
;e3eAV,AB+6,TV,5 SILVER ALLOY SPUTTERING TARGET AND METHOD FOR PRODUCING
SAME FIELD OF ART The present invention relates to a silver alloy
sputtering target used in forming a thin film by the sputtering method and
more particularly to a silver alloy sputtering target capable of forming a
chin film which is ' uniform in both film thickness and composition.
BACKGOUND ART A thin film of pure silver or silver alloy has such
characteristics as high reflectivity and. low electric resistivity and is
therefore applied, for example, to a reflective film in an optical
recording medium or to an electrode and an optical reflective film in a
reflection type liquid crystal display. However, a thin film of pure
silver, when exposed to air for a long time or exposed to high temperature
and high humidity, is apt to be oxidized at its surface and there easily
occurs such a phenomenon as the growth of silver crystal grains or
aggregation of silver atoms. As a result, there arise problems such as
lowering of electric conductivity and reflectivity or deterioration in the
adherence of the film to a substrate. Recently, therefore,    for improving
the corrosion resistance,etc. while maintaining a high reflectivity
inherent in pure silver, many attempts have been made to add alloy elements
to silver. In parallel with such attempts for the improvement of thin film
there also have been made Studies about a target used for forming a thin
film of silver alloy. For example, in Japanese Published Unexamined Patent
Application No. 2001-192752, a sputtering target is shown as one of
metallic materials for electronic parts, the sputtering target containing
Ag as a main component, also containing 0.1 to 3 wt% of Pd for the
improvement of corrosion resistance, and further containing 0.1 to 3 wt% of
plural elements selected from the group consisting of Al, Au, Pt, Cu, Ta,
Cr, Ti, Ni, Co, and 5i to suppress an increase of electric resistivity
caused by the addition of Fd.  In Japanese Published Unexamined 1>atent
Application No. Hei 9-329264 there is suggested a silver alloy sputtering
target, the silver alloy sputtering target containing 0.1 to 2.5 ate of
gold to prevent a bad influence caused by oxygen, etc. present in a gas
atmosphere during sputtering and further containing 0.3 to 3 ate of copper
to suppress a decrease of light transmittance caused by the addition of
gold, or a 2   sputtering target of a composite metal comprising a silver
target and both gold and copper embedded in part of the silver target at
the aforesaid proportions. Further, in Japanese Published Unexamined Patent
Application No. 2000-239835 there is disclosed a silver or silver alloy
sputtering target and it i:> suggested therein that, for increasing the
sputtering yield of target at the time of forming a film by sputtering and
thereby carrying out sputtering efficiently, the crystal structure of
target be made a face-centered cubic structure and the crystal orientation
be set at 2.2U or more in terms of a plane orientation degree ratio of
((1l1)+(20U))/(220). In the case where a thin film formed by the sputtering
method is used as a semi-transmissive reflective film in DVD of a one-side
two-layer structure for example, the film thickness is as very small as
1U0. or so and the uniformity in thickness of the thin film exerts a great
influence on such characteristics as reflectivity and transmittance, so
that importance is attached to forming a thin film having a more uniform
thickness. In case of using such a thin film as a reflective film in a next
generation optical recording medium, it is required that the heat generated
by laser power at the time of recording be transmitted quickly. Therefore,
not only excellent 3   optical characteristics are required, but also it i5
required that the thermal conductivity be uniform and high in plane. To
meet this requirement it as required that the thin film be uniform in both
thickness and composition, Thus, when the thin. film used as a reflective
film or a semi-transmissive reflective film in an. optical recording medium
is to be formed by the sputtering method, even if the composition of a
target and the crystal, orientation degree ratio are controlled as in the
prior art, it is impossible to surely obtain a than film uniform in both
thickness and composition and able to exhibit high reflectivity and high
thermal conductivity required of a reflective film in an optical recording
medium. Therefore, it is considered necessary to make a further improvement
of the target. The present invention has been accomplished in view 1 ,) of
the above-mentioned circumstances and it is an object of the invention to
provide a silver alloy sputtering target which is useful in forming a thin
film uniform in both thickness and composition by the sputtering method.
The silver alloy sputtering target according to the present invention is
characterized in that when crystal orientation strengths are determined
with respect to four arbitrary positions by the X-ray diffraction method,
the 9   orientation which exhibits the highest crystal orientation strength
(X~) is the same at the four measurement positions, and that variations in
strength ratio (Xb/X;,) between the highest crystal orientation strength
(X") and the second highest crystal orientation strength (X~) at the four
measurement positions are 200 ~r less. It is preferable that the
orientation which exhibits the second highest crystal orientation strength
(X,,) be the same at the four measurement positions. The "variations in
strength ratio (Xh/X,) between the highest crystal orientation strength
(?c;,) and the second highest crystal orientation strength (X,,)" are
determined in the following manner. Crystal orientation strengths axe
determined with respect. to four arbitrary positions by the X-ray
diffraction method and a m~_an, value, AVE (Xy,/Xa), of strength ratios
(X,,/X;,) between the highest crystal 



orientation strength (X~) and thE~ second highest crystal orientation
strength (Xb) at the four measurement positions is determined. Next, there
is determined an absolute value of the following expression (1) ox (2),
assuming that at the four measurement positions a maximum value of (Xb/Xa)
is MAX (Xb/Xa) and a minimum value of (Xh/X,) is MIN(Xb/X,) . Then, of the
absolute values, the larger one is represented in terms of g:. 5   ~MAX
(Xb/Xe ) -AVE (X~,/Xa) ~ /AVE (Y,~,/X" ) . . . ( 1 ) flIN (;lblx~) -AVE
(X,.,/Xa) I /AVE (Xh/X;,) . . . (2) It is preferable for the silver alloy
sputtering target according to the present invention to satisfy the
condition that an average crystal grain size should be 1D0 ~.m or less and
a maximum crystal grain size should be 200 ~m or less. The reason is that
if 'this condition is satisfied, thin films formed by using this target
have uniform characteristics. Particularly, in the case of a silver alloy
sputtering target with silver-alloy compounds present in grain boundaries
and/or crystal grains, it is preferable that equivalent area diameters of
the compound phases be 30 ~m or less on the average and that a maximum
value of the equivalent area diameters bc: SO N.m or less. The foregoing
"average crystal grain size" is determined by the following measuring
method. ~ Tn an optical microphotograph of 50X i_o 100X, plural straight
lines are drawn between edges of~ the microphotograph, as shown in Fig. 1.
From the standpoint of determination accuracy it is preferable that the
number of straight lines be four or more. The straight lines may be drawn,
for example, in such a parallel crosses shape as shown in Fig. 1 (a) or in
such a radial shape as ;in Fig. 1 (b) . ~2 Next, the number, n, of grain
boundaries present on the straight 6   lines is measured. ~3 Further, an
average crystal grain size, d) is determined from the following expression
(3) an d a mean value is obtained from the values of d of plural Straight
lines: d = L/nlm ... (3) where d stands for an average crystal grain size
determine fxom one straight line, L stands for the length of one straight
line, n stands for the number of grain boundaries on one straight line, and
m stands for magnification. The foregoing "maximum crystal. grain size" has
been determined by observing five or more arbitrary positions in the visual
field of an optical microscope of 50X to 100X and calculating, in terms of
a equivalent: area diameter, the grain diameter of a maximum crystal within
the range of 20 mm2 as a total of all visual fields. The foregoing "average
of. equivalent area diameters of 'the silver-a7,loy compounds present in
grain boundaries and/or crystal grains" has been determined by observing
five or more arbitrary positions ire the visual. field of an optical
microscope of 100X to 200X, calculating, in terms of equivalent area
diameters, such compound phases present within the range of 20 mm` as a
total of all visual fields, and determining a mean value thereof. Further,
the "maXimum value of the equivalent area diameters of the 7   silver-alloy
compounds" represents the equivalent area diameter of a maximum compound
phase within the aforesaid total range of 20 mm`. The present invention
also specifies a method for producing a silver alloy sputtering target
which satisfies the crystal orientation described above. The method
involves as an essential condition performing cold working or warm working
at a working ratio of 30% to 70% and subsequently performing heat treatment
under the conditions of a holding temperature of 500 to 600C: and a holding
time of 0.75 to 3 hours. For obtaining a silver alloy sputtering target
having a small crystal grain size it is recommended that the above heat
treatment. be carried out at a holding temperature of 500 to 600C and a
holding time within the range of the following expression (9): (-0.D05 x T
+ 3.5) ~ t < (-0.01 x T + 8) ... (9) where T stands for a holding
temperature (C) and t stands for a holding time (hour) . BRIEF DESCRIPTION
OF THE DRAWINGS Fig. l illustrates how to determine an average crystal.
grain size of a target from an optical microphotograph; Fig. 2 illustrates
the range of heat treatment 8 



