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Sensor Noise Levels



1. TN-004.  Sensor Noise Levels

1.1 General.

The EFW team has been reviewing the EMFISIS (IOWA) noise requirements with respect to theoretical performance of the EFW baseline sensors. The following introduces the concerns of the EFW team.:

(1) IOWA’s sensitivity requirement of 3x10-17 (V/m)2/Hz at 3 kHz (LVL2EMF15) is a very difficult requirement to meet since the EFW sensor is dominated by shot noise in the wave domain.

(2) EFW-proposed sensitivities with SPB’s of 100 m tip-to-tip / 3 m fine wire is a challenge on its own. Careful attention to power supply noise etc will be necessary to achieve low noise levels.

(3) Historical data from FAST shows FAST was dominated by power supply noise. Remember that, on FAST, we decided not to attempt to see theoretical noise levels.
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Analysis of Sensor Noise.

(1) The capacitance of a finite-length, finite-diameter wire:

Cwire = 2*pi*e0*(L/2)/( ln(L/2*a) - 1)   [Jordan, EM Waves and Radiating Systems, 1968]

(2) For the THEMIS sphere+fine wire (baseline sensor design for RBSP EFW):

· Sphere: 4-cm radius, ~ 4 pF capacitance, 

· Fine wire: L = 3 m, 2*a = diameter = 0.23 mm, so:

Cwire = (27.8 pF/m)*L/( 9.48 - 1) = (3.3 pF/m)*(3 m) = 10 pF;

· Total sensor capacitance (to infinity) of 4+10 = 14 pF.
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1.2 Sensitivity versus Noise. 

There is a difference between “sensitivity” and “noise”. If one integrates for sufficient periods, one can identify a signal that is ~10 to ~20 dB below the noise level. If IOWA defines sensitivity to be ~10 dB below the noise level then we are done.

1.3 Approaches to Meeting IOWA Noise Requirement

We can reduce the basic sensor noise through one or more of the following options:

(1) Modify the noise requirement;

(2) Lengthen the booms.

(3) Lengthen the fine wire;

(4) Increase the diameter of the fine wire (reducing the magnitude of the ln(L/D) factor in the denomentator).  This increases the photoemission surface of the fine wire, so that’s probably not a preferred way to go.

(5) Use the braid of the SPB wire as the IOWA sensor;

(6) Use (5) with a follower preamplifier.
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