DESCRIPTION

Ag ALLOY FILM AND SPUTTERING TARGET FOR FORMING AQALLOY FILM

5 TECHNICAL FIELD

[0001]

The present invention relates to a Ag alloy fileed as a reflective electrode film
for a display, an LED or the like, as a wiring fifior a touch panel or the like, as a
transparent conductive film, and the like; and g&pattering target for forming a Ag alloy

10 film used to form the Ag alloy film.

The present application claims priority on Japarfegtent Application No.

2014-080354 filed on April 9, 2014, the contentiich is incorporated herein by

reference.

15 BACKGROUND ART
[0002]
In general, as a reflective electrode film forigpthy, an LED or the like, as a
wiring film for a touch panel or the like, as artsparent conductive film, and the like; a
Ag film having a low resistivity is used. For expl®, Patent Document 1 discloses a Ag
20 film or a Ag alloy film which reflects light withilgh efficiency and is used as a
constituent material of an electrode of a semicotwuight emitting element. In
addition, Patent Document 2 discloses a Ag alledwss a constituent material of a
reflective electrode of an organic LED (OLED). thar, Patent Document 3 discloses a
Ag alloy film used as a lead-out wiring of a toymmel. These Ag films and Ag alloy

25 films are formed by sputtering a sputtering targatie of Ag or a Ag alloy.
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[0003]

In recent years, in the process of producing agifor an organic LED (OLED),
a touch panel, or the like, the size (area) oleagbkubstrate has been increased.
Accordingly, the size of a sputtering target usethe case where a film is formed on a
substrate having a large area has also been ieckeaslere, in the case where sputtering
is carried out by applying high electric power ta@e sputtering target, there is a
concern that a phenomenon called “splash” may odeerto abnormal discharge of the
target. In the case where the splash phenomermmsyenelted fine particles adhere to
the substrate, which causes a short circuit betwengs and electrodes; and thereby, a
problem may be caused in which the yield greattyekses.

[0004]

Here, for example, Patent Document 4 proposesja fputtering target in which
the occurrence of “splash” is suppressed by spegfg Ag alloy composition.

[0005]

However, in recent years, in a display, an LEByuch panel, an organic LED
(OLED), and the like, a fine electrode pattern arfthe wiring pattern have been achieved.
Here, since a migration phenomenon easily occuasAg film, there is a concern that a
short circuit may occur in the fine electrode paitend the fine wiring pattern.
Therefore, there has been a demand for a Ag alloyhiaving particularly excellent
migration resistance.

[0006]

In addition, in the case where a Ag alloy filnfasmed on a substrate having a
large area by using a large sputtering targes, iéquired that constituent elements
contained in the Ag alloy be uniformly distributed that variations in the in-plane

properties of the Ag alloy film do not occur.
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On the other hand, Ag easily reacts with sulfu8ulfur components are
contained in chemical agents used in a processdiping a display panel or the like,
such as, for example, in a process of coatingriopstg a photoresist for patterning, and
in the atmosphere of the production process andrlkigonment. Ag is sulfurized by
these sulfur components and thus the propertiesheaaeteriorated or the yield may be
decreased. Accordingly, a Ag alloy film used akttrode and wiring is required to

have sulfidation resistance.

PRIOR ART DOCUMENTS

Patent Documents

[0007]

Patent Document 1: Japanese Unexamined Patehta@gm, First Publication
No. 2006-245230

Patent Document 2: Japanese Unexamined Patehta&gm, First Publication
No. 2012-059576

Patent Document 3: Japanese Unexamined Patehté@gm, First Publication
No. 2009-031705

Patent Document 4. Japanese Unexamined Patehta@gm, First Publication

No. 2013-216976

DISCLOSURE OF THE INVENTION
Problems to be Solved by the Invention
[0008]
The present invention has been made in considarafithe above circumstances

and an object thereof is to provide a Ag alloy fécellent in migration resistance and
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sulfidation resistance, and a sputtering targetdoning a Ag alloy film which can form a
Ag alloy film exhibiting stable in-plane propertiesen in the case where the film is

formed on a substrate having a large area.

Means for Solving the Problem

[0009]

In order to solve the above problems, a Ag alltoy &ccording to an aspect of
the present invention has a composition including0.1% by mass to 1.5% by mass; and
Cu: 1 ppm by mass to 50 ppm by mass, with the nedeaibeing Ag and inevitable
impurities.

[0010]

Since the Ag alloy film having these features adtw to the aspect of the
present invention includes 2 ppm by mass to 20 ppmass of Cu, the occurrence of a
Ag ion migration phenomenon can be suppressedrenohigration resistance can be
greatly improved.

In addition, since the Ag alloy film includes 0.18¢ mass to 1.5% by mass of In,
it is possible to improve the sulfidation resistawc the film.  Accordingly, the
deterioration of the properties can be suppressadgithe production process and in the
environment.

[0011]

Herein, it is preferable that the Ag alloy filmcaeding to the aspect of the
present invention further includes Sb: 0.01% bysriasl.0% by mass.

With regard to the above-mentioned display and L&beat treatment at a high
temperature is carried out during the productiactess thereof. Therefore, the Ag alloy

film used as the electrode and the wiring of ttepldiy and the LED is required to have



10

15

20

25

heat resistance such that properties do not dedziafter the heat treatment. By further
including 0.01% by mass to 1.0% by mass of SbéA alloy film according to the
aspect of the present invention, the heat resistahthe film is improved and the
deterioration of the properties after the heatttneat can be suppressed. Accordingly,
this Ag alloy film is particularly suitable for aghalloy film used as the electrode and the
wiring of the display and the LED.

[0012]

It is preferable that the Ag alloy film accorditigthe aspect of the present
invention further includes Ca: 0.5 ppm by massG@pm by mass.

In this case, since the Ag alloy film includes p@n by mass to 50 ppm by mass
of Ca, the occurrence of a Ag ion migration phenoomecan be reliably suppressed by the
interaction with Cu, and the migration resistanae be greatly improved.

[0013]

A sputtering target for forming a Ag alloy film @rding to an aspect of the
present invention has a composition including0li% by mass to 1.5% by mass; and
Cu: 1 ppm by mass to 50 ppm by mass, with the nedeaibeing Ag and inevitable
impurities, wherein an oxygen concentration is tess 50 ppm by mass, an area of a
sputtering surface is 0.25’mar more, and an in-plane Cu concentration distigiouDc,
defined by Expression (1) below is 40% or less:

Dew=(0cd/pcy)*x100 [%] (1)

wherein, in Expression (1), represents an average value of Cu concentration
analysis values obtained by analyzing Cu conceotraiat a plurality of points on the
sputtering surface, arat, represents a standard deviation of the Cu corateorir
analysis values.