conditions specified in the prescnt invention; Fig. 3 illustrates the
results of measurement, by the h-ray diffraction method, of crystal
orientation strength of a target obtained in Example 1 according to the
present invention; Fig, 9 illustrates the results of measurement, by the
X-ray diffraction method, of crystal orientation strength of a target
obtained in a comparative example described in Example 1; Fig. 5
illustrates content distributions (composition distributions) of alloy
elements in Ag alloy thin films obtained in Example 1; Fig. 6 illustrates
content distributions (composition distributions) of alloy elements in Ag
alloy thin films obtained in Example 2; Fig. 7 illustrates content
distributions (composition distributions) of alloy elements in Ag alloy
thin films obtained in Example 3; Fig. 8 illustrates content distributions
(composition distributions) of alloy elements in Ag alloy thin films
obtained in Example 5; Fig. 9 illustrates content distributions
(composition distributions) of alloy elements in Ag alloy thin films
obtained in Example 6; and 9   Fig. 10 illustrates alloy element content
distributions (composition distributions) in Ag alloy thin films obtained
in Example 7. BEST MODE FOR CARRYING OUT THE INVENTION The present
inventors have made studies from various standpoints for the purpose of
obtaining a silver alloy sputtering target (may be referred to simply as
"target" hereinafter) which can afford a thin film uniform in both
thickness and composition by sputtering under the above mentioned
circumstances. As a result, we found out that controlling the crystal
orientation of the target was particularly effective, and accomplished the
present invention on the basis of that finding. The reason why the crystal
orientation of the target is specified in the present invention will be
described below in detail. i First, in the present invention it is an
essential condition that when crystal orientation strengths are determined
at four arbitrary positions of the target by the X-ray diffraction method,
the orientation which exhibits the highest crystal orientation strength
(X~) should be the same at the four measurement positions. More
specifically, in the present invention, the orientation which exhibits the
highest crystal orientation 1U   strength is riot specially defined, but no
matter which of f111), (200), (220), and (311) planes may be the
orientation exhibiting the highest crystal orientation strength, it is
allowable, provided it is necessary that the orientation exhibiting the
highest crystal orientation strength be the same at four arbitary
measurement positions. If the orientation which exhibits the highest
crystal orientation strength is thus the same at four arbitrary measurement
positions, the number of atoms which reach a substrate at the time of.
sputtering becomes uniform in a substrate plane and thus it is possible to
obtain a thin film uniform in thickness. It is preferable that the
orientation which exhibits the highest crystal orientation strength be
(111) plane, because it is possible to increase the film-forming speed at
the time of sputtering. Further, it is preferable Chat variations in
strength ratio (7C,,/X,) between the highest crystal orientation strength
(X3) and the second highest crystal orientation strength (Xb) be 20% or
less at four measurement positions. This is for the following reason.. Even
if the orientation which exhibits the highest crystal orientation strength
is the same at arbitrary positions, if variations in strength ratio (Xb/Xa)
between the highest crystal 11   orientation strength (X;,) and the second
highest crystal orientation strength (Xb) are too large, the number of
atoms reaching a substrate at the time of sputtering is apt to be
non-uniform in the substrate plane and thus it is difficult to obtain a
thin film having a uniform thickness. It is more preferable that the above
variations in strength ratio be 10% or less. 



If the above variations are within the specified range at arbitrary
positions, thc~ second highest crystal orientation strength (Xh) may be
different between measurement positions, but it is preferable that the
orientation which exhibits the second highest crystal orientation strength
(Xb) be the same at four measurement positions, because the number of atoms
reaching a substrate becomes uniform more easily and there can be easily
obtained a thin film uniform in thickness If the crystal orientation is
thus specified and if the grain diameter of silver crystals and the size of
silver-alloy compounds present in grain boundaries and/or crystal grains
are controlled, a thin film uniform in both thickness and composition can
be formed by sputtering. Thus, this is preferable. More specifically, it is
preferable that an average crystal grain size of the target be set at 100
dun or less 12   and a maximum crystal grain size thereof be set at 200 Eun
or less. With the target small in the average crystal grain size, it is
possible to easily form a thin film uniform in thickness and eventually
possible to improve the performance of an optical recording medium, etc.
The above average crystal. grain size is preferably 75 dun or less, more
preferably 5o ~m or less. Even if the average crystal grain size is 100 ~m
or less, if crystal grains extremely large in diameter are present, the
resulting thin film is apt to be locally non uniform in thickness.
Therefore, for obtaining an optical. recording medium whose local
deterioration in performance is suppressed, it is preferable that the
crystal grain size of a target used in forming a thin film be 2o0 wm or
less even as a maximum, more preferably Z50 dun or less, still 1 more
preferably 100 ~m or less. If silver-alloy compounds ire present in grain
boundaries and/or crystal grains of a silver alloy sputtering target, it is
preferable to also control the size of the compound phases. The smaller the
size of the compound phases, the more preferable, because the composition
of the resulting thin film easily becomes uniform. In the case where the
site of 13   the compound phases is represented in terms of a equivalent
area diameter, it is preferable that an average thereof be 30 ~.un or less,
more preferably 20 ~n or less. Even if the size of the compound phases is
30 um or less, if an extremely large compound phase is present, a discharge
condition of sputtering is apt to become unstable and at becomes difficult
to obtain a thin. film which is uniform in composition. Therefore, it is
preferable that the maximum compound phase be 50 ~m or less, more
preferably 30 ~.m or less, in terms of a equivalent area diameter. It is
not that the present invention specifies even composition of the compound
phases. As examples of compound phases to be controlled there are mentioned
Ag~lNd" or Ag,Nd prESent in Ag-Nd alloy target, Ag5lY" or  AgzY present in
Ag-Y alloy tal:get, and AgTi present in Ag 1 T~. alloy target . In order to
obtain a target which satisfies the crystal orientation specified above, it
is preferable that cold working or warm working be carried out at a working
ratio of 30% to 70% in the manufacturing process) With such a cold or warm
working, not only it is possible to effect molding substantially up to a
product shape, but also a working strain is accumulated and it is possible
to 1 ~J   attain a uniform crystal orientation by recrystallization in the
subsequent heat treatment. If the working ratio is less than 30%, the
amount of strain applied is insufficient, so that, even if heat treatment
is performed thereafter,there occurs recrystallization only partially and
it is impossible to fully attain a uniform crystal orientation. It is
preferable that cold working or warm working be carried out at a working
ratio of 350 or more. On the other hand, if the working ratio exceeds 70S,
the recrystallization speed in heat treatment becomes too high and also in
this case there eventually occur variations in crystal orientation more
easily. Preferably, cold or warm working is carried out at a working ratio
of GSg or less. 



