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SAB-based Continuous-time Delta-sigma
Modulator with Random-skip
Data-weighted Averaging Function
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Wireless communications are widely associated with human
daily life. For portable application, to lower down the power
consumption of the wireless transceiver is the key point to
prolong the battery life and friendly usage. Considering a receiver
with a general topology, a key component is the analog-to-digital
converter. The performance of the receiver is highly depending
on the bandwidth, power consumption and resolution of the
adopted data converter. There are many different types of
data converters which include flash data converter, successive
approximation data converter, pipeline data converter and
delta-sigma modulator. Among the above architectures, the
inherent anti-alias filtering property of the continuous-time delta-
sigma modulator (CTDSM) can relax the design requirement of
the previous stage filter. Benefiting from this trait, the CTDSM
becomes a popular candidate for a low power receiver. However,
there are still some design considerations and plenty of space
for improvement on the wideband CTDSM. Nowadays, lots of
publications still work on this field to further lower down the
power consumption and extend the bandwidth of the next
generation communication technology.

In a wideband low-power CTDSM design, there are several issues
needed to be addressed. First of all, as the signal bandwidth
increase, the gain bandwidth requirement on operational
amplifier also increases. To meet the targeting bandwidth,
more power consumption is necessary. The second issue is high
sampling frequency. To keep the same resolution, the sampling
frequency is increased with signal bandwidth. In other word,
the operation frequency of the internal quantizer is therefore
increased. Hence, the latency induced by the comparators need
to be reduced to maintain the stability of modulator. The third
issue is excess loop delay issue. The CTDSM system is consisted
of loop filter, quantizer and feedback in a closed-loop manner.
The latency induced by internal blocks would result in instability
in high speed applications. Typically, in order to keep the
implemented modulator stable, the input signal of the quantizer
should be digitized and feedback to the input of the loop filter
within half clock period. That's to say, the latency contributed
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by the loop quantizer and DWA logic
should be shrank into half clock cycle (0.5/
fs). Furthermore, in high speed application, the half
clock cycle delay will lead to instability or performance
degrade of the modulator. In order to accommodate the delay,
an additional excess loop delay (ELD) compensation path is
applied to feedback the modulator output to the quantizer input
with a half clock cycle delay to guarantee sufficient phase margin
for high speed CTDSM. The ELD compensation path is usually
implemented with an additional feedback DAC and additional
summer which increase additional power consumption and
hardware. The fourth issue is mismatch issue. In multi-bit
feedback DACs, the mismatch of DAC cells usually manifest itself
as harmonic tones. DWA (Data weighted averaging) function is a
well-known technique to address the non-linearity of DAC cells
by randomizing the mismatch. Meanwhile, in order to minimize
the latency induced by DWA logic and also mitigate the offset
voltage of the comparators, DWA function is realized by rotating
the reference voltages according to the output thermometer
codes in flash-based quantizers. In this manner, the comparators
have whole half cycle for quantization. However, in the presence
of parasitic capacitance on DAC cells and mismatch on DAC
switches, the signal-dependent pattern of 1st-order DWA
function induces 2nd-order distortion and degrades the SNDR.
The figure shows a typical CTDSM which is consisted a high order
loop filter, a multi-bit quantizer, a multi-bit feedback DAC and ELD
compensation path.

To address the aforementioned issues. This design proposes
several techniques to achieve a power-efficient CTDSM with wide
signal bandwidth and high resolution.

- Propose a SAB-based loop filter and apply it to a high-order
CTDSM. In this manner, both power consumption and hardware
complexity of the modulator can be reduced.

- Merge the ELD compensation path with SAB-based loop
filter. As follows, the design effort on this compensation path is
minimized.

- Implement a hybrid voltage-domain and time-domain
quantizer to reduce the number of comparators.

- Propose a DWA function with inherent random skipping
function to resolve the linearity issue of feedback DAC.
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