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Summary

The power spectral density of the voltage noise of the Superlum Pilot4-PCB Driver has been measured in order to ensure that its level of noise is acceptable for use in Advanced LIGO.

Setup

The S-LED driver was connected to a spectrum analyzer while leaving the driver open as shown in figure 1.  Two wires were soldered on to the input pins on the back of the driver, one to each input pin.  These were connected to a power supply to power the driver.
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Figure 1
The S-LED driver with two connecting pins which were used to connect the driver to the spectrum analyzer.  Note that the driver is not placed in a conducting box and is left entirely open to ensure that no noise was masked.

Five tests were taken, two of which involving the S-LED driver and the other three being instrument noise measurements.  These five experiments and the data gathered are laid out below.

Data

All five of our tests were power spectral density measurements in the frequency range of 128 Hz - 102.4 kHz.

The first test was the spectrum analyzer noise floor in which a spectrum was taken with the spectrum analyzer’s two leads shorted.  Next, the driver was connected to the spectrum analyzer while the power supply was kept off in order to get the ambient noise of the driver’s circuit.  The data from these two tests are plotted in figure 2.

The power supply was then turned on and a baseline noise test for the power supply alone was taken, in which the power supply was hooked up directly to the spectrum analyzer. The next spectrum that was taken was with the S-LED driver connected to the power supply and the S-LED turned on. The data from these two tests are shown in figure 3.

Figure 3 shows that in the frequency range of 102 – 104 Hz the driver emits no appreciable noise over that of the power supply.  However, in the range of 104 – 105 Hz it seems the driver is emitting some kind of voltage noise over that of the power supply.  Fortunately, this is not the case.  The 9V power supply to the S-LED draws .2 amps during normal operation, so a 45Ω resistor can duplicate this load.  Accordingly, a 45Ω resistor was stuck between the power supply leads in order to get an accurate instrument noise floor.  The noise emitted by the power supply may be different when loaded than when shorted and thus might account for what seemed to be noise from the driver.  Figure 4 shows this to be the case. 
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Figure 2 

Power spectrum density in dBVrms/√Hz of both the instrument noise floor and the ambient noise of the circuit while no power was applied.  The ambient circuit picked up some environmental noise in the higher frequency ranges and apart from this emits no noticeable noise.
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Figure 3
Power spectral density in dBVrms/√Hz of voltage noise from the power supply and the powered driver with the S-LED turned on.  From 102 - 104 Hz the driver emits no noticeable voltage noise over the power supply.  There is, however, a discrepancy once the frequencies go higher than 104 Hz. 
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Figure 4
Power spectral density of the power supply connected to a 45 Ω resistor and the driver with the S-LED turned on.  This shows that was seemingly a large gap between the power supply baseline noise and the driver circuit is in reality the increased noise of the power supply when it is loaded.  There is still a noise increase of about a factor of 3 in the frequency range 104 – 105 Hz.  If this is a concern, this can easily be remedied with moderate filtration.
Conclusion

Despite some environmental noise pickup in the ambient circuit, the only noticeable discrepancies between driver noise and our instrument noise floors was the factor of 3 increase from the loaded power supply noise and the driver noise in the 104 – 105 Hz range.  If this factor of 3 is a concern, some moderate filtration should be used when implementing this driver.  Note also that all of these tests were done with the driver completely open.  When in use at aLIGO, the driver will be placed in a metal box, furthering lowering the amount of detectable noise.

Additionally, visual inspection of the circuitry did not show any DC DC converter nor any other switching or digital circuitry.  All this taken into account, it is safe to say that the Superlum Pilot4-PCB Driver is safe for use in Advanced LIGO.

[image: image5.jpg]



Figure 6
Front view of Superlum Pilot4-PCB

[image: image6.jpg]



Figure 7
Top angled view of Superlum Pilot4-PCB
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Figure 8
Superlum Pilot4-PCB circuitry, as viewed from behind. 
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