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MTI's Accumeasure HD Amplifier vs.
Laser Interferometer

This application note compares MTI's Accumeasure HD amplifier to a laser interferom-
eter in terms of resolution and accuracy for very small displacement measurements.
Specifically, this comparison focuses on minimum expected resolution and the effects of noise
on accuracy. High resolution interferometers are widely regarded as the instrument of choice
for the type of measurements described in this application note, but MTI's technology provides
exceptional accuracy and stability. Moreover, the Accumeasure is easier to setup and costs
significantly less. Micro positioning applications include measuring the mask height of semicon-
ductor wafers during lithography.

Comparisons and Configurations

converts a capacitive electric field measurement
(displacement) directly into a 24-bit digital reading to measure position, thickness, motion, and
vibration. This eliminates errors related to analog filtering, linearization, range extension and
the summing of channels to achieve thickness or step measurements.

For this experiment, a new D200 model amplifier was used with a preamplifier (PA-11??)
and a HD capacitive probe ( ) that has a 50 micron (um) measurement range.
The Accumeasure HD is capable of 1 picometer (pm) resolution and can provide picometer
accuracy with select probes.

FIG 1. MTI ACCUMEASURE HD AMPLIFIER, PREAMPLIFER,
AND 50pm RANGE PROBE.




The PicoScale interferometer used is representative of a category of devices', Michelson in-
terferometers, that split a beam from a light source into arms, each of which is reflected back
toward the beam splitter. After the amplitudes are combined, the resulting interference pattern
that is not directed back toward the light source is directed to a photoelectric detector.

For this experiment, the interferometer consisted of the SH-CO2 laser interferometer sensor
and the PS-CTRL-V1.4-TAB 3 controller. The interferometer has a stated resolution of 70 pm
RMS. With peak-to-peak (pk-pk) conversion, this would be 350 pm (using 6X to convert RMS to
pk-pk).

FIG 2. PICOSCALE CONTROLLER. THE CONTROLLER CONTAINS THE LASER SOURCE AND FRINGE
INTERPOLATER FOR MAKING INTERFEROMETER MEASUREMENTS.

Q FIG 3. THE CO2 INTERFEROMETER
SENSOR IS CONNECTED TO THE CON-
TROLLER VIA-SINGLE MODE FIBER
OPTIC CABLE. IT IS A MICHELSON

\ TYPE DEVICE.

1 Product used is the SmarAct Interferometer




FIG 4. BASIC MICHELSON
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The Experiment

Both the CO2 interferometer sensor and MTI ASP-50M-CTA probe were mounted to a small
piezo electric flexure stage. The two sensors did not observe the exact same target surface but
were closed coupled mechanically and physically . The capacitance probe was embedded in
the stage for direct observation of piezo flexure motion. The interferometer was mounted on
an optical post near the stage and was pointed at a retro reflector mounted atop the stage. In
turn, the retro reflector moved with the stage’s motion.

To determine the minimum resolution, measurements were made when the stage was sta-
tionary. Measurements were also made with the stage moving back and forth by 12 nm. This
enabled observation of the mechanical motion and a comparison of the dynamic results. Both
the piezo flexure stage and interferometer were mounted on an isolated air stage to minimize
seismic events that could affect the results.

As shown in Figure 5, an Agilent signal generator was used to generate a 10 Hz square wave
signal that was sent to a high voltage amplifier. This drove the Piezo System Jena motion stage
(100 pm range) back and forth by 12 nm. The system was open loop.