[0014]
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Since the sputtering target for forming a Ag alfibyn having these features
according to the aspect of the present inventicludes: 0.1% by mass to 1.5% by mass
of In; and 1 ppm by mass to 50 ppm by mass of @g alloy film excellent in migration
resistance and sulfidation resistance can be formed

In addition, the area of the sputtering surfacgeisto 0.25 for more and the
in-plane Cu concentration distributionsX(=(0cy/Hcy)*100 [%]) defined by the average
valuepc, of Cu concentration analysis values on the spogeurface and the standard
deviationoc, of the Cu concentration analysis values is 40%¢s8. Thus, even in the
case where a Ag alloy film is formed on a substhaéng a large area, the Cu
concentration of the Ag alloy film is uniform and\g alloy film having stable in-plane
properties can be formed.

Further, since the oxygen concentration is leas 80 ppm by mass, segregation
of Cu due to oxidation can be suppressed, andiibreeamentioned in-plane Cu
concentration distribution {2 can be set to 40% or less.

[0015]

Here, it is preferable that the sputtering tafgetorming a Ag alloy film
according to the aspect of the present inventioiéu includes Sb: 0.1% by mass to 3.5%
by mass.

According to the sputtering target for forming @ &lloy film having these
features, since the sputtering target includes M§%hass to 3.5% by mass of Sb, the heat
resistance of an Ag alloy film to be formed canrbproved. The amount of Sb in the
Ag alloy film to be formed changes according totsgning conditions. Therefore, it is
preferable that the amount of Sb in the sputtetanget for forming a Ag alloy film is
adjusted to be within the above-mentioned rangerdany to an objective amount of Sb

in the Ag alloy film to be formed and sputteringhddions.
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[0016]

In addition, it is preferable that the sputteriagget for forming a Ag alloy film
according to the aspect of the present inventiothéu includes Ca: 0.5 ppm by mass to
50 ppm by mass and an in-plane Ca concentratidnbdison Dc, defined by Expression
(2) below is 40% or less:

Dca=(0cdlca)x100 [%]  (2).

In Expression (2)lca represents an average value of Ca concentratalgsas
values obtained by analyzing Ca concentrationspéirality of points on the sputtering
surface, an@c, represents a standard deviation of the Ca coratentranalysis values.

According to the sputtering target for forming @ &lloy film having these
features, even in the case where a Ag alloy filfieised on a substrate having a large
area, the Cu concentration and the Ca concentratithe Ag alloy film are uniform and a

Ag alloy film having stable in-plane properties danformed.

Effects of the Invention

[0017]

As described above, according to the present trwgnt is possible to provide a
Ag alloy film excellent in migration resistance ateesistance, and sulfidation resistance,
and a sputtering target for forming a Ag alloy fimhich can form a Ag alloy film
exhibiting stable in-plane properties even in thsecwhere the film is formed on a

substrate having a large area.

BRIEF DESCRIPTION OF THE DRAWINGS
[0018]

FIG. 1 is a schematic view showing a sputterimgeta(planar target) for forming
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a Ag alloy film according to an embodiment of thregent invention, (a) is a plane view
and (b) is a side view.

FIG. 2 is a schematic view showing a sputterimgeta(cylindrical target) for
forming a Ag alloy film according to an embodimethe present invention, (a) is a side
view and (b) is a cross-sectional view of (a) taktmg line X-X.

FIG. 3 is a view schematically showing a unidir@aél solidification apparatus
used for producing a Ag alloy ingot which is a mi@tefor a sputtering target for forming
a Ag alloy film according to an embodiment of thregent invention is produced.

FIG. 4 is a view showing sample collecting posisdor a migration evaluation

test of Examples.

EMBODIMENTS FOR CARRYING OUT THE INVENTION

[0019]

Hereinafter, a Ag alloy film and a sputtering &irépr forming a Ag alloy film
according to an embodiment of the present inventidirbe described.

The Ag alloy film of the embodiment is, for examph Ag alloy conductive film
used as a reflective electrode film for a disptayLED, or the like, as a wiring film for a
touch panel or the like, as a transparent condeidiim, and the like.

[0020]

<Ag Alloy Film>

The Ag alloy film of the embodiment has a comgosiincluding: 0.1% by mass
to 1.5% by mass of In; and 1 ppm by mass to 50 ppmass of Cu, with the remainder
being Ag and inevitable impurities.

In addition, the Ag alloy film of the embodimenaynfurther include 0.01% by

mass to 1.0% by mass of Sb.
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Further, the Ag alloy film of the embodiment mawther include 0.5 ppm by
mass to 50 ppm by mass of Ca.

Hereinafter, the reasons for defining the compwsiof the Ag alloy film of the
embodiment as described above will be described.

[0021]

(In: 0.1% by mass or more and 1.5% by mass o} less

In is an element having the effect of improving Hulfidation resistance of the
Ag alloy film.

Here, in the case where the amount of In is ke&s 0.1% by mass, there is a
concern that the effect of improving sulfidatiosistance may not be obtained. On the
other hand, in the case where the amount of Inoierthan 1.5% by mass, the resistivity
is increased and there is a concern that propatiasonductive film may not be secured.
In addition, the reflectance is decreased andttiere is a concern that properties of a
reflective conductive film may not be secured.

Due to the above-described reasons, in the emlaodjrthe amount of In in the
Ag alloy film is set to be in a range of 0.1% byss&o 1.5% by mass. In order to
reliably exhibit the above-mentioned effect, theoamnt of In in the Ag alloy film is
preferably set to be in a range of 0.3% by mads1® by mass.

[0022]

(Cu: 1 ppm by mass or more and 50 ppm by masssej |

Cu is an element having the effect of suppresaiAg ion migration
phenomenon.

Here, in the case where the amount of Cu is less 1 ppm by mass, there is a
concern that the Ag ion migration phenomenon mayeaufficiently suppressed. On

the other hand, in the case where the amount a @wre than 50 ppm by mass, there is



10

15

20

25

10

a concern that Cu may aggregate on the film sudadefine protrusions (defects) may be
formed when the Ag alloy film is subjected to atheeatment; and thereby, a short circuit
of electrodes and wirings may be caused.

Due to the above-described reasons, in the emleodjithe amount of Cu in the
Ag alloy film is set to be in a range of 1 ppm bgsa to 50 ppm by mass. In order to
reliably exhibit the above-mentioned effect, theoamt of Cu in the Ag alloy film is
preferably set to be in a range of 2 ppm by magdtppm by mass.

