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Abstract:
The objective of this study was to measure the electrical resistance of two types of G10 materials, natural G10 and a new ESDG10 (electrostatic discharge) G10. This resistance is relevant as the G10 materials are a candidate for the structural components inside a liquid Argon particle-detector.  These structures need a resistance which is large enough to prevent current flow but will still allow for some movement, preventing charge build up.  In order to measure the resistance, and in turn the resistivity of the material, we exposed the materials to both room conditions and conditions similar to those inside the detector.  In this way, we were able to measure the uniformity of the resistivity, especially that of the ESDG10.
Procedure: 

We tested two different types of G10 material, the first of which we will refer to as “Fred”.  This 31x11.5x0.14 cm board consists of 61 latitudinal stripes of alternating pale G10 and copper.  We connected Fred to a high voltage power supply which can reach up to about 2500 V.  Attached to this supply was an ammeter which we used to read off the current through Fred.  In order not to break the circuit at such high voltage, there was attached a 100 M( resistor across which we attached a voltmeter in parallel, with an internal resistance of 10 M(.  See fig. 1 and 2 below.
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Figure 1. A schematic of the circuit.
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Figure 2. The actual circuit.  The high voltage supply is not pictured.
We tested Fred under three different conditions, room conditions, dry conditions (baked for 20 minutes at 60(C and cold conditions (submerged in a bath of liquid nitrogen).

Data:
Voltage vs. current for Fred under room conditions (fig. 3)
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Figure 3.

Note: the slope of the graph yields a resistance (342 ± 30  M().
From the voltage drop (read from the voltmeter) across the 100M( we derived a value for the current of the circuit.  We then compared these derived currents to the currents that we had read off of the high voltage power supply.  We saw that the derived current differed from the measured current by an average of 0.036 µAmps with a standard deviation of approximately 0.19.

After cleaning Fred with alcohol and baking him at 60(C for 20 minutes we ran the same test with the following results. (See fig.4)
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Figure 4
From this measured resistance we were able to calculate the resistivity of 252k(*m.  When we placed Fred in cold conditions, the voltmeter (set at 300 mV) jumped about between 0 and 1.2 mV continuously, even at a voltage above 1000V.  If we had seen a constant reading of over 2 mV then we would have considered there to be current flowing.

Conclusions:

We found that Fred had a resistance of about 342 M( under room conditions.  Once he was cleaned and baked, we saw that the resistance was 358 M(   Under cold conditions we found the resistance to increase to an amount which prevented us from measuring a current, as the voltage drop was irregular and below the 2 mV limit we set.

Procedure:

We also tested a plate of black G10 material, measuring 15.3x7.0x0.3 cm.  In order to increase the effective length of the ESDG10 material five saw cuts were made.  (See figure 6 for details.)  We first tested this board under room conditions measuring the voltage per unit of length along the current path.  We then fabricated a tool which consisted of a block of Teflon which held two stainless steel needle probes a distance of 1.85 cm apart.  We then used this device to test the uniformity of the voltage drop along the board.  It should be noted that we had difficulty in making an electrical connection to the board.  For the first test we used small C clamps to secure metallic tape to the surface of the ESDG10.  (See figure 5).  For the second test we drilled through the ends of the material so as to place a tightened bolt and lock washer for a more secure connection. After making a connection into the board we were able to attach the ESDG10 to a 30 V maximum power supply and measure the voltage drop across the material.  It should be noted that in order to make a connection with our test probes, we needed to scratch the surface of the plate.  Differences in the amount of scratching may have affected our readings, although we attempted to keep the amount of scratching constant.  After performing our room condition tests we then submerged the ESDG10 into liquid Nitrogen (77K) to simulate the cold conditions of a particle detector.  This test only measured resistance.
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Figure 5
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Figure 6. A diagram of our method for measuring the voltage throughout the board over a constant distance (1.85 cm)
Data:

For voltage vs. distance along the conductor of the ESDG10 plate we found the following results when the power supply was measured to 5.02 V supplied to the circuit: (See figure 7)
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Figure 7
For the second test, in which we measured the voltage drop over a constant distance, we found that across our 50 test regions the average voltage was 0.219 V with a standard deviation of 0.02 on the front side of the board.

On the back side of the board we found the average voltage was 0.196 V with a standard deviation of .025.

The histograms below show the uniformity of the data. (See figure 8.)
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Note:Voltage drop on x axis and frequency on y axis.
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Note:Voltage drop on x axis and frequency on y axis.
Figure 8 

Finally we measured the resistance across the board under cold conditions (submerged in liquid nitrogen).  Before submersion the resistance was approximately 266 k( under room conditions.  While in the liquid nitrogen bath (about 77 K), the resistance was about 464 k(
Conclusions:


For the ESDG10 we first saw that the voltage increased linearly with the distance.  Thus the resistance was uniform and wasn’t subject to much variation.  Our second testing technique confirmed this, although we did notice that the ends closest to the contacts had a higher voltage than the rest of the board.  This occurred on both the front and back sides of the board.  Under cold conditions we found that the resistance doubled from 266 k( to 464 k(.






