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Abstract - This paper proposes the design of micro power Sigma-delta modulator with using 
verilog HDL based on been mapped on small commercially available FPGAs (Field 
Programmable Gate Arrays). This Sigma-delta modulator design is paid special attention to its 
low power application of portable electronic system in digitizing biomedical signals such 
asElectrocardiogram(ECG),Electroencephalogram(EEG) etc. A high performance, low power 
second order Sigma-delta modulator is more useful in analog signal acquisition system. Using 
Sigma-delta modulator can reduce the power consumption and cost in the whole system. The 
original biomedical signal can be reconstructed by simply applying the digital bit stream from the 
modulator output through a low-pass filter. In this second order sigma delta modulator simulation 
result there is no distortion. It is very suitable for low power application of biomedical instrument 
design. Key words- Sigma delta modulator, Low power, Verilog HDL, biomedical application.
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FPGA Based Sigma Delta Modulator Design for 
Biomedical Application Using Verilog HDL

Sheikh Md. Rabiul Islamα, A. F. M. Nokib UddinΩ

Abstract - This paper proposes the design of micro power 
Sigma-delta modulator with using verilog HDL based on been 
mapped on small commercially available FPGAs (Field 
Programmable Gate Arrays). This Sigma-delta modulator 
design is paid special attention to its low power application of 
portable electronic system in digitizing biomedical signals 
such asElectrocardiogram(ECG),Electroencephalogram(EEG) 
etc. A high performance, low power second order Sigma-delta 
modulator is more useful in analog signal acquisition system. 
Using Sigma-delta modulator can reduce the power 
consumption and cost in the whole system. The original 
biomedical signal can be reconstructed by simply applying the 
digital bit stream from the modulator output through a low-
pass filter. In this second order sigma delta modulator 
simulation result there is no distortion. It is very suitable for low 
power application of biomedical instrument design. Key 
words- Sigma delta modulator, Low power, Verilog HDL, 
biomedical application.  
Keywords : Sigma delta modulator, Low power, Verilog 
HDL, biomedical application. 

I. INTRODUCTION 

he application of portable electronic systems such 
as wireless communication devices, consumer 
electronics and battery powered biomedical 

devices ECG, EEG [1] increases the requirement for 
low-voltage and low- power circuit techniques [2]. 
Designing of low-voltage circuit can reduce the number 
of battery cells for low weight and small system size. At 
the same time, low- power circuit design can increase 
the operation time for biomedical application [3].Sigma-
delta modulator has become a usual technique for 
analog-to-digital (A/D) conversion. This is because 
sigma delta modulators circuits are structured simply 
with low-accuracy analog parts and very suitable in low 
frequency, high performance and low power application. 
The single-bit signals of sigma- delta modulator are 
converted into multi-bit signals at the Nyquist sampling 
rate for biomedical application. Thus, currently usable 
types of biomedical systems with sigma-delta based 
A/D converter need single-bit conversion hardware 
including decimation filter. Sigma-delta modulator 
utilizes a negative feedback loop consist of an 
integrator, comparator  and  one-bit  DAC  that  are  very 
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integrated and compared with ground using 
comparator. Its output drives a one bit DAC which 
switches reference voltages to the summing node of the 
integrator, minimizing the difference signal. In this paper, 
the second order sigma delta modulator can be widely 
utilized for low-power with biomedical applications. 

 
II.

 
BACKGROUND

 Suppressing the power consumption will be 
widely utilized for biomedical application. At the same 
time, in order to get accurate data, the simple Sigma-

 delta modulation is first-selected to incorporate on the 
system chip definitely. Sigma-delta modulator has 
proven to be very suitable in low frequency, high-

 performance application. A simple block diagram of the 
second order Sigma Delta Modulator is shown in Figure 
1, where x (t) and y (t) are the input and the output 
signal of sigma delta modulator respectively. The values 
of y (t) have only two levels as the output because of 1-
bit ADC which

 
is comparator is simply used. The 1-bit 

ADC and DAC are both driven by the same clock signal. 
Due to the non-linearity incorporated in the ADC, simpler 
model is used for analysis. The system can be viewed in 
its discrete time in Figure 2.

