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Abstract: Analog-to-Digital Converters plays an important role in our daily life. Sigma Delta () Converter is an 

attractive ADC for future communication systems due to its high resolution rate. This paper presents Sigma delta ADC 

which is suitable for embedded FPGA applications. Designing of Sigma Delta ADC has done in MATLAB simulink 

and implemented it on Spartan2 FPGA kit. 
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I. INTRODUCTION 

       Analog-to-digital converters play a important   role in 

modern audio and communication design. Nyquist 

converters are used efficiently only for medium 

resolutions and require analog components that are precise 

and highly immune to noise and interference. On the other 

hand oversampling converters are used to achieve high 

resolutions (>20bits). In conventional oversampled 

modulators, negative feedback is applied, to control the 

dynamic behaviour of a system and to realize the 

attenuation of the quantization noise in the signal band due 

to noise shaping. With the increasing demand of 

electronics product, complexity of designing the circuits is 

growing high. Due to competitive pressures available time 

to design products is shrinking. Field programmable gate 

arrays (FPGA) provides best solution to address all these 

issues. Field programmable gate arrays are able to offer 

advantages over traditional VLSI technology.  

II. SIGMA DELTA MODULATOR 

Analog-to-Digital converters are classified into two 

classes: (1) Nyquist rate ADC and (2) Oversampled 

(Sigma Delta) ADC. In Nyquist-rate ADC the input analog 

signal samples at the sampling frequency (fs) is equal to 

the twice of the highest frequency component of the input 

signal. It is necessary for the input signal to be band-

limited, to prevent aliasing; an anti-aliasing filter  

 

 

must be used before the converter. This filter must have a 

very narrow transition band to ensure that the filtered 

signal does not contain any frequency component above 

fs/2. But to realize narrow transition band anti-aliasing 

filter is very difficult. Also Nyquist rate converters have 

low resolution which is not suitable for a very low voltage 

signal conversion. Oversampled ADCs are preferred over 

Nyquist  

 

 

rate ADC due to their high signal to noise ratio and high 

resolution [4]. In case of Sigma-Delta ADC the modulator 

portion behaves like a noise shaper and digital filter 

removes the out of band quantization noise thus ensure 

much higher SNR which is impossible to achieved in 

Nyquist rate ADC [5]. In addition to improve SNR, 

oversampling possesses inherently the motivation for 

prediction. When the signal is oversampled then it does 

not change significantly in the interval between successive 

samples [6]. Since the values of these samples are very 

close, they are highly correlated and therefore future 

samples could be predicted from the past one. The Linear 

Delta modulator is the simplest predictive modulator. By 

pushing most of the in-band noise outside the signal 

frequency band more improvement in the SNR can be 

achieved. This is attainable if signal transfer function is a 

low pass whereas and Noise transfer function is high pass. 

This technique is called noise shaping and can be easily 

and efficiently implemented by modifying the delta 

modulator [7]. Here the integral of the input signal is 

encoded rather than the input signal directly. Clearly 

integration being a linear function does not affect system 

transfer function. The demodulation integrator at output 

can be placed at the input of Delta modulator. This 

modification of Delta modulation system results to the  

new system called Sigma Delta Modulator [1] as shown in 

Figure1. 
 

 
Figure 1 Block diagram of Delta Sigma modulator 

Sigma Delta analog to digital converter consists of analog 

part and digital part. Analog part contains modulator 

which samples the input signal at high rate and thus 

produces output in the form of binary sequence. Digital 
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portion of the Sigma Delta ADC consists of digital 

decimation filter. Decimation process can be done by 

using single-stage as well as multi-stage decimation. 

 

Figure 2. Delta Sigma modulator in MATLAB simulink 

Here, in the first stage, decimation is done by using single-

stage FIR decimator filter. The function of this filter is to 

calculate average value of output sequence by using low-

pass decimating FIR filter. 

 

Figure 3 Waveform of the analog chirp signal. 

 

Figure 4 Waveform of the output digital signal. 

The designed Sigma-Delta ADC model is not an efficient 

model because filter size is very large. It is not easy to 

implement such a large size filter on FPGA chip. Hence to 

overcome this problem, we can break the large decimator 

filter into three-stage decimation filter. The very first stage 

decimates the signal by the factor of 8, second stage by 2 

and last stage by 4.  

By using decimation process which consists more than one 

decimator filter, computational difficulties are reduced but 

this process provides a greater filter delay in the output. 

 

Figure 5 Waveform shows the delay in digital output signals of single-

stage and multi-stage decimator filter. 

For the implementation of FPGA, designed model should 

be in fixed point. But our all designed models are not in 

fixed point; hence we convert designed Sigma-Delta ADC 

in fixed point. 

