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ABSTRACT  
This paper demonstrates a Graphical User Interface (GUI) of 

2nd order Sigma-Delta modulator which is used to check the 

non-idealities of the circuit in BIST Scheme. High -level 

modeling of the parameters is done with the help of Matlab - 

Simulink and the parameters like Signal to Noise Ratio (SNR) 

& Effective Number of Bits (ENOB) are calculated. The value 

of SNR and ENOB are found to be 108 dB and 18 bits 

respectively Since the value of SNR and ENOB are increased 

it makes the respective signal power and Resolution better. 

The Graphical User Interface (GUI) of overall model has been 

successfully implemented after modeling of non-idealities for 

BIST technique not only avoids depending on the off-chip 

automatic test equipment (ATE) and reduces the test cost but 

increases the controllability and observability of the circuit 

under test also that improves the fault coverage . 

Keywords  

Sigma-Delta ADC; GUI; SNR; ENOB;  BIST; DUT. 

1. INTRODUCTION 

Compared with Nyquist-rate ADCs, oversampling ADCs gets 

high resolution in spite of analog components it uses digital 

signal processing for performing analog-to-digital conversion  

and due to the oversampling delta-sigma ADCs, they do not 

need steep roll-off anti-alias filtering[4-5], which is the prime 

requirement of Nyquist-rate ADCs. Thus, higher order with 

better and higher linearity are  hard to design and  

manufactured.       

2.  LOW-PASS SIGMA DELTA ADC 
ADC based on 2nd order sigma-delta modulators is attractive 

for VLSI implementation because they are resistant to the 

circuit non- idealities and component mismatch. However, 

issues such as clock jitter and excess loop delay become great 

challenges to the designer [16], especially at high sampling 

frequency. Special design should be applied to overcome 

these problems. Sigma-delta modulation has demonstrated to 

be very suited interfaces for the implementation of various 

Analog to Digital in many electronic systems such as audio, 

biomedical . fig.1 below showing the different type of ADC in 

different frequency range. 
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Fig 1: Applications of different types of ADC 

Testing ADCs is mostly limited to conventional static and 

dynamic testing. Signal generator needs to generate a stimulus 

with resolution at least four times higher than that of the ADC 

under test in static test whereas in the case of dynamic testing, 

the test stimulus with known characteristics is applied to the 

ADC. 

However, testing such high-precision ADCs requires high 

performance and expensive test-platforms, which further 

increases the test cost and final product as compared to all the 

kinds of ADCs[20]. One novel solution to this problem is 

built-in-self-test (BIST) which utilizes on-chip resources to 

perform on-chip stimulus generation and response acquisition 

under the BIST approach. With the advent of complementary-

metal-oxide-semiconductor (CMOS) technology, BIST using 

digital signal; processing has become a viable solution for 

analog mixed-signal and SoC[22]. 
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3. BIST (SIGMA-DELTA MODULATOR 

ANALOG-TO-DIGITAL CONVERTER) 
 

 

 
Fig 2. Built-in-Self-Test of Sigma-Delta Modulator 

Analog-to-Digital Converter 

 

This work will use  as BIST test for second order  low pass 

DT  sigma-delta modulator ADC and behavior modeling . The 

overall BIST structure for sigma-delta modulator includes 

following components[21-22]: 

1. Test pattern Generation: This component of the 

BIST structure converts digitized waveforms into analog 

signals. A semi -digital filter converts the digital values, 

memorized in the reference memory, to discrete analog 

levels. To generate the test stimulus signal, the stored 

digitized waveform is periodically applied to the modulator 

under test.  

2. Mux : Multiplexer is switched between controlling 

function during the test mode and functional configuration 

during normal  mode. 

3. Design under Test (DUT): DUT is basic testing 

block which is 2nd order Sigma –Delta DT modulator of ADC. 

We need to introduce the nonlinearity model parameter of ADC 

to obtain the dynamic error such as an effective number of bits 

(ENOB), total harmonic distortion (THD), SNR, etc.  

4. BIST controller: The BIST controller is activated 

by the included boundary scan test access point (TAP) 

controller. Its activity is shown by a special output signal “test” 

and the functional pins enter an inactive state.  

