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Abstract. Incremental delta-sigma ADC (IADC) and memoryless delta-sigma ADC are 
described. These two approaches allow to utilize a delta-sigma ADC, known for its increased 
resolution, in multi-channel systems due to the inter-sample interference suppression that two 
mentioned structures provide. In this paper, MATLAB/Simulink models of the mentioned 
structures are presented. In particular, limiting blocks are added to take into account nonlinearities 
due to finite power supply of integrators; coefficients of delta-sigma modulators were selected so 
as to maximize their signal-to-noise ratio; parameters of the raised cosine filter were selected to 
minimize crosstalk between channels. Results of simulations, namely power spectral density of the 
output signals and signal-to-noise ratio of the output signals, confirm operability of the described 
structures.
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Аннотация. Рассмотрены инкрементальные дельта-сигма АЦП (IADC) и дельта-сигма 
АЦП без эффекта памяти. Данные подходы позволяют использовать дельта-сигма АЦП, 
известные высоким разрешением, в многоканальных системах, благодаря подавлению 
межвыборочной интерференции (ISI), которая достигается в двух рассматриваемых струк-
турах. Приведены модели указанных структур в MATLAB/Simulink. В частности, введены 
ограничивающие блоки для учета нелинейных свойств реальных интеграторов, обуслов-
ленных конечностью напряжения питания; коэффициенты дельта-сигма модуляторов 
выбирались таким образом, чтобы максимизировать их отношение сигнал/шум; выбор 
параметров фильтра приподнятого косинуса проводился с целью минимизации межвы-
борочной интерференции в каналах. Результаты моделирований (спектральная плотность 
мощности выходных сигналов, отношение сигнал/шум выходных сигналов) подтвержда-
ют работоспособность рассматриваемых структур.
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Introduction

Electronic signals can be divided into two distinct categories: analog signals, which are continuous 
in time and amplitude, and digital signals, which could be presented as a set of discrete values. Digital 
systems and devices for storing and processing information have become widespread in recent decades. 
However, all of the signals that can be collected via physical processes, such as human speech or tem-
perature measurements, are analog. That rises a problem of converting such signals into digital form so 
that they could be processed in digital systems. The devices that carry out such a conversion are known 
as analog-to-digital converters or ADCs.

In practice the necessity of using one ADC to digitize several analog channels might arise. That pro-
cess is known as multiplexing an ADC. There are many types of ADCs, and among them delta-sigma 
ADCs are known to achieve the highest resolution thanks to oversampling and the noise shaping effect 
[1, 2]. Unfortunately, it is not possible to use conventional delta-sigma ADCs in multi-channel devices 
due to the inter-sample interference (ISI). The problem of ISI also known as crosstalk is demonstrated 
in Fig. 1.

The aim of this work is to present two modern approaches to design a delta-sigma ADC in a way that 
it could be used in a multi-channel system, that is it is free of inter-sample interference.
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Fig. 1. Multiplexing a conventional delta-sigma ADC

Fig. 2. Model of a second-order IADC in Simulink

Incremental delta-sigma ADCs

The first approach to design a multi-channel delta-sigma ADC is to use an incremental delta-sigma 
ADC (IADC). The main feature of IADC is the presence of a global reset pulse. The memories of both 
analog part and digital part of the ADC are reset at the beginning of the conversion of the subsequent 
analog signal sample. Thereby it is possible to completely remove ISI from the system. Moreover, since 
the delta-sigma modulators (DSMs) of such structures usually have finite impulse response, it is possible 
to use a finite impulse response decimation filter in contrast to much harder to implement infinite im-
pulse response filters that are usually favored in conventional delta-sigma ADCs. The implementation of 
the decimation filter in this structure can be as straightforward as a cascade of integrators (CoIs). Other 
advantages of incremental structures include low latency and less tendency to idle tones.

The main disadvantage of incremental structures is increased thermal noise compared to conven-
tional structures. To keep the same value of signal-to-noise ratio (SNR) as in conventional structures, 
it is necessary to increase the size of the input capacitor which results in higher power consumption of 
the amplifier that drives it [3–7]. There is a number of different approaches to improve characteristics 
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Fig. 3. Spectral density of the output signal after decimation

Fig. 4. Dependence of SNR from input amplitude

of incremental structures such as IADC with extended counting [8–11], hardware-sharing IADC [12], 
multi-step IADC [13–15], zoom ADC [16].

A second-order IADC was simulated in MATLAB/Simulink and is presented in Fig. 2. The model 
consists of a second-order delta-sigma ADC and two integrators that filter out the quantization noise. 
The decimation is carried out in a MATLAB script. In order to implement reset, functionally resettable 
unit delay blocks are used. Limiter blocks are added to take into account possible nonlinearities that 
could be created by real integrators due to limitations of power supply. Coefficients of delta-sigma mod-
ulator are selected so as to maximize SNR. Simulation results are presented in Fig. 3, 4.

Simulation results show that the reset pulses lead to a dramatic SNR decrease of the DSM output 
signal compared to conventional structures, but the SNR of the IADC as a whole remains good enough. 
As stated before, it is possible to add a multiplexer to the input of this model and configure the reset 
pulses in a way that would erase the memories of DSM and filter integrators at the beginning of each 
subsequent analog signal so as to achieve a zero ISI multi-channel conversion.

Frequency, Hz

Amplitude, dB
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Memoryless delta-sigma ADCs

Another approach to design a multi-channel delta-sigma ADC is to use a memoryless delta-sig-
ma ADC. This type of ADC relies heavily on implementing the decimation filter as a Nyquist filter, 
which is commonly used in communication systems. By utilizing zeros in its impulse response, it is 
possible to achieve a great ISI suppression. The main advantage of this structure comparing to IADC 
is that it achieves higher SNR because the impulse response of its decimation filter is not limited by 
the reset pulses which leads to narrower transition width and higher stop-band attenuation of the fre-
quency response. That results in better overall noise suppression [17]. The principle of operation of 
the memoryless-type system is as follows. Let fs be the oversampled DSM clock frequency, M – the 
oversampling ratio. Then if an analog signal is sampled at the frequency of fs/M, up-sampled by a 
factor of M, passed through the DSM and Nyquist filter, the resulting signal would have zero ISI once 
in every M samples. These samples can be extracted by down-sampling the resulting signal by a factor 
of M (Fig. 5) [18].

A memoryless delta-sigma ADC utilizing a third-order DSM and a 4-bit quantizer was simulated in 
MATLAB/Simulink and is presented in Fig. 6. The model consists of a switch that acts as multiplexer, 
an upsample block, a third-order DSM, a 4-bit ADC-DAC structure (quantizer), a raised cosine dec-
imation filter, which is a popular Nyquist filter, and two switches that act as a demultiplexer. Results of 
simulation are presented in Fig. 7.

Results of the simulations show that the memoryless delta-sigma ADC shown in Fig. 6 achieves a low 
noise level, which results in the SNR value of 81.9 dB, and great ISI suppression. The value of crosstalk 
between different channels is –94.5 dB.

Conclusion

Two modern approaches to design a multi-channel delta-sigma ADC are described. These structures 
are suitable for multi-channel systems as they aim to suppress the inter-sample interference, that limits  

Fig. 5. Block diagram of memoryless delta-sigma ADC

Fig. 6. Model of memoryless delta-sigma ADC in Simulink
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Fig. 7. Spectral density of the output signals

the usage of conventional delta-sigma ADCs in such systems. The MATLAB/Simulink simulation re-
sults of the second-order incremental delta-sigma ADC (IADC) and the third-order memoryless del-
ta-sigma ADC are presented.
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