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Abstract

In thisthesis, the nonlinearity error induced by the multi-bit digital-to-analog converter
(DAC) used in sigma-delta modul ators, is studied. Firstly, the sigma-delta modulators are
introduced briefly. The main problem of this kind of A/D converters is the nonlinearity
error induced by multi-bit DAC embedded in the feedback path. Available solutions to
overcome this problem are the error shaping techniques, analog calibration, dual
guantization, error estimation and correction. The DAC-induced error is a challenge in
precise sampling with low oversampling ratios (OSRs). The mogt efficient technique in
high accuracy and low OSR is the error measurement or estimation and digital correction.
Available techniques in error measurement or estimation need significant hardware or
change the modulator design. Two novel techniques are introduced in thisthesis.

The first technique is a foreground one. The circuits used for this technique are
described. System level simulations show that this digital technique is efficient in error
measurement and correction. This efficiency is more obvious in the low OSR and high
mismatch between DAC elements. As a suggestion, this technique can be changed to a
background one in such away that the modulator design remains unchanged.

The second error measurement technique is a background one. This technique and its
detailed IC-level desgn in a 90nm CMOS technology are described. Beside its
background operation, according to simulation results, this technique has excellent
accuracy and low measurement time. In this technique, both measurement accuracy and
time are precisely estimated by simple theoretical calculations. Most part of the circuit of
this technique is in digital domain and the switches are the main part of the analog
section. This technique is just designed for unit-capacitor DACs. As a suggestion, this
technique can be generalized to be used in unit-current DACs or weighted-element DACs.

To verify these two proposed techniques, a’5™ order sigma-delta modulator with 15-bit
accuracy and OSR = 8 is designed and simulated both in circuit and system levels.
Modulator circuit design steps and both system and circuit levels simulation results are
presented with and without the proposed digital correction technique.

Keywords: Sigma-delta analog-to-digital converters, DAC error, error correction, error
measurement, oversampling ratio.
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