
1 

DESCRIPTION 

Ag-In ALLOY SPUTTERING TARGET 

5 TECHNICAL FIELD 

[0001] 

The present invention relates to a Ag alloy sputtering target that is used to form a 

reflection electrode film that is used in an organic light-emitting diode (OLED) element 

or a light-emitting diode (LED). 

10 	Priority is claimed on Japanese Patent Application No. 2012-279065, filed 

December 21, 2012, and Japanese Patent Application No. 2013-221977, field October 25, 

2013, the contents of which are incorporated herein by reference. 

BACKGROUND ART 

15 	[0002] 

In an OLED display device, a light extraction type of an OLED element is 

classified into a bottom emission type in which light is extracted from a transparent 

substrate side, and a top emission type in which light is extracted from a side opposite to 

the substrate. 	The top emission type in which an opening ratio is high is advantageous 

20 	for high luminance. 	In a top emission type OLED element of the related art, as a metal 

film of an anode, a reflection electrode film formed from Al, an Al alloy, Ag, or a Ag 

alloy is used, and a transparent conductive film such as indium tin oxide (ITO) and 

aluminum -doped zinc oxide (AZO) is provided between the reflection electrode film and 

an electroluminescent (EL) layer (For example, refer to PTL 1). 	The transparent 

25 	conductive film has characteristics in which work function is high and is provided to 
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inject holes into the organic EL layer. 

[0003] 

Here, it is preferable that the reflection electrode film have a high reflectance so 

as to efficiently reflect light emitted from the organic EL layer. 	In addition, it is also 

5 preferable that the reflection electrode film have low resistance as an electrode. 	As a 

material having the above-described characteristics, a Ag alloy and an Al alloy are known. 

When considering that an OLED element having relatively high luminance is obtained, 

the Ag alloy is more excellent since the Ag alloy has a high visible light reflectance. 

When forming the reflection electrode film as the OLED element, a sputtering method is 

10 employed, and a silver alloy sputtering target is used (for example, refer to PTL 2). 

[0004] 

15 

In addition, the Ag alloy film is considered to be used in a conductive film such 

as a lead-out interconnection of a touch panel in addition to the reflection electrode film 

for the OLED element. 	For example, when pure Ag is used as the interconnection film, 

migration occurs, and therefore a short-circuit defect tends to occur. 	Therefore, 

employing of the Ag alloy film is considered. 

[0005] 

For example, as a material of the reflection electrode film, it is suggested to use 

an Ag alloy obtained by adding In to Ag having high reflectance and low resistance. 

20 Hardness of a target raw material is improved due to addition of In, and therefore it is 

possible to suppress bending during machining. 	Particularly, in a case of a large-sized 

sputtering target, it is important to suppress the bending during the machining. 

Furthermore, In has an effect of improving corrosion resistance and heat resistance of the 

reflection electrode film formed through the sputtering. 	The reason for the effect is 

25 considered as follows. 	In makes crystal grains in the reflection electrode film fine, and 
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therefore surface roughness of the film is made to be low. 	In addition, In forms a 

solid-solution with Ag, and thus strength of crystal grains is raised, and recrystallization 

of the crystal grains is suppressed. 	Accordingly, it is possible to suppress a decrease in 

the reflectance of the reflection electrode film that is formed through the sputtering. 

5 The improvement in the corrosion resistance and the heat resistance of the reflection 

electrode film contributes to high luminance and long operation lifespan of the OLED 

element. 

CITATION LIST 

10 PATENT LITERATURE 

[0006] 

[PTL 1] 	Japanese Unexamined Patent Application, First Publication No. 

2006-236839 

[PTL 2] 	PCT International Publication No. W02002/077317 

15 

SUMMARY OF INVENTION 

TECHNICAL PROBLEM 

[0007] 

However, the related art also has the following problem. 	Characteristics such 

20 as low resistance and a high reflectance as a reflective electrode are demanded for the Ag 

alloy film serving as an anode in the OLED element, and the surface roughness is 

required to be low in order to secure soundness of the transparent conductive film that is 

formed in an upper layer. 	That is, as the surface roughness of the Ag alloy film is high, 

a defect is caused in the upper-layer transparent conductive film, and the 

25 electroluminescent layer including the organic EL layer that is formed in the subsequent 
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process due to unevenness of the Ag alloy. 	According to this, a production yield ratio of 

an OLED panel decreases. 	In addition, sulfur contents included in a process atmosphere 

sulfurize the Ag alloy film, and a sulfurized region becomes a defect. 	This also 

becomes a cause of decreasing the yield ratio. 

5 [0008] 

As described above, in the related art, it is difficult to obtain a Ag alloy film 

which has sufficiently low resistance, high reflectance, lower surface roughness, and high 

sulfidation resistance. 	Furthermore, in a case of using a conductive film in a reflective 

film of an LED, a reflection electrode film, and the like, there is also demand for heat 

10 resistance capable of maintaining a reflectance in a satisfactory manner against heat 

generation of an LED. 	However, the Ag alloy according to the related art has a problem 

in that sufficient heat resistance cannot be obtained. 

