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(57) ABSTRACT 

The invention relates to a sputter target and more particu 
larly to a Zinc sputter target. The target comprises a target 
holder having an outer surface and a target material formed 
on said outer surface. The target material has a relative 
density higher than 92% of the theoretical density of the 
metal or metal alloy. Furthermore the invention relates to a 
process for the manufacturing of a sputter target. 
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SPUTTER TARGET 

FIELD OF THE INVENTION 

[0001] The invention relates to a sputter target and more 
particularly, to a Zinc sputter target. 

[0002] Furthermore the invention relates to a process for 
the manufacturing of a sputter target. 

BACKGROUND OF THE INVENTION 

[0003] A target assembly conventionally comprises a tar 
get holder, such as a plate or tube, carrying a layer of a target 
material applied to its outer surface. 

[0004] Thermal spraying techniques are often employed to 
apply the target material onto the target holder. In some other 
cases, the metal target material is cast on a target holder. 

[0005] Sprayed Zinc targets as for example Zinc targets 
shoW the disadvantage of forming highly porous structures. 

[0006] Zinc targets obtained by casting techniques are 
characterised by a someWhat higher density, but they have 
the disadvantage that the bonding betWeen individual grains 
may be poor. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to provide an 
improved target avoiding the drawbacks of the prior art. 

[0008] Furthermore, it is an object to provide a sputter 
target With a high sputter ef?ciency. 

[0009] It is another object to provide a process for the 
manufacturing of such sputter targets. 

[0010] According to a ?rst aspect of the present invention 
a sputter target is provided. The target comprises a target 
holder and a target material. The target material is formed on 
the outer surface of the target holder. 

[0011] The target holder serves for supporting and cooling 
the sputter target. It can be a plate or tube. 

[0012] In a preferred embodiment, the target holder com 
prises a stainless steel tube. 

[0013] The target material may comprise one or more 
layers of a metal, a metal alloy or a metal oxide. 

[0014] The target material comprises for example Zinc or 
a Zinc alloy such as a Zinc-tin alloy; titanium oxide; indium 
or indium oxide, such as indium tin oxide (ITO). 

[0015] The target material has a relative density higher 
than 92% of the theoretical density of the pure metal or 
metal alloy. More preferably, the relative density is higher 
than 95%, for example 98% or 99%. 

[0016] The relative density is de?ned as folloWs: 

Bulk density 
Relative density (%) = [my 

[0017] The bulk density (g/cm3) is the experimental den 
sity calculated from the siZe and the Weight of an actually 
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prepared target material, and the true density is the theo 
retical density of the target material. 

[0018] Rather than being one continuous crystal structure, 
solid metals are typically composed of separate and discrete 
grains. 

[0019] Depending on the composition and forming 
method, these grains can vary in siZe from the micron to the 
millimeter range. 

[0020] The orientation of the grains of the sputter target 
may vary from parallel or substantially parallel to the 
longitudinal axis of the target holder to perpendicular or 
substantially perpendicular to the longitudinal axis of the 
target holder and any orientation betWeen longitudinal and 
perpendicular. 

[0021] The orientation of the grains is mainly in?uenced 
by the heating and/or cooling method as described beloW. 

[0022] Adiffusion layer may be created betWeen the target 
holder and the target material. 

[0023] The targets manufactured by the process disclosed 
by this invention are suitable in any sputter process as for 
example metallic sputter processes or reactive sputter pro 
cesses. The metal atoms sputtered from the target react 
thereby With reactive gases such as oxygen or a gas mixture 
of oxygen With other gases such as nitrogen, argon or helium 
to form a metal oxide that is deposited on a particular 
substrate. 

[0024] Targets according to the present invention can be 
easily recycled and/or reused. 

[0025] For this purpose, the pro?le of the used target is 
measured and in a next step, neW target material is applied 
to compensate for the regional losses from consumption. 

[0026] The targets according to the present invention are 
therefore economically advantageous. 

[0027] According to a second aspect of the invention a 
process for the manufacturing of a sputter target is provided. 

[0028] The process comprises the steps of 

[0029] providing a target holder; 

[0030] applying a target material on said target 
holder; said target material comprising a metal, a 
metal alloy or a metal oxide; 

[0031] applying a top layer on top of said target 
material; said top layer comprising a material having 
a melting point Which is higher than the melting 
point of said target material; 

[0032] heating the target holder coated With said 
target material and said top layer. 

[0033] The process may further comprise the step of 

[0034] removing the top layer. 