[0023]

(Sb: 0.01% by mass or more and 1.0 % by masssy le

Since Sb is an element having the effect of impigpthe heat resistance of the
Ag alloy film, it is preferable to add an appropei@mount of Sb according to properties
to be required.

Here, in the case where the amount of Sb in thallay film is less than 0.01%
by mass, there is a concern that the effect ofi@rimproving the heat resistance may not
be obtained. On the other hand, in the case vtheramount of Sb in the Ag alloy film
is more than 1.0% by mass, the resistivity is iase&l and thus there is a concern that
properties of a conductive film may not be securel. addition, the reflectance is
decreased and thus there is a concern that pregpefta reflective conductive film may
not be secured.

Due to the above-described reasons, in the caseewithe Ag alloy film of the
embodiment contains Sh, the amount of Sb in thalkyy film is set to be in a range of
0.01% by mass to 1.0% by mass. In order to refliakhibit the above-mentioned effect,
the amount of Sb in the Ag alloy film is preferalist to be in a range of 0.02% by mass
to 0.5% by mass.

[0024]
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(Ca: 0.5 ppm by mass or more and 50 ppm or less)

Since Ca is an element having the effect of furtimproving the migration
resistance of the Ag alloy film due to the interactwith Cu, it is preferable to add an
appropriate amount of Ca according to propertidsetoequired.

Here, in the case where the amount of Ca is kess@.5 ppm by mass, there is a
concern that the effect of further improving thegmation resistance may not be obtained.
On the other hand, in the case where the amoudaa$ more than 50 ppm by mass, the
Ag alloy film becomes hard and thus there is a eamthat the Ag alloy film may be
peeled off. Particularly, in a fine wiring pattevna fine electrode pattern, the film tends
to be easily peeled off. Due to the above-desdribason, in the case where the Ag
alloy film of the embodiment contains Ca, the antafrCa in the Ag alloy film is set to
be in a range of 0.5 ppm by mass to 50 ppm by mdssorder to reliably exhibit the
above-mentioned effect, the amount of Ca in thelkay film is preferably set to be in a
range of 1 ppm by mass to 20 ppm by mass.

[0025]

<Sputtering Target for Forming Ag Alloy Film>

A sputtering target 10 for forming a Ag alloy filof the embodiment is used
when the above-mentioned Ag alloy film is formedn addition, for example, as the
sputtering target 10 for forming a Ag alloy film thfe embodiment, there are a planar
sputtering target 10A which has a planar outer slzgpshown in FIG. 1 and a cylindrical
sputtering target 10B which has a cylindrical ostesipe as shown in FIG. 2.

[0026]

The sputtering target 10 for forming a Ag alldyrfiof the embodiment has a
composition including: 0.1% by mass to 1.5% by nw@ds; and 1 ppm by mass to 50

ppm by mass of Cu, with the remainder being Agiaeditable impurities. Further, the
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oxygen concentration is 50 ppm by mass or less.

In addition, the sputtering target 10 for formendg alloy film of the
embodiment may further include 0.1% by mass to yUnass Sb.

Further, the sputtering target 10 for forming aalgy film of the embodiment
may further include 0.5 ppm by mass to 50 ppm bgs Ca.

[0027]

Here, the amounts of respective elements of InSbuand Ca in the sputtering
target 10 for forming a Ag alloy film are defined that the Ag alloy film having the
above-mentioned composition can be formed. Regartiie respective elements of In,
Cu and Ca, there is no significant change betwleemmounts of the elements in the
sputtering target 10 for forming a Ag alloy filmdathe amounts of the elements in the Ag
alloy film. Thus, the amounts of the elementssaieto be in the above ranges. On the
other hand, regarding Sb, there is a concern liea¢ tmay be a significant change
between the amount of Sb in the sputtering tar§dod forming a Ag alloy film and the
amount of Sb in the Ag alloy film depending on #peittering conditions. Thus, the
amount of Sb in the sputtering target 10 for forgrenAg alloy film is set to be higher than
the amount of Sb in the Ag alloy film.

[0028]

In the sputtering target 10 for forming a Ag alfdyn of the embodiment, the
area of the sputtering surface 11 is 0.Z%mmore and the in-plane Cu concentration
distribution Cxy is 40% or less.

Here, the in-plane Cu concentration distributiaf B defined by Expression (1)
below:

Dew=(0cd/pcy)*x100 [%] (1)

wherein, in Expression (1), represents an average value of Cu concentration
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analysis values obtained by analyzing Cu concealrat a plurality of points on the
sputtering surface 11, aag, represents a standard deviation of the Cu coraterir
analysis values.

In addition, in the case where the sputteringdaiacgntains Ca, the in-plane Ca
concentration distribution & is 40% or less.

Here, the in-plane Ca concentration distributiqn i defined by Expression (2)
below:

Dca=(0cdHca)x100 [%]  (2)

wherein, in Expression (), represents an average value of Ca concentration
analysis values obtained by analyzing Ca conceéotrat a plurality of points on the
sputtering surface 11, amd, represents a standard deviation of the Ca coratemir
analysis values.

[0029]

Here, in the planar sputtering target 10A showRI@®. 1, the Cu concentration
analysis positions of the sputtering surface 1lsateo five points of a center position C1
of the sputtering surface 11, and positions C2,@Band C5 at 50 mm away from the
corners in the central direction along the diagdinak. The in-plane Cu concentration
distribution Dr=(0cy/Hcu)*100 [%] is calculated from the average valugof Cu
concentration analysis values at the five pointsthe standard deviatian, of the Cu
concentration analysis values.

In addition, regarding the in-plane Ca concerdgratistribution
Dca=(0cdUca)*100 [%], the Ca concentrations are measured ailibee-mentioned five
points. The average valpg, of Ca concentration analysis values at the fiviasand

the standard deviatianc, of the Ca concentration analysis values are usedltulate the
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in-plane Ca concentration distribution.

[0030]

On the other hand, in the cylindrical sputteriagget 10B shown in FIG. 2, the
Cu concentration analysis positions of the sputtesurface 11 are set to five points of a
center position C1 in the direction of an axis lidea position C2 at 90n the
circumferential direction from the center positiof, a position C3 at 270n the
circumferential direction from the center positi©f, and positions C4 and C5 at 50 mm
away from the end portions on the extension linthefcentral position C1 along the axis
line O. The in-plane Cu concentration distributidfi=(oc/cy)*100 [%] is calculated
from the average valyg:, of Cu concentration analysis values at the fiviegsaand the
standard deviatioac, of the Cu concentration analysis values.

