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13.3.4.1 Noise Performance of 2-A Modulator

In the previous section, we alluded to the ability of a 3-A modulator to ex-
change excess sample rate for improvement in SNR of quantized data. We first
consider how this trade occurs with oversampled and filtered data plus AWGN,
and we will then examine the same process with shaped noise. If the quantization
noise is white, and the signal is sampled at a rate that exceeds the Nyquist rate, the
white noise is uniformly distributed over a spectral interval equal to the sample
rate. This interval is denoted the first Nyquist zone or the primary strip. Since the
quantizing noise power is fixed at q*/12 (see ion 13.12), the p spectral
density of the quantizing noise for a signal sa at the rate f; mu q*(12f,)
watts/Hz. Operating the quantizer at elevated sample rates reduces the power spec-
tral density of the quantizing noise in the signal bandwidth. The oversampled data
can be digitally filtered to reject the out-of-band quantizing noise and then down
sampled to the signal’s Nyquist rate. If the signal is oversampled by a factor of two,
the filtering will reject half the noise power. Rejecting half the noise power reduces
the rms value of the tiz amplitude , or the power by 3 dB. To re-
duce the noise pow 6 thus impr antization noise by 1-bit (see
Equation 13.24), one must oversample by a factor of 4 and reject all but one-fourth
of the quantizing noise with a filter. We conclude that we improve the SNR of an
oversampled white noise quantizer, at the rate of 3-dB (or half a bit) per doubling
of the sample rate relative to Nyquist rate.

We now address the rate at which ve can improve SNR with an over sampled
shaped noise quantizer. The NTF of the 3-A shaping filter has a zero at dc which
results in a double zero in the filter’s power spectral response. If we expand the
spectral response of the filter in a Taylor series, and truncate after the first nonzero
term we obtain the following simple approximation to the filter response valid in
the neighborhood of the signal spectrum:

o= (2)]
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