[0035] The top layer is holding the target material on the 
target holder during the heating, thereby preventing that the 
target material is ?oWing aWay from the target holder. 

[0036] Therefore, the target is heated to a temperature 
loWer than the melting point of the top layer. 
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[0037] Furthermore, the top layer may function as a pro 
tective layer of the target material avoiding for example 
oxidation of the target material or avoiding contamination of 
the target material. 

[0038] In case the top layer is functioning as a protective 
layer, it can be preferred that the top layer is only removed 
shortly before the sputter target is used in the sputter process, 
for example at the customer’s place. 

[0039] Possibly, the process further comprises the appli 
cation of a release layer betWeen the application of the target 
material and the top layer. 

[0040] The function of such a release layer is to facilitate 
the removal of the top layer and/or to avoid diffusion 
betWeen the target material and the top layer. 

[0041] The target material can be applied on the target 
holder by different techniques, for example by spraying such 
as thermal spraying or dipping. 

[0042] Alternatively, the target material can be coiled 
around the target holder. The material to be coiled comprises 
for example one or more metal foils, one or more metal 
strips or one or more metal Wires. The coiling of a combi 
nation of metal foils, metal strips and/or metal Wires is also 
possible. 

[0043] Also bunch Winding of Wires is a suitable technique 
to apply the target material. By bunch Winding Wires With 
the same or With a different composition can be coiled 
around the target holder. 

[0044] It can be preferred that the Wires have a ?at or 
rectangular cross-section. For a person skilled in the art it is 
clear that bunch Winding can be combined With the coiling 
of other material such as foils, strips or Wires or can be 
combined With the application of poWder. 

[0045] As Wires also holloW Wires can be used. These 
Wires may be ?lled With another material such as metal 
poWder. The metal poWder may comprise one or more 
doping elements. 

[0046] Afurther method to apply the target material on the 
target holder is by applying segments such as tiles, rings, 
connecting pieces or surfaces on the target holder. Prefer 
ably, the segments have an appropriate geometry so that the 
different segments ?t Well on the target holder and/or on the 
adjacent segments. 

[0047] The application of foils, strips, Wires or segments is 
for example very suitable in case expensive materials are 
applied because the loss of material is reduced to a minimum 
by this application technique. 

[0048] Either a single layer or a multiplicity of layers of 
target material can be applied on the target holder. 

[0049] In case a multiplicity of layers is applied, the 
successive layers may comprise the same material, i.e. the 
same metal, metal alloy or metal oxide. Alternatively, suc 
cessive layers may comprise different metals or metal alloys. 

[0050] Successive layers can be applied by different tech 
niques, for example a ?rst layer may be applied by spraying, 
While a second layer may be applied by coiling foil or Wire 
around the target holder on Which the ?rst layer is applied. 
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[0051] The top layer may comprise any material that has 
a relatively high melting point. The top layer comprises for 
example a metal, a metal alloy or a metal oxide. 

[0052] Preferably, the melting point of the top layer is 
substantially higher than the melting point of the target 
material. More preferably, the difference in melting point 
betWeen the target material and the top layer is at least 100° 
C. Most preferably, the difference in melting point betWeen 
the target material and the top layer is at least 200° C. 

[0053] Another requirement of the top layer is that it forms 
a closed layer Which covers the target material completely 
and Which protects the target material from the surround 
ings. 

[0054] In a preferred embodiment, the top layer is a 
stainless steel layer Which is sprayed on top of the target 
material. 

[0055] Other suitable top layers comprise high melting 
metals or metal alloys such as M0 or W or alloys thereof. 

[0056] In principle the top layer can be applied by any 
technique knoWn in the art Which forms a closed layer. 
Preferred techniques comprise spraying, such as thermal 
spraying or dipping. 

[0057] For the heating step in principle every heating 
technique Whereby the target assembly is heated to the 
desired temperature is suitable. The top layer prevents the 
target material of ?owing aWay from the target holder and/or 
may form a protective layer for the target material. 

[0058] Apreferred heating technique comprises induction 
heating. Also resistance heating, conduction heating, elec 
trical discharge heating and radiation heating can be con 
sidered. 

[0059] Preferably, the target is only heated locally for 
example by using a Zone heating method. 

[0060] In such a Zone heating method, an induction heat 
ing coil surrounds the target assembly in an annular fashion 
and is moved relative to the target assembly in the axial 
direction thereof. 

[0061] Alternatively, the target assembly is moved relative 
to a ?xed heating coil. 

[0062] It is preferred that the target assembly is rotated 
during the heating. 

[0063] The target can be placed either horiZontally or 
vertically during the heating step. In most cases, a vertical 
position is preferred. 

