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Abstract: The design for analog to digital converters has grown rapidly as most of the systems have migrated from analog to digital functioning. In this paper, a multi-stage noise-shaping (MASH) type analog to digital converter has been proposed with adaptive noise shaping. The evaluation of the proposed system has been done based on the signal to noise ratio of the system. It has been shown that the signal to noise ratio increases with the increase in the oversampling ratio as well as the number of stages. To evaluate the stability of the MASH conversion, the pole zero plot for the system has also been plotted. It has been found that as the number of levels or order of the MASH ADC increases beyond four, the system tends to become unstable thereby making the system unstable. 
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INTRODUCTION
[bookmark: _GoBack]Almost all practical electronics systems have migrated towards digital owing to the noise immunity of digital systems. However, most of the practical signals encountered in real life are analog in nature. Therefore, a fundamental necessity to convert signals from analog to digital is of primary and fundamental importance. This makes the design of analog to digital converters critically important. The analog to digital conversion process ins inherently prone to errors due to the following reasons:
1) Information loss due to anti-aliasing filters to mitigate the limitations of practical sample and hold circuits.
2) Quantization error occurring due to the quantization process.

For instance, if the maximum signal frequency is 50kHz and the limit of the sample to hold circuit is 80KHz, then the following aliasing needs to be made.


If,

Adhering to Shannon’s theorem, 

Thus in this case, 

Due to the limit of the sample and hold circuit being 80kHz, an anti alias filter with a cut off need to be designed.  The cut off the anti-alias filter can be computed as:

Here,
x(t) denote the time domain signal.
X(f) denotes the frequency domain signal.
FT represents the Fourier Transform.
 denotes the maximum frequency of the analog signal.
t-d represents time domain.
f-d represents frequency domain.
 represents the cut-off frequency of the AAF.
 represents the limit of the anti-alias filer.

Thus, the part of the frequency domain exceeding the cut-off of the sample and hold circuit needs to be stripped from the signal which is a basic limitation of the sampling and hold circuit. Thus the information content in the signal in the band between the cut-off of the AAF and the limit of the sampling and hold circuit. Thus the information loss occurs in the frequency range of:

Here, 
 denotes the loss band of the signal.
The entire process is depicted in figure 1.The loss in the loss band in irrecoverable and causes noise or errors in the final version of the analog signal when converted from digital to analog. 

[image: ]
Fig.1 Illustration of the information loss due to AAF.
The other type of loss occurs due to the approximations in the quantization process which is mandatory for analog to digital conversion. For instance, if the quantization threshold is set in between the lower and higher limits of the signal amplitude swing, then the quantization error can be computed as:



The maximum quantization noise in this case would be given by:

Here,
 denotes the maximum quantization noise.
 represents the signal amplitude swing. 

The occurrence of the quantization error as a function of the signal values are depicted in figure 2.
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Fig.2Variation of Quantisation error as a function of signal voltage 

From the previous discussions, it is clear that the noise in the system is inherent and additional measures need to be taken in conjugation with analog to digital conversion process so as to reduce the error and noise effects. 
SYSTEM DESIGN
The system design of the proposed system is based on the estimation of the embedded noise in the system and them formulating a mechanism to estimate the noise transfer function (NTF). The mathematical formulation of the system design is given by:

Here,
 represents the estimated noise for stage 1 of the MASH ADC.
 is the output of the first stage of the MASH ADC.
 is the actual input to the ADC.
The estimation of the noise can be done recursively till the noise is within the noise threshold or the stability of the system becomes marginal, i.e.






The design of multi stage analog to digital conversion process relies on the noise shaping or noise estimation subsequent to each stage. The noise in each stage is estimated using a feedback look to compute the difference between the actual and the processing signal by the ADC. The signal to noise ratio has to be varied in accordance with the number of stages (or order) of the analog to digital converter and the oversampling ratio. The block level implementation of the proposed system has been depicted in figure 3.
[image: ]
Fig.3Block Level Implementation of Proposed System.
The performance of the system is evaluated in terms of the signal to noise ratio which is again a function of the order of the MASH as well as the oversampling ratio of the MASH at a particular order. Mathematically, 

Here,
SNR stands for signal to noise ratio.
f stands for a function
O stands for oversampling ratio
L stands for present MASH order.
The flowchart of the proposed system has been depicted in figure 4.
[image: ]
	Fig.4: Flow Chart for Proposed System
EXPERIMENTAL RESULTS
The performance of the proposed system has bene evaluated in terms of the SNR varying in accordance with the oversampling ratio and the order of the MASH. The stability analysis has been done based on the pole zero plot of the system. 
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Fig.5First order t-d response
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Fig.6First order f-d response
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Fig.7Second order t-d response
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Fig.8Second order f-d response
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Fig.9Third order t-d response
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Fig.10Third order f-d response
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Fig.11Fourth order t-d response
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Fig.12Fourth order f-d response
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Fig.13 P-Z Plot for 5th order
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Fig.14Gain plot for 5th order
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Fig.15SNR as a function of OSR


	S.No.
	SDM-Order
	OSR
	SNR

	1
	1
	2
	23.43

	2
	1
	4
	31.46

	3
	1
	8
	38.55

	4
	1
	16
	47.11

	5
	1
	32
	56.08

	6
	2
	2
	24.85

	7
	2
	4
	32.64

	8
	2
	8
	39.33

	9
	2
	16
	49.77

	10
	2
	32
	58.25

	11
	3
	2
	26.88

	12
	3
	4
	39.49

	13
	3
	8
	50.60

	14
	3
	16
	70.22

	15
	3
	32
	93.08

	16
	4
	2
	28.1

	17
	4
	4
	48.8

	18
	4
	8
	55.7

	19
	4
	16
	77.1

	20
	4
	32
	104.5




Table.1 Comparative SNR-OSR Analysis for different SDM Levels
The table above depicts the variation of the SNR values with the variation of the OSR values for orders of the MASH.


CONCLUSION
It can be concluded from the previous discussions that almost all practical electronics systems have migrated towards digital owing to the noise immunity of digital systems. However, most of the practical signals encountered in real life are analog in nature. Therefore, a fundamental necessity to convert signals from analog to digital is of primary and fundamental importance. This makes the design of analog to digital converters critically important.In this paper, a multi-stage noise-shaping (MASH) type analog to digital converter has been proposed with adaptive noise shaping. The evaluation of the proposed system has been done based on the signal to noise ratio of the system.
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