Resistance Measurement of GEM’s in Low Pressure

August 26, 2015

During measurements the GEM’s were installed inside of a vacuum chamber with a pressure of 1.65-10~¢ mbar.

The resistance was measured separately for every GEM. High voltage was applied to the anode while the cathode
was grounded.

Applying a voltage of 750V caused a discharge, then during all the following measurements a voltage of 500V
and 200V was alternately applied.



1 Middle GEM

A series of current measurements was taken on the middle GEM.
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Figure 1: Current Measurements

Figure 2: Slope Comparison



1.1 Resistance
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1.2 Curve Fitting Discharging graph

The most successful attempts to fit a curve were using a power law or a stretched exponential. We also tried
separate the slope into to parts and fit a 2 terms exponential function. We failed to find any relation between the
constants describing the discharge graph to those describing the charging graph.
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Coeffidents {with 95% confidence bounds): B slope 1
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Figure 4: Exponential fitting



1.2.2 slope #2, 500V

Results

General model Power2:
fix) =a*x"b+c
Coefficients {with 95%: confidence bounds):
a = 4.855e-09 (4.792e-09, 4.918e-09)
b= -1.583 (-1.598, -1.527)
c= -4.412e-12 (-1.207e-11, 3.249e-12)

Goodness of fit:
S5E: 8.997e-20
R-sgquare: 0.9966
Adjusted R-square: 0.9965
RMSE: 3.216e-11

Results

General model Exp2:
f(x) = a%exp(b™x) + c¥exp{d™x)

where x is normalized by mean 7 and std 3.894
Coeffidents (with 95% confidence bounds):

a= 1.348e-11 (5.345e-12, 2.161e-11)

b= -3.764 (-4.123, -3.405)

c= 1,371e-10 (9.874e-11, 1.755e-10)
d= -0.5416 (-1.015, -0.06572)

Goodness of fit:
S5E: 1.301e-20
R-square: 0,9994
Adjusted R-sguare: 0.9992
RMSE: 3.803e-11

Results

General model Exp2:
fix) = a*expb™) + cFexp{d™)

where x is normalized by mean 66,5 and std 31.9
Coeffidents (with 95% confidence bounds):

a= 1.038e-12 (4.199e-13, 1.655e-12)

b= -2.352 (-2.653, -2.05)

C= 5.693e-12 (4.703e-12, 6.683e-12)

d=-0.4433 (-0.6433, -0.2433)

Goodness of fit:
SSE: 2,596e-22
R-square: 0.9893
Adjusted R-square: 0.9835
RMSE: 1.585e-12
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2 A series of measurements

A series of measurements was taken to all three GEMs. We applied a voltage of 500V waited ~20 min for each
GEM to get charged and then dropped the voltage to 0 and waited about the same time while it discharged.
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Figure 7: 1st GEM Current Measurement

2.1.1 500V, 1250Sec
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f(x) =a™x"b+c % Excluded gem1_500 vs. time1_500
Coeffidents (with 95% confidence bounds): untitled fit 1

a= 1.379e-08 (1.358e-08, 1.401e-08)
b= -1.806 (-1.862, -1.75)
€= -9,913e-12 (-3.432e-11, 1.449-11)
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Figure 8: Power Law



Results

General model Exp2:
fx) = a*expb™) + c*exp{d™x)

where x iz normalized by mean 5.5 and std 3.028
Coefficents {with 95% confidence bounds):

a= 9,236e-11 (8.14e-11, 1.043e-10)

b= -3.315 (-3.389, -3.244)

c= 2.812e-10 (2.531e-10, 3.092e-10)

d= -0.6367 (-0.8028, -0.4707)

Goodness of fit:

SSE: 1.714e-21
R-sguare: 1
Adjusted R-square: 1
RMSE: 1.69e-11

Results

General model Exp2:
fix) = a®explb™) + c¥exp{d™x)

where x is normalized by mean 198 and std 104.4
Coefficents (with 95% confidence bounds):

a= 1.54%-13 (5.047e-14, 2.593-13)

b= -3.155 (-3.511, -2.799)

c= 1.081e-12 (7.99e-13, 1.363e-12)

d= -0.6572 (-1.108, -0.2064)

Goodness of fit:
S5E: 8.324e-22
R-sguare: 0,9615
Adjusted R-square: 0.9612
RMSE: 1.527e-12

2.1.2 Resistance

2.1.3 200V, 1250Sec
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Coefficients (with 35%: confidence bounds):
a = 1.325%-08 (1.301e-08, 1.349e-08)
b= -2.065 (-2.148, -1.981)
C= -3.879e-12 (-3.328e-11, 2.552e-11)

Goodness of fit:
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Figure 9: Exponential fitting
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Results 10710
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General model Exp2: s gemi_200 vs. timel_200
() = a%exp(p™) +cexp(d™) % Excluded gem1_200 vs. time1_200
where x is normalized by mean 5.5 and std 3.028 untitied fit 1
Coefficients (with 95% confidence bounds): 10+ -
a= 5.814e-11 (4.883e-11, 6.745e-11) =
b= -3.618 (-3.712, -3.529) Nl
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Figure 11: Exponential fitting
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2.2 2nd GEM
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Figure 12: 2nd GEM Current Measurement



