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Abstract


Recreating the output of the signal amplifier box was once again the initial focus this semester.  The output still contained a significant amount of noise when hooking the amplifier to the GEM readout, but when hooking the readout to the “cal” input of the amplifier, the signal became less noisy.  Many attempts have been made to minimize the noise, but, for the most part, they have been unsuccessful. 
The pressure test taken during the previous semester proved the detector had minimal gas leakage, so GEM testing was able to begin.  Testing was done both with and without the connection to the amplifier, as well as on ach GEM foil individually.  When testing individually, the leakage current either fluctuated a lot or displayed a large amount of leakage current.  The foils were then individually checked, and the detector was retested.    
Recreating the Signal Output

To minimize the noise in the signal, various voltages were observed in order to find signals that showed little or no noise or distortion.  The voltages that show the smallest amounts of noise remain below -2.0 v and +5.0 v.   To eliminate some of the noise in the -2.2 to -2.5 v range, the cables and the box were reoriented to reduce electrical interception, and the connections (to the banana plugs) inside of the amplifier were redone.  An 11nF capacitor was also clipped to the inner and outer conductors of a BNC cable (which were also clipped to each other), but this method showed no major change in the signal’s noise content (see “GEM Notes” binder).  Wrapping the amplifier box in aluminum foil was also tested, but did not prove to be beneficial.  It was found that touching the outside of the box produces a generous amount of noise, but the noise cancels out when grounding oneself.  Using cables of various lengths connected to the “IN” connection on the amplifier was tested, but for the most part, changing the cables seemed to have no effect on the noise level.  However, keeping the distance between the signal generator and the amplifier no more than 0.25 m, an unwound cable of about four meters in length displayed “no additional noise”.  (Refer to the April 2008 notes for a better explanation.)  More recently, the use of copper clad fiberglass was tested.  The strip sizes varied, but the least amount of noise was seen with both 10 cm x 0.6 cm and 5.0 cm x 3.5 cm pieces of copper.  The largest area tested, a 6.8 cm x 10 cm piece, displayed a large amount of both high frequency and low frequency noise.  Experimentation shows a trend in the data: the smaller the area, the less amounts of noise.  A graph of noise at V+ versus log capacitance can be found in the lab book under April 24, 2008 titled “Voltage when noise is first seen”.
Constructing the GEM Box

Initially, applying a large voltage across the GEMs resulted in large leakage currents, fluctuations in current, and sparking across the GEMs.  For example, GEM1 showed large fluctuations between 0.3 and 2 nA at 8.0 v, and continued fluctuating even after turning down the voltage in a span of 7 minutes.  The drift cathode also showed large fluctuations in leakage current, even at low input voltage (~2.6 – 3.0 v).  We assumed the high leakage current at the drift cathode could possibly be due to the connection between the wire mesh and the SHV bulkhead.  This, we knew could be difficult to solder since the wire mesh acts as a heatsink.  To counter the problem, we soldered a wire to itself (in a loop) around a small area of the mesh.  A new, denser mesh that offers a more uniform electric field was also used (and is about 0.014” in thickness).  


After the GEMs continued to display the aforementioned problems (for example, GEM2 had such large fluctuations in current at 5.2 v that it was unreadable, and GEM3 showed a leakage current greater than 1 nA at 5.2 v after being left on for about 20 hours), the detector was deconstructed in the clean room in order to inspect and test the foils.  Upon initial inspection (without the aid of a magnifier), it was apparent the foils were damaged.  Whether they were damaged due to testing in the lab or damaged before their arrival is unknown.  In the future, it would be wise to take before and after photos and time elapsed photos over a 10 minute period of the foils to see if sparking occurs in an area where imperfections are seen (before testing).  It may also be wise to view the foils underneath a microscope in order to see imperfections unseen to the naked eye. The foils were still tested in order to determine if the damage was significant.  

When testing GEM3 using a Mech-Tronics high-voltage supply, a current of about 10 nA was seen at 300 v and 13 nA at 400v.  After slowly raising the voltage, sparking was seen somewhere between 490 and 500 v; the voltage was immediately lowered.  Lowering the voltage and allowing the current to settle, a leakage current of about 22 nA was displayed.  The current remained constant (±2 nA) while turning the voltage up to 350 v.

After stretching more foils and running more tests, when the leakage current finally looked low and stable, the detector was reconstructed.  After reconstruction, a pressure test was conducted and 30 minutes were required to get 10 kPa in the box.  The first test showed a leakage of ~16 kPa in an hour.  The box was checked for damage and nothing visible was discovered.  We realized the wires were possibly getting caught between the lid and the O-ring, so a second test was performed (after the placement of the wires was checked, and the box was secured tightly).  The second test allowed 85 kPa to quickly flow into the box, and showed a leak of only 4 kPa in two hours.  After about 26 hours, the pressure in the box was at about 39 kPa.  The second test proved the detector was suffering from less leakage, so we began to test the GEMs again.


Testing GEM1 and GEM2 initially showed low leakage currents at low voltages, and voltages were slowly turned up at about 0.5 volts every few hours.  At 3 volts in, though (not sure which GEM), the fluctuation in leakage current became large (~ 0-10 nA).  After about three hours the current settled a little, but still varied between 0 and 3 nA.  This fluctuation seems to come and go over the course of 3 hours after a 1.2 voltage increase.  This was probably caused by the large potential applied to the ammeter.  
Ignoring the use of the ammeter, the drift cathode was tested. Since the drift cathode must be held at 1.233 kV below GEM1-, voltage was measured off the drift cathode (at VinGEMs = 0 v) to find where VinDC needs to be in order to obtain a drift field of about 3 kV/cm (since DC – GEM1- separation is ~0.411cm).  VinDC was found to be about 3.391 volts (measuring VoutDC = 1.230 kV).  Due to a limited amount of gas, focus turned to understanding the oxygen sensor and moisture meter operations.

On a more general note, drawings of G10 frames (using 3D design software) were completed so the setup will be uniform for next set of foils.  Non-brominated G10 with a thickness of 0.031” (which is half that of the G10 currently being used) was ordered for future GEMs.
Conclusions

 The results from the GEM testing after making adjustments in the clean room look promising.  The use of the ammeter with GEM1, though, may continue to be problematic, so an alternative way to measure current at high potential may be necessary in order for better accuracy.  The methods by which the noise in the amplifier signal is decreased looks promising as well.  But with such a noisy signal, it is important that all things are considered, including the surrounding equipment, the orientation of the cables, the box material, etc.  Considerations that the chip may be damaged could be taken into account also. 






































