[0009] 

Accordingly, to solve the above-described problem, a Ag alloy sputtering target 

15 is suggested which is capable of forming a conductive film which has characteristics such 

as low resistance, high reflectance, and low surface roughness, and which has both high 

sulfidation resistance and heat resistance. 	Sb is added to the Ag alloy sputtering target 

that is suggested, and therefore thin Sb oxide is formed on a surface of the Ag alloy film 

that is formed as a film. 	According to this, the characteristics such as the low resistance 

20 and the high reflectance are provided, and the small surface roughness, and the high 

sulfidation resistance and heat resistance are achieved. 

[0010] 

However, in a case where elements such as Sb, Sn, Mg, Pd, Ga, and Zn, in 

which solid solubility to Ag is high, are added to the Ag alloy sputtering target at a 

25 concentration within a solid solubility limit, abnormal electrical discharge or splashing is 
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less likely to occur during sputtering, and therefore there is no problem during the 

sputtering. 	However, when an element in which solid-solubility to Ag is small is 

present, the element is oxidized, and therefore an oxide tends to be formed in the 

sputtering target. 	In the case of the Ag alloy sputtering target that is configured of a 

5 Ag-In alloy that contains the element, there is a problem in that the abnormal electrical 

discharge tends to occur and splashing tends to occur due to the oxide during sputtering 

with a large current. 	Accordingly, it is difficult to cope with further improvement of the 

high-definition of the OLED panel, and an improvement in the yield ratio thereof is also 

not realized. 

10 [0011] 

On the other hand, in a process of manufacturing the OLED display panel, after 

a reflective electrode is formed by using a laminated film of ITO/Ag alloy/ITO, a 

partition layer containing an organic material as a main component is formed, and a heat 

treatment is performed for curing of the partition layer, and the like. 	As described 

15 above, in a case where the laminated film is subjected to the heat treatment process, there 

is a problem in that the reflectance of the Ag alloy reflective film decreases before and 

after the heat treatment. 

[0012] 

Accordingly, the present invention has been made to solve the problem, and an 

20 object thereof is to provide a Ag-In alloy sputtering target which is capable of responding 

to requests for further improvement of high-definition and an improvement in a yield 

ratio in an OLED panel, and which is capable of further reducing the occurrence of 

abnormal electrical discharge and splashing. 	In addition, another object of the invention 

is to provide a Ag-In alloy sputtering target capable of limiting a decrease in a reflectance 

25 even after a Ag-In alloy thin film is subjected to a heat treatment. 
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SOLUTION TO PROBLEM 

[0013] 

As described above, when an element in which solid solubility to Ag is high is 

5 added to the Ag alloy, frequency of abnormal electrical discharge or splashing is small. 

In contrast, with regard to a case where an element in which solid solubility to Ag is low 

is added to the Ag alloy, the present inventors have obtained the following finding. 	This 

element tends to segregate at a grain boundary and the like, and tends to be oxidized into 

an oxide due to residual oxygen and the like in a melting atmosphere. 	The oxide is 

10 interposed in a Ag alloy structure, and causes the abnormal electrical discharge or the 

splashing. 	In addition, it is proved that when forming a reflection electrode film 

configured of the Ag-In alloy by using the Ag-In alloy sputtering target, it is important to 

reduce the amount of an element, which tends to become an oxide, or impurities in order 

to reduce the occurrence of the abnormal electrical discharge or the splashing during 

15 sputtering. 

[0014] 

Accordingly, the present inventor give attention to elements which are included 

in a raw material powder for producing of the sputtering target, and in which a 

probability of being oxidized into oxides is high due to residual oxygen and the like in 

20 the melting atmosphere, that is, Si, Cr, Fe, and Ni, and a generation of oxides which are 

interposed in the Ag alloy structure is suppressed by reducing the amount of Si, Cr, Fe, 

and Ni, thereby reducing the abnormal electrical discharge or the splashing during 

sputtering. 	In addition, when Sb is added to the Ag-In alloy in an appropriate amount, it 

is possible to limit a decrease in a reflectance due to a heat treatment. 

25 [0015] 
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The invention is obtained from the above-described findings, and the following 

configurations are employed in order to solve the above-described problem. 

(1) A Ag-In alloy sputtering target according to the present invention contains 

0.1 at% to 1.5 at% of In, the balance including Ag and inevitable impurities. 	The 

5 amount of each of elements Si, Cr, Fe, and Ni is 30 ppm or less. 

(2) In the Ag-In alloy sputtering target according to (1), the sum of the amounts 

of the elements Si, Cr, Fe, and Ni may be 90 ppm or less. 

(3) In the Ag-In alloy sputtering target according to (1), the sum of the amounts 

of the elements Si, Cr, Fe, and Ni may be 60 ppm or less. 

10 (4) The Ag-In alloy sputtering target according to (1) or (2) further contains 0.2 

at% to 2.0 at% of Sb. 

(5) The Ag-In alloy sputtering target according to (1) or (2) further contains 0.4 

at% to 1.0 at% of Sb. 

(6) It is preferable that the Ag-In alloy sputtering target according to any one of 

15 (1) to (3) be produced by melting electrolytic-refined Ag and then adding In in the melted 

Ag. 