The working ratio means [(the size of material before working - the size of
maternal after working)/the size of i material before working] x 100 (~;)
(this also applies to the following). For example, in case of forging or
rolling a plate-like material into a plate-Like product, the plate
thickness may be used as the "size" to calculate the working ratio. In case
of producing a plate product with use of a cylindrical material, the
working ratio calculating method differs depending on the working method
adopted. For example, in case of performing forging or 15   rolling while
applying force in the height direction of a cylindrical material, a working
ratio can be determined from [(height of the cylindrical material before
working  thickness of a plate-like materiel after working)/height of the
cylindrical material before working) x i.00 (~). In case of performing
forging or rolling while applying force radially of a cylindrical material,
a working ratio Can be determined from ((diameter of the cylindrical
material before working - thickness of a plate-like material after
working)/diameter of the cylindrical material before working) x 100 ( ~ ) .
The cold working or warm working is followed by heat treatment under the
conditions of a holding temperature of 50U to 600C and a holding time of
0.75 to 3 hours. With such a heat treatment, at is possible to attain a
uniform  crystal orientation. i If the holding temperature is lower than
500C, the time required until recrystallization becomes longer, while if
the holding temperature exceeds GooC:, the recrystallization speed becomes
'Higher, and if there are variations in the amount of material strain, the
recrystallization is promoted at a portion where the amount of strain is
large, thus making it difficult to attain a uniform crystal orientation,
which is not desirable. More 1 Fi   preferably, the heat treatment is
carried out at a temperature in the range of 52U to 580C. 'even it the
holding temperature is within an appropriate range, if the holding time is
too short, recrystallization will not be carried out to a satisfactory
extent, while if the holding time: is too long, recrystallization will
proceed too much, making it difficult to attain a uinform crystal
orientation. Therefore, it is preferable that the holding time be set
within the range of 0.75 to 3 hours. For making crystal grains fine, it is
preferable to carry out heat treatment under the conditions of a holding
temperature of S00 to 600C (more preferably 520 to 58oC) and a holding time
in the range of the following expression (9) ; v (-0.005 x T + 3.5) <_ t <_
(-0.01 x T + 8) ... (4) i where T stands for the holding temperature (C)
and t stands for the holding time (hour). In the range of the above
expression (4) it is recommended that the holding time be set within the
range specified by the following expression (5). Preferred ranges of the
holding time and holding temperature in the heat treatment are shown in
Fig. 2. (-0.005 x T + 3.75) <_ t _< (-0.07. x T + 7.5) ... (5) 1~   where T
stands for the holding temperature (c) and t stands for the holding time
(hour) . In the present invention, other conditions associated with target
production are not strictly defined, but the target can be obtained, for
example, in the following manner. According to one of recommended methods,
silver alloy material having a predetermined composition is melted and is
subjected to casting to obtain ingot. Thereafter, if necessary, hot
working' such as hot forging or hot rolling is performed for the inapt.
Next, cold working or warm working and heat treatment are performed under
the foregoing conditions, followed by machining into a desired shape. The
above melting of the silver alloy material may be done by atmospheric
melting in. a resisance heating type  electric furnace or by induction
melting in an inert 1 atmosphere. Molten silver alloy exhibits a high
oxygen solubility, so in the case of atmospheric melting referred to above
it is necessary, for preventing oxidation to a satisfactory extent, to use
a graphite crucible and cover the molten alloy surface with flux. From the
standpoint of preventing oxidation, it is preferable that melting be 



conducted in vacuum or in an inert atmosphere. The foregoing casting method
is not specially limited. Not 18   only casting may be done using a die or
a graphite mold, but also slow-cooling casting which user a refractory or a
sand mold may be performed on condition that reaction with the silver alloy
material doe; not occur. Hot working is not essential, but for example in
case of making a cylindrical shape into a rectangular parallelepiped or
plate-like shape, there may be performed a hot working such as hot forging
if necessary, However, it is necessary that the working ratio .in hot
working be set within such a range as permits ensuring a predetermined
working ratio in the subsequent cold or, warm working step, This is because
if the cold working or warm working is not carried out to a satisfactory
extent, recrystallization cannot be done due to insufficient strain and
eventually crystal orientation is not rendered uniform. In case of
performing a hot working, other conditions are not specially limited, but
there may be adopted conventional. working temperature and time. It is
desirable that a preliminary experiment be conducted prior to operation to
determine optimal working and heat treatment conditions so as to match the
kind and amount of alloy element used. The present invention does not
specify a composition of the target, but for obtaining the target described
above 19   it is recommended to use the .following compositions for
example. As noted above, the target according to the present invention
comprises silver as a base material and any of the following elements added
thereto. Preferably, one or more of the Following alloy elements axe added:
1.0 at%< (meaning atomic ratio, also in the following) or less of Nd which
is effective in mar;ing the crystal grain size of the resulting thin film
finer and stabilizing the thin film against heat, 1.0 at% or less of a rare
earth element (e, g.) Y) which exhibits the same effect as Nd, 2.U at% or
less of Au which is effective 1n improving the corrosion resistance of the
resulting thin film, 2.U at% or less of Cu which, like Au, also exhibits
the corrosion resistance improving effect, and other elements such as Ti
and Zn. For example, impurities attributable to the materials used in
producing the target of the present invention or to the target producing
atmosphere may be contained in the target within such a range as does not
affect the formation of the crystal structure defined ire the present
invention. The target of the present invention is applicable to, for
example, any of DC sputtering method, RF sputtering method, magnetron
sputtering method, and reactive sputtering method, and is effective ire
forming a. thin r)   silver-alloy film of about 20 to 5000,i.. The shape of
the target may be changed in the stage of design as necessary according to
the sputtering apparatus used. (Examples] The present invention will be
descry"bed below in more detail by way of working examples thereof, but the
invention is net limited by the following working examples, and suitable
changes may be made within the scope conforming to the above and following
gists of the invention, which are a11 included in the technical scope of
the invention.  Silver alloy material: Ag - 1.U ate Cu - 0.7 ate Au
Manufacturing method: 1~ Example of the present invention Tnduction melting
(Ar atmosphere) --~ casting (into a plate shape with use of a die) ~ cold
.rolling (working ratio 500) > heat treatment (520C x 2 houxs) machining (a
disc shape 200 mm dia. by 6 mm thick) 2~ Comparative Example Induction
melting (Ar atmosphere) -~ casting (into a plate shape with use of a mold)
-~ hot rolling (rolJ.in.g st art temperature 700C, working ratio 700) -~
heat treatment (500C x 1 hour) -~ machining (a disc shape 200 ?1   mm dia.
by 6 mm thick) The resulting targets were each checked for crystal
orientation strength in the following manner. The surface of each target
was subjected to X-ray diffraction at four arbitrary positions under the
following conditions and crystal orientation strength was checked. In the
Example of the present invention there was obtained such a measurement
result as shown in Fig. 3) while in the Comparative Example there was
obtained such a measurement 