In addition, regarding the in-plane Ca concerdratistribution
Dca=(0cdUca)*100 [%], the Ca concentrations are measured atlibee-mentioned five
points. The average valpe, of Ca concentration analysis values at the fiviasand
the standard deviatianc, of the Ca concentration analysis values are usedltulate
Dca

The Cu concentration and the Ca concentratioa@ag/zed by ICP optical
emission spectrometry. The analysis is carriedoguhe following procedure.

A sample is measured and put into a beaker. wailitric acid is added
thereto; and thereby, the sample is decomposede rédultant is gently boiled to remove
nitrogen oxide. The resultant is cooled to roompgerature and then put into a
volumetric flask using pure water. Dilute hydramint acid is added little by little while
stirring and mixing the solution to precipitatevsil chloride. The mixture is further

sufficiently stirred and mixed. The resultant@®led to room temperature and then
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slightly diluted with pure water. The mixture tiied and mixed and left to stand still

for one night. The mixture is filtered using ddil paper in a dried beaker. The solution
is sprayed in an argon plasma, and the emissiensity of each component is measured.
The amount of each component is calculated ustadilaration curve obtained in

advance.

[0031]

Here, since the oxygen concentration is set tes®than 50 ppm by mass in the
sputtering target 10 for forming a Ag alloy film thfe embodiment, a variation in the
concentrations of Cu and Ca, which are containeeig small amounts, is suppressed.
That is, in the case where the oxygen concentr&iéf ppm by mass or more, Cu and Ca,
which are contained in very small amounts, areeggged due to oxidation and thus there
is a concern that the above-mentioned in-planeddgeantration distribution &, (in-plane
Ca concentration distributiondg may not be obtained.

In order to reliably suppress segregation of Gii@a due to oxidation, it is
preferable that the oxygen concentration is sbettess than 30 ppm by mass.

[0032]

In the embodiment, in order to reduce the oxygarcentration of the sputtering
target 10 for forming a Ag alloy film, for examplke unidirectional solidification apparatus
20 shown in FIG. 3 is used to produce a Ag allgpoinwhich is a target material.

The unidirectional solidification apparatus 20whan FIG. 3 includes: a crucible
30 in which a molten Ag alloy L is stored; a cmli plate 22 on which the crucible 30 is
placed; an underfloor heater 23 which supportshiking plate 22 from below; and a
ceiling heater 24 which is arranged above the bte@0. In addition, a heat insulating
material 25 is provided around the crucible 30.

The chilling plate 22 has a hollow structure anddhagas is supplied into the
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chilling plate through a supply pipe 26.

[0033]

Next, a method for producing a Ag alloy ingot, alhis a target material, using
the unidirectional solidification apparatus 20 vioé described.

First, melting raw materials are put into the dnlec30, and the ceiling heater 24
and the underfloor heater 23 are energized foirigeat Thereby, a molten Ag alloy L is
stored in the crucible 30.

Here, as melting raw materials of In, Cu and 8igls metal raw materials or
base alloys containing Ag as a main componentdaedc

On the other hand, in the case of adding Ca pteterable that not a metal Ca
but fine particles of a base alloy containing Agaasain component (for example, Ag-3 %
by mass to 10% by mass of Ca) are added after Agied, and the base alloy containing
Ag as a main component is prepared and grindeé fmb particles having sizes of 10
mm or less.

[0034]

Next, the energization to underfloor heater 2&apped, and an Ar gas is
supplied into the chilling plate 22 through the glypipe 26. Thereby, the bottom
portion of the crucible 30 is cooled. Further,gsgdually reducing the amount of current
applied to the ceiling heater 24, the molten Agyall in the crucible 30 is cooled from the
bottom portion of the crucible 30 and columnar talsC extending upward from the
bottom portion grow and unidirectionally solidify.Thus, a Ag alloy ingot can be
obtained.

At this time, the oxygen in the molten Ag alloyrioves upward and is emitted
from the surface of the molten alloy so that thggen concentration in the Ag alloy ingot

is greatly decreased. Thus, oxidation of Cu anthGlae Ag alloy ingot is suppressed,
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and segregation of Cu and Ca due to oxidation easuppressed.

[0035]

The Ag alloy ingot obtained in the above-mentionehner is subjected to
plastic working such as rolling, extrusion, andlike, a heat treatment, machining, and
the like to produce a planar sputtering target $88wn in FIG. 1 or a cylindrical
sputtering target 10B shown in FIG. 2.

[0036]

Since the Ag alloy film of the embodiment havihg above-mentioned features
contains 1 ppm by mass to 50 ppm by mass of Cuntgeation resistance of the Ag alloy
film can be improved. Thus, even in the case whediee electrode pattern and a fine
wiring pattern are formed by using the Ag alloyfibf the embodiment, the occurrence of
a short circuit caused by Ag ion migration can lygpsessed.

In addition, since the Ag alloy film contains 0.1% mass to 1.5% by mass of In,
the sulfidation resistance of the Ag alloy film damimproved. Accordingly, even in the
case where the film is exposed to a sulfur compbimetuded in the production process
and in the atmosphere of the environment, thetresysand the reflectance are rarely
deteriorated, and stable properties of an electiibdeor a wiring film can be maintained.

[0037]

In addition, in the case where the Ag alloy filfrtlee embodiment further
contains 0.01% by mass to 1.0% by mass of Sb,dgherbsistance of the Ag alloy film
can be improved. Accordingly, it is possible tppress the deterioration of the
properties after the heat treatment.

Further, in the case where the Ag alloy film af #mbodiment further contains
0.5 ppm by mass to 50 ppm by mass of Ca, the nograg¢sistance of the Ag alloy film

can be further improved by the interaction with Cu.
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[0038]

Since the sputtering target 10 for forming a Agafilm of the embodiment
contains: 0.1% by mass to 1.5% by mass of In; apdn by mass to 50 ppm by mass of
Cu, as described above, a Ag alloy film excellermmigration resistance and sulfidation
resistance can be formed.

In addition, in the case where the sputteringaiat® for forming a Ag alloy film
contains 0.1% by mass to 3.5% by mass of Sb, dlégfdm further having excellent
heat resistance can be formed.

Further, in the case where the sputtering targd¢odforming a Ag alloy film
contains 0.5 ppm by mass to 50 ppm by mass of 8g,aloy film further having
excellent migration resistance can be formed.

Further, since the oxygen concentration in thdétepng target 10 for forming a
Ag alloy film of the embodiment is less than 50 ppynmass, segregation of Cu and Ca
due to oxidation can be suppressed.

