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Conclusions

Either one of the two types of glue showed the same tendency towards degraded surface resistivity, when cured in humid atmosphere. Both the two Epoxies were measured to have a surface resisitvity higher than 1015 or even up to 1016 Ohms/sq. when cured in pure Nitrogen or very dry atmosphere (5% RH or better even during preparation). In particular, in curing conditions resulting in a degradation of surface resisitivity, AW106 generally proves to be better than AY103-1. That is AY103-1 appears to be more sensitive to humidity during the curing period. Finally, surface tactual stickyness correlates well with the degradation of surface resisitivity. 

The bottom surface of the samples, the surfaces defined by the floor of the cup that were never exposed to air during curing, regularly showed surface resisitivity higher than 1*1016Ohm/sq, values practically never obtained for the exposed surfaces.

Investigations on the allowable time for exposure to a reasonably dry atmosphere prior to the immersion into completely dry atmosphere (the necessary time period for glue application) were started and executed but have led to no conclusive results yet.

Procedure and Data

In consequence of the encountered dark currents in fully assembled TRD detector chambers, a comparative study of surface resistivity was initiated. The glue Araldit comprised of the resin AW106 in combination with hardener HY953U is the current compound employed in TRD chamber construction. It was compared to the compound of resin AY103-1 with HY991 as hardener. 

The following questions were to be answered: 

· Which one of the two types of epoxy compounds shows higher surface resistivity?

· How much does the ambient humidity affect surface resistivity of the final cured surface?

· If humidity has a negative effect, how much exposure time of the surfaces to a humid atmosphere is tolerable before causing adverse effects? What is the realistic handling time?

For determination of surface resistance, the high resistance meter HP4339A together with the resistivity cell 16008B by Hewlett Packard could be employed. This device measures surface resistance between a round, central electrode and an annular, concentric outer electrode by applying potential differences of up to 1000V across a circular gap of about 5 mm. The two round, concentric electrodes are pressed onto the surface under inspection, whereas the backside of the respective sample disk is held at ground potential, shielding the central electrode from potential current through the bulk. 

The resistivity meter can be fed with the geometrical electrode configuration data and thus produces measurement values in Ohms per square up to values of 1017 Ohm/sq.. With the high surface resistivity values treated in this report, measurements can be reproduced reasonably well up to a precision of about 30 or 50%. For values above 1016 Ohms/sq., the measurement converges very slowly with large fluctuations.

Samples of both epoxy combinations were prepared and mixed by hand to be left for curing in plastic cups at various different locations of the GSI detector lab, showing differing ambient humidity values. Temperature was found to be 23°C to within 1°. The results are summarized in the diagram below.

Even though, individual measurements fluctuate considerably, the general tendency can be concluded. In particular, as the samples were always prepared and alocated in pairs, one sample of each epoxy, the general tendency visible in the data is that AW106 behaves better than AY103-1 (note the log scale). 

Epoxy surfaces that were kept away from humid atmosphere, show very high but comparable surface resisitivity for both compounds. Upon exposure to comparatively dry atmosphere at 30% relative humidity even for short times (precise timing values still under determination), surface resisitvity rapidly degrades by several orders of magnitude. Surface resisitivity of entirely virgin surfaces that were never exposed to atmosphere (the ground face of the sample disks defined by the floor of the cup), showed by far the best surface resistivity beyond 1016 Ohms/sq.
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Sheet1

				Location		Humidity		AW106 + HV953U		AY103-1 + HY991

						[%]		SurfaceResistence [Ohm/square]		SurfaceResistence [Ohm/square]

		18.10.05		Clean Room 1.004		RH 23.5%		2.00E+12		4.10E+10

		17.10.05		Clean Room 1.004		RH 25% - 30%		3.80E+11		2.80E+10

		17.10.05		N2 over night		RH 8% - 22%		1.80E+13		2.20E+12

		18.10.05		N2 over night		RH 1.2% - 8%		2.30E+15		8.50E+12

		17.10.05		N2 over night		RH 8% - 22%		3.30E+12		1.30E+10

		17.10.05		N2 for 15min after prep		RH 22%, then 30%		4.00E+11		1.80E+11

		17.10.05		N2 for 15min after prep		RH 8%, then 30%		8.50E+11		8.00E+11

		17.10.05		Wire-Winding Machine		RH 29%		6.50E+11		8.20E+10

				N2 shower during prep and cure		<~ 2%		2.30E+15		2.50E+15

				Sample Backsides		no atmospheric contact		1.00E+16		1.00E+16
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