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Abstract

In this paper, a low power 4th order delta-sigma modulator was designed with a high resolution of 12 bits or more for
the biological signal processing. Using time-interleaving technique, 4th order delta-sigma modulator was designed with one
operational amplifier. So power consumption can be reduced to 1/4 than a conventional structure. To operate stably in the
big difference between the two capacitor for KT/C noise and chip size, the variable-stage amplifier was designed. In the
first phase and second phase, the operational amplifier is operating in a 2-stage. In the third and fourth phase, the
operational amplifier is operating in a 1-stage. This was significantly improved the stability of the modulator because the
phase margin exists within 60~90deg. The proposed delta-sigma modulator is designed in a standard 0.18um CMOS
n-well 1 poly 6 Metal technology and dissipates the power of 354uW with supply voltage of 1.8V. The ENOB of 11.8hit
and SNDR of 728dB at 250Hz input frequency and 256kHz sampling frequency. From measurement results FOMI1 is
calculated to 49.6p]/step and FOM2 is calculated to 154.5dB.
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Fig. 1. (a) Conventional feedback 4th order delta—sigma modulator (b) Proposed modulator clock phase 1 (c) Proposed
modulator clock phase 2 (d) Proposed modulator clock phase 3 (e) Proposed modulator clock phase 4.
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Table1. Integration and feedback Coefficient of XA
modulator.
AS s AG i
al 0.1 bl 0.1
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ad 04 b4 0.2
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Table2. Capacitance used in the modulator.
7| A1 E # 7 A E #
Csl 2pF Cil 20pF
Cs2 2pF Ci2 20pF
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Cf2 2pF Cf4 200fF
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