Equipment set up comparing a Michaelson interferometer to MTI's Accumeasure HD capaci-
tance displacement sensor. The Accumeasure HD is capable of 1 pico meter resolution

FIG 5. THE SETUP

LAPTOP FOR DISPLAYING
DISPLACEMENT RESULTS

SMARTACT INTERFEROMETER
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ACCUMEASURE HD

INTERFEROMETER SENSOR

CAPACITANCE SENSOR

PIEZO ELECTRIC MOTION STAGE WITH 12NM STEP MOVEMENT. IT ALSO HOUSES THE CAPACITANCE PROBE AND
A RETROREFLECTOR TARGET FOR THE INTERFEROMETER

Figure 6 shows the output of the interferometer when the piezo stage was not moving. The
interferometer’s baseband noise was 350 Hz and thermal drift was observed. The observation
time was limited to less than 2 seconds to minimize the effects of thermal drifts, which are diffi-
cult to eliminate. The pk-pk is about 1.4 nm, which is similar to what MTI has observed in other
comparisons.
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FIG 6. INTERFEROMETER BASE LEVEL NOISE WITH THE TARGET STATIONARY.

Note that there is some target mechanical drift due to air currents, and differential thermal
stress on the optical supports. If motion that is due to drift is ignored, the observed pk-pk noise
is about 1.4 nm. The specifications for the PicoScale interferometer are 70 pm RMS, which is
about 420 pm at best.

Figure 7 shows the noise output for the Accumeasure HD. The target is stationary at 500 Hz
bandwidth.
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FIG 7. DIGITAL ACCUMEASURE NOISE AT 500 HZ BANDWIDTH. THE TARGET IS STATION-
ARY AND PK-PK NOISE IS ABOUT 600 PM.
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FIG 8. SHOWS PK-PK NOISE AT A 50 HZ BANDWIDTH. THE SAMPLING RATE WAS 1 KHZ.

At 50 Hz bandwidth, Accumeasure HD noise is about 200 pm pk-pk. The target is stationary.

Larger excursions of the signal from mechanical vibrations are caused by micromechanical mo-
tion coupled to the isolation table.

Next, the signal general was turned-on for observation of pk-pk motion. Figure 9 shows the 12

nm open loop dynamic signal at 50 Hz bandwidth. A slight amount of overshoot is observed in
the stage.
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FIG 9. THE HD DIGITAL ACCUMEASURE MEASURES THE STAGE AS IT MOVES BACK AND
FORTH BY 12 NM PK-PK.

As show in Figure 10, the same motion can be observed using the PicoScale interferometer. Al-
though the noise level on the signal makes it harder to observe the square wave motion seen by
MTI's HD Digital Accumeasure, the average pk-pk motion is 12 nm, which is the same as with the
capacitance sensor. Its also possible that there was some backlash because the retro reflector
was mounted atop the stage.
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FIG 10. THE INTERFEROMETER SIGNAL AS SEEN FROM THE PICOSCALE USER SCREEN.




The PicoScale interferometer measured the piezo electric stage as it moved back and forth by
12 nm pk-pk. This is the same movement and measurement obtained with MTI's technology.
Note that the peak signals are not level. They are also somewhat noisy because of fringe signal
interpolation (noise) and possibly some stage backlash.

The data below was exported from the MTI Digital Accumeasure and the PicoScale Interfer-
ometer and then plotted side-by-side. Both data sets have been offset mathematically for vi-

sualization. No additional gain or smoothing has been applied. The interferometer data was
bandwidth-limited to 350 Hz.
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FIG 11. SIDE-BY-SIDE COMPARISON OF THE PICOSCALE LASER INTERFEROMETER
AND MTI'S DIGITAL ACCUMEASURE HD. THE HORIZONTAL SCALE IS SECONDS AND THE
VERTICAL SCALE IS NANOMETERS.




Conclusion: Accumeasure HD Combines
Accuracy with Stability

The MTI Digital Accumeasure demonstrated superior resolution and much greater stability in
this piezo flexure stage application. It was very easy to mount the probe against the embedded
piezo flexure, thus eliminating unwanted lever arm action. The 200 pm resolution seems to be
at the threshold of detectivity, with seismic motion and thermal drift beginning to become the
dominant factors in resolution. The HD amplifier was easier to setup than the interferometer
and no retroreflector was needed. When set to 100 Hz, the dynamic range of MTI's Accumea-
sure HD Amplifier was about 107 dB.
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