(7) It is preferable that the Ag-In alloy sputtering target according to (1) or (2) be 

produced by melting electrolytic-refined Ag and then adding In and Sb in the melted Ag. 

[0016] 

20 Here, the reason why a content ratio of the metal component elements in the 

Ag-In alloy sputtering target of the present invention is limited as described above is as 

follows. 

(1) In: 

In has an effect of reducing surface roughness of an alloy film, and an effect of 

25 enhancing sulfidation resistance and heat resistance, and therefore In is added. 
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However, when In is contained in the amount less than 0.1 at%, the effects are not 

sufficiently exhibited. 	On the other hand, when In is contained in the amount exceeding 

1.5 at%, specific resistance of a reflection electrode film increases, and a reflectance is 

also decreased. 	Accordingly, these ranges are not preferable. 	Accordingly, a In 

5 content in all metal component elements contained in the Ag-In alloy sputtering target of 

the present invention is set to 0.1 at% to 1.5 at%. 

[0017] 

(2) Si, Cr, Fe, and Ni: 

Elements Si, Cr, Fe, and Ni have low solid solubility to Ag, and tend to 

10 segregate at a grain boundary and the like. 	Therefore, these elements tend to be 

oxidized into oxides due to residual oxygen and the like in a melting atmosphere, and the 

oxides are generated to be interposed in a Ag alloy structure. 	The oxides become a 

cause of occurrence of abnormal electrical discharge and occurrence of splashing, and 

therefore the amount of each of the elements is reduced as much as possible. 

15 

20 

As a method of reducing the amount of each of the elements, for example, the 

following method is employed. 	In the method, a Ag raw material with purity of a 3N 

level is leached in nitric acid or sulfuric acid and then is electrolytic-refined by using an 

electrolytic solution having a predetermined Ag concentration. 	According to this 

method, it is possible to reduce the concentration of Pb, Na, Mg, Al, P, S, Cl, K, Ca, Co, 

Cu, Pd, Th, U, and the like which are impurities present in the Ag raw material. 

Accordingly, after performing impurity analysis with respect to the Ag raw material, in 

which the impurities are reduced according to the refining method, by using an 

inductively coupled plasma (ICP) method, the Ag raw material in which a concentration 

(the amount) of each of Si, Cr, Fe, and Ni is 30 ppm or less, is set as a raw material that is 

25 used to produce the Ag-In alloy sputtering target. 



9 

[0018] 

Here, in the present invention, the reason why the amount of each of Si, Cr, Fe, 

and Ni is set to 30 ppm or less is as follows. 	When the amount of each of the element 

exceeds 30 ppm, a lot of oxides are interposed in the Ag alloy structure, and therefore it 

5 is difficult to suppress the occurrence of abnormal electrical discharge and occurrence of 

splashing during sputtering. 	More preferably, the amount of the element is 10 ppm or 

less. 	In addition, even when the amount of each of the elements is 30 ppm or less, if the 

sum of the amounts of the elements exceeds 90 ppm, the result is not different from a 

case where a lot of oxides are interposed in the Ag alloy structure. 	Accordingly, the 

10 sum of the amounts is set to 90 ppm or less, and more preferably 60 ppm or less. 

[0019] 

(3) Sb: 

With regard to a Ag-In alloy film that is formed in a film through sputtering 

using the Ag-In alloy sputtering target, if a heat treatment is performed during a process 

15 of forming a laminated film, roughness of a film surface tends to increases, and therefore 

reflectance of the Ag-In alloy after the heat treatment decreases in comparison to 

reflectance before the heat treatment. 	Therefore, 0.2 at% to 2.0 at% of Sb is 

additionally contained in the Ag-In alloy sputtering target, thereby limiting a decrease in 

the reflectance before and after the heat treatment. 	When the amount of Sb added to the 

20 Ag-In alloy sputtering target is less than 0.2 at% or exceeds 2.0 at%, it is difficult to 

obtain the effect of limiting the decrease in the reflectance after the heat treatment. 

Accordingly, the amount of Sb added to the Ag-In alloy sputtering target is set to 0.2 at% 

to 2.0 at%. 	More preferably, a range of Sb is set to 0.4 at% to 1.0 at%. 

25 ADVANTAGEOUS EFFECTS OF INVENTION 
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[0020] 

As described above, the Ag-In alloy sputtering target according to the present 

invention contains 0.1 at% to 1.5 at% of In, and the balance including Ag and inevitable 

impurities. 	In addition, the amount of each of elements Si, Cr, Fe, and Ni is 30 ppm or 

5 less. 	Accordingly, when forming a reflection electrode film configured of an Ag-In 

alloy through sputtering, it is possible to realize a further reduction in the occurrence of 

abnormal electrical discharge and splashing. 	Furthermore, the sum of the amounts of 

the elements Si, Cr, Fe, and Ni is 90 ppm or less. 	Accordingly, when forming the 

reflection electrode film configured of the Ag-In alloy through sputtering, it is possible to 

10 further reduce the occurrence of the abnormal electrical discharge and the splashing. 	In 

addition, 0.2 at% to 2.0 at% of Sb is added to the Ag-In alloy sputtering target. 

