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A Delta-Sigma Modulator for 1-Bit Audio Amplifier
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A 7" order single-loop single-bit Delta-Sigma Modulator (DSM) for 1-Bit Digital Audio
Switching Amplifier (DSA) is presented. To achieve high SNR and ensure the modulator
stability for a large input range, the positions of the modulator loop filter poles and zeros
are optimized, and a feedback comparator is used. A test chip was fabricated in a 0.35-
um CMOS process with optional 5-V transistors. The modulator achieves a SNR of 111
dB and 0.0015% THD+N over the audio band. The normalized maximum allowable input
range is 0.89. The chip area is 12.6 mm? and it draws 60 mA from a 5-V supply.
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Fig.1 1-Bit signal and analog output.
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Fig.2 Overdll architecture of the DSM based 1-Bit DSA.
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Fig. 3 Standard DSM based amplifier model (a) and
modified amplifier model (b).
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Fig.4 Block diagram of the Delta Sigma Modulator.
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Fig. 6 Simulated output spectrum for a-60-dBFS input.
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Fig. 7 Transfer efficiency as afunction of the comparator
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Fig. 8 Block diagram of the feedback comparator.
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Fig. 9 Simplified schematic of the adder-comparator.
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Tablel Target, Simulation and Measurement results.

Value Target |Matlab Simulation | Measurement
SNR 112dB |122dB 111dB
THD+N — 10.0006 % 0.0015 %
Transfer Efficiency | 0.9 0.92 0.89

L-R Isolation — — >135dB
Current Consumption | — |57 mA (Spice) |60 mA

Die Area — — 12.6 mm?
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Photo1 Chip micrograph.
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