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Development of a low noise current ASIC preamplifier for search coil magnetometers
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With increasing demands of multiple observations of natural electromagnetic waves, further reductions in the mass, volume
and power of analog circuits using application specific integrated circuits (ASICs) are continually being made in scientific in-
struments design for electromagnetic waves. Conventional instruments have been assembled from qualified parts mounted
printed circuit boards. In this study, in order to considerably reduce circuits resources (mass, volume, and power) of a prean
plifier for search coils, a current-sensitive ASIC preamplifier has been developed by using 250 nm complementary metal-oxide
semiconductor (CMOS) technology. The preamplifier using CMOS technology can improve the power and the input noise cur-
rent in comparison with a preamplifier using bipolar transistors because of the very low bias current of MOS transistors. The
current-sensitive preamplifier consists of a low noise current amplifier and an equalizer. A current through the search coll is
amplified by the current amplifier. Subsequently, the frequency response is adjusted by the equalizer to improve the dynami
range in the target frequency range. The channel length L and width W of the input transistors of the current amplifier should us
a large area to achieve a sufficient noise property, because the flicker (1/f) noise depends on the area. The input MOS transist
took W (mm)/L (mm) = 20/0.02 and the prototype ASIC preamplifier was fabricated on a 1.9 mm times 3.3 mm silicon chip.
The measured noise voltage and current spectral densities of the developed ASIC preamplifier show the flicker noise voltage
nV/Hz!/? at 10 Hz, the thermal noise voltage 4 nV/#% above a frequency of 100 Hz, the flicker noise current 100 fA/Hz
at 10 Hz, and the thermal noise current 60 fAlHzabove a frequency of 100 Hz. The magnetic sensitivity combined with a
100-mm-long search coil (16 000 turns) is 3.5 pT/Hzat 10 Hz and 30 fT/HZ? at 2 kHz, which is the resonant frequency of
the search coil. These electrical performances are equivalent to or lower than those of the conventional low noise preamplifie
for search coil assembled by discrete parts.

In this presentation, we will present the design principles of the current-sensitive preamplifier using CMOS technology and
report its electrical performances in detail.
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