Accordingly, when forming a film through sputtering by using the sputtering target, it is 

possible to obtain a Ag-In alloy film in which a decrease in reflectance due to a heat 

treatment is limited. 	Accordingly, it is possible to respond to requests for further 

15 improvement of high-definition and an improvement in a yield ratio in an OLED panel, 

and it is possible to contribute to an improvement in productivity of a display device, a 

touch panel, and the like. 

DESCRIPTION OF EMBODIMENTS 

20 [0021] 

Next, the Ag-In alloy sputtering target according to the present invention will be 

described below in detail in classification into a first embodiment and a second 

embodiment, specifically, with reference to Examples and Comparative Examples. 	In 

addition, the first embodiment relates to a Ag-In alloy sputtering target which is a Ag 

25 alloy containing In and in which the amount of each of Si, Cr, Fe, and Ni is 30 ppm or 
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less, and the sum of their amounts is 90 ppm or less. 	The second embodiment relates to 

a Ag-In alloy sputtering target which is a Ag alloy containing In and Sb, and in which the 

amount of each of Si, Cr, Fe, and Ni is 30 ppm or less, and the sum of their amounts is 90 

ppm or less. 

5 

[0022] 

[First Embodiment] 

First, as a raw material, Ag with purity of 99.9 mass% (3 N) or greater was 

prepared in order to manufacture the Ag-In alloy sputtering target according to the first 

10 embodiment of the present invention. 	The Ag raw material was subjected to the 

above-described refining method, and then a Ag raw material, which contains Si, Cr, Fe, 

and Ni in such a manner that the amount of each of Si, Cr, Fe, and Ni is 30 ppm or less 

and the sum of their amounts is 90 ppm or less in a Ag-In alloy sputtering target to be 

formed, was sorted. 	The Ag raw material that was sorted, and an In raw material with 

15 purity of 99.99 mass% or greater were weighed to obtain a predetermined composition. 

[0023] 

Next, the Ag raw material was melted in a high vacuum or inert gas atmosphere, 

and a predetermined amount of In raw material was added to the resultant molten metal 

that was obtained. 	Then, the resultant mixture was melted in a vacuum or inert gas 

20 atmosphere, and an ingot, which had been melted and casted, of the Ag alloy containing 

In in a predetermined at% was prepared. 

[0024] 

Here, with regard to the melting of Ag, it is preferable that an atmosphere is set 

to a vacuum atmosphere at once, Ag is melted in an atmosphere substituted with Ar, and 

25 then In is added to a molten metal of Ag in the Ar atmosphere from the viewpoint of 
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stably obtaining a composition ratio between Ag and In. 

[0025] 

The ingot that was obtained was cold-rolled, and then subjected to a heat 

treatment for maintaining the ingot in the air, for example, at 600°C for 2 hours. 	Then, 

5 	the ingot was machined to prepare Ag-In alloy sputtering targets of Examples 1 to 15 and 

Comparative Examples 1 to 12 which have predetermined dimensions (diameter: 152.6 

mm x thickness: 6 mm). 	Each of the sputtering targets which were prepared was 

soldered to a backing plate formed from oxygen-free copper. 	The sputtering target was 

mounted on an inner side of a DC magnetron sputtering apparatus, and was provided for 

10 	formation of a Ag-In alloy thin film. 	Results obtained by performing component 

composition analysis with respect to the Ag-In alloy sputtering targets of Examples 1 to 

15 and Comparative Examples 1 to 12 are shown in Table 1 and Table 2. 	When 

producing the Ag-In alloy sputtering targets of Comparative Examples 1 to 12, a Ag raw 

material, which was not sorted under the above-described conditions, was used. 	In 

15 	addition, the amount of each of Si, Cr, Fe, and Ni was out of the range of the each 

amount in the present invention, or the sum of their amounts was out of the range of the 

sum of the amounts in the present invention. 

[0026] 

Next, the inside of the DC magnetron sputtering apparatus was evacuated to 

20 	5x10-5  Pa or less by using a vacuum evacuation apparatus, and then an Ar gas was 

introduced therein so as to adjust a sputtering gas pressure to 0.5 Pa. 	Then, a DC 

sputtering power of, for example, 250 W was applied to a sputtering target, and 

continuous discharge and measurement of the number of occurrence of abnormal 

electrical discharge, which occurs during the discharge, were performed in the following 
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order. 

