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Description

TECHNICAL FIELD

[0001] The present invention relates to a sputtering target that can decrease or prevent cracking of a target occurring
during bonding of the target to a backing plate or during the use of the target.

BACKGROUND ART

[0002] In recent years, sputtering is used for forming thin films of semiconductor devices and various electronic ap-
paratuses, and sputtering of higher speed is frequently used for improving productivities.
[0003] As is well known, sputtering described above is a method for forming thin films by radiating charged particles
onto a target, driving out particles from the target by impact force of the charged particles, and depositing a thin film
mainly comprising a substance composed of target material on a substrate such as a wafer facing the target.
[0004] Since the target receives a large quantity of impact of charged particles during sputtering, the temperature of
the target gradually increases and accumulates. Therefore, the target must be cooled. In many cases, the heat of the
target is absorbed by bonding a material of high thermal conductivity (backing plate) such as pure copper and copper
alloys on the back of the target by means of brazing, diffusion bonding, pressing, or bonding that utilizes an anchoring
effect, and cooling the backing plate through an external cooling means.
[0005] As described above, when the target is bonded to the backing plate, the target must be heated to a temperature
suitable for various bonding methods, and after bonding, it is cooled. An effect of heat from heating and cooling processes
in bonding causes a problem of warping or cracking due to a difference in thermal expansion between the target and
the backing plate.
[0006] Since a cracked target is defective, it must be replaced with a target without cracking. At this time, the target
formed by combining a plurality of pieces has possibility to cause the piece without cracking to be cracked, lowering
productivity significantly.
[0007] Even if the a target is bonded to a backing plate satisfactorily, since the assembly is heated also during sputtering,
the target may be cracked by thermal stress.
[0008] In such a case, a large number of particles are produced when the target is cracked, and serious problems
may be caused in that the film becomes defective, sputtering cannot be continued due to the damage of the target, or
the sputtering apparatus is seriously damaged.
[0009] When the type of the target material is considered, since a ceramic target is brittle, has a small coefficient of
thermal expansion, and has a large difference in the coefficient of thermal expansion from that of the material of the
backing plate such as pure copper or copper alloys , warping or cracking occurs easier than metal targets such as Al and Ti.
[0010] In order to solve such problems, the use of a low-melting-point solder has been proposed for bonding so that
the target and the backing plate are not exposed to high temperature. In this case, however, the bonding force is weak,
and when the target is heated to a high temperature during sputtering, there is the problem that the solder for bonding
is melted, and this problem has not been solved.
[0011] Also, in order to relieve the thermal expansion of the target and the backing plate, the formation of a plurality
of bonded layers with stepwise different thermal expansion has been proposed (Japanese Patent Laid-Open No.
61-250167). However, such means is not practical because it complicates an operation process and increases manu-
facturing costs.
[0012] Furthermore, a method for correcting a warped target by applying mechanical force in the reverse direction in
a process for bonding the target and the backing plate, or a method for applying reverse warping to the target before
bonding estimating the amount of warping has been proposed (Japanese Patent No. 2573653).
[0013] However, since mechanical stress more than material strength is applied to the brittle material such as a
ceramic, in particular, in a process of mechanical correction or deformation, cracking may occur, and these cannot be
said to be effective means.

DISCLOSURE OF THE INVENTION

[0014] The inventors of the present invention found a unique phenomenon in the manufacturing process that there is
a direction in which cracking due to a warp of the target occurs easily in a target, especially in a ceramic target. The
inventors made effort to provide a sputtering target that can effectively decrease or prevent cracking of the target during
bonding the target to the backing plate or during sputtering process.
[0015] The present invention pays attention to the ordinary process for grinding or polishing the target, and prevents
or decrease cracking of the target by improving the operations. According to the present invention there is provided: a
rectangular sputtering target as defined in claim 1. Specific embodiments are defined in claims 2-6.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0016]

FIG. 1 is a diagram illustrating a relationship between a warping direction and a grinding direction in the present
invention.
FIG. 2 is a diagram illustrating a relationship between a lengthwise direction and a grinding direction of a rectangular
target of the present invention.
FIG. 3 is a diagram illustrating a warping direction and a grinding direction of a target bonded to a backing plate.
FIG. 4 is a schematic diagram illustrating test targets of Example, Comparative Example, and Reference Example.