[0064] A horiZontal position of the target may favour the 
homogeneous mixing of the target material or of the differ 
ent components of the target material layer during the 
heating step; a vertical position of the target may be pre 
ferred in case a sloW solidifying is desired or in case the 
heating step is applied to purify the target material as 
described beloW in more detail. It can be preferred that the 
position of the target is horiZontal during a ?rst heating step 
and that the target is placed in a vertical position during the 
subsequent heating step or steps. 

[0065] During or after the heating step, the target assembly 
can be cooled for example by means of circulating Water. 
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The target assembly may be cooled from the inside, from the 
outside or from the inside and the outside of the target 
assembly. 
[0066] According to a ?rst aspect it can be the object of the 
heating step to melt at least one component of the target 
material. 

[0067] In this case, the target assembly is heated to a 
temperature equal to or higher than the melting point of the 
target material or to a temperature higher than the melting 
point of at least one component of the target material. 
Preferably, the target assembly is heated to a temperature 
loWer than the melting point of the top layer. 

[0068] After the heating step, the target assembly can be 
cooled to obtain the desired properties of the target material. 

[0069] In case the target is heated to a temperature equal 
to or higher than the melting point of one component but 
loWer than the melting point of one or more other compo 
nents of the target material, a mechanical embedding of the 
one component in the other component or components can 
be obtained. This is for example the case if a target material 
comprising Zinc and titanium oxide, such as titanium diox 
ide or sub-stoichiometric titanium dioxide, is heated to a 
temperature higher than the melting point of Zinc. 

[0070] Due to the heating and the subsequent cooling, a 
recrystalliZation of the material of the target material can be 
obtained. By recrystalliZation substantially uniform grains 
can be obtained. 

[0071] The Way of heating and the Way of cooling have a 
direct in?uence on the melted and recrystalliZed material, as 
for example on the lattice structure, the grain properties such 
as grain siZe, grain orientation and grain distribution. 

[0072] The orientation of the grains may be varied from 
perpendicular or substantially perpendicular to the target 
holder to longitudinal or substantially longitudinal to the 
target holder. 

[0073] By performing the heating and/or the subsequent 
cooling longitudinally, the grains are oriented longitudinal 
or substantial longitudinal With the longitudinal axis of the 
target holder. 

[0074] As described beloW, the heating step could be 
repeated for example by traversing a heating coil more than 
once over the length of the target assembly. In such case 
grains oriented perpendicular of substantially perpendicular 
to the longitudinal axis of the target holder can be obtained. 

[0075] The density of the material of the target material 
may be increased after the heating and cooling step is 
performed. 
[0076] Preferably, the target material has a relative density 
higher than 92%, more preferably the relative density is 
higher than 95% or even higher than 98%, for example 99%. 

[0077] According to a second aspect it can be the object to 
obtain a diffusion betWeen tWo or more components or 

betWeen tWo or more layers. In such cases it is not necessary 
or not desired to melt the target material. 

[0078] To realise this object, the target is heated to a 
temperature that alloWs to obtain such diffusion. Generally, 
this temperature is loWer than the melting point of the target 
material and/or loWer than the melting point of the top layer. 
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[0079] A diffusion can for example be obtained betWeen 
tWo different materials or components, or betWeen tWo 
different layers, for example betWeen the target holder and 
the target material and/or betWeen the target material and the 
top layer. Also a diffusion betWeen the target holder, the 
target material and the top layer can be obtained. 

[0080] A diffusion betWeen tWo different materials may 
for example be obtained in an embodiment Where tWo 
different types of Wires, foils or strips coiled around the 
target holder and Where the target assembly is heated to a 
temperature that alloWs a diffusion betWeen the different 
Wires, foils or strips. 

[0081] Apreferred embodiment comprises a Zinc-tin target 
obtained by diffusion of Zinc Wires and tin Wires or by 
diffusion of Zinc tiles and tin tiles. In this Way tin can be 
added to the target material to an amount that can not be 
reached by another method of applying Zinc-tin as target 
material. Also a distribution of Zinc and tin that could 
normally not be reached can be obtained, as for example 
Zinc particles embedded in tin. 

[0082] Amaj or advantage of the process of manufacturing 
metal targets according to the present invention is that it 
concerns a process With a lot of ?exibility for example With 
respect to the starting material used as target material 
(sprayed material, poWder, Wires, foils, segments, . . . ) or 
With respect to the technique used for the application of the 
target material (spraying, dipping, coiling, . . . 