[0027] 

5 

In order to measure the number of occurrence of abnormal electrical discharge 

during sputtering by using the Ag-In alloy sputtering target that was mounted, first, 

pre-sputtering was performed for one hour under the above-described conditions, thereby 

removing a processed layer on a target surface. 	In addition, sputtering was performed 

for one hour under the same conditions. 	The accumulated number of occurrence of 

abnormal electrical discharge, which occurred for this one hour, was measured by using 

an arcing count function provided to a DC power supply that was used. 	The 

10 measurement results are shown in a column of "the accumulated number of occurrence of 

abnormal electrical discharge (/h)" in Table 1 and Table 2. 
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[Table 1] 

In 

(at%) 

Si 
(ppm) 

Cr 
(ppm) 

Fe 
(ppm) 

Ni 
(ppm) 

Ag 

(at%) 

Sum of the 
amounts of 
Si, Cr, Fe, 
and Ni 

(ppm) 

The accumulated 
number of abnormal 
electrical discharge 
(/h) 

Film reflectance 
before heat 
treatment test 

(%) 

Film reflectance 
after heat 
treatment test (%) 

Example 1 0.4 24 21 16 25 Balance 86 19 96.2 91.5 
Example 2 0.4 15 20 14 10 Balance 59 8 95.9 91.3 
Example 3 0.4 11 8 11 10 Balance 40 3 96.0 91.7 
Example 4 0.4 9 4 6 4 Balance 23 1 96.3 91.5 
Example 5 0.4 7 1 2 3 Balance 13 0 96.2 91.6 
Example 6 0.1 23 21 18 24 Balance 86 18 96.5 91.8 
Example 7 0.1 14 19 16 9 Balance 58 7 96.7 91.5 
Example 8 0.1 10 8 11 10 Balance 39 2 96.3 92.0 
Example 9 0.1 8 4 8 5 Balance 25 1 96.6 91.7 
Example 10 0.1 6 2 3 3 Balance 14 0 96.8 92.1 
Example 11 1.5 23 22 17 26 Balance 88 21 95.2 91.1 
Example 12 1.5 16 19 16 9 Balance 60 9 95.3 91.5 
Example 13 1.5 12 7 11 9 Balance 39 3 95.4 91.2 
Example 14 1.5 11 4 7 3 Balance 25 1 95.2 91.1 
Example 15 1.5 9 2 2 2 Balance 15 0 95.5 91.3 
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[Table 2] 

In 
(at%) 

Si 
(ppm) ' 

Cr 
(ppm) 

Fe 
(ppm) 

Ni 
(ppm) 

Ag 
(at%) 

Sum of the 
amounts of Si, 
Cr, Fe, and Ni 

(ppm) 

The accumulated 
number of abnormal 
electrical discharge (/h) 

Film reflectance 
before heat 
treatment test (%) 

Film reflectance 
after heat 
treatment test (%) 

Comparative 
Example 1 

0.4 42 21 16 15 Balance 94 38 95.8 91.5 

Comparative 
Example 2 

0.4 25 39 15 16 Balance 95 45 96.2 91.2 

Comparative 
Example 3 

0.4 20 11 49 19 Balance 99 52 96.1 91.4 

Comparative 
Example 4 

0.4 20 14 22 40 Balance 96 41 95.8 91.0 

Comparative 
Example 5 

0.1 40 22 19 14 Balance 95 37 96.7 91.8 

Comparative 
Example 6 

0.1 23 42 15 18 Balance 98 45 96.5 91.6 

Comparative 
Example 7 

0.1 22 9 47 23 Balance 101 49 96.6 92.0 

Comparative 
Example 8 

0.1 19 14 25 39 Balance 97 40 96.7 91.9 

Comparative 
Example 9 

1.5 41 20 19 13 Balance 93 40 95.6 91.6 

Comparative 
Example 10 

1.5 24 40 15 17 Balance 96 46 95.8 91.4 

Comparative 
Example 11 

1.5 25 10 44 21 Balance 100 53 95.5 91.5 

Comparative 
Example 12 

1.5 18 11 17 49 Balance 95 44 95.4 90.9 
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[0030] 

As can be seen from Table 1, in direct current (DC) sputtering performed by 

using the Ag-In alloy sputtering targets of Examples 1 to 15, the number of occurrence of 

abnormal electrical discharge was reduced, and even when the abnormal electrical 

5 

10 

discharge was measured, it was confirmed that the abnormal electrical discharge occurred 

at a frequency without causing a problem in practical use. 	In contrast, as can be seen 

from Table 2, in Comparative Examples 1 to 12, the amount of any of Si, Cr, Fe, and Ni 

exceeded 30 ppm, and therefore it was confirmed that abnormal electrical discharge 

frequently occurred. 	In addition, with regard to the sum of the amounts of Si, Cr, Fe, 

and Ni, in Examples 1, 6, and 11 in which the sum of the amounts of Si, Cr, Fe, and Ni 

was 90 ppm or less, and was close to 90 ppm, the number of occurrence of abnormal 

electrical discharge was greater than that in Examples 2 to 5, 7 to 10, and 12 to 15 in 

which the sum of the amounts was greatly lower than 90 ppm. 	In addition, in 

Comparative Examples 1 to 12 in which the sum of the amounts exceeded 90 ppm, the 

15 number of occurrence of abnormal electrical discharge greatly increased in comparison to 

Examples 1, 6, and 11. 	As described above, the number of occurrence of abnormal 

electrical discharge greatly increased with 90 ppm set as a boundary, and therefore it can 

be said that when the sum of the amounts of Si, Cr, Fe, and Ni is 90 ppm or less, it is 

possible to greatly reduce the number of occurrence of abnormal electrical discharge. 