BEST MODE FOR CARRYING OUT THE INVENTION

[0017] Normally, a ceramic target has a small thermal expansion coefficient, which is much lower than that of a backing
plate made of copper or the like. Therefore, warping or cracking occurs more frequently compared with metal-based
targets.
In particular, it is known that cracking is affected by a defect of the surface.
[0018] The surface grinding process is performed in a manufacturing of a target. In that process, the inventors of the
present invention found a unique phenomenon that occurrence of cracking of the target in a direction perpendicular to
the grinding direction is less frequent and is more frequent in parallel to the grinding direction.
[0019] In general, especially in ceramic targets, a defective surface often causes cracking as described above, mirror
surface or nearly mirror surface finishing is normally performed. However, such finishing consumes a long time and
increases manufacturing costs.
[0020] There have been no findings about relationship between a direction of grinding and that of cracking of targets,
and location of targets in the bonding process has not been considered particularly.
[0021] The present invention decreases or prevents cracking of the target easily and effectively during the bonding
process, as well as during the sputtering operation.
[0022] Since the productivity for the targets is thereby improved, the yield of products is elevated, and cracking is
minimized, the present invention has the effect of improving the yield of products such as electronic apparatuses by
decreasing defects and troubles in the sputtering process for forming sputtered films.
[0023] In order to prevent or decrease cracking of a target, a top surface or both surfaces of the target must be a
ground surface which have a ground direction in parallel or approximately in parallel to the warping direction of the target.
[0024] Thus, the ground direction not only exactly in parallel but also approximately in parallel to the warping direction
of the target has the effect of preventing or decreasing cracking or warping of the target. As the matter of course, the
mixed ground directions in parallel and approximately in parallel to the warping direction of the target also have the same
effect.
[0025] Especially in rectangular ceramic targets, although cracking in the transverse direction occurs easily due to
warping in the lengthwise direction, cracking in the transverse direction can be prevented or decreased effectively by
grinding the target in parallel to the warping direction of the target.
[0026] An example showing the relationship between warping and grinding directions of a target bonded to a backing
plate is shown in FIG. 1 (top and side view) . The arrow indicates the warping direction of the target.
[0027] If a part of the direction or the tangential direction of grinding of the top surface or both surfaces of the target
is in the warping direction, or in an angle α within an angle range of � 45 degrees to the warping direction of the target
ABCD, the cracking of the target can be decreased or prevented effectively.
[0028] In this example, the target ABCD is rectangular, the warping direction is parallel with AB and CD, and the angle
between the warping direction and grinding direction or direction tangential to grinding, ∠ABE or ∠DCE’, is 45 degrees
or less.
[0029] FIG. 2 shows an example of the relationship between grinding direction and lengthwise direction of a rectangular
target. The arrow indicates the lengthwise direction of the target. If a part of the direction or the tangential direction of
grinding of the top surface or both surfaces of the target is in AB or CD direction, i.e. the lengthwise direction of the
rectangular target ABCD, or within the angle β between AB and BC, or the angle β between CD and AD, the effect of
decreasing or preventing target cracking can be obtained.
[0030] Since a ceramic target is brittle and has a small thermal expansion coefficient compared with that of the material
of the backing plate such as pure copper or copper alloys, warping or cracking of the target occurs frequently during
bonding process or during sputtering process. The prevention of occurrence of cracking in ceramic targets is extremely
advantageous.
[0031] FIG. 3 shows an example that adopts a grinding direction 2 in parallel to the warping direction 1 of the target.
For the ease of understanding, the amount of warping is exaggerated in FIG. 3.