[0039]

Further, in the sputtering target 10 for forming@alloy film of the embodiment,
the area of the sputtering surface 11 is 0.3®mmore, and the in-plane Cu concentration
distribution Dxy (=(0cd/1cu)*100 [%]) defined by the average valug, of the Cu
concentration analysis values on the sputterinfaserll and the standard deviatms
of the Cu concentration analysis values is 40%s®s.l Therefore, even in the case where
the Ag alloy film is formed on a substrate havinigrge area, the Cu concentration in the
Ag alloy film is uniform and thus a Ag alloy filmalving stable properties without a local
variation in the properties can be formed.

[0040]

As described above, in the case where the spugtarget contains Ca, the
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in-plane Ca concentration distributior{¥=(0cd1ca)*100 [%]) defined by the average
valuepc, of the Ca concentration analysis values on théesg surface 11 and the
standard deviatiooc, of the Ca concentration analysis values is 40%ss. Therefore,
even in the case where the Ag alloy film is forneeda substrate having a large area, the
Ca concentration of the Ag alloy film is uniformdathus a Ag alloy film having stable
properties without a local variation in the projestcan be formed.

[0041]

In addition, since the Ag alloy ingot, which isaaget material, is produced using
the unidirectional solidification apparatus 20 shaw FIG. 3 in the embodiment, the
oxygen concentration in the sputtering target ¥@daming a Ag alloy film can be
decreased and segregation of Cu and Ca due totioxidan be suppressed.

Further, in the embodiment, in the case of addlaga base alloy consisting of
Ag and 3% by mass to 10% by mass of Ca is pregarédjrinded to be fine particles
having sizes of 10 mm or less. The fine partielesadded into the molten Ag alloy L.
Thus, Ca can be uniformly melted.

[0042]

The embodiment of the present invention has besaridbed above. However,
the present invention is not limited thereto andlifications can be made appropriately
within a range not departing from the featureshefinvention.

For example, in the embodiment, the Ag alloy filrhich is used as a Ag alloy
conductive film for a reflective conductive film afdisplay, an LED, or the like, for a
wiring film of a touch panel or the like, for atigparent conductive film, and the like has
been described. However, the embodiment is natddrthereto and may be applied to
other purposes.

[0043]
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In addition, in the embodiment, the method forduang a Ag alloy ingot, which
is a target material, using the unidirectionaldiitation apparatus, has been described.
However, the embodiment is not limited thereto ardy alloy ingot may be produced
using a semi-continuous casting apparatus andtenoons casting apparatus. Any Ag
alloy ingot may be used as long as the oxygen cdrateon of the sputtering target for
forming a Ag alloy film prepared from the obtainggd alloy ingot is less than 50 ppm by
mass.

The sputtering target for forming a Ag alloy filohthe embodiment has an
average crystal grain diameter of G0 or less, which is measured by an intercept
method shown in ASTM E-112, and the sputteringetimgcludes, as impurities, less than
50 ppm by mass of Fe, less than 50 ppm by masg ahB less than 50 ppm by mass of
Pb. In addition, the sputtering target has amardtical mean roughness (Ra) qird or

less as the surface roughness of the sputterifigcguof the target material.

EXAMPLES

[0044]

Hereinafter, the results of the evaluation testefaluating the effects of the Ag
alloy film and the sputtering target for formind\g alloy film according to the present
invention will be described.

[0045]

<Sputtering Target for Forming Ag Alloy Film>

As melting raw materials, Ag having a purity of 9% by mass or higher, Cu and
Sb having purities of 99.9% by mass or higher, @aibdse alloy consisting of Ag and 7%
by mass of Ca (having grain diameters of 10 mness)lwere prepared and weighed so as

to have a predetermined composition shown in Table
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Next, Ag was melted using the unidirectional s@itdtion apparatus shown in
FIG. 3 in an inert gas atmosphere. Sb and theddseconsisting of Ag and 7% by
mass of Ca were added into the obtained moltenllag, and the mixture was melted in
the inert gas atmosphere to obtain a molten Ag.alld@hen, the molten Ag alloy was
unidirectionally solidified to produce a Ag alloygot.

[0046]

Next, the Ag alloy ingot produced by the unidirenal solidification method was
subjected to cold rolling at a reduction rate d¥/7t® obtain a sheet material. Next, the
sheet material was subjected to a heat treatmdrdlding the sheet material at 6@Dfor
2 hours in the atmosphere. Then, machining wasimeed to produce sputtering targets
(planar sputtering targets) having compositiongeéntion Examples 1 to 8 and
Comparative Examples 1 to 6 with a size of 5704680 mnxthickness 8 mm.

[0047]

In addition, the Ag alloy ingot produced by thedirectional solidification
method was subjected to hot extrusion under thditons where the extrusion ratio was
7 and the temperature of the material immediatir @xtrusion was 65C. Thus, a
cylindrical body was obtained. After the extrusitre cylindrical body was cooled to a
temperature of 20@ or lower within 10 minutes. Further, the cyliicat body, which
had been subjected to the hot extrusion processsulgected to cold drawing at a
working ratio of 30%. A heat treatment was perfedto hold the cylindrical body,
which had been subjected to the cold drawing pgy@dsa temperature of 580. By
subjecting the cylindrical body to machining, sptitig targets (cylindrical sputtering
targets) having compositions of Invention Examfdle$o 18 and Comparative Examples

11 to 16 with a size of: an outer diameter of 158;ran inner diameter of 135 mm; and an
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axial direction length of 650 mm were prepared.

[0048]

Further, for Comparative Examples 7 and 17, irstéausing the unidirectional
solidification apparatus, the molten Ag alloy wasiged into a casting mold having a
predetermined shape of cavity to prepare a Ag afiggt. Then, the Ag alloy ingot was
subjected to the above-mentioned production pracegsepare a planar sputtering target
(Comparative Example 7) having a size of 570680 mnxthickness 8 mm and a
cylindrical sputtering target (Comparative Exampl@ having a size of: an outer diameter
of 155 mm; an inner diameter of 135 mm; and anlakiaction length of 650 mm.

[0049]

<Oxygen Concentration>

The oxygen concentrations of the sputtering targbtained in the
above-mentioned manner were analyzed. The oxygeceatration was analyzed by
using an oxygen and nitrogen analyzer EMGA-550, ufectured by HORIBA, Ltd.,
according to an inert gas impulse heat melting ne(non-dispersive infrared absorption
method). The measurement results are shown ie3dband 2.

