ScannerMAX Saturn 1B performing Triangle and Sawtooth at various angles
This is a test of the ScannerMAX Saturn 1B family of scanners, scanning triangle- and
sawtooth-waves at relatively high frequency, and using our standard 3mm Y mirror. This
particular Y mirror has the capability of scanning a 3mm beam over a 60-degree optical angle.
Based on the customer request, this testing is being done at 5 degrees and 10 degrees
mechanical (10 degrees and 20 degrees optical) peak to peak. Since these angles are much
smaller than the 60-degrees that the standard mirror set is capable of, it means that beams
larger than 3 mm could be reflected by this mirror, or alternatively the scanning action could be
“panned” about the 60 degree optical angle.
The Saturn 1B is available in several coil configurations, including “-80S”, “-80P” and “standard”.
The difference is the number of turns and diameter of wire used in the stator. The
“–80P” version has the lowest coil impedance (only 0.75 ohms and 53uH) so it provides the best
dynamic performance and may be especially handy when power supply voltages are limited.
The Saturn 1B–80P also has 42% more copper in the coils than the “standard” Saturn 1, and
compared to it’s closest competitor in the marketplace, the Motor-constant-to-inertia ratio of the
Saturn 1B-80P is a factor of two better (generally means it can do the same job while generating
only ¼ the heat). This should be especially impressive since its closest competitor is physically
larger and has 3 times the rotor inertia.
Tests were performed using Saturn 1B with both “standard” and “-80P” coil configurations, and
driven by a ScannerMAX Mach-DSP servo driver having +/-24V power supply rails. This servo
driver is capable of driving two scanners (dual axis driver) and it is in a compact package.
For convenience and for low heat dissipation by the servo driver, the Mach-DSP uses a singleended power amplifier – not an H-bridge as is the case for most competitors. Nevertheless,
performance is certainly impressive. Moreover, with the Saturn 1B-80P, most of the results
shown below are also possible with a lower power supply voltages such as +/-15V.

The Mach DSP has a built-in oscilloscope function. This comes in handy as it can be used to
measure virtually any quantity of the overall scanning system. For example, the screen shots
below show four separate channels being measured. In most cases the yellow trace shows
“Input command” and the pink trace shows “Position”. (Both Input and Position are in
mechanical degrees, thus, optical scan angle is double that shown in the traces). The other two
traces are changed, depending on the particular aspect of the test being highlighted.
For all of the testing, we drove the input command signal using a function generator capable of
generating ramp waveforms with any desired frequency and “symmetry” (with 50% “symmetry”
representing a triangle wave). You will notice that, in some cases, the input command signal
has higher amplitude than the position signal. This is common, since all servo drivers act like
low-pass filters and have some “rolloff”. The rolloff could also be compensated for in our driver.

500Hz Triangle-Wave at 20 degrees optical
The goal of this particular test was to see how “efficient” a 500Hz, triangle-wave, 20-degree optical scan
could be produced. By “efficient”, it means that the time needed to reverse directions at each end of
portion of the ramp should be performed as quickly as possible.
The tests that used the “Standard” Saturn 1B were performed using our “90K” tuning, which achieves a –
3dB bandwidth of 7.5 kHz and step times of 120 microseconds. The tests that used the “-80P” coil used
a bit higher servo gain; achieving a –3dB small-signal bandwidth in excess of 8kHz and small-step
times of 95 microseconds.
The scope screen shot below (which used the “standard” coil) shows the overall results of 500Hz
(2 milliseconds overall period with 1 millisecond spent in each portion of the ramp) triangle waveform.

For the “Standard” coil, peak coil current was 3.5 amps and “turn-around time” was 140 microseconds.
For the –80P coil (below), peak coil current was 7 amps and turn-around time was 100 microseconds.

In the screen shots above, you will notice that the input signal (yellow trace) leads the scanner position
(pink trace) by a small amount of time. This is called the “tracking delay”, or sometimes called “tracking
error”, and it is another artifact of the low-pass-filter nature of a galvo scanning system. Higher servo
gains provide higher –3dB bandwidth and thus, shorter tracking delays.
In the screen shot below, we zoom in on the input command and position waveforms. The tracking delay
with the “standard” coil was approximately 70 microseconds (as shown below). The tracking delay with
the “–80P” coil was approximately 60 microseconds.

The screen shot below illustrates that the Saturn 1B remains cool while doing this job. The ambient
temperature for this scanner was 30C. The coil temperature rise for this job was only 2.5 degree C for
the “standard” coil and only 1.7 degrees C for the “-80P” coil.

The screen shot below illustrates this in terms of power consumption and heat. Our servo driver
computes power and heat in real time. It can be seen that power supply consumption (for 2 axis) is 16.2
watts. Heat generated by the power amplifier section of the servo driver is approximately 6 watts for the
“standard” coil and 9 watts for the –80P coil. Heat generated by the scanner is nearly immeasurable…

Step-time tests with the high-bandwidth servo tunings used above
In some cases, a laser-based product will perform triangle-wave scanning some of the time, and then
perform steps (like “point and hold”) at other times. We were asked to show the step performance of the
system at various servo tunings. Note that “step time” is far different from “rise-time”, which is commonly
used in the field of electronics. “Rise-time” is the time it takes for a waveform to go from 10% to 90% of
the step amplitude. “Step-time” is the time it takes for a scanner to move to within 99% of its final
position.
A 0.1-degree mechanical step is often used in this industry, as a benchmark to determine step time. This
is shown in the screen shots below. For the “standard” coil, the step time is 120 microseconds.

For the –80P coil (shown in the screen shot below), the step time is 95 microseconds.