EP 1 116 800 B1

4

5

10

15

20

25

30

35

40

45

50

55

[0032] In FIG.3, the symbol 1 represents warping direction, 2 represents grinding direction, 3 indicates a ceramic
target, 4 indicates a bonding layer, and 5 indicates a backing plate.
[0033] Since the heat during bonding or sputtering affects the entire target, it is preferable to grind both top and bottom
surfaces for making warping evenly or preventing cracking; however, grinding of only the top surface is also effective.
[0034] This is because ceramics are sufficiently strong against tensile stress compared with against compressive
stress, and comprehensive stress is generated on the bottom surface of the target when deformation occurs as FIG.3.
Moreover, the bottom surface has higher strength than the top surface because the anchoring effect of the bonding
material reinforces the bottom surface. The present invention includes ground top surface and both ground surfaces of
the target.
[0035] As described above, in the relationship between warping and grinding directions when a target is bonded to a
backing plate, if a part of a direction or a tangential direction of grinding of the top surface or both surfaces of the target
is in the warping direction, or within an angle range of � 45 degrees to the warping direction of the target, the effect of
decreasing or preventing target cracking can be obtained.
[0036] A part of the direction or the tangential direction of grinding of the top surface or both surfaces of the target is
a direction of an angle β between the warping direction and the diagonal of the rectangular target; and a part of the
direction or the tangential direction of grinding of the top surface or both surfaces of the target is a lengthwise direction
or a direction of the angle β between the lengthwise direction and the diagonal. As described above, it is preferable to
place the target taking the direction of deformation into consideration.
[0037] When grinding is repeated, warping or cracking is affected by the surface undergone the final rough grinding.
The relationship between cracking and the grinding direction continues unless the damaged layer is removed by later
fine grinding or polishing. Similarly, even when some surface improvement is performed after grinding, since the me-
chanical strength is significantly affected by the status of the final ground surface unless the damaged layer is removed.
[0038] Furthermore, effective surface roughness Ra of the ground surface is 5 Pm or less, preferably 2 Pm or less. If
surface roughness Ra of the ground surface exceeds 5 Pm, the rough place may become the start point of cracking.
[0039] Thus, in the case of rough grinding, since the strength differs to a large extent depending on a direction of
processing, roughness should be decreased or the damaged layer should be removed for minimizing direction depend-
ence. However, a mirror surface increases manufacturing costs.

EXAMPLES AND COMPARATIVE EXAMPLES

[0040] The present invention will be described below referring to Examples and Comparative Examples. These are
only examples, and the present invention is not limited to these examples.

(Examples 1, 2, Comparative Examples 1, 2, and Reference Example 1)

[0041] Three examples of rectangular targets (sinteredbodies), i.e. a target ground in parallel to the lengthwise direction
of the target (a) , a target ground in the transverse direction (b) , and a target in which Ra is 0.1 Pm or less and the
grinding direction cannot be specified (for example, a mirror surface finishing) (c) are shown in FIG. 4. (a) is Example
of the present invention, (b) and (c) are Comparative Example and Reference Example, respectively.
[0042] The grinding condition of the surface, the surface roughness Ra and the mean strength with its standard
deviation for each Example is listed in Table 1. The strength was measured by the breaking test in according to the
three-point bending method described in JIS R1601.The strength of the target against cracking was evaluated by the
stress when the sample breaks.
[0043] The condition for the breaking test of the target (sintered body) are as follows:

Target materials: ITO (In2O3-10wt. %SnO2)
Target density: 7.12g/cm3

Grinding stone: #4000, #400, and #80 diamond-fixed grinding stones
Distance between fulcrums: 90mm
Sample thickness: 6mm
Sample width: 20mm
Bending speed:0.5mm/min

[0044] The results are shown in Table 1. Example 1 with surface ground with #400 grinding stone in the lengthwise
direction is 0.2988 Pm of surface roughness and is 121,41 N/mm2 (12.38kgf/mm2) of mean strength.
[0045] On the other hand, Comparative Example 1 with surface ground with #400 grinding stone in the transverse
direction is 108,76N/mm2 (11.09kgf/mm2) of mean strength.
[0046] Comparing the result of Example 1 with that of Comparative Example 1, the strength of the target is increased
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in Example 1.
[0047] The results of Comparative Example 2 with surface ground with #80 grinding stone in the transverse direction
are 2.1170 Pm of surface roughness and 64,23N/mm2 (6.55kgf/mm2) of mean strength, which shows a low mechanical
strength.
[0048] As seen in the result of Example 2 with surface ground with #80 grinding stone in the lengthwise is 108.07N/mm2

(11.02kgf/mm2) of mean strength and is 1,1910Pm of surface roughness, which also shows a significant improvement
in strength in the case of #80 grind stone.
[0049] The result of Reference Example with mirror-finished surface is 0.0070Pm of surface roughness and is
108,56N/mm2 (11.07kgf/mm2) of mean strength, although the strength is sufficient for practical use, which does not
show a significant improvement in strength. The processing cost of mirror-finished surface is, therefore, disadvantageous.