[0050]

<In-plane Concentration Distribution>

Next, the in-plane Cu concentration distributi@ig of the sputtering targets
obtained in the above-mentioned manner were caéulilay the method described in the
above-mentioned embodiment section. In additiothé case where the sputtering
targets contained Ca, the in-plane Ca concentrdigirnbutions @, were calculated.

The calculation results are shown in Tables 1 and 2

[0051]

<Ag Alloy Film>
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The above-mentioned sputtering targets (planateymyg targets) of Invention
Examples 1 to 8 and Comparative Examples 1 to @ weed to form Ag alloy films of
Invention Examples 51 to 58 and Comparative Exaspleto 56 under the following
conditions.

Each of the sputtering targets of Invention Exasdl to 8 and Comparative
Examples 1 to 6 was soldered to a backing plateerofdxygen-free copper using indium
solder to prepare a target composite. The tameposite was mounted in a sputtering
apparatus and sputtering was carried out undezahditions of: a distance from a glass
substrate: 70 mm; an electric powder: direct curoé®.5 kW; a reached vacuum level:
5x10° Pa; and an Ar gas pressure: 0.5 Pa. Thus, alégfdin having a thickness of
100 nm was formed on the surface of the glass mibst As the glass substrate, a large
substrate having a size of 370 m#70 mm was used. In addition, the film formatign b
the sputtering was carried out in a state wheretibstrate was fixed above the target and
the substrate and the target faced each other.

[0052]

In addition, the above-mentioned sputtering targeylindrical sputtering targets)
of Invention Examples 11 to 18 and Comparative EXas11 to 16 were used to form Ag
alloy films of Invention Examples 61 to 68 and Cargiive Examples 61 to 66 under the
following conditions.

Each of the sputtering targets of Invention Exasdll to 18 and Comparative
Examples 11 to 16 was soldered to a backing tulmkerofistainless steel using indium
solder to prepare a target composite. The tam@posite was mounted in a sputtering
apparatus and sputtering was carried out undesahditions of: a distance from a glass
substrate: 60 mm; powder: direct current of 1.0 kWeached vacuum leveB0° Pa;

and an Ar gas pressure: 0.5 Pa. Thus, a Ag alloyhaving a thickness of 100 nm was
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formed on the surface of the glass substrate. ddiitian, a magnet in the cathode was
fixed during sputtering discharge, and sputterirag warried out while rotating the
cylindrical target around the magnet at a rotatiomber of 10 rpm. As the glass
substrate, a large substrate having a size of 378470 mm was used. In the film
formation by the sputtering, an inline method wdsped in which the film formation
was carried out while the substrate was conveyddamved above the target. The
conveying rate was set to 10 mm/sec, and a Ag éllayof 100 nm was formed by one
pass conveying.

[0053]

<Ag Alloy Film Composition Analysis>

The compositions of the Ag alloy films obtainedte above-mentioned manner
were measured by the following method.

Using the same sputtering target, a thick filmihgwa thickness of 0.fam was
formed on the glass substrate under the same aomxlds described above. A plurality
of substrates with the thick films were prepared #e whole amount of the thick films of
these substrates was dissolved, and the compositibre film was analyzed by ICP
optical emission spectrometry. Thus, the compmsitif the film was obtained. The
analysis results of the compositions of the Agyafims are shown in Tables 3 and 4.

[0054]

<Measurement of Resistivity >

The sheet resistance values of the thus-obtaigeall8y films after the film
formation were measured by a four-point probe netiad the resistivities were
calculated. The obtained resistivities after ihm formation are shown in Tables 5 and
6.

[0055]
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<Measurement of Reflectance>

The reflectances of the thus-obtained Ag allayéilafter the film formation at a
wavelength of 550 nm were measured by a spectropteter (U-4100, manufactured by
manufactured by Hitachi High-Technologies Corparati The obtained reflectances
after the film formation are shown in Tables 5 &nd

[0056]

<Heat Treatment>

A square-shaped sample having each side lendt@iGmm was cut out from the
glass substrate on which the Ag alloy film was fednand the sample was subjected to a
heat treatment at a temperature ofZ5@r a holding time of 1 hour in the atmosphere.

The film surface after the heat treatment was vfeskby Auger electron
spectroscopy and whether or not protrusions wersgntt on the film surface was
confirmed. The observation results are shown bi€&a5 and 6.

In addition, the resistivity and the reflectanta avavelength of 550 nm of the
Ag alloy film after the heat treatment were meadurethe above-mentioned manner.
The evaluation results are shown in Tables 5 and 6.

[0057]

<Sulfidation Test>

A square-shaped sample having each side lendif ofm was cut out from the
glass substrate on which the Ag alloy film was fednand the sample was immersed in
an aqueous N& solution having a concentration of 0.01% by nfas4 hour at room
temperature.

The reflectance of the Ag alloy film at a waveldngf 550 nm after the
immersion was measured by the above-mentioned mandehe obtained value was

used as an index for sulfidation resistance. Thasurement results are shown in Tables
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5and 6.

[0058]

<Evaluation of Migration Resistance>

Square-shaped samples having a side of 100 mmaoueait from nine positions
shown in FIG. 4 on the glass substrate on whiciAthealloy film was formed. A
positive photoresist was coated on these sampldsha samples were subjected to an
exposure treatment and a developing treatment. t, Nexresist film was stripped, and a
comb-shaped electrode pattern with an intervalO&fdm was prepared.

A Cu tape was attached to the pad portion of dmeleshaped electrode pattern
and a conductive wire was soldered onto the Cugapbat the sample was connected to
an ion migration measurement system (AMI-50-U, nfiactured by ESPEC Corp.).

The current value of the sample was measuredexmided while applying a
voltage of 10 V between electrodes under a congtamperature and humidity condition
where the temperature was’85and the humidity was 85%. In this state, thedam
was held for 100 hours, and then whether or nbibat €ircuit occurred between the
electrodes at each measurement position was cadirmThe number of points where a
short circuit occurred among the nine measuremasitipns, is shown in Table 5 and 6.