result as shown in Fig. 4. From these measurement results there were
determined orientation exhibiting the highest crystal orientation strength
(K~) and orientation exhibiting the second highest crystal orientation
strength (X~). Further, in the same manner as above, variations in strength
ratio (Xb/Xa) between the highest crystal orientation strength (xa) and Lhe
second highest crystal orientation strength (Xe) were: determined at the
tour measurement positions. In the case where the orientation exhibiting
the highest crystal, orientation strength (Xa) is different at the four
measurement positions, 'the above variations are not determined (this is
also the case with the examples which follow). X-ray Diffractometer: PINT
7a00, a product of Rigaku Denka Co. Target: Cu 22   Line voltage: 50 kv
Lire current: 200 mA Scanning speed: ~/min Sample rotation: 100 r.p.m. The
targets were also checked for metal structure in the following manner. A
cubic sample of 10 mm x 10 mm x 10 mm was obtained from each of the targets
after machining and an observation surface thereof was polished, then the
sample was observed through an optical microscope magnifying 50 to 100
diameters and photographed, then was determined for average crystal. grain
size and maximum crystal grain size in the manner described above. In the
above microscopic observation, polarization was performed as necessary in
the optical microscope 5o that crystal grains could be observed easily. The
results obtained are shown in Table 1. Next, using the targets thus
obtained, thin films having an average thickness of 1000 were formed on a
glass substrate having a diameter of 12 cm by a DC magnetron sputtering
method [Ar gas pressure: 0.267 Pa (2mTorr), sputter power: 1000W, substrate
temperature: room temperature]. Then, with respect to each of the thin
films, film thickness was measured successively at five positions from an
end of an arbitrary cent: al line. The results 23   obtained are shown in
Table 1 ("Distance from substrate end"). Further, with respect to each of
the thin films, content distributions of alloy elements were determined
successively from an end of an arbitary central line of a disc-like thin
film-forming substrate by an X-ray . microanalysis method (EPMA). There
were obtained such results as shown in Fig. 5. Table 1 OrlenIallonCrystal
Grain SizeFilm ThicHness Dlslribulion (A)Orientationexhibiting
theVariations in exhibiting Iho second crystal_~-,_ Avcrag Max Distance
f~~m::uhslrale ena (mm)highest crystalhighaelorientation ta
~.oricnlalioncrystalstrength ra
io--.strengthorientation(%)ympm103D608D1i0errenglhExempic or the
present(111) el e11 the(11D) al all the 10 51 10d 9fl0 1D50 1000 102D
9B0invonliontour poeilionslour positions(111) a1 Ivw(220) al
twoComparativepositionspositions1202973GD1120s909001D60Example(220) el
two(111) at Iwoposillonspositions From the above results it is seen that if
sputtering is performed using a target which sati~;fies the conditions
defined in the present invention, there is obtained a thin silver-alloy
film which is uniform in thickness distribution and which can exhibit
stable characteristics. In the case of the targets of, the above
compositions, Fig. 5 shows that there i5 little difference Zn composition
distribution between the Example of the present invention and the
Comparative Example, 24   Silver alloy material: Ag - 0.6 at% Y - 1.0 at%
Au Manufacturing method; 0 example of the present invention vacuum
induction melting -3 casting (produce a cylindrical ingot with use of a
mold) -~ hot forging 



(produce a slab a't l00C, working ratio 30b) ~-~ cold rolling (working
ratio 50~) > heat treatment (550C x 1.5 hours) > machining (into the same
shape as in Example 1)  Comparative Example Vacuum induction melting -3
casting (produce a cylindrical ingot with use of a mold) ~ hot forging
(produce a slab at 650C, working ratio 60~) -~ heat treatment (400C x 1
tour) -~ machining (into the same shape as in Example 1) The resulting
targets were each checked for crystal orientation strength in the following
manner and there were determined orientation exhibiting the highest crystal
orientation strength (Xa) , ori.entata.on. exhibiting the second highest
crystal orientation strength (X,,), and variations in strength ratio (Xn/X;
) between the highest crystal orientation strength (Xa) and the second
highest crystal orientation strength (X") at the measurement positions. The
targets were also checked for metal structure in ~5   the same way as in
Example 1, In the silver alloy material used herein, silver-alloy compounds
are present in grain boundaries and crystal grains, and the laze of the
compound phases was checked in the following manner. An observation surface
of a sample similar to that used in the measurement of the crystal grain
size was polished and was then subjected to a suitable etching with use of
nitric acid for. example in order to clarify the profile of compound,
thereafter, as described above, the sample was observed at five or. more
arbitrary positions through an optical microscope magnifying 100 to 200
diameters, then equivalent aria diameters of compound phases present within
the range of a total of 20 mm~ in a11 visual fields and a mean value
thereof, was determined. Also determined was a equivalent area diameter of
the  maximum compound phase in the total visual field. In the case where it
is difficult to recognize the compound phase, the above optical microscopic
observation may be substituted by face analysis (mapping) using EPMA and a
mean value and a maximum value of the compound phase sizes may be
determined by the conventional image analysis method, The results obtained
are shown in Table 2. Next, using the targets and in the same way as in
Example 1 thin films were formed and them checked for 26   thickness
distribution and composition_ distribution Thickness distributions and
composition distributions of the thin films are shown in Table 2 and Fig.
5, respectively. Table 2  OrientationOrientation Variations inCiy,:lal
GramCom ounrJ~ rFitm Thickness Disiribulion A ( )xhibitinanlbhlnpc
stal5izce g the highestlhc acoond highestry erienlalion Ark, Max, Ava~a
Max. Distance from substrate and (mm)crystal cty"tatstrengthorieniotion
olienlollonratiostrenplh strength(ob)t,mpmymym103D ~6090110Examplo(111) a1
ah(110) al allof thethe lourIhc lour114d9237GS995104099510159B5present
PosIIlonR positionsinventionCompare(22D) al all(111) u1
allliveIhctourIhcfour281152G635598651110B8590S1065Examplepositionspo.itiony
From these results it is seen that by sputtering a target which satisfies
the conditions specified in the present invention there can be obtained a
thin silver-alloy film having a uniform thickness distribution and capable
of exhibiting stable characteristics. Reference to Fig. 6 shows that if the
crystal grain size of a target is set  within the range preferred in the
present. invention, there can be formed a thin film more uniform in
composition distribution. Silver alloy material: Ag - 0.4 ate Nd - 0.5 ate
Cu Manufacturing method: 1 Example of the present invention Vacuum
induction melting ~ casting (produce a 



