elec 
trically conductive Structure is Selected from the group 
consisting of a wire bond, a tape automated bond, a bump, 
and a conductive adhesive layer. 

25. A method of forming a ruthenium interconnect, com 
prising the Steps of 

providing a bond pad having a layer of an ambient 
oxidizable metal; 

providing an aqueous ruthenium Solution; and 
exposing the bond pad to Said aqueous ruthenium Solution 

for a sufficient time to form a ruthenium layer of a 
desired thickness on the bond pad. 
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26. The method of claim 25, wherein the ambient oxidiz 
able metal is aluminum. 

27. The method of claim 25, wherein the ambient oxidiz 
able metal is nickel. 

28. The method of claim 25, wherein the ambient oxidiz 
able metal is copper. 

29. The method of claim 25, wherein the aqueous ruthe 
nium Solution comprises ruthenium hydroxide. 

30. The method of claim 29, wherein the aqueous ruthe 
nium solution comprises 10% ruthenium hydroxide. 

31. The method of claim 25, wherein the aqueous ruthe 
nium solution comprises 0.1 to 20% of a ruthenium com 
pound in an aqueous Solution. 

32. The method of claim 25, wherein the time is within the 
range of approximately 5 to 20 minutes at room temperature. 

33. The method of claim 25, wherein the step of exposing 
the bond pad is performed at Substantially room tempera 
ture. 

34. The method of claim 25, further comprising applying 
an electrical current to the aqueous ruthenium Solution 
during Said exposing Step. 

35. A method of forming a ruthenium interconnect, com 
prising the Steps of 

providing a Semiconductor die having at least one bond 
pad, wherein Said at least one bond pad includes an 
ambient oxidizable metal layer and a metal oxide layer 
on the ambient oxidizable metal layer; 

removing Said metal oxide layer; 

providing an aqueous ruthenium Solution; and 
exposing Said at least one bond pad to Said aqueous 

ruthenium Solution for a Sufficient time to form a 
ruthenium layer of a desired thickness on Said at least 
one bond pad. 

36. The method of claim 35, wherein the ambient oxidiz 
able metal is aluminum and the metal oxide is alumina. 

37. The method of claim 35, wherein the step of removing 
the metal oxide comprises exposing the metal oxide layer to 
an acidic Solution. 

38. The method of claim 37, wherein the acidic Solution 
comprises hydrochloric acid. 

39. The method of claim 37, wherein the acidic Solution 
comprises 0.001 to 10% acid. 

40. The method of claim 35, wherein the time is within the 
range of approximately 5 to 20 minutes at room temperature. 

41. The method of claim 35, wherein the desired thickness 
is at least 50 Angstroms. 

42. The method of claim 25, wherein the desired thickness 
is within the range of approximately 50 to 200 Angstroms. 

43. A method of forming a ruthenium interconnect, com 
prising the Steps of 

providing a Semiconductor die having at least one bond 
pad, wherein Said at least one bond pad includes an 
ambient oxidizable metal layer and a metal oxide layer 
on the ambient oxidizable metal layer; 

providing an aqueous acid Solution; 

removing Said metal oxide layer by exposing Said at least 
one bond pad to the aqueous acid Solution; 

providing an aqueous ruthenium Solution; and 
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exposing Said at least one bond pad to Said ruthenium 
Solution until a ruthenium layer of a desired thickness 
is formed on Said at least one bond pad. 

44. The method of claim 43, wherein the ambient oxidiz 
able metal is aluminum and the metal oxide is alumina. 

45. The method of claim 43, wherein the aqueous acid 
solution comprises approximately 0.001 to 10% acid. 

46. The method of claim 43, wherein the aqueous acid 
Solution comprises hydrochloric acid. 

47. The method of claim 43, wherein the aqueous acid 
Solution and the aqueous ruthenium Solution comprise an 
acid-ruthenium Solution. 

48. The method of claim 47, wherein the acid-ruthenium 
Solution comprises hydrochloric acid and ruthenium hydrox 
ide. 

49. The method of claim 43, wherein the step of exposing 
Said at least one bond pad to the aqueous acid Solution 
comprises Submerging the Semiconductor die in the aqueous 
acid Solution. 

50. The method of claim 43, wherein the step of exposing 
Said at least one bond pad comprises Submerging the Semi 
conductor die in the aqueous ruthenium Solution. 

51. A method of forming a ruthenium interconnect, com 
prising the Steps of 

providing a Semiconductor die having at least one bond 
pad, wherein Said at least one bond pad has an ambient 
oxidizable metal layer and a metal oxide layer on the 
ambient oxidizable metal layer; 
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providing an aqueous Solution comprising an acid and a 
ruthenium compound; 

providing an electric current to the aqueous Solution; and 
exposing Said at least one bond pad to the aqueous 

Solution for a predetermined time until the metal oxide 
layer has been removed and a ruthenium layer of a 
desired thickneSS is formed on Said at least one bond 
pad. 

52. The method of claim 51, wherein the acid is hydro 
chloric acid. 

53. The method of claim 51, wherein the ruthenium 
compound is ruthenium hydroxide. 

54. The method of claim 51, wherein the aqueous solution 
comprises 0.001 to 10% acid and 0.1 to 20% ruthenium 
compound. 

55. The method of claim 51, wherein the aqueous solution 
comprises approximately 0.01 to 1.0% acid and approxi 
mately 7 to 13% ruthenium compound. 

56. The method of claim 51, wherein the aqueous solution 
comprises approximately 0.1% acid and 10% ruthenium 
compound. 

57. The method of claim 56, wherein the acid is hydro 
chloric acid and the ruthenium compound is ruthenium 
hydroxide. 


