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INTRODUCTION 
 
Confocal sputtering is the technique of arranging 
magnetrons within a vacuum chamber in such a 
way that multiple materials can be applied onto the 
substrate without breaking vacuum.  Confocal 
sputtering also allows the user to co-sputter, or to 
create a film of two or more materials at once.  
This method is popular for research and 
development tools and for small scale batch 
productions.  
 
 
BENEFITS OF CONFOCAL SPUTTERING 
 
For conventional top down sputtering, only one 
material will be able to be sputtered at a time.  This 
is because of the geometric relation that the 
magnetron has with the substrate.  Generally when 
sputtering in this way, the target material must be 
larger than the substrate to yield acceptable film 
uniformity.  Because of this, the user must change 
the targets if they wish to sputter a different 
material.  This method also requires the target 
material to be much larger than the area of the 
substrate.  With confocal sputtering, the target is 
positioned at an angle relative to the substrate 
surface.  By doing this, the magnetron must also be 
moved off center of the rotational axis and be 
rotated during deposition in order to create an 
acceptable uniform film thickness, (see figure 1).   
 
Multiple magnetrons with different materials can 
now by located equidistant to the substrate rotation 
axis, and each can still provide a very uniform film 
thickness.  This allows for multiple materials to be 
applied during a single process, either in series, or 
concurrently, to create complex films. 
 
 
CATHODE ALLIGNMENT FOR MAXIMUM 
UNIFORMITY 
 
Confocal cathode sputtering is based on changing 
the angle of the cathode target with respect to the 
substrate in order to create a more uniform 
deposition process. Confocal sputtering requires 
that the cathode be mounted at an angle (θ) relative 
to the vertical (y) axis (See figure 1). 
 
If the substrate was held static, the inner area of the 
substrate would receive more material during 
deposition than the outer areas.  By rotating the 

substrate about its own axis with the cathode 
offset, this non-uniformity is minimized.  During 
rotation, the linear surface velocity of a point on 
the substrate increases as the radius to that point is 
increased. This causes the area of the substrate 
with the shortest distance to the target to be 
exposed to plasma for a shorter amount of time 
compared to the center of the substrate which has a 
slower linear velocity.  Uniform deposition is 
achieved because of the tilted orientation of the 
cathode.  Highly uniform films can be created 
when the target distance from the substrate and the 
tilt angle are optimized.  Because of this, confocal 
sputtering can often achieve better than ±5% non-
uniformity in film thickness.   
 
To position a cathode for confocal deposition, a 
line is drawn that runs through the center of the 
cathode (parallel to the particle flow) and intersects 

the y axis.  This line is then to intersect the 
substrate at a distance of r/2 from its rotational 
axis.  For best results, θ is set to 30°.  At this point 
the only variable left is m, or the distance of the 
cathode to the substrate.  The smaller the value of 
m becomes, the greater the deposition rate, but at 
the cost of higher non-uniformity.  The accepted 
ideal distance for m is approximately 4 inches.  In 
most systems, 3-4 cathodes provide the best 
balance of material flexibility, uniform film 

Figure 1 – Geometric layout of cathode relative to 
substrate for confocal sputtering 
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thickness, and good deposition rates.  Adding more 
than 4 cathodes to the system will begin to 
compromise the uniformity capabilities of the 
system due to the changes in the throw distance.  
 
 
SPUTTERING RATE AND TARGET EFFICIENCY         
 
During top down, concentric deposition, the 
uniformity distribution of the film thickness 
follows a parabolic curve starting from the center 
of the substrate (see figure 2).  The thickness of the 
film decreases exponentially from the center as 
you move towards the outside edge of the 
substrate. In order to decrease this non-uniformity 
in film thickness, the magnetron can be moved 
farther away from the surface of the substrate.  By 
doing this however, the deposition rate decreases 
substantially.  As shown in figure 2, the throw 
distance to the substrate can drastically change the 
uniformity for a given area.  Confocal sputtering 
allows the use of a much smaller diameter target 
material relative to the diameter of the substrate. 

 

By tilting the magnetron in a confocal 
arrangement, one can utilize the flat portion of the 
parabolic curve to obtain better uniformity, without 
decreasing the deposition rate.  Figure 3 illustrates 
how this rotation brings the flat part of the curve 
within +/- 5% uniformity.  The combination of a 
30 degree offset for the magnetron, and a 4 inch 
throw distance provide the ideal combination to 
create the most uniform film.  Because of this, a 
high percentage of the sputtered material is being 
deposited onto the substrate compared to top down 
sputtering given the same uniformity requirement. 
This increases the target efficiency as more of the 

material will be utilized for its intended purpose.  
This is particularly beneficial for precious metals.  
Confocal sputtering inherently uses smaller targets 
than conventional sputtering. 
 
When more magnetrons are added to a system, the 
distance from which they are located relative to the 
substrate rotation axis must not be changed in 
order to preserve the complex geometry of the 
confocal arrangement.  At the addition of a fourth 
or fifth magnetron, this distance must grow in 
order for all the magnetrons to be equidistant from 
the rotation axis.  Because of this, generally no 
more than three to four cathodes can be utilized in 
confocal sputtering.  Using more cathodes will 
result in increased non-uniformity and decreased 
sputtering rates.   
 
Source to substrate distance, cathode angle, and the 
location that the centerline of the target intersects 
with the substrate are all important aspects in 
producing high quality thin films.  One way to 
insure adjustability in all of these areas is with the 
use of flex mount cathodes.  These cathodes 
provide the adjustment necessary to change the 
angle of the target relative to the substrate.  These 
cathodes allow the user to have the greatest 
flexibility and precision in depositing highly 
uniform films.   
 
 
 
 
 
 
 
 

Figure 2 – % non-uniformity (y) across the diameter of 
a substrate (x) 
 

Figure 3 – Graph showing % non-uniformity for a 
non-rotating substrate in confocal alignment. 
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CONCLUSION           
 
Based up on the above information, it can be seen 
that confocal sputtering provides many benefits to 
the user and adds flexibility to the system.  
Confocal sputtering increases the yield of the 
sputtered material and improves film uniformity.  
With the capability of having multiple materials in 
the vacuum chamber at once, time is shortened in 
the creation of complex films, as well as allowing 
for co-sputtering to take place. Another benefit of 
confocal sputtering is lower target cost. Co-
sputtering is highly recommended for today’s 
cutting edge research and development systems.  
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4 – Semicore Flex mounted cathodes in confocal alignment 
 