2.2.1 500V, 1250Sec

t
T

8
In this part we used a curve fitting of a stretched exponential ~ e_( 0) - i.e taking the logarithmic scale and then

looking for a power law

x10*

Results

a0

a0

General model Power2:
fiix) = a*x"b+c

a= 23.88 (20.53, 27.249)
b= -0.0943 (-0.1122, -0.07641)
c= -41.88 (-95.34, -38.41)

Goodness of fit:
SSE: 0.9594
R-square: 0.9962
Adjusted R-square: 0.9961
RMSE: 0.095945

Coefficients {with 95% confidence bounds):

2.2.2 Resistance

Figure 13: plain data
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Figure 14: power law for logarithmic scale
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2.2.3 200V, 1250Sec
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Figure 15: plain data
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Figure 16: power law for logarithmic scale
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2.3 3rd GEM
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2.3.1 500V, 1250Sec

Results

General model Power2:
fx) =a*x"b+c
Coefficents (with 95% confidence bounds):
a= 1.421e-08 (1.387e-08, 1.455e-08)
b= -1905 (-2.004, -1.807)
c= 1.879e-12 (-5.033e-11, 5.409e-11)

Goodness of fit:
S5E: 1.541e-18
R-sguare: 0,9927
Adjusted R-square: 0.9925
RMSE: 1.705%e-10

Results

A
General model Exp2:
() = a*exp(b®x) +c*expld®x)
where x is normalized by mean 7.5 and std 4,133
Coeffidents (with 95% confidence bounds):
a= 1.568e-11 (9.28e-12, 2.208e-11)
b= -4345 (-4.59, 4.102)
c= 1.497e-10 (9.331e-11, 2.062e-10)
d= -0.6645 {-1.356, 0.02717)
Goodness of fit:
SSE: 4.643e-20
R-square: 0.9997
Adjusted R-square: 0.9957
RMSE: 6.814e-11 v
< >
Results
A
General model Exp2:
f(x) = a%expb™) + c¥exp(d™x)
where x is normalized by mean 138 and std 73.18
Coeffidents (with 95% confidence bounds):
a= 1.727e-13 (3.916e-14, 3.063e-13)
b= -3.451 (-3.872, -3.03)
c= 4,708e-13 (-7.179%-14, 1.013e-12)
d= -0.6088 (-2.601, 1.383)
Goodness of fit:
SSE: 1.977e-21
R-square: 0,9535
Adjusted R-square: 0.9525
RMSE: 2.818e-12 5
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Figure 20: Exponential fitting
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2.3.3 200V, 1250Sec

Results

General model Power2:
fix) =a*x"b+c
Coeffidents {with 95% confidence bounds):
a = 1,295-08 (1.2568e-08, 1.322=-08)
b= -2.051 (-2.145, -1.956)
c= 9.197e-13 (-3.391e-11, 3.575e-11)

Goodness of fit:
S5E: 1.2e-18
R-square: 0,9932
Adjusted R-square: 0.933
RMSE: 1,338e-10

Results

General model Exp2:
f(x) = a%exp(b™) + c¥exp{d™x)

where x is normalized by mean 6 and std 3.317
Coeffidents (with 95% confidence bounds):

a= 3.574e-11 (2.893e-11, 4.255-11)

b= -3.869 (-3.982, -3.757)

c= 1487=-10 (1.235%e-10, 1.74e-10)

d= -0.8006 (-1.147, -0.4541)

Goodness of fit:
55F: 3.348e-21
R-square: 1
Adjusted R-square: 1
RMSE: 2.187e-11

Results

General model Exp2:
f{x) = a*expb™) + c¥exp{d™x)

where % iz normalized by mean 129 and std 67.98
Coefficents {with 95% confidence bounds):

a= 2.696e-13 (6.55e-14, 4.637=-13)

b= -2.827 (-3.239, -2.414)

c= 1.204e-13 (-4.135e-13, 6.543e-13)

d= -0.3215 (-6.029, 5.388)

Goodness of fit:
SSE: 9.026e-22
R-square: 0.9275
Adjusted R-square: 0.9266
RMSE: 1.977e-12

2.3.4 Resistance
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Figure 21: Power Law
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Figure 22: Exponential fitting
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3 Overnight measurement

3.1 Resistance
500
R, = f
2.70 - 10—14 — (—3.8060 - 1013)
= 1.226-10%
500
Ry, = g g
—1.688 - 10~13 — (—2.9633 - 10-13)
= 3.9206-10'°
‘LR’ _ ’ﬂ
RI — I
1.7146 - 10~ 11
~ ——— ~57.86
2.9633 - 10—13
10—11
o, _ 1.7146-10 1063 10-1
VN 26001
0Ly 1.7937-10713 s
= T —92005-10
VN 3001
4 Resistance Summery Table
’ GEM# \ A% \ R \ Mean
1 200V 1.26433 - 101%
500V 1.4127 - 1014
2 200V 9.111- 10"
500V 1.5826 - 1014
750V 8.07041 - 103
750V 3.634- 101
500V 9.7696 - 107
500V 1.7104 - 1013
500V 1.47499 - 1013
200V 2.573-10™ | Over 500V - 7.19524 - 10™#
500V over night | 1.226- 10
500V over night | 3.9206 - 10
3 200V 1.0861 - 10™%
500V 1.58459 - 1014

5 0Odd measurements

We had a series of strange results when we reversed the field applied in the GEM. We couldn’t repeat the result,
so we conclude that there was probably some problem with the measure apparatus.
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