With this tuning, step time will remain 120 microseconds for the “standard” coil with steps up to around
0.5 degrees. For the “-80P” coil, step time remains 90 microseconds up to around 0.3 degrees.

850Hz Sawtooth-Wave scanning at 19 degrees optical
The goal of this particular test was to see how “efficient” an 850Hz, sawtooth-wave, 19-degree optical
scan could be produced. Once again, “efficiency” is achieved when the time is minimized going from the
end of the present scan line to the beginning of the next scan line.
The Mach-DSP has multiple “tunings” which can be instantly selected and activated externally, by using
TTL or serial commands fed electronically to the servo driver, or alternatively using the PC software
shown above. Because of this, each task that a machine needs to do may use a different tuning. For this
particular task the tuning was changed to be optimized for large-signal performance, thus providing a
–3dB bandwidth of approximately 4kHz for both the “standard” and “-80P” coil configurations.
The scope screen shot below (for the –80P coil) shows the results of 850Hz (roughly 1176 microsecond
period) sawtooth waveform. Here the input command signal waveform has 17 percent symmetry (17
percent of 1176 microseconds is roughly 200 microseconds).

The screen shot below zooms in on the current and velocity waveforms to show that the total “retrace
time” is approximately 400 microseconds with this tuning. Therefore, 400 of the total 1176 microseconds
is spent in the “retrace” portion, leaving 776 microseconds for the “trace” portion, or a total of 776 / 1176
= 66% efficiency. This was true for both the “standard” and “-80P” coil configurations.

As with the triangle-wave test performed above, you will notice that the input signal (yellow trace) leads
the scanner position (pink trace) by a small amount of time (the “tracking delay”). In the screen shot
below, we zoom in on the input command and position waveforms to show that the tracking delay is
approximately 95 microseconds. Since tracking delay is a function of servo tuning (i.e. bandwidth), this
was the same for both the “standard” and “-80P” coil configurations.

The screen shot below illustrates that the Saturn 1B-80P remains cool while doing this job. The ambient
temperature for this scanner was 30C. The coil temperature rise for this job was only 12 degrees C!

For the “standard” coil, RMS current was only 2.6 amps RMS (because the torque constant on the
standard version is higher) but temperature rise was 20 degrees C – nearly double that of the “-80P” coil
configuration. Although a 20-degree rise is still quite manageable, this is where the additional turns of
copper coils in the –80P coil configuration start to become apparent...

The screen shot below illustrates this in terms of power consumption and heat for the “-80P” coil
configuration. It can be seen that power supply consumption is 50.3 watts. (This would be reduced with
+/-15V power supplies.) Heat generated by the power amplifier section of the servo driver is
approximately 29 watts. Heat generated by the scanner is 10 watts.
For the “standard” coil, total power supply consumption is 39.8 watts, and the heat generated by the
scanner and power amplifier are both around 14 watts. All of this is easily manageable…

880Hz Sawtooth-Wave scanning at 10 degrees optical
The goal of this particular test was to see how the efficiency would be increased if scan angle used in the
tests above is roughly cut in half. Once again, the multiple tuning aspect of the Mach-DSP was used to
create an optimal tuning specifically for this task. For this particular task the tuning was changed to be
optimized for large-signal performance, thus providing a –3dB bandwidth of approximately 6.6kHz.
The scope screen shot below (for the –80P coil) shows the results of 880Hz (roughly 1136 microsecond
period) sawtooth waveform. Here the input command signal waveform has 13 percent symmetry (13
percent of 1136 microseconds is roughly 148 microseconds).

The screen shot below zooms in on the current and velocity waveforms to show that the total “turnaround time” is certainly no greater than 280 microseconds with this tuning. Therefore, 280 of the total
1136 microseconds is spent in the “retrace” portion, leaving 856 microseconds for the “trace” portion, or
a total of 856 / 1136 = 75.4% efficiency. This was true for both the “standard” and “-80P” coil configs.

As discussed above, the “tracking delay” is a function of servo tuning. As servo gain is increased,
bandwidth is increased and tracking delay is decreased. In the screen shot below, we zoom in on the
input command and position waveforms to show that the tracking delay is approximately 72
microseconds.

The screen shot below illustrates that the Saturn 1B-80P remains cool while doing this job. The ambient
temperature for this scanner was 30C. The coil temperature rise for this job was only 9 degrees C!

For the “standard” coil, RMS current was only 2 amps RMS but temperature rise was 17.5 degrees C –
nearly double that of the “-80P” coil configuration.

The screen shot below illustrates this in terms of power consumption and heat for the “-80P” coil
configuration. It can be seen that power supply consumption is 40.3 watts. (This would be reduced with
+/-15V power supplies.) Heat generated by the power amplifier section of the servo driver is
approximately 20 watts. Heat generated by the scanner is 6.75 watts.
For the “standard” coil, total power supply consumption is 30.2 watts. Heat generated by the power
amplifier section of the servo driver is approximately 11 watts, and the heat generated by the scanner is
around 8 watts. All of this is easily manageable…

Step-time tests with the 6.6kHz bandwidth servo tuning used above
A 0.5-degree mechanical step was driven into the system with this tuning. It can be seen that the step
time is approximately 140 microseconds.

With this tuning, step time will remain 140 microseconds up to the 0.5 degrees shown above, and then it
will become progressively longer as amplitude is increased.

Conclusions
It is clear that Saturn 1B family allows for high efficiency triangle-wave and sawtooth-wave scanning to
be performed with minimal heating of the scanner. Heating of the servo driver is also relatively minimal,
and could be reduced further by reducing the power supply from +/-24V (which is used for almost all inhouse testing) to +/-15V.
The tests also demonstrate that the Saturn 1B family is capable of world-leading bandwidth, short steptimes and minimal tracking delay.

