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Capacitive
The capacitive measurement method is pre-eminently suit-
able because it involves non-contact distance measurement. 
The measured capacity is inversely proportional to the 
width of the (air)gap between the sensor and the surface to 
be measured. By scanning a complete surface, a ‘contour 
map’ can be generated. Points in favour of the capacitive 
measuring system are its high bandwidth, high resolution, 
high linearity, vacuum compatibility and the fact that there 
is no local build-up of heat. 

Bow and warp
The sensors that are used for Susan make it possible to 
measure wafers with a high degree of bow and warp. 
Extremely flat, polished wafers can also be measured with 
a high degree of accuracy. Bow is a measure of the curva-
ture of a wafer’s median surface at its centre, regardless of 
variations in thickness. Warp is the difference between the 
maximum and minimum curvatures of a wafer’s median 
surface compared to a reference plane. Bow is an indica-
tor of how convex or concave a wafer is, while warp is a 
measure of the wafer’s distortion, as you would see in a 
potato crisp.

Measuring
The method is as follows. After it has been cut, ground, 
polished and doped, a wafer is placed by hand on a rotating 
plate in the form of a holder with air bearings (see Figure 
2). The standard wafer size is 300 mm, measuring smaller 
wafers requires an adaptor. The wafer is held in place by 
three grabbers, the undersides of which define a reference 
plane while the spring upperparts can set off the variable 
thickness of the wafer. Table 1 shows a number of require-
ments the wafer has to meet. The wafer stands vertically so 
that its own weight has no influence on the measurement 
results.

Table 1. Susan’s measurement range in terms of wafer properties.

Diameter 150 / 200 / 300 ± 1.5 mm 
Thickness 0.35 / 0.40 / 0.70 to 2.0 mm 
Maximum bow  800 µm 
Maximum warp 1,800 µm 
Specific resistance  10-6 to 102 cm  
Edge exclusion 2.5 mm  

The measurement is carried out by means of two capacitive 
sensors on either side of the wafer; see the diagram in 
Figure 3. The sensors are mounted on a measuring frame 
and are equipped with drivers, making the sensor gap 
adjustable. This adjustability makes it possible to measure 
all types of wafers without having to make manual adjust-
ments. After the sensors have been set to the correct thick-
ness, they are calibrated by measuring integrated block 
gauges. For a capacitive scan of the wafer’s surface, the 
wafer is rotated and, at the same time, linearly displaced (in 
a radial direction) past the sensors on the stationary measur-
ing frame. This produces a spiral-shaped scan of the sur-
face, with 30 seconds being required to make a capacitive 
scan of a 300 mm wafer. More time is needed to manually 
place the wafer into the device and to remove it after the 
scan has been carried out. However, Susan is fitted with 
facilities for the integration of a wafer-handler into the sys-
tem at a future date. 

Figure 3. Principle of a double-sided capacitive measurement of a 
wafer.

Accuracy
The design of the measuring frame, which links the two 
capacitive sensors, determines to a high degree the stabil-
ity, and thereby the reproducibility and accuracy, of the 
machine. By using granite as a structural component of 
the machine (see Figure 4), the (dynamic and thermal) 
stability of the system is substantially increased. The 
uncertainty of the thickness measurement amounts to ± 0.5 
µm, the repeatability is much better than ± 0.5 µm. A Lion 
Precision two-channel measuring system was chosen for 
the capacitive sensor. Table 2 shows a number of the sen-
sor’s and the actuator’s (the sensor driver’s) specifications.Figure 2. The air bearing rotation plate.
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Measured quantities
Wafer measuring is fully automatic. Susan’s control soft-
ware was written in a Delphi programming environment. 
After measuring, the results are processed and the follow-
ing quantities are calculated: Mean, Standard deviations, 
Maximum deviation, Minimum deviation, Total deviation 
and Centre value. Based on the characteristics of a square 
of 1 x 1 inch2, local properties are calculated: The LTV 
(Local Thickness Variation) and the LFPD (Local Focal 
Plane Deviation). The software displays the calculated 
results and a graphic presentation of the measured wafer. 
Figure 6 shows a measurement of the warp. 

Figure 6. A measurement of the warp.

Surface roughness
Because the machine is based on capacitive measurement, 
the surface roughness has no influence on the measure-
ment. It so happens that this is not measured because of 
the lateral averaging effect of the capacitive sensors: their 
‘window’ is too large for the characteristic period of sur-
face roughness. However, Susan is equipped for the future 
addition of an optional focus probe, which allows for a 
(vertical) resolution of 10 nm and a lateral resolution of 
1 µm. When the device is equipped with this sensor, the 
surface roughness can be measured. The optical sensor 
can also be used to subject specific areas of the wafer to 
a further inspection with an extremely high lateral resolu-
tion. This makes Susan the first system on the market that 
allows for the usual geometrical measurements of the wafer 
as well as high lateral resolution measurements.

Author’s note
Hans Koopmans is a freelance copywriter in Apeldoorn, 
the Netherlands.

Figure 4. Thanks to a granite table, Susan’s frame is highly stable
and it is also provided with active, pneumatic vibration insulation.

Table 2. A number of relevant specifications of the sensor and the 
actuator. 

Sensor 
Thickness measurement resolution (RMS) 13 nm 
Thickness measurement accuracy ± 0.5 µm 
Lateral resolution 5.6 mm 
Actuator 
Range 2 mm 
Stability during measurement  < 10 nm 
Resolution < 100 nm 

Air bearing guideways guarantee frictionless and highly accu-
rate movement of the sensors and the wafer. The rotation axis   
has four New Way radial air bearings (black), two of which 
have a pre-load. To prevent axial motion New Way flat air 
bearings have been used (blue). The air bearings are made 
from porous graphite, which guarantees non-contact and fric-
tion -free guidance and extremely high stiffness; see Figure 5.   

Relative humidity must be between 40 and 70%. 
Furthermore, the machine must be installed in a low vibra-
tion environment. As long as the specific resistance of the 
wafers is within the designated limits, the machine does 
not have to be separately calibrated for each wafer type. A 
set of wafers will be measured by a certified laboratory and 
used for periodic reference checks of the device. 
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Information
Figure 5. Close-up of the air bearings.

INNOVATIVE WAFER MEASURING MACHINE
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