27   cylindrical ingot with use of a mold) -~ hot forging (produce a slab
at 700C, working ratio 35% )-~ cold rolling (working ratio 50~) ~ heat
treatment (550C x 1 hour) -~ machining (into the same shape as in Example
1) U Comparative Example Vacuum induction melting -~ casting (produce a
cylindrical ingot with use of a mold) -~-~> heat treatment (500C x 1 hour)
> machining (into the same shape as in Example 1) The resulting targets
were each checked for crystal orientation strength in the same way as in
Example 1 and there were determined orientation exhib:i.ting the highest
cxystal orientation strength (Xa), orientation exhibiting the second
highest crystal orientation strength (Xb), and variations in strength ratio
(X"/Xy) between the highest crystal orientation strength (Xo) and the
second highest  crystal orientation strength (Xa) at the measurement
positions. The results obtained are shown in Table 3. Further, using the
targets and ~.n the same way as in Example 1 thin films were formed and
checked for thickness distribution and composition distributinn. Thickness
distributions and composition distributions of the thin films are shown in
Table 3 and Fig. 7, respectively. 28   Table 3  OrlcnlallonCrystol Grain
Compounds FiImThickncss Dislrlbutlon (~)prlcnlallonexhlbilingvariations~i~d
1cxhlbhlng the secondin crystal" Avereg Fverag'the highest
highestorientationMaf.MBK.Distance Irom substrate end (mm)crystalElrenglhaa
crystal_orientation orientationratiostrength
~Irenglh(off)~yrmytmtrm10306090110Dxample of(t71) al all(1t0) of ollthe
presentthe foulthe
lour1164llcJ325399010309001D10990Inventionpositionsposiliane(111) at(zzo)
alIwotwoComparalivposillonspositions_2tt56r7614~9701t009A09101070a
Exsmplo(220) at(tt1) alIwotwoosilionsositions From these results it i.,
seen that by sputtering a target which satisfies the conditions defined in
the present invention there can bP obtained a train silver-alloy film which
is uniform in both thickness distribution and composition distribution and
which can exhibit stable characteristics. Using silver alloy materials of
the compositions shown in Table 9, targets were produced by various methods
i shown in the same table and then were measured for crystal orientation
strength in the same manner as in Example 1, further, there were determined
orientation exhibiting the highest crystal orientation strength (Xe),
orientation exhibiting the second highest crystal orientation strength (Xe)
, and variations in strength ratio (Xb/Xa) between the highest crystal
orientation strength and the second highest crystal orientation strength
(X,,) at the measurement 29   positions. The targets were further checked
for metal structure in the same way as in Examples 1 and 2. Using the
targets, thin films were formed in the same manner as in Example 1 and were
checked for thickness distribution and composition distribution. In this
Example, the eval~u~~tion of film thickness distribution was made by
measuring film thicknesses at five positions successively from an end of an
arbitrary central line of each thin film to determine a ratio between a
minimum fiJ.m thickness and a maxa.mum film thickness (minimum film
thickne5s/maximum :film thickness), and when the ratio was 0,9o or higher,
it was determined that the film thickness was substantially uniform. As to
the composition distribution, it was determir:ed in the following manner.
In the case of a binary silver alloy ., comprising silver and one alloy
element, contents of the alloy component were determined successively at
five positions from an end of an arbitrary central line of a thin film and
the composition distribution was evaluated in terms of (minimum content
value/maximum content value) of the alloy element. In the case of a ternary
silver alloy comprising silver and two alloy elements, the composition
distribution was evaluated in terms of (minimum content 30   



value/maximum content value) of the alloy element 1 I exhibiting a minimum
value of (minimum content value/maximum content value) out of the two alloy
elements. Then, when the ratio is U.90 or higher, it was determined that
the composition ratio was substantially uniform. The results of these
measurements are shown in 'fable 5. Table 9 Ru n No Composition (at~) Ingot
Shape Hol Working'Cold Working Ratio (b) Heat
Treslmeni1Ag-0,9loCuPlate-like-50520C ~
2h2Ag-0.4%Cu1.0%AuCylindricalForging (70DC, working ratio 35%)40550C ~ 1
h3Ag0.596Cu-D.5%AuPlate-IIKe- -70550C x 1
haAg-0.4%Zn-0.6%CuCylindricalworking ratio 30~) Forging (G00C,5D5S0C s 1
h5Ag-0,8%Nd.l.OkCUPlale-Ilke-55550C x th6Ag-0.5%NdCylindricalForging (700G
working ratio 30b)50550C ~ 2h7Ag-0.3%Y 0.6%CuPlate-likeForging (650C,
working ratio 25,EI)60 -55DC x 1 h8Ag-0,4%Cu-0,6%AuCylindr)calForging
(700C,working ratio 30%) .->Rolling (700C, working ratio 50%
_-9Ag0.8%Nd1.096GuPtale-like-25550C x
1h10Ag-0,5.6Nd-0,5%ZnCylindricalForging (650C, working ratio 6D%)~600C X 1h
The rolling temperature represents a rolling stars temperature 31   'able 5
OrientationCrystal Grain SizeCompoundsF;Im ThicknessCmt'sd;on ITslr;
bulionOrientationVariations in crystalDistributionRv  n Cam asit'ron (al5e)
e~,ibittn the Aexhibiting the  second highest oricntal'ron sire lh ~ Avara
a 9 Max. Avera a g Maz.inimum (b't (Minimumphighest crystalratiothickness
ICom o nenl 1ovalve IN'cr1'stal olienlationM imortenlalion strength
strength(~)ax mumeasured bsMaximum trm um Irm WitIhiclaress ) value)(111)
at all the four(t10) at
three1Ag-0.996Cvpositions14&5170-0.9DCu0.9tpasdiorts1 at one silion 2
Ag-0,4%Cu-1.096AV(11 f) al all the four(S10) al elf the lour 10 95 177 -
0.92 Cu 0.91positionspxilins3Ag-o.5'>oC~r0.5%Au(111) at all the lour(liDj
at all the four83259-D.96Gu0.92positionsposnlons 4 Ag0.4.:Zn-0_696Cu(111)
at all the tour(11D) al all the four 9 56 98 - 0.9S Cv ~
0.9Opsitionspositions 5r Ag-0.8%Nd-1.0~ Cu(111) at all Ihr: four(t10) al
a!I the four ~ I 8I 39 50 ~~ 3 ~ 54 t) 96 Ndo O._gpositionspositionsr i t6t
Ag-0.59~hki(111)alallthefour(1!0)alalflheform' t26,11t31 5 ~ 2 