5. Response analyzer: This is used in evaluating the 

response of DUT analyzer to analyze the L-length window 

output modulator bit stream and its corresponding data stored in 

the reference memory in order to determine static and dynamic 

error. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4. FLOW DIAGRAM 
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Fig.3 BIST Flow 

5. DESIGN UNDER TEST (DUT) 
Delta-sigma (ΔΣ; or sigma-delta, ΣΔ) modulation is used as 

DUT and  method of  encoding analog signals into digital 

signals or higher-resolution digital signals into lower-

resolution digital signals. 

A 2nd Order Sigma-Delta A/D Converter consists of the 

following 

 A loop filter or loop transfer function H(s)  

 A clocked quantizer feedback digital to analog converter 

(DAC). 

 The schematic of a first-order SC ΣΔ modulator is shown[11-

12]. The main non-idealities appearing in the SC circuitry, 

which should be considered for accurate modelling, are as 

follows[13]:  

 

1. Clock jitter  

2. Switch thermal noise  

3. Operational amplifier noise  

4. Op-amp DC gain  

5. Op-amp Bandwidth(BW)  

6. Op-amp slew rate(SR) 

  

A loop filter H(s) provides a noise-shaping function for the 

analog input signal before it is sampled and quantized by an 

ADC. The digital output signal is then converted back to an 

analog signal by a DAC and feedback to the input for 

subtraction to form a closed-loop operation. The input signal 

is sampled after being filtered through the loop filter, 

significant suppression at aliasing frequencies can be 

obtained[14]. 

Proposed work will use 2nd order sigma -delta modulator 

ADC and system modeling of no idealities and simulation of 

modulator will be done. There are two integrators inside the 
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topology to realize the 2nd order system. Also the output noise 

value is less in less frequency.[2] 

6. RESULTS 
 

Table: Comparison of result 

  

The basic GUI performs the following function 

1) For giving the inputs: Here in this diagram it is 

clearly shown that 3 inputs namely Bandwidth, 

Oversampling Ratio(R) & No. of Samples (N) is 

inputted. 

2) For generating the Simulink Model: After 

applying the inputs the Open Simulink Model Tab 

will open the Simulink model as shown below. 

3) For getting the output : After the Simulink model 

runs we will get the output in the GUI. 

 

 

Fig .4: Simulink Model 

4) Outputs  

The basic design of the Simulink model along with the non -

idealities is shown. 

 

Fig. 5: GUI showing the output waveforms 

 

Fig 6: Output of the command window of MATLAB 
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7. CONCLUSIONS 

With the help of 2nd Order low pass Sigma Delta analog to 

digital converter, we can improve the resolution and signal to 

noise ratio as well as we can reduce the power consumption 

and increase the ENOB. We have to take care of the Non- 

Idealities like clock jitter, excess loop delay etc so that it will 

not affect the performance of the circuit.   Behavioral model 

of 2nd order low-pass sigma-delta modulator including the 

non-idealities (sampling jitter, thermal noise, op-amp noise, 

slew rate and bandwidth) are studied. Special design is being  

S. 

No.  

Parameters  Previous 

Work[4] 

Previous 

Work[5] 

 

Our 

Work  

1)  Bandwidth(BW 

in HZ)  

22000  20000  20000  

2)  Oversampling 

Ratio(R)  

256  256  256  

3)  No. of Samples 

(N)  

2^14  2^14  2^14  

4)  Slew Rate  17(V/us)  202(V/us)  250(V/us) 

5)  GBW  100 

MHz  

102 MHz  150MHz 

6)  SNR    (in dB)  86.7  94.7  108 

7)  ENOB(bits)  14.11  15.44  18 

../Papers%20for%20Review/Important/2nd%20order%20CT%20paper/RELEVANT%20PAPER%20FOLDER/144.pdf
../Papers%20for%20Review/Important/2nd%20order%20CT%20paper/1.pdf
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applied to overcome the non-idealities. A GUI is has been 

made to calculate the SNR and ENOB of  sigma- delta ADC. 

Here the model is based on the behavioral modeling of the 

parameters with the help of Matlab- Simulink and the 

parameters like Signal to Noise Ratio (SNR) & Effective 

Number of Bits (ENOB) (which in turn gives the Resolution) 

are calculated. The value of SNR and ENOB are found to be 

108 dB and 18 bits respectively in comparison to the 89.4, 

94.7 dB & 14.56, 15.44 bits respectively of the previous 

work[16]. Since the value of SNR and ENOB are highest and  

it makes the respective signal power and Resolution better. In 

our work  post -simulation of modulators will be done using 

the BIST approach, The method will be  more effective in 

terms of area overhead and power consumption. 
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