20 In addition, in Examples 1, 6, and 11, the sum of the amounts exceeded 60 ppm, and the 

number of occurrence of abnormal electrical discharge was greater in comparison to 

other examples, and thus it can be said that the sum of the amounts is preferably 60 ppm 

or less. 

[0031] 

25 As described above, according to the Ag-In alloy sputtering targets of Examples 
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1 to 15, since the amount of each of Si, Cr, Fe, and Ni is 30 ppm or less, and the sum of 

the amounts is 90 ppm or less, it was confirmed that it is possible to reduce the 

occurrence of abnormal electrical discharge. 	Thus, the Ag-In alloy sputtering targets 

can contribute to further improvement of high-definition and an improvement in a yield 

5 ratio in an OLED panel. 

[0032] 

[Second Embodiment] 

Hereinafter, description will be given of a case of manufacturing an Ag-In alloy 

10 sputtering target according to the second embodiment of the present invention. 

As is the case with the first embodiment, as a raw material to produce a target, 

Ag with purity of 99.9 mass% (3 N) or greater was prepared, and the Ag raw material 

was subjected to the above-described refining method, and then a Ag raw material, which 

contains Si, Cr, Fe, and Ni in such a manner that the amount of each of Si, Cr, Fe, and Ni 

15 is 30 ppm or less and the sum of their amounts is 90 ppm or less in a Ag-In alloy 

sputtering target to be formed, was sorted. 	The Ag raw material that was sorted, and an 

In raw material and an Sb raw material with purity of 99.99 mass% or greater were 

weighed to obtain a predetermined composition. 

[0033] 

20 Next, the Ag raw material was melted in a high vacuum or inert gas atmosphere, 

and a predetermined amount of In raw material and a predetermined amount of Sb raw 

material were added to the resultant molten metal that was obtained. 	Then, the resultant 

mixture was melted in a vacuum or inert gas atmosphere, and an ingot, which had been 

melted and casted, of the Ag alloy containing In and Sb in a predetermined at% was 

25 prepared. 
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[0034] 

The ingot that was obtained was cold-rolled, and then subjected to a heat 

treatment for maintaining the ingot in the air, for example, at 600°C for 2 hours. 	Then, 

the ingot was machined to prepare Sb-containing Ag-In alloy sputtering targets of 

5 Examples 16 to 32 and Comparative Examples 13 to 16 which have predetermined 

dimensions (diameter: 152.6 mm x thickness: 6 mm). 	Each of the sputtering targets 

which were prepared was soldered to a backing plate formed from oxygen-free copper. 

The sputtering target was mounted on an inner side of a DC magnetron sputtering 

apparatus, and was provided for formation of a Ag-In-Sb alloy thin film. 	Results 

10 obtained by performing component composition analysis with respect to the 

Sb-containing Ag-In alloy sputtering targets of Examples 16 to 32, and Comparative 

Examples 13 to 16 are shown in Table 3 and Table 4. 	When manufacturing the 

Sb-containing Ag-In alloy sputtering targets of Comparative Examples 13 to 16, a Ag 

raw material, which was not sorted under the above-described conditions, was used. 	In 

15 addition, the amount of each of Si, Cr, Fe, and Ni was out of the range of the each 

amount in the present invention, or the sum of their amounts was out of the range of the 

sum of the amounts in the present invention. 

[0035] 

Next, the inside of the DC magnetron sputtering apparatus was evacuated to 

20 5x10-5  Pa or less by using a vacuum evacuation apparatus, and an Ar gas was introduced 

to adjust a sputtering gas pressure to 0.5 Pa. 	Then, DC sputtering power of, for example, 

250 W was applied to a sputtering target, and continuous discharge and measurement of 

the number of occurrence of abnormal electrical discharge, which occurs during the 

discharge, were performed in the following order. 
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[0036] 

In order to measure the number of occurrence of abnormal electrical discharge 

during sputtering by using the Sb-containing Ag-In alloy sputtering target that was 

mounted, first, pre-sputtering was performed for one hour under the above-described 

5 conditions, thereby removing a processed layer on a target surface. 	In addition, 

sputtering was performed for one hour under the same conditions. 	The accumulated 

number of occurrence of abnormal electrical discharge, which occurred for this one hour, 

was measured by using an arcing count function provided to a DC power supply that was 

used. 	The measurement results are shown in a column of "the accumulated number of 

10 occurrence of abnormal electrical discharge (/h)" in Table 3 and Table 4. 

[0037] 

In addition, a variation in reflectance before and after the heat treatment was 

measured with respect to the Ag-In alloy sputtering targets of Examples 1 to 15 and 

Comparative Examples 1 to 12, and the Sb-containing Ag-In alloy sputtering targets of 

15 Examples 16 to 32, and Comparative Examples 13 to 16. 

[0038] 

When performing the heat treatment test, each of Ag alloy sputtering targets of 

Examples 1 to 32 and Comparative Examples 1 to 16, and an ITO target having a 

diameter of 152.4 mm x a diameter of 6 mm which is commercially available was 

20 mounted on an inner side of a chamber of a DC magnetron sputtering apparatus, and 

laminated structures of ITO film/Ag-In alloy film/ITO film, and ITO film/Ag-In-Sb alloy 

film/ITO film were prepared through sputtering. 