[0050] Next, the result of the breaking test for the target (sintered body) bonded to the backing plate are described.
[0051] The grinding condition of the surface, the surface roughness Ra and the mean strength with its standard
deviation for each Example is listed in Table 2. The strength was measured by the breaking test in according to the
three-point bending method described in JIS R1601.The strength of the target against cracking was evaluated by the
stress when the sample breaks.
[0052] The conditions for the breaking test of the target (sintered body bonded to the backing plate) are as follows:

Target materials: ITO (In2O3-10wt. % SnO2)
Target density: 7.12g/cm3

Grinding stone: #4000, #400,and #80 diamond-fixed grinding stones
Backing plate material: Oxygen free copper
Bonding material: Indium
Distance between fulcrums: 90mm
Sintered body thickness: 6mm
Bonding thickness: 0.1mm
Sample total thickness: 15mm
Sample width: 20mm
Bending speed: 0.5mm/min

The results are shown in Table 2.
[0053] The results are shown in Table 2. Example 3 with surface ground with #400 grinding stone in the lengthwise
direction is 0.2130 Pm of surface roughness and is 112.48 (11.47kgf/mm2) of mean strength.
[0054] On the other hand, Comparative Example 3 with surface ground with #400 grinding stone in the transverse
direction is 100.03N/mm2 (10.20kgf/mm2) of mean strength.
[0055] Comparing the result of Example 3 with that of Comparative Example 3, the strength of the target is increased
in Example 3.
[0056] The result of Comparative Example 4 with surface ground with #80 grinding stone in the transverse direction
are 2.9150 Pm of surface roughness and 56.49N/mm2 (5.76kgf/mm2) of mean strength, which shows a law mechanical
strength.
[0057] As seen in the result of Example 4 with surface ground with #80 grinding stone in the lengthwise is 95.81N/mm2

Table 1

Grinding direction of 
sample surface

Ra (Pm) Mean strength N/mm2 
(kg/mm2)

Standard deviation

Reference Example 1 Mirror surface 0.0070 108.56 (11.07) 0.99

Example 1 #400, lengthwise 
direction

0.2988 121.41 (12.38) 0.85

Example 2 #80, lengthwise 
direction

1.1910 108.07 (11.02) 1.79

Comparative Example 1 #400, transverse 
direction

0.3015 108.76 (11.09) 0.71

Comparative Example 2 #80, transverse 
direction

2.1170 64.23 (6.55) 0.39
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9.77kgf/mm2 of mean strength and is 1,1800Pm of surface roughness, which also shows a significant improvement in
strength in the case of #80 grind stone.
[0058] The result of Reference Example with mirror finished surface is 0.0090 Pm of surface roughness and is
99.83N/mm2 (10.18 kgf/mm2) of mean strength, although the strength is sufficient for practical use, which does not show
a significant improvement in strength. The processing cost of mirror-finished surface is, therefore, disadvantageous.

[0059] As described above, it is clarified that a rough surface of a target lowers the strength against cracking, and that
the grinding in the transverse direction reduces the strength significantly.
[0060] Thus, it is confirmed that the strength against cracking can be increased significantly by grinding the target
surface in the lengthwise direction or in the warping direction. The similar effect was found in the target with the surface
ground in the diagonal direction. And it is also confirmed that grinding both surfaces is as effective as grinding one
surface of the target.

INDUSTRIAL APPLICABILITY

[0061] The cracking of the target during bonding to a backing plate or during sputtering process can be effectively
decreased or prevented by grinding the target surface in the following way. A part of the direction or a tangential direction
of grinding must be parallel to or within a specified angle to a lengthwise or warping direction of the target, the roughness
Ra of the ground surface must be adjusted adequately, and the top surface or both surfaces must be grounded.

Claims

1. A rectangular sputtering target having a longitudinal axis, a transverse axis and a warping direction, the rectangular
target having a length along the longitudinal axis greater than a width along the transverse axis and diagonals linking
opposing corners of the target, the sputtering target being ground on at least a top surface thereof, and :

if the warping direction is along the transverse axis, then the direction of grinding is within plus or minus 45° (α)
the warping direction; or
if the warping direction is along the longitudinal axis, then the direction of grinding is within an angular range
(β) defined by the warping direction and the diagonals.

2. A rectangular sputtering target according to claim 1, wherein the final surface after grinding is a modified surface
subjected to the likes of grinding, polishing, acid washing or heat treatment.

3. A rectangular sputtering target according to claim 1 or 2, wherein the surface roughness Ra is 5 Pm or less.

4. A rectangular sputtering target according to any one of claims 1 to 3, wherein the surface roughness Ra is 2Pm or less.