 

III. IMPLEMENTATION RESULTS 

In our proposed model, there is a difficultly to convert the 

model into fixed point. To resolve this problem we can 

simply designed the Sigma Delta ADC using system 

generator tool of Xilinx. This tool automatically generates 

the VHDL code. 

Steps for Implementation of Sigma Delta ADC on FPGA: 

 

(1) Design Sigma Delta ADC using system generator 

tool of Xilinx blockset. 

(2) Generate VHDL code on Xilinx ISE software. 

(3) Assign pin locations for all the ports of Sigma 

Delta ADC. 

(4) Generate UCF file. 

(5) Generate Package Pins and Device Architecture 

for Spartan xc2s50-5pq208 FPGA kit. 

(6) Implement the Sigma Delta ADC on FPGA using 

Configure Device (iMPACT) process. 

 

 

Block diagram of ADC is shown in Figure 6. ADC 

generates binary bit stream which becomes input to the 

digital portion The proposed Sigma Delta ADC has been 

implemented on Spartan2 xc2s50-5pq208 Device. Top 

level RTL schematic of the proposed  ADC is shown in 

Figure 7, its internal view is shown in Figure 8 and its 

technology schematic is shown in Figure. 9. 
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Figure 6 Block Diagram of ADC using system generator toolbox. 

 

 

Figure 7 Top Level RTL Schematic of Proposed  ADC 

 

Figure 8 Internal structure of Proposed  ADC 

 

Figure 9 Technology Schematic of Proposed  ADC 

 

Device utilization summary gives whole information 

regarding the used devices from available devices in 

proposed  ADC as shown in Table 1. 

Table 1: Resource Utilization for Spartan2 xc2s50-5pq208 

Device 

 

 

A.  Assigning Pin Location Constraints 

Pin locations for all the ports of proposed  ADC are 

specified so that all available pins are connected on FPGA 

kit efficiently. 

All the information related to the pin locations are saved in 

UCF file. 

 

UCF FILE 

#PACE: Start of PACE I/O Pin Assignments 

NET "agtr_x0"  LOC = "p99"  ; 

NET "clk"  LOC = "p80"  ; 

NET "dac_driver_x0<0>"  LOC = "p45"  ; 

NET "dac_driver_x0<10>"  LOC = "p71"  ; 

NET "dac_driver_x0<11>"  LOC = "p59"  ; 

NET "dac_driver_x0<12>"  LOC = "p58"  ; 

NET "dac_driver_x0<13>"  LOC = "p57"  ; 

NET "dac_driver_x0<1>"  LOC = "p46"  ; 

NET "dac_driver_x0<2>"  LOC = "p47"  ; 

NET "dac_driver_x0<3>"  LOC = "p61"  ; 

NET "dac_driver_x0<4>"  LOC = "p62"  ; 

NET "dac_driver_x0<5>"  LOC = "p63"  ; 

NET "dac_driver_x0<6>"  LOC = "p67"  ; 

NET "dac_driver_x0<7>"  LOC = "p68"  ; 

NET "dac_driver_x0<8>"  LOC = "p69"  ; 

NET "dac_driver_x0<9>"  LOC = "p70"  ; 
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Xilinx PACE window contains all information related to 

Package view and Architecture view as shown in Figure 

10 and Figure 11 respectively. 

All the assigned pin locations in both package view and 

architecture view are shown in dark blue color. 

 

 

Figure 10 Package Pins for xc2s50-5pq208 

 

 

Figure 11 Device Architecture for xc2s50-5pq208. 

 

B.  Implementation on FPGA kit 

This is the last step for the implementation of  ADC on 

FPGA. Connect the power cable to the FPGA kit power 

input. After that download cable is connected between the 

FPGA kit and PC. Then run the Configure Device 

(iMACT) process. 

Figure 12 Dialog box for Configure Devices 

 

When programming is complete, the program succeeded 

message is displayed as shown in Figure 13. 

 

Figure 13 iMPACT boundary scan dialog box 

After that the results are shown on FPGA kit. Apply input 

through DIP switches, i.e. input is applied on pin no. p99 

and clock input is applied at pin no. p80. And output is 

displayed on LEDs as shown in Figure 14. 

 

Figure 14 FPGA spartan2 xc2s50-5pq208 Kit 

IV.  CONCLUSION 
 

In this paper, we have presented design of Sigma Delta 

ADC and its implementation on Spartan2 FPGA kit. It 

consumes only 49 number of slices out of available 768, 

70 Slice Flip Flops out of 1536, 48 number of 4 input 

LUTs out of 1536, 3  

 

number of bonded IOBs out of 128 and only 1 number of 

GCLKs out of available 8 respectively. Results show that 

the proposed design is quite accurate. 
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