0.9J ' Nd [ 0.90positions_ positions7Ag-0.3Y Y-D.64oCu(111) at all the
four(110) al alJ the lour1 t437429
(510.9tY0.91positionspositions8Ag-0.4:aCv0.6~ Au(1 t1) al eh the /our(110)
at all the four i2516g3D3 i-0.70 ~Cu0.81po~ilionspositions '(11 f) al alt
the four(110) at Ihree ~9Ag.0.8 YeNd-1.096CU
positionspositoons2311722237630.7SNd0.73(tpp) at one position(110) al
three(t10) al th2e
~10Ag-056Nd0,596Zrtpositionspositions30~17535530500.67NdO,65(t1 t) at one
position(t11) at one position Variations fn arien(ation (f 11) exhibiting
the highest crystal orientation strength at three positions 32   The
following can be estimated from Tables 9 and 5. No. in the following
description represents Run No in Tables 4 and 5. No. 1 to No. 7 targets
satisfy the conditions defined in the present invention, so it is seen that
in case of using them in forming thin films by the sputtering method, there
were obtained thin films uniform in both thickness distribution and
composition distribution and capable of. exhibiting such stable
characteristics as high reflectivity and excellent thermal conductivity. It
is iseen that in the case of a target wherein the orientation exhibiting
tree highest crystal orientation strength (X;,) is the same at the four
measurement positions and the orientation exhibiting the second highest
crystal. orientation strength (Xp) is also the same at the four measurement
positions, there is obtained a thin film more uniform in film thickness
distribution. In contrast therewith, as to No. 8 to No. 10, they do not
satisfy the conditions defined in the present invention, the orientation
exhibiting the highest crystal orientation strength I (Xa) is not the same
at a11 of the measurement positions, variations in strength ratio (Xb/X~)
between the highest crystal orientation strength (X,) and the second
highest crystal orientation strength (Xb) are large, and the crystal grain
size is also large, so that all of thin film. obtained axe not uniform in
thickness distribution and composition distribution and the exhibition of
stable characteristics referred to above cannot be expected. 3 :3   Ez~mp~
P Silver alloy material: Ag - 0.9 at% Nd - O.5 at% Cu Manufacturing method:
Example of the present invention Induction melting (Ar atmosphere) ~
casting (into a plate shape with use of a mold) --~ hot rolling (rolling
start temperature 650C, working ratio 70%) -3 cold rolli.ng (working ratio
50%) heat treatment (50oC x 2 hours) -> machining (a disc shape 200 mm dia.
by 6 mm thick)  Comparative Example Induction melting (Ar atmosphere) --~
casting (into a plate shape with use of a mold) -~ hot rolling (rolling
start temperature 700C, working ratio 90b) -a heat treatment (r00C x 1
hour) machining (a disc shape 200 mm dia. by 6 mm thick) The resulting
targets were measured for crystal orientation strength in the game way as
in Examp).e 1 and there were determined orientation exhibiting the highest
crystal orientation strength (Xa), orientation exhibiting the second
highest crystal orientation strength (Xb) , and variations in .strength
ratio (X,,/X;,) between the highest crystal orientation strength (Xa) and
the second highest crystal orientation strength (Xa) at the measurement
positions, Further, the targets were checked for metal structure in the
same manner as in Example 1. The results obtained are shown in Table 6. 39
Using the targets and in the same manner as in Example 1 there were formed
thin films. The thin films were there evaluated for thickness distribution
and composition distribution in the same way as in Example 1. Thickness
distributions and composition distributions of the thin films are ;shown in
Table 6 below and Fig. E, respectively. Table 6  OrientationCryslnl Grain '
,Com ounds pFilm Thickness Distribullon k ( )Orientationthe
hibillnVarierion::lnSite ~~- ---cxhlbiling theg ex secondcrystal Ave~B-
Avorag--highest horientationMax.fu;ax.Dimente from subslralo tnd
(mm)crystal~ig ~e~suenglnar~orientation
orientationratiostrengthsyenglh(~)Pmum;rmHm103D6D901t0Example of(111) at
II(220) al v11the presentthe fourthe lout1220501
B3587010Z010201030BBOihventionpositionspositions(111) al three(22D)
slComparallvepositionsthree Positions 25' 1DD 3D0 44 80 Ba0 1100 920 890
9D0Example(220) at onenc (lpositionposui ~ ' Variatlans in orientation (111
) exhibiting the highest crystal orientation strength al three positihs
From these results it 15 Seen 'Chat ,if a target whose metal structure
satisfies the conditions defined in the present invention is used in
sputtering, there can be obtained a thin silver-alloy film having a uniform
thickness distribution within 



the thin film surface and capable of exhibiting stable characteristics.
Reference to Fig, 3 shows that the composition distributions of the targets
obtained according to the present lnvention are more uniform than in the
Comparative Example. Silver alloy material; Ag - 0.8 ato Y - :1,0 at$ Au 35
Manufacturing method; Example of the present invention vacuum induction
melting -3 casting (produce a cylindrical ingot with use of a mold) ~~a hot
casting (7c)0C, working ratio 35%;). -~ hot working (rolling start
temperature 700C, working ratio 35a) --~ cold rolling (working ratio 50'i)
> }seat treatment (550C x 1.5 hours) -~ machining (into the same shape as
in Example 1) Comparative Example Vacuum induction melting > casting
(produce a cylindrical. ingot with use of z mold) -~ hot forging (650`'C,
working ratio 40% into a cylindrical shape) --j heat treatment (900C x 1
hour) machining (into the same shape as in Example 1) The resulting targets
were determined for crystal orientation strength in the same way as in
Example 1 arid there were determined orientation exhibiting the highest
crystal orientation strength I (Xa), orientation exhibiting the second
highest crystal orientation strength (X,,), and variations in strength
ratio (Xb/X,) between the highest crystal orientation strength (Ka) and the
second highest crystal orientation strength (X~) at the measurement
positions. Further, the targets were checked for metal structure in the
same manner as in Examples 1 and 2. The results obtained axe shown in Table
7. Using the targets and in the same manner as in Example 1 thin ?6   films
were formed arid then evaluated .for thickness distribution and composition
distribution. Thickness distributions and composition distributions of the
thin films are shown in Table 7 and Fig. 9, respectively. Table 7  i
lOricnIaUon li i i VGrystel GrainCompoundsFilm Thicknc~s Di~lrlb~don (,A)on
enlal Orexhlbltlng theon; a n orSizc ' '-.exhibltlng thecry~lal- '-"-^'^
Ihi host flsecond hlghesforientationAveraD ~Max.AveregNax.Distance from
substralo and (mm)crystalslrcnc~lhaahc,yslaltion ricnla oritnlallonra
ostrength strength(oh)tlmNmfunpm10306D9Dt10Ercample of(111) a1 all(2Z0) a1
allthe presenttho lourthe
four142570~5a5DBO1D4010101o30970inventionposllion~positions.(171) al
three(22D) atComparafrvopositionsthree pgihons 27' 9D 250 35 75 950 1100 9D
81D 1050EYamptP(220) al one(11t) al oneposition position ' Variations in
orientation (111) exhlbltlng the highest crystal orientation strength ai
three positions From these results it is seen ~f.hat by :.puttering a
target whose metal. structure satisfies the c.;onditior~~s defined an the
present invention, there is obtained a thin :silver-alloy film uniform in
both thickness distribution and composition r distribution and capable of
exhibiting stable: characteristics. Silver alloy material; Ag - 0.5 at% Ts
Manufacturing method: 1~ Example of the present invention Vacuum induction
melting --~ casting (produce a cylindrical ingot with use of a mold) -~ hot
forging (looC, working ration 37   25~) -~> hot rolling (rolling start
temperature 650`C, working ratio 40~) --~ cold rolling (working ratio 50~)
~ heat treatment (550C x 1 hour) > machining (into the same shape as in
Example 1) (> Comparative Example 