[0083] Another advantage of the process according to the 
present invention is the ?exibility of the process to in?uence 
the properties of the target material, for example by varying 
the heating and cooling step and/or by the application 
technique of the target material and/or the top layer. It is 
clear, that the crystal lattice, the grain properties such as 
grain siZe, grain distribution and grain orientation and the 
density of the target material can be in?uenced by the 
heating and/or the cooling step and/or by the application 
technique of the target material and/or top layer. The heating 
step may be tuned in temperature, time, location and/or 
pro?le in order to obtain the desired characteristics. 

[0084] Still a further advantage of the process of manu 
facturing a target according to the present invention is that 
the target material can be applied on the target holder at loW 
temperatures and/or at loW pressure. 

[0085] A target manufactured by the process according to 
the present invention is furthermore characterised by a good 
bonding betWeen the individual grains. 

[0086] Due to the heating, a diffusion layer may be created 
betWeen the target holder and the target material. 

[0087] The method of heating can also be used to re?ne or 
purify the material of the target material. 

[0088] During the heating, a melting Zone, produced by 
means of an induction heating coil, traverses the entire 
length of the target assembly as the coil moves from the 
bottom to the top of the target assembly. 

[0089] Gases and impurities are dissolved in the melting 
Zone and are moving up together With the moving of the 
melting Zone. 

[0090] The purity of the target material can further be 
improved by vibrating the target assembly during the heat 
ing and/or cooling step or by applying ultrasonic Waves on 
the target assembly. 
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[0091] If desired, the heating step could be repeated by 
traversing the induction heating coil more than once over the 
length of the target assembly. 

[0092] After the heating step is performed, the top layer is 
preferably removed for example by a mechanical operation, 
such as a machining operation. 

[0093] Preferably, after the top layer is removed, the 
surface of the target material is subjected to a polishing 
operation. 
[0094] In order to facilitate the removal of the top layer, it 
can be preferred that a release layer is applied betWeen the 
target material and the top layer. A release layer comprises 
for example a paint or a metal oxide or combinations 
thereof. Suitable metal oxides are Zirconium oxide or alu 
minium oxide. 

[0095] The release layer may for example avoid that a 
diffusion layer is formed betWeen the target material and the 
top layer or may facilitate the removal of the top layer 
shortly before the sputter process for example at the cus 
tomer’s place. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0096] The invention Will noW be described into more 
detail With reference to the accompanying draWings Wherein 

[0097] FIG. 1 shoWs the manufacturing process according 
to the present invention; 

[0098] FIG. 2 shoWs the cross-section of a sputter target. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0099] Referring to FIG. 1, the manufacturing process of 
a target according to the present invention is explained. FIG. 
2 shoWs the cross-section of a sputter target according to the 
present invention. 

[0100] In a ?rst step a target assembly 10 is manufactured 
as folloWs: A layer of target material 14 comprising Zinc is 
sprayed on a stainless steel tube 12. The sprayed Zinc layer 
has a density of about 91%. The Zinc layer Will function as 
target material. 

[0101] Possibly, the Zinc layer comprises one or more 
doping elements such as Al, Bi, Ce, Gd, Nb, Si, Ti, V, Y, Zr, 
Sn, Sb. 

[0102] The doping element or elements can be added to 
the target material in an easy Way, for example by adding 
poWder. 
[0103] Upon the Zinc layer, a top layer 16 of stainless steel 
is applied by spraying. 

[0104] The top layer 16 surrounds the target material 14 
completely. 
[0105] An induction heating coil 18 is disposed around the 
target assembly so that a molten Zone B is created. 

[0106] It is preferred that the target assembly is rotated 
around its axis during the heating to obtain a more homo 
geneous heating. 

[0107] During Zone heating the target assembly comprises 
three distinct Zones, Zones A, B and C. 
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[0108] Zone Arepresents a melted area, Zone B represents 
an area being melted and Zone C represents an unmelted, to 
be melted area. 

[0109] Preferably, the target assembly is placed vertically 
and the induction coil surrounding the target assembly is 
moved upWardly relative to the target assembly in the axial 
direction thereof. 

[0110] As the induction coil traverses over the target 
assembly, Zone C melts and is transformed into Zone B. As 
the induction coil moves further over the target assembly, 
Zone B solidi?es, thereby becoming Zone A. As Zone B 
gradually moves upWardly, Zone A increases in siZe Whereas 
Zone C decreases in siZe until target assembly can be 
considered to consists entirely of Zone A. 