[0059]

<Adhesion Test>

Similar to the sample used for the migration tést,Ag alloy film which was
formed on the glass substrate was subjected terpatit) to prepare a comb-shaped
electrode pattern with an interval of 1@6. A commercially available cellophane tape
(Scotch tape 375, manufactured by 3M) was attathétk electrode for adhesion. The
tape was slowly peeled off. Next, the comb-shagedtrode was observed by an optical

microscope and whether or not the comb-shapedretkcportion was peeled off was
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confirmed. The results are shown in Tables 5 and 6

[0060]



Table 1

Component composition of target

In-plane concentration

distribution
y bIn Ct;u » bSb ga Oxt))/gen | Ag DocU ECa
o by mass|ppm by masg % by mass|ppm by massppm by masp %o Yo
1 0.10 5.0 - - 20 Remaindgr 28 -
2 1.50 4.0 - - 18 Remaindgr 31 -
3 0.60 1.0 - - 21 Remaindgr 25 -
Invention 4 0.40 50.0 - - 15 Remainder 22 -
Example | 5 0.70 15.0 0.10 - 20 Remaindegr 32 -
6 0.50 12.0 3.50 - 25 Remainder 36 -
7 0.80 10.0 - 0.5 15 Remainde¢r 24 32
8 1.10 7.0 - 50.0 22 Remainde¢r 30 36
1 0.030 8.0 - - 30 Remaindgr 34 -
2 2.00 6.0 - - 18 Remaindgr 24 -
3 0.50 0.1 - - 33 Remaindgr 31 -
Comparative 4 1.20 55.0 - - 20 Remainder 23 -
Example
5 0.30 16.0 4.00 - 25 Remainder 27 -
6 0.50 2.0 - 60.0 23 Remainde¢r 32 38
7 0.70 3.0 - - 65 Remaindgr 53 -

[0061]
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Table 2

Component composition of target In-pla:jrilgtﬁgﬂﬁggtration
y bIn Cbu » bSb Céa Oxggen | Ag DocU DoCa
o by mass|ppm by masg % by mass|ppm by masgppm by mass Yo Yo
11 0.10 3.0 - - 25 Remaindgr 24 -
12 1.50 5.0 - - 21 Remainder 25 -
13 0.50 1.0 - - 30 Remaindgr 35 -
Invention 14 0.60 50.0 - - 24 Remainder 22 -
Example | 15 0.80 7.0 0.10 - 18 Remaindegr 25 -
16 1.00 20.0 3.50 - 22 Remainder 28 -
17 0.40 11.0 - 0.5 22 Remainder 24 27
18 0.50 6.0 - 50.0 28 Remainder 34 33
11 0.05 10.0 - - 30 Remainder 38 -
12 1.90 20.0 - - 19 Remaindgr 28 -
13 0.60 70.0 - - 25 Remaindgr 32 -
Comparative 14 0.50 0.3 - - 17 Remainder 25 -
Example
15 0.40 5.0 4.50 - 28 Remainder 35 -
16 0.90 8.0 - 70.0 32 Remainder 33 30
17 1.10 10.0 - - 60 Remainder 55 -

[0062]
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Table 3

Component composition of film
Target In Cu Sb Ca Ag
% by mass | ppm by masg % by mass | ppm by mass

51 Invention Example 1 0.11 5.0 - - Remaindgr

52 Invention Example 2 1.40 4.0 - - Remaindgr

53 Invention Example 3 0.65 1.0 - - Remaindgr

Invention 54 Invention Example 4 0.38 49.0 - - Remainder
Example 55 Invention Example 5 0.61 13.0 0.01 - Remainder
56 Invention Example 6 0.44 12.0 0.94 - Remainder

57 Invention Example 7 0.84 9.0 - 0.5 Remainder

58 Invention Example 8 1.00 7.0 - 49.0 Remainder

51 | Comparative Example L 0.03 7.0 - - Remainder

52 | Comparative Example R 1.88 6.0 - - Remainder

Comparative| 53 | Comparative Example B 0.45 0.1 - - Remainder
Example 54 | Comparative Example # 1.22 54.0 - - Remainder
55 | Comparative Example b 0.31 15.0 1.40 - Remainger

56 | Comparative Example p 0.53 2.0 - 57.0 Remaingler

[0063]
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Table 4

Component composition of film

Target In Cu Sb Ca Ag
% by mass | ppm by mas3g % by mass | ppm by mass
61 Invention Example 11 0.10 3.0 - - Remainder
62 Invention Example 12 1.40 4.0 - - Remainc1er
63 Invention Example 13 0.45 1.0 - - Remainder
Invention 64 Invention Example 14 0.56 49.0 - - Remainder
Example 65 Invention Example 15 0.81 6.0 0.015 - Remainder
66 Invention Example 16 0.92 20.0 0.920 - Remaingler
67 Invention Example 17 0.36 11.0 - 0.51 Remaingler
68 Invention Example 18 0.47 5.0 - 48.00 Remaingler
61 | Comparative Example 11  0.052 7.7 - - Remaindet
62 | Comparative Example 12 1.88 19.0 - - Remaindet
Comparative | 63 | Comparative Example 13 0.63 0.2 - - Remainder
Example 64 | Comparative Example 14 0.48 70.0 - - Remaindel
65 | Comparative Example 15 0.37 4.8 2.000 - Remainder
66 | Comparative Example 16 0.91 7.2 - 63.00 Remainder

[0064]
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Table 5

T— , - -
Resistivity (1Q6m) Reflectance at V\:)avelength of 55CFilm observation Adhesion test Mlg_ratlon
nm (%) after heat treatme resistance
. . L (presence or (presence or evaluation
After film | After heat| After film | After heat|Sulfidation b f absence of b f short
formation| treatment| formation| treatment test absence o peeling-off) (ngm € ot shor
protrusions) circuit points)
51 3.2 4.6 97.0 82.3 57.6 Absence Absence 2
52 53 7.7 95.1 85.0 69.2 Absence Absence 3
53 4.2 6.1 96.3 84.7 64.5 Absence Absence 3
Invention | 94 3.9 57 96.8 83.4 62.2 Absence Absence 2
Example | 55 4.3 4.1 96.1 95.5 63.8 Absence Absence 3
56 7.2 4.3 95.3 95.0 63.4 Absence Absence 2
57 4.8 7.0 95.7 84.6 63.5 Absence Absence 0
58 49 7.1 95.5 85.2 64.1 Absence Absence 0
51 3.1 45 96.9 77.4 47.9 Absence Absence 2
52 6.1 8.8 94.4 84.9 70.3 Absence Absence 1
Comparativ 53 3.9 57 96.4 85.0 62.8 Absence Absence 9
Example | 54 5.0 7.3 95.3 85.3 68.6 Presence Absence 1
55 8.1 4.4 94.1 94.0 63.0 Absence Absence 2
56 4.0 5.8 96.0 85.1 63.7 Absence Presencsd 0