Vacuum induction melting > casting (produce a cylindrical ingot with use of
a mold) ~ heat treatment ('~00C x 1 hour) machining (into the same shape as
in Example 1) Targets obtained in the same way as i.n Example 1 were
measured for crystal orientation strength and there were determined
orientation exhibiting the highest. crystal orientation strength (Xa),
orientation exhi.bifiing the second highest crystal orientation strength
(Xb) , and variations in strength ratio (Xb/X~) between the highest crystal
orientation strength (Xa) and the second highest crystal orientation
strength (xh) at the measurement positions. Further, the targets were
checked for metal structure ! in the same manner as in Examples 7. and 2.
The results obtained are shown in Table 8. Using the targets and in the
same way as in Example 1 thin films were formed and then determined for
thickness distribution and composition distribution. Thickness
distributions and composition distributions of the thin films are shown in
Table 8 below and Fig. 10, respectively. 38   Table   GflenlalionGryslal
Grain Compounds Film Thickna^,S Disllibulion (A)Orientationexhibiting
theVariations ingiro 'exhibiting theSecondcrystalhi he..I
highest,lenlalionAverog Max,Avorag Max. Distance from au6slrsle and
(mm)crystalstrengtha", icrystal tior entation orientationra o strength
strengtho ( ~) Hrn Nm fim Ntn 1D 30 60 9D 110Example of1171) at all(220) et
allthe present ~the
lourIhefout9220SD15309B5105010051025975inventionpositionspositions_(111) al
two(z20) alGomparallvepositionsthree Po'ilions 200 600 50 13D 955 111D B~5
gD5 1055Example(Z20) e1 fvao(111) at ont.positionspo~ilion From these
results it is seen that by sputtering a target whose metal structure
satisfies the conditions defined in the present invention, there can be
obtained a thin silver-alloy film uniform in both thickness distribution
and composition distribution and capable of exhibiting stable
characteristic:;. Exa Next, using silver alloy materials of the
compositions shown in Table 9, targets were produced by such various
methods as shown in Table 9. Then, in the same manner as in Example 1, with
respect to the targets thus produced, there were determined orientation
exhibiting the highest crystal orientation strength (X3),orientation
exhibiting the second highest crystal. orientation strength (Xb) , and
variations in strength redo (X~/X~) between the highest crystal orientation
strength (X;,) and the second 39   highest crystal orientation strength
(Xn) at the measurement positions. Further, the targets were checked for
metal structure in the carne manner as in Examples 1 and 2. The results
obtained are shown in Table 10. Using the targets and in the same way as in
Example 1 there were formed thin films, which were then evaluated for
thickness distribution and composition distribution in the same manner as
in Example 9. Table 9 RuCa;llng n~Cold HealNoComposillon (al,6)Hol Working'



CoolingWorkingTrcalmcnlMold Material Ingot 8hapc Speed (C/s) 'Rolio
(YjtAg-0.5%NdCopperPlels-like2Roll;ng (7DDC.warking ratio 50%) 40550`C w
1h50 mm_ _ ~~__ ~2AgD,4%Nd-0.5rapuGraphheCylindrical~Forging (70DC, working
rallo 35y)55550`C ~ 1 h150 mm die.-~. Rollin 7D0C~workin ratio
35h3Ag.O.B%Nd1.0/ CuCasl ironCylindrical 0,8Forging (700C, working rallo
d0/ 06c60D`C K ih200 mm dia..-, Rollin 700"C working ratio a5
J~aAgOp96Nd-0.6JCuGraphite,30 ~~ke3 ~Rolling (70DC working ratio
509e)4D55D`C  1h,~,5Ag-O.BNd-1.06AuCoppcrPlalellkeZ rRolling (600C working
ratio 60%)4050DC  2h50 mm,60g.0.5/Y.0.5%2riCopperPlotolikc2,5Forging
(7D0"C, working ratio 20%)5555DC x 1h40 mm--s Rollin 050C workin ratio
35/7pg.0,e%Y9,1 %CuGrapnileCylindrical~Rolling (650C working ratio
50%)50550C x 1,5h150 mm dia.,3AgO.B%Nd-1.D.~CuGraphitePlele-like1.5,25S50C
x 1h50 mm_ '. .~ W_8Ag-0.5%Y-0.5 hZnCast ironplole.llkeO,gRolling (650"C
working ratio a55;)G50`C x 1 h80 mm dia., ' The rolling temperature
represents a rolling start temperature 90   Table 10 Gryslal Grain
SizeCompoundsFilm Thi.knes5~rnPasilion
DistributionD~entatianlDistributionRu  n osition (al5b) ComOrierdalion
exhibilirg theexhibiting the  second highestVariations in crysta
orientation stn:nglh Average Max. Average f~iax. (Minimum  / hi k Com onenl
P inimum value  (MNphighest crystalc^Istal orlenlalionratioc ness tto
6elo.orientation slrengtAstrength(,~)Maximum
thickness)measuredlAaximumvalue)l,mtunNm~ pm 7 Ag-0.5%Nd(1 N) at alt the
four(220) at alt the lour 14 40 t20 Z4 60 0 93 hd
0.91positionspositions2Ag-0.4rt:Nd-0.596Au(111) at alt the four(Z20) at all
the lour '11451 t523460-92NdD-SSpositionspositions 3
Ag-0.8'lENd-1.0%Gu(111) al ah the (our(220) al alt the four 1 9 t~ t80 25
47 090 Nd D_93p~4;on6posilicna (11t) al all the four(22~ at Ihree i I i 16
50 (30 Z1 42 0 92 Nd D 9241.6 eCu Ag-0_49~Nd-1pasil'ronst ves pos-.(111) al
one positron 5 Rg-0.8roNd-1.0%Arl(111) at aN rhc four(220) al aft the lour
id 35 95 19 36 0_95 