[0039] 

Specifically, after the inside of sputtering apparatus was evacuated to 5x10-5  Pa 
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or less by using a vacuum evacuation apparatus, and a film was formed on a washed 

glass substrate (Eagle XG, manufactured by Corning Incorporated) which was disposed 

to be parallel with the sputtering target and was a square 50 mm on a side, under the 

following sputtering conditions. 	The film formation was performed in the order of the 

5 ITO film, the Ag-In alloy film or the Ag-In-Sb alloy film, and the ITO film, and was 

continuously performed while maintaining a vacuum. 	Film formation conditions of the 

ITO film, the Ag-In alloy film, and the Ag-In-Sb alloy film are as follows. 

<ITO Film> 

Power: DC 50 W 

10 Total pressure of gas: 0.67 Pa 

Gas: Ar gas and 02  gas 

Flow ratio of Ar/02: 50/1 

Distance between a target and a substrate: 70 mm 

Heating of a substrate: None 

15 Film thickness: 10 nm, 

<Ag-In alloy film and Ag-In-Sb Alloy film> 

Power: DC 250 W 

Total pressure of gas: 0.3 Pa 

Gas: Ar gas 

20 Distance between a target and a substrate: 70 mm 

Heating of a substrate: None 

Film thickness: 350 nm 

Here, compositions of Ag-In alloy films of Examples 1 to 15 and Comparative 

Examples 1 to 12 which are formed as a film are shown in Table 1 and Table 2. 

25 Compositions of Ag-In-Sb alloy films of Examples 16 to 32 and Comparative Examples 
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13 to 16 which are formed as a film are shown in Table 3 and Table 4. 

[0040] 

<Measurement of Reflectance> 

Reflectance before the heat treatment test and reflectance after the heat treatment 

5 	test were each measured with respect to ITO film/Ag-In alloy film/ITO laminated films 

(hereinafter, referred to as Ag-In alloy laminated films) of Examples 1 to 15 and 

Comparative Examples 1 to 12, and ITO film/Ag-IN-Sb alloy film/ITO laminated films 

(hereinafter, referred to as Ag-In-Sb alloy laminated films) of Examples 16 to 30 and 

Comparative Examples 13 to 16 in a wavelength range of 380 nm to 800 nm by using a 

10 	spectrophotometer (U-4100, manufactured by Hitachi High-Technologies Corporation). 

Here, the heat treatment test was performed by a heat treatment in air at 250°C for one 

hour, and when measuring the reflectance, a wavelength of 550 nm was selected as a 

representative wavelength of visible light (380 nm to 800 nm). 	The reflectance that was 

measured with respect to the Ag-In alloy laminated films of Examples 1 to 15 are shown 

15 	in a column of "film reflectance (%) before heat treatment test" and a column of "film 

reflectance (%) after heat treatment test" in Table 1, and the reflectance that was 

measured with respect to the Ag-In alloy laminated films of Comparative Examples 1 to 

12 is shown in a column of "film reflectance (%) before heat treatment test" and a 

column of "film reflectance (%) after heat treatment test" in Table 2. 	In addition, the 

20 	reflectance that was measured with respect to the Ag-In-Sb alloy laminated films of 

Examples 16 to 32 are shown in a column of "film reflectance (%) before heat treatment 

test" and a column of "film reflectance (%) after heat treatment test in Table 3, and the 

reflectance that was measured with respect to the Ag-In-Sb alloy laminated films of 

Comparative Examples 13 to 16 are shown in a column of "film reflectance (%) before 

25 	heat treatment test" and a column of "film reflectance (%) after heat treatment test" in 
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Table 4. 



[0041] 

[Table 3] 

In 

(at%) 

Sb 
(ppm) 

Si 
(ppm) 

Cr 
(ppm) 

Fe 
(ppm) 

Ni 
(ppm) 

Ag 

(at%) 

Sum of the 
amounts of 
Si, Cr, Fe, 
and Ni 
(ppm) 

The 
accumulated 
number of 
abnormal 
electrical 
discharge (/h) 

Film 
reflectance 
before heat 
treatment test 

(%) 

Film 
reflectance 
after heat 
treatment test 

(%) 

Example 16 0.4 0.4 22 19 18 24 Balance 83 18 95.8 95.0 
Example 17 0.4 0.4 18 21 14 15 Balance 68 10 96.0 94.8 
Example 18 0.4 0.4 14 11 9 12 Balance 46 5 95.5 94.9 
Example 19 0.4 0.4 6 4 8 5 Balance 23 1 95.8 95.1 
Example 20 0.4 0.4 5 1 1 3 Balance 10 0 95.6 95.2 
Example 21 0.4 0.8 25 21 18 22 Balance 86 20 95.5 95.0 
Example 22 0.4 0.8 15 15 18 13 Balance 61 11 95.4 95.1 
Example 23 0.4 0.8 7 7 12 13 Balance 39 4 95.7 95.3 
Example 24 0.4 0.8 5 6 8 6 Balance 25 2 95.3 95.0 
Example 25 0.4 0.8 3 2 2 5 Balance 12 1 95.6 94.0 
Example 26 0.4 1.4 25 19 18 21 Balance 83 20 95.2 93.9 
Example 27 0.4 1.4 15 25 14 18 Balance 72 12 95.3 93.8 
Example 28 0.4 1.4 12 8 14 12 Balance 46 3 95.6 94.2 
Example 29 0.4 1.4 10 8 6 5 Balance 29 2 95.1 93.8 
Example 30 0.4 1.4 7 3 4 1 Balance 15 0 95.5 94.0 
Example 31 0.4 0.25 5 3 8 2 Balance 18 2 96.1 92.4 
Example 32 0.4 1.9 2 5 5 3 Balance 15 1 95.3 93.8 



