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Technical Note TN-004

AC Interface Signal Trade



1. TN-005.  AC Interface Signal Trade

1.1 General.

There are two basic approaches for EFW to provide E-Field signals to the EMFISIS instrument, namely, single-ended and differential.  

Single-Ended. The first way is to provide the voltage from each sphere to an external preamp provided by EMFISIS.  Since there are six preamps, there would be six preamplifiers housed on the spacecraft somewhere close to each boom unit and connected to each boom unit via a coax cable.  The preamps would be powered from the EMFISIS instrument and would therefore be “off” sometimes when EFW is “on”, and vice versa.  Both systems would need careful design and test criteria for powered and unpowered conditions.  Signal levels would also be a challenge since the EFW spheres will range in voltage from +250V to –250V.

Differential. The EFW  proposed method is to buffer differential signals to EMFISIS. The differential signals will be provided by low-noise amplifiers in the EFW analog circuit boards. EMFISIS would receive the three signals and Analog Ground with three differential amplifiers.  The details of the buffer would be tailored to the application per EMFISIS’ team recommendations to achieve lowest noise and optimise EMFISIS science measurements.

Gain: Specified by EMFISIS between 1 and 5. Gain < 1 will need study because of possible noise. The requested sensitivity by EMFISIS (5% bandwidth 3x10-18 (V/m)2/Hz at 10 kHz) is -125 dB at Gain = 1. Saturation at Gain = 1 is approximately 100 mV/m.

Pole: Specified by EMFISIS. EFW would provide single pole >10 Hz. (NB: that even at Gain = 1 and 10 Hz pole will saturate with strong DC turbulence. Pole = 1000 Hz will allow for analysis down to 10 Hz with no noise problems and greatly reduce risk of saturation.)

1.2 Advantages

The following are some advantages of the differential interface definition:

(1) Noise is not an issue as long as Gain >= 1. Even better if Gain=5.

(2) Buffered signals protect EFW against short circuit.

(3) Only three coax wires are needed for interface.

(4) With AC interface powered, EMFISIS can work even if DFB or EFW-DPU fails.

(5) EFW can adjust for common-mode rejection more easily.

(6) Removes difficult situation of passing +/-250V signals to EMFISIS.

1.3 Disadvantages

There are some the following drawbacks in this implementation choice:

(1) EFW IDPU will have to bear the burden of power/weight of the buffer amplifiers, possibly 300-500mW of power.  However, this should be a “wash” from the spacecraft power standpoint;

(2) Saturation is on the EFW side. EFW must characterize buffer behavior in saturation.
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