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Low-Noise Preamplifier Design for Underwater Electric Field Sensors
using Chopper stabilized Operational Amplifiers and Multiple Matched Transistors

Ki-Woong Bae', Chang-Seob Yang', Seung-Hwan Han’, Sang-Myung Jeoung’, and Hyun-Ju Chung"*

Abstract

With advancements in underwater stealth technology for naval vessels, new sensor configurations for detecting targets have been
attracting increased attention. Latest underwater mines adopt multiple sensor configurations that include electric field sensors to detect

targets and to help acquire accurate ignition time. An underwater electric field sensor consists of a pair of electrodes, signal processing
unit, and preamplifier. For detecting underwater electric fields, the preamplifier requires low-noise amplification at ultra-low frequency
bands. In this paper, the specific requirements for low-noise preamplifiers are discussed along with the experimental results of various
setups of matched transistors and chopper stabilized operational amplifiers. The results showed that noise characteristics at ultra-low fre-

quency bands were affected significantly by the voltage noise density of the chopper amplifier and the number of matched transistors
used for differential amplification. The fabricated preamplifier was operated within normal design parameters, which was verified by

testing its gain, phase, and linearity.
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Fig. 1. (a) Circuit of designed preamplifier(input stage), (b) Block
diagram of preamplifier, (c) Fabricated preamplifier.
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Fig. 2. Experimental setup inside the electromagnetic shield room for
noise measurement
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Table 1. Comparison of noise between preamplifiers with chopper
and non-chopper operational amplifiers

Operational
amplifier
OPA2277
(Non-chopper)
OPA2189
(Chopper)

10 mHz 100 mHz 1 Hz

7.2 nVAHz 1.9 nVAHz 1.0 nVAHz

42 nVAHz 2.0 nVAHz 0.9 nV/A\VHz
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Table 2. Comparison of noise between preamplifiers with and with-
out matched transistor pair

Matched TR 10 mHz 100 mHz 1 Hz
Applied 10 nVAHz 19nVAHz 0.9 nVAHz
Not applied 83nVAHz  78nVAHz 8.0 nVAHz
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Table 3. Comparison of noise with different number of matched tran-
sistor pairs

Matched TR 10 mHz 100 mHz 1 Hz

1 pair 10nVAHz 1.9nV/AHz 0.9nV/\Hz
2 pairs 6.70V/\Hz 1.6nV/\Hz 0.9nV/\Hz
3 pairs 5.3nV/AHz 1.2nVAHz 0.8nV/Hz
4 pairs 3.7nVAHz 1.0nV/AHz 0.70V/AHz
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Fig. 3. Input and output characteristic of fabricated preamplifier
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