[0042] 

[Table 4] 

In 
(at%) 

Sb 
(ppm) 

Si 
(ppm) 

Cr 
(ppm) 

Fe 
(ppm) 

Ni 
(ppm) 

Ag 
(at%) 

Sum of the 
amounts of 
Si, Cr, Fe, 
and Ni 

(13Prn) 

The accumulated 
number of abnormal 
electrical discharge 
(/h) 

Film reflectance 
before heat 
treatment test 

(%) 

Film reflectance 
after heat 
treatment test 
(%) 

Comparative 
Example 13 

0.4 0.8 42 25 18 15 Balance 100 47 95.6 95 

Comparative 
Example 14 

0.4 0.8 25 34 18 16 Balance 93 43 95.5 94.9 

Comparative 
Example 15 

0.4 0.8 25 11 36 19 Balance 91 45 95.6 95.2 

Comparative 
Example 16 

0.4 0.8 20 17 21 45 Balance 103 54 95.4 94.9 
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[0043] 

As can be seen from Table 3, in direct current (DC) sputtering performed by 

using the Sb-containing Ag-In alloy sputtering targets of Examples 16 to 32, the number 

of occurrence of abnormal electrical discharge was reduced, and even when the abnormal 

5 electrical discharge was measured, it was confirmed that the abnormal electrical 

discharge occurred at a frequency without a problem in practical use. 	Additionally, in a 

case of the Ag-In-Sb alloy laminated films that were formed by the Sb-containing Ag-In 

alloy sputtering targets of Examples 16 to 32, it was confirmed that it is possible to limit 

a decrease in the reflectance before and after the heat treatment test. 	In addition, as can 

10 be seen from Table 1, when the Ag-In alloy sputtering targets did not contain Sb, the 

reflectance decreased before and after the heat treatment test. 	In addition, as can be 

seen from Table 4, in the Sb-containing Ag-In alloy sputtering targets of Comparative 

Examples 13 to 16, the amount of any of Si, Cr, Fe, and Ni exceeded 30 ppm, and the 

sum of their amounts exceeded 90 ppm, and thus it was confirmed that abnormal 

15 electrical discharge frequently occurred. 

[0044] 

As described above, as is the case with the first embodiment, according to the 

Sb-containing Ag-In alloy sputtering targets of Examples 16 to 32, since the amount of 

each of Si, Cr, Fe, and Ni is 30 ppm or less, and the sum of their amounts is 90 ppm or 

20 less, it was confirmed that it is possible to reduce the occurrence of abnormal electrical 

discharge, and the Sb-containing Ag-In alloy sputtering targets can contribute to further 

improvement of high definition and an improvement in a yield ratio in an OLED panel. 

INDUSTRIAL APPLICABILITY 

25 [0045] 



26 

According to the Ag-In alloy sputtering target of the present invention, it is 

possible to form an Ag alloy film which has low resistance, high reflectance, low 

roughness, and high sulfidation resistance and high heat resistance as a reflective 

surface 

electrode. 

5 
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CLAIMS 

1.  A Ag-In alloy sputtering target containing: 

0.1 at% to 1.5 at% of In; and the balance including Ag and inevitable impurities, 

5 wherein the amount of each of elements Si, Cr, Fe, and Ni is 30 ppm or less. 

2. The Ag-In alloy sputtering target according to claim 1, 

wherein the sum of the amounts of the elements Si, Cr, Fe, and Ni is 90 ppm or 

less. 

10 

3. The Ag-In alloy sputtering target according to claim 1, 

wherein the sum of the amounts of the elements Si, Cr, Fe, and Ni is 60 ppm or 

less. 

15 	4. The Ag-In alloy sputtering target according to any one of claims 1 to 3, further 

containing: 

0.2 at% to 2.0 at% of Sb. 

5.  The Ag-In alloy sputtering target according to any one of claims 1 to 3, further 

20 	containing: 

0.4 at% to 1.0 at% of Sb. 

6.  The Ag-In alloy sputtering target according to any one of claims 1 to 3, 

wherein the Ag-In alloy sputtering target is produced by melting 

25 	electrolytic-refined Ag and then adding In in the melted Ag. 
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7. 	The Ag-In alloy sputtering target according to claim 4 or 

wherein the Ag-In alloy sputtering target is produced 

5, 

by melting 

electrolytic-refined Ag and then adding In and Sb in the melted Ag. 

5 