[0065]
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Table 6

T - - -
Resistivity (1Q0m) Reflectance at V\gavelength of 5%0Film observation Adhesion test Mlg_ratlon
nm (%) after heat treatme resistance
. . L (presence or (presence or evaluation
After film | After heat| After film | After heat| Sulfidation b f absence of b f short
formation| treatment| formation| treatment test absence o peeling-off) (m.Jm € ot shor
protrusions) circuit points)
61 3.3 4.8 97.1 81.2 58.3 Absence Absence 1
62 53 7.7 95.2 84.8 69.5 Absence Absence 1
63 3.9 5.7 96.8 85.5 63.4 Absence Absence 4
Invention | 64 4.1 5.9 96.5 85.2 63.8 Absence Absence 1
Example | g5 4.7 3.9 96.4 96.6 63.2 Absence Absence 3
66 7.9 4.0 95.6 95.3 63.5 Absence Absence 2
67 3.7 5.4 96.9 85.5 62.6 Absence Absence 0
68 4.0 5.8 96.9 85.2 63.9 Absence Absence 0
61 3.1 4.5 97.2 78.5 47.6 Absence Absence 1
62 6.2 9.0 94.3 84.2 71.8 Absence Absence 2
Comparativ| 63 4.4 6.4 96.3 84.9 64.5 Absence Absence 9
Example | g4 4.1 5.9 96.9 85.5 64.0 Presence Absence 2
65 9.1 3.8 94.1 92.5 63.2 Absence Absence 3
66 4.8 7.0 95.5 83.7 64.2 Absence Presence¢ 0
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[0066]

In the Ag alloy films of Comparative Examples 5d&1 formed by using the
sputtering targets of Comparative Examples 1 anid %¥ihich the amounts of In were
smaller than the range of the embodiment, theatftees after the sulfidation test were
greatly decreased.

In the Ag alloy films of Comparative Examples 5®1&62 formed by using the
sputtering targets of Comparative Examples 2 anah ¥¢hich the amounts of In were
larger than the range of the embodiment, the resies after the film formation were
high and the conductivities were not sufficient.

[0067]

In the Ag alloy films of Comparative Examples 581863 formed by using the
sputtering targets of Comparative Examples 3 anish ¥hich the amounts of Cu were
smaller than the range of the embodiment, the riigraesistances were deteriorated.

In the Ag alloy films of Comparative Examples 5#l&64 formed by using the
sputtering targets of Comparative Examples 4 anish Which the amounts of Cu were
larger than the range of the embodiment, protrissadter the heat treatment were
observed.

[0068]

In the Ag alloy films of Comparative Examples 5&l&65 formed by using the
sputtering targets of Comparative Examples 5 anish ¥hich the amounts of Sb were
larger than the range of the embodiment, the regies after the film formation were
high and the conductivities were not sufficient.

In the Ag alloy films of Comparative Examples 5&l1&66 formed by using the
sputtering targets of Comparative Examples 6 anish ¥hich the amounts of Ca were

larger than the range of the embodiment, a pedfgabdion was confirmed in the
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adhesion test.

[0069]

In addition, in the sputtering targets of CompasExamples 7 and 17 in which
the amounts of oxygen exceeded the range of the@dmikent, it was confirmed that the
in-plane Cu concentration distributiong Qvere more than 40% as shown in Tables 1 and
2, and the Cu concentrations of the sputteringaserfvere not uniform.

[0070]

In contrast, in the Ag alloy films of Invention &xples 51 to 58 and 61 to 68
formed by using the sputtering targets of Inveniamples 1 to 8 and 11 to 18 in which
the amounts of In, Cu, Sb and Ca were within tingea of the embodiment, the
resistivities after the film formation were low atite conductivities were excellent. In
addition, the resistivities and the reflectancesawmt greatly deteriorated even after the
heat treatment, and the films exhibited heat rasc&. Further, the reflectances were not
greatly deteriorated even after the sulfidation &sl the films exhibited sulfidation
resistance. The migration resistance evaluaticere &lso satisfactory.

In addition, in the sputtering targets of Inventiexamples 1 to 8 and 11 to 18 in
which the amounts of oxygen were less than 50 ppmadss, it was confirmed that the
in-plane Cu concentration distributiong 2and the in-plane Ca concentration
distributions @, were low and the Cu concentrations and the Cassurations of the

sputtering surface were uniform.

Industrial Applicability
[0071]
The Ag alloy film of the present invention is elest in migration resistance,

heat resistance, and sulfidation resistance. Byguke sputtering target of the present
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invention, a Ag alloy film having stable in-plansperties can be formed even in the case
where the film is formed on a substrate havinggearea. Therefore, the Ag alloy film
and the sputtering target of the present inverteombe suitably applied to a Ag alloy film
used as a reflective electrode film for a disptayLED or the like, as a wiring film for a
touch panel or the like, as a transparent condei€ilim, and the like, and a production

process thereof.

Description of Reference Signs
[0072]
10 Sputtering target for forming Ag alloy film

11 Sputtering surface
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CLAIMS

1. AAg alloy film having a composition comprising
In: 0.1% by mass to 1.5% by mass; and
5 Cu: 1 ppm by mass to 50 ppm by mass,

with the remainder being Ag and inevitable impgast

2. The Ag alloy film according to claim 1, furthesmprising:
Sb: 0.01% by mass to 1.0% by mass.
10
3. The Ag alloy film according to claim 1 or 2ytiwer comprising:

Ca: 0.5 ppm by mass to 50 ppm by mass.

4. A sputtering target for forming a Ag alloy filhaving a composition comprising:
15 In: 0.1% by mass to 1.5% by mass; and
Cu: 1 ppm by mass to 50 ppm by mass,
with the remainder being Ag and inevitable imgast
wherein an oxygen concentration is less than 50 lpp mass,
an area of a sputtering surface is 0.Z5%mmore, and
20 an in-plane Cu concentration distributiogy@efined by Expression (1) below is
40% or less:
Dew=(0cd/pcy)*x100 [%] (1)
wherein, in Expression (1), represents an average value of Cu concentration
analysis values obtained by analyzing Cu conceotraiat a plurality of points on the

25  sputtering surface, arat, represents a standard deviation of the Cu corateorir
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analysis values.

5. The sputtering target for forming a Ag alloyrfiaccording to claim 4, further
comprising:

Sb: 0.1% by mass to 3.5% by mass.

6. The sputtering target for forming a Ag allofiaccording to claim 4 or 5, further
comprising:

Ca: 0.5 ppm by mass to 50 ppm by mass,

wherein an in-plane Ca concentration distribufdery defined by Expression (2)
below is 40% or less:

Dca=(0cdca)*100 [%]  (2)

wherein, in Expression (), represents an average value of Ca concentration
analysis values obtained by analyzing Ca conceéotrat a plurality of points on the
sputtering surface, arat, represents a standard deviation of the Ca coratentranalysis

values.