[0111] During Zone heating the target assembly, and more 
particularly the target material layer undergoes various 
changes. 
[0112] Due to the heating and subsequent cooling, the 
target material is recrystalliZed. The structure of the recrys 
talliZed target material comprises substantially uniform 
grains. 
[0113] The impurities of the target material are moving 
upWardly together With the induction coil, resulting in a 
higher purity of the Zone A compared With Zone C. 

[0114] Also voids and surface imperfections are removed. 

[0115] The heated and cooled target material of Zone Ahas 
a density higher than 92%, for example higher than 98%. 

[0116] The high density and the good bonding betWeen the 
individual metal grains of a Zinc targets obtained by the 
process according to the present invention are major advan 
tages in comparison With the prior art targets. For example, 
Zinc targets obtained by spraying or casting techniques are 
characterised by a loWer density and/or a poor bonding 
betWeen individual grains. 

[0117] The loW density and/or the poor bonding have a 
negative in?uence on the sputter process. Due to their high 
porosity and poor bonding betWeen the Zinc grains, already 
after a short sputter time, big cavities are created betWeen 
individual Zinc grains. As a consequence Zinc dust particles 
fall from the target, thereby disturbing the sputter process 
and polluting for example the surfaces to be coated. 

[0118] Another advantage of a target obtained by the 
process according to the present invention in comparison 
With prior art targets, for example targets obtained by 
casting, is the good adhesion of the target material to the 
target holder. 

1. A sputter target comprising a target holder having an 
outer surface and a target material formed on said outer 
surface, said target material comprising a metal, a metal 
alloy or a metal oxide; said target material having a relative 
density higher than 92% of the theoretical density of the 
metal or metal alloy. 

2. A sputter target according to claim 1, Whereby said 
target material has a relative density higher than 95% of the 
theoretical density of said metal or metal alloy. 

3. A sputter target according to claim 1, Whereby said 
target material has a relative density higher than 98% of the 
theoretical density of said metal or metal alloy. 
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4. A sputter target according to claim 1, whereby the 
grains of said target material have an orientation parallel or 
substantially parallel to the longitudinal aXis of said target 
holder. 

5. A sputter target according to claim 1, Whereby the 
grains of said target material have an orientation perpen 
dicular or substantially perpendicular to the longitudinal aXis 
of said target holder. 

6. A sputter target according to claim 1 Whereby said 
target material comprises Zinc or a Zinc alloy. 

7. A sputter target according to claim 1, Whereby a 
diffusion layer is present betWeen the target holder and the 
target material. 

8. A sputter target according to claim 1, Whereby said 
target holder is a plate. 

9. A sputter target according to claim 1, Whereby said 
target holder is a tube. 

10. A sputter target according to claim 9, Whereby said 
target holder is a stainless steel tube. 

11. Aprocess of manufacturing a sputter target according 
to claim 1, said process comprising the steps of 

providing a target holder; 

applying a target material on said target holders, said 
target material comprising a metal, a metal alloy or a 
metal oXide; 

applying a top layer on top of said target material; said top 
layer comprising a material having a melting point 
Which is higher than the melting point of said target 
material; 

heating the target holder coated With said target material 
and said top layer. 

12. Aprocess according to claim 11, Whereby said process 
comprises the step of 
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applying a release layer betWeen said target material and 
said top layer. 

13. Aprocess according to claim 11, Whereby said process 
further comprises the step of 

removing the top layer. 
14. Aprocess according to claim 11, Whereby said target 

material is applied by spraying or dipping. 
15. Aprocess according to claim 11, Whereby said target 

material is applied by coiling at least one Wire, strip or foil 
around said target holder or by applying segments on said 
target holder. 

16. Aprocess according to claim 11, Whereby said target 
material comprises sprayed Zinc or a sprayed Zinc alloy. 

17. Aprocess according to claim 11, Whereby said mate 
rial of the top layer comprises a metal, a metal alloy or a 
metal oXide. 

18. A process according to claim 11, Whereby said top 
layer is applied by spraying or dipping. 

19. A process according to claim 11, Whereby said top 
layer is a stainless steel layer Which is sprayed on top of the 
target material layer. 

20. Aprocess according to claim 12, Whereby said release 
layer comprises a metal oxide. 

21. Aprocess according to claim 11, Whereby the heating 
comprises heating to a temperature Which is equal or higher 
than the melting point of the target material. 

22. Aprocess according to claim 11, Whereby the heating 
comprises heating to a temperature that alloWs to obtain a 
diffusion betWeen tWo or more components of the target 
material. 

23. A process according to claim 1, Whereby the heating 
comprises induction heating. 

* * * * * 