5. A rectangular sputtering target according to any one of claims 1 to 4, wherein said sputtering target is a ceramic target.

Table 2

Grinding direction of 
sample surface

Ra (Pm) Mean strength N/mm2 
(kg/mm2)

Standard deviation

Reference Example 2 Mirror surface 0.0090 99.83 (10.18) 0.40

Example 3 #400, lengthwise 
direction

0.2130 112.48 (11.47) 0.35

Example 4 #80, lengthwise 
direction

1.1800 95.81 (9.77) 0.55

Comparative Example 3 #400, transverse 
direction

0.3835 100.03 (10.20) 0.42

Comparative Example 4 #80, transverse 
direction

2.9150 56.49 (5.76) 0.18
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6. A rectangular sputtering target according to any one of the preceding claims, wherein the target is bonded to a
backing plate.

Patentansprüche

1. Rechteckiges Zerstäubungstarget, das eine Längsachse, eine Querachse und eine Verwerfungsrichtung hat, wobei
das rechteckige Target eine Länge entlang der Längsachse hat, die größer ist als eine Breite entlang der Querachse,
und Diagonalen hat, die die gegenüberliegenden Ecken des Targets verbinden, wobei das Zerstäubungstarget auf
mindestens einer oberen Oberfläche geschliffen ist und;
wenn die Verwerfungsrichtung entlang der Querachse verläuft, dann liegt die Schleifrichtung innerhalb plus oder
minus 45° (α) der Verwerfungsrichtung; oder
wenn die Verwerfungsrichtung entlang der Längsachse verläuft, dann liegt die Schleifrichtung innerhalb eines Win-
kelbereichs (β), der durch die Verwerfungsrichtung und die Diagonalen definiert ist.

2. Rechteckiges Zerstäubungstarget gemäß Anspruch 1, wobei die endgültige Oberfläche nach dem Schleifen eine
modifizierte Oberfläche ist, die Schritten wie Schleifen, Polieren, Säurewaschen oder Wärmebehandlung ausgesetzt
wird.

3. Rechteckiges Zerstäubungstarget gemäß Anspruch 1 oder 2, wobei die Oberflächenrauigkeit Ra 5 Pm oder weniger
beträgt.

4. Rechteckiges Zerstäubungstarget gemäß einem der Ansprüche 1 bis 3, wobei die Oberflächenrauigkeit Ra 2 Pm
oder weniger beträgt.

5. Rechteckiges Zerstäubungstarget gemäß einem der Ansprüche 1 bis 4, wobei das Zerstäubungstarget ein kerami-
sches Target ist.

6. Rechteckiges Zerstäubungstarget gemäß einem der vorherigen Ansprüche, wobei das Target mit einer Verstär-
kungsplatte verbunden ist.

Revendications

1. Une cible de pulvérisation rectangulaire ayant un axe longitudinal, un axe transversal et une direction de gauchis-
sement, la cible rectangulaire ayant une longueur sur l’axe longitudinal supérieure à une largeur sur l’axe transversal
et des diagonales reliant des coins opposés de la cible, la cible de pulvérisation étant meulée sur au moins une
surface supérieure de cette dernière et ;
si la direction de gauchissement est sur l’axe transversal, alors la direction de meulage est de l’ordre de plus ou
moins 45° (α) de la direction de gauchissement ; ou
si la direction de gauchissement est sur l’axe longitudinal, alors la direction de meulage est de l’ordre d’un angle
(β) défini par la direction de gauchissement et les diagonales.

2. Une cible de pulvérisation rectangulaire selon la revendication 1, où la surface finale après meulage est une surface
modifiée soumise à meulage, polissage, lavage acide, traitement thermique ou analogue.

3. Une cible de pulvérisation rectangulaire selon la revendication 1 ou 2, où la rugosité de surface Ra est de 5 Pm ou
moins.

4. Une cible de pulvérisation rectangulaire selon n’importe laquelle des revendications 1 à 3, où la rugosité de surface
Ra est de 2 Pm ou moins.

5. Une cible de pulvérisation rectangulaire selon n’importe laquelle des revendications 1 à 4, où ladite cible de pulvé-
risation est une cible céramique.

6. Une cible de pulvérisation rectangulaire selon n’importe laquelle des revendications précédentes, où la cible est
liée à une plaque d’appui.
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