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Abstract

Sigma-delta converter is frequently used for converting low-frequency analog to digital
signal. The converter consists of a modulator and a digital filter, but our work concentrates on the
modulator.In this works, to design a second-order sigma-delta modulator with 14bit resolution, we
define the maximum error limits of each component(operational amplifier, integrator, internal ADC,
and DAC) of a modulator. And in base of modeling, an operational amplifier, 3bit ADC, DAC, etc
were designed and simulated.After this, we design and simulate a second-order sigma-delta
modulator with internal 3-bit quantizer by combination of each components. We improved the
performance of the modulator by scaling the reference voltage of 3bit ADC and minimized the
non-linear error of internal DAC using capacitors and simple control logic circuit.Designed
components were satisfied with the specification defined by modeling and this modulator had input
range of 87dB and the maximum signal-to-noise ratio of 87dB.
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Fig. 1. Schematic of a second order SDM with

internal 3-bit quantizer.
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Table 1. Capacitor  value determined by
modeling.
Capacitor Value(pt)
Cl 1.4 (0.2x7)
1st integrator c2 14 (0.2X7)
C3 2.4 (0.2X12)
C4 1.8 (0.2%x9)
2nd integrator Chb 1.4 (0.2X7)
C6 1.2 (0.2X6)
kS 2. <3 34 W

Table 2. Permitted error limits.

Errors Permitted limit

> 60% of the

supply voltage
(1~4V in case of
5V supply voltage)

Output swing of op-amp

Open loop gain of op—amp > 100
Slew rate of op-amp > 30 Vs
Gain error of integrator < 10%
Internal ADC offset < 05 LSB
Internal DAC non-linear error < 0.5 LSB
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Fig. 3. SNR of SDM within the permitted error
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Table 3. Specification of an  operational
amplifier.

Specification (CL = 10pF) Expected Design
Output voltage swing (V) 1~4 0.8~4.2
Open loop gain (dB) > 40 60
Slew rate (V/us) > 30 45
Phase margin (degree) 89

Input CMR (V) 15~35 | 08~37
Offset voltage (mV) 0.03
Power dissipation (W) 4
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