Nd D.96positionspositions6Ag-0.5%V O.SSSZn(111) al eN the four(220) al all
the lour1045 ~942D400.94Y0.9doosilionspositions7Ag-O.B56Y-1.1g5CU(111) at
all the lour(220) al a!I the lourt~5515p2444O-91Y0.97posdionspasitiors(1t1)
el IHree(Z2(11 al three(BAg-0.8`.eNd-1.0SCu ~positionspositions25 ~120
f26055 ~f05 ~0.70Nd0.B0(220) at one position(1I1) a1 one position' f9I~r
-0.5.bY 0.5.~ZnC11 f) al hnn positionI11) at hm osition ( P- 120 350 eD 1J0
0.68 Y 0.70(22~ at hro position(220) a1 hnv position~~~~~~~  Variations In
orientation (111) exhibiting the highest crystal orientation strength at
three positions 91   The following can be estimated from fables  and 10.
No. in the following description represents run No. in Tables 9 and 10. No.
1 to No. 7 targets satisfy the conditions defined in the present invention
and therefore at is seen that in case of using them in forming thin films
by the sputtering method, there are obtained thin films uniform in both
thickness distribution and composition distribution and capable of
exhibiting stable characteristics such as high reflectivity and high
thermal conductivity. In contrast therewith, No. 8 and No, 9 do not satisfy
the conditions defined in the present. invention and a11 of thin films
obtained using them are not uniform in thickness distribution and
composition distributicn and it is impossible to expect their exhibition of
stable characteristics referred to above. Further, using silver alloy
materials of the compositions shown in Table 11, the present inventors
produced targets by such various methods as shown in Table 11 .and, with
respect to the resulting targets, determined orientation exhibiting the
highest crystal orientation strength (X%), orientation exhibiting the
second highest crystal orientation strength (Xn) , and variations in
strength ratio (X"/Xa) between the highest crystal orientation strength
(X~) and the second highest crystal orientation strength (Xe). The targets
were then checked for metal structure in the same way as in Examples 1 and
2. The results obtained are shown in 42   .'able i 2 . Using the targets
and in the same mariner as in ;:ample 1 there were formed thin films) which
were then evaluated for thickness distribution and composition distribution
in the same way as in example 9. TablE 11 RuCastingNoCompoaiiion
(Bt%)MoldCooling 51>ec;dNot WorkingWo k ~AHeol Tfealme~lMalcflalIngot
Shepa(Cls)1Ag-D.S%Cu-7.0%AuGr~phllePIsle-likeD.9.Rolling 7D%"600C x 2,5h40
mm .~ '2Ag-D.6%Nd-0.9%CuGraphlleCYlindrical0.665DC forging 20%Rolling
BO%fi00C x 2h90 mm dia.3ag0,6/ Cu1.0%AuSleolPI~'IrIIkP ^0,9Rolling 70%550C
D,75h40 mrn ^dAg-0.6%Nd-0.9%CuGr~phlteCYlindricelD.5700C forging 30
~Roiling ~0 %55D`C x 1.25h150 mm dla, -'
r5Ag-0.6Nd-0.9%CuGraphiteCYIindricalD,57DDc forging 3D,6 .,Rolling 55/550"C
w 1.25h15D mm dis. 7D0C rolling 3D k (lolal 60
%)sAg0.8%Cu-~.0%AuGraphiteke0.9 '70D"C rolling 65%Rolling 10~650C ~ 1h40
mm7Ag-0.6%NdD.9%CuSand moldCylindricalD.27DDC forging 35hRolling 25%550C
1h(chrom~lc)sD min dla. 9 :3   Table 12 Crystal Grain SizeCompoundsFilm
ThiclmessComposition Distribution O t tion iOrientation Variations in cr
stal DisrribulionRu n Composition (af`Y)en a r exhibiting theexhibiting the
end highesty orientation slrenAth Average Max_ I Average Max. (Mlntmum
(l,f;nimum Nohi best crystal g crystal orientationfafio rIhiekness 1
Component to value 1.orienhalion strengthstrength(y')iMaximumbe
meacurerlMaximum1,r"pr"t Nrr,Irmthickness)value)t04:A 8~76Cu-1 Ag-0(111) al
all the four(220) at atl IAe four1010S206-0.90Cu0.91.
.positionspositions2Ag-0_69I,Nd-0.9~oC(1S1) at all the tour(12~ of aA the
four12t0020537530.91 ~Nd030positionspc~silions3Ag-0-E9~Glt-1.056A(111)P tns
four(220)~ ^hs four a;lg45 !88- ~0.9SCu0.36s 



o4Ag-0_69'_Kd-0.9"6C(111) al att the four(220) a1 all the four8a57234
~510.5Nd0.91positionspositions 5 P3-0.65ehid-0.9:wC(11 S) al all the
four(220) al alt the four 11 S& f03 23 ~ 36 094 Nd 0 45positionspositionst
(1i1) allhree ~ (220) at threet I tI
~6Ag-0.8S6Cu-1.05':Apositionspositions''0' ) 12d35D-0.6BCu0.88(i 10) al
an-_ pUSitioi:(li S) al one pa il~ani (iti) aI atl (he lour (220)
allhree17Ap-0.69sNd-0_94>C positionspositions14 12224t iSS940.78Nd0.7o(ti
t) at nne position Variations in orientation (t1 f) exhibiting the highest
crystal orientation strength at Ihree positions 99   The following can be
estimated from `tables 11 and 12. No. in the following description
represent Fun No, in Tables 11 and 12. No. 1 to No. 5 targets satisfy the
conditions defined in the present invention and therefore when they were
used in forming thin films by the sputtering method, there were obtained
thin films uniform in both thickness distribution and composition
distribution and capable of exhibiting such stable characteristics as high
reflectivity and high thermal conductivity, Particularly, it is seen that
if not. only crystal orientation but also the crystal grain size of target
and silver-alloy compounds present in grain boundaries and crystal grains
are cor_trolled to within the preferred ranges in the present invention,
there can be formed thin films more uniform in thickness distribution and
composition distribution. In contrast therewith, No. 6 and No. 7 do not
satisfy the conditions defined in the present invention and a11 of the
resulting thin films are not uniform in thickness distribution and
composition distribution and their exhibition of the foregoing
characteristics cannot be expected. 45   INDUSTRIAL APPLICABILITY The
present invention is constructed as above and provides a target which is
usefu1 in forming a thin silver alloy film uniform in both thickness
distribution and composition distribution by the sputtering method. A thin
silver-alloy film formed by the sputtering method using such a target
exhibits such stable characteristics as high reflectivity and high thermal
conductivity and when it i is used, for example, as a reflective film in an
optical recording medium such as a semi.-rransmissive reflective film in
DVD of a one-side two-layer structure or a reflective film in a
next-gene,r.ation optical recording medium or as an electrode and
reflective film in a reflection type liquid crystal display, it is possible
to further improve the performance of such reflective, films. ,, 9 ~i
WHAT IS CLAIMED IS: 1. A silver alloy sputtering target characterized in
that when crystal orientation strengths are determined at four arbitrary
positions by an X-ray diffraction method, the orientation which exhibitS
the highest crystal orientation strength (Xa) is the same at the four
measurement positions, and variations in strength ratio (X~,/X,,) between
the highest crystal orientation strength (X,,) and the second highest
crystal orientation strength (Xt,) at the tour measurement positions are
20% or less. 2. A silver alloy sputtering target according to claim 1,
wherein the orientation which exhibits the second highest crystal
orientation strength (Xh) is the same at the four measurement positions. 3.
A Silver alloy sputtering target according to claim l, wherein an average
crystal grain size is 100 ~.m or less and a maximum crystal grain size is
200 ~m or less. 4. A silver alloy sputtering target according to claim 1,
wherein equivalent area diameter5 of silver-alloy compounds present in
grain boundaries and/or crystal grains are 30 um or less on the average,
and a maximum value of the 



equivalent area diameters is 50 um or less. 5. A method for producing the
silver alloy sputtering target described in claim 1, characterized in that
cold ~l ')   working or warm working is performed at a working ratio of 30%
to 70% and thereafter heat treatment is performed under the conditions of a
holding temperature of 500 to 600C and a holding time of 0.75 to 3 hours.
6. P method according to claim 5, wherein the heat treatment is performed
under the conditions of a holding temperature of 500 to 600C and a holding
time falling ! under the range of the following expression (4): (-0.005 x T
+ 3.5) <- t 5 (-().Ul x T + 8) ... (q) where T stands for a holding
temperature (C) and t stands for a holding time (hour). q8
.A&(e.A&S.Ay.Asl.A.AS.A`S.A5@.A.A9E.A5f.Ay.ALyl.A5y.AL.A`f.ALy.Ay.A.A.A`!yl
.Al!.A
l.AP.A9H.A`!y.As.A9y.AL.AL.ACYA..As{.A,.A2.Al.A9.A`ASl.ASE.AA.PU.Al@.A@A.d.
A!.A&5@.A@.AH@Y$>K{$.0Vdx?wVZ6m}xsnid_Z]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]c
a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cRa!meg
EJgh
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