 
 
The comparator is replaced by an adder and 

sum of noise source Q[z] emulating the quantization 
noise. The integrator is replaced by the function block of 
z-1/ (1-z-1). After some mathematical manipulations in 
Figure 2, the time-domain, we can get 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.1:

 

Block diagram of second order sigma delta 
modulator.
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Fig.2 : Simplified model for second order sigma delta 
modulator.

simply components. The input analog signal is first 
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III.

 

PROPOSED ARCHITECTURE FOR 
SECOND ORDER SIGMA DELTA 

MODULATOR

 

In this section, block diagram of our proposed 
architecture of programmable digital filter has been 
represented based on data bus, control bus and 
including internal connection. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3

 

:

 

Block diagram of the system sigma delta 
modulator.

 

In proposed architecture as shown in Fig.3 Pro 
PC block is used to

 

control the output state of the 
program counter (PC). First the input data and error bits 
are saved in the internal register of the Input block. 
When the PC starts counting then the Control block 
starts to control the operation of the device 
automatically. The PRAM block is a Programmable 
RAM, which contains the educational specification of the 
second order modulator and RAM block is a permanent 
memory for the proposed architecture. The Pointer (Ptr) 
and P block are used to generate address for the RAM 
according to the instruction of PRAM block. The P2 
block points the memory location and read the saved 
data of PRAM by using some control signals.

 
 

The arithmetic and logic unit (ALU) performs 
the all arithmetic and logic operation of the proposed 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.4

 

:

 

Block diagram of the system including control 
bus.

 

IV.

 

SYNTHESIS RESULT

 

The simulation result of the 2nd order sigma 
delta modulator for the proposed architecture contains 
the block diagram and the timing diagram of each 
block. 

 
 
 
 
 
 
 
 
 
 

 

Fig.5

 

:

 

Block diagram of ALU.

 
 
 
 
 
 
 
 
 
 
 

Fig.6

 

:

 

Timing diagram of ALU.
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architecture and save data temporarily. The Register A, 
B and C are used to save data for performing the 
operation of ALU and the output block is used to get the 
output. The Middle(M) block contains some special 
common bus. In this timing diagram the addition of two data is 

done. We have given the data 2 and 3 is added and the 
output is 5 as shown in Fig.6. 

Fig.7 : Block diagram of Control unit.
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Fig.8

 

:

 

Timing diagram of

 

Control unit. 

 

After the synthesized the block diagram the 
control unit as shown in Fig.7. The execution of process 
data gets a signal A in

 

hexadecimal format and makes a 

 

34bit control signal as shown in Fig 8..

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.10

 

:

 

Block diagram of Input block.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.11 :

 

Timing diagram of Input block. 

 

 
 
 
 
 
 
 
 
 
 
 

Fig.12

 

:

 

Block diagram of OUT block.

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.13

 

:

 

Timing diagram of OUT block.

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.14

 

:

 

Block diagram of P2 block.

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.15

 

:

 

Timing diagram of P2.

 

In the timing diagram as shown in Fig.15 the 
output is 0 because the output control signal is low at 
the first time it generate a address which index is 0 as a 
memory location. 
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Fig.16 : Block diagram of PRAM.

Fig.17 : Timing diagram of PRAM.
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Fig.19

 

:

 

Timing diagram of RAM. 

 

In this timing diagram as shown in Fig.19 the 
data F2 is saved in memory location 5 in the RAM and 
after some instance the data is read from this location.

 
 
 
 

 
 
 
 
 
 

Fig. 20

 

:

 

Block diagram of register A.

 
 
 
 
 
 
 
 
 
 
 
 

Fig.21

 

:

 

Timing diagram of register A.

 

In the timing diagram as shown in Fig.21 a 8bit 
data 31 is stored in register A and after some time 
intervals it is read. The operation of register B and C are 
same as register A. 

 
 
 
 
 
 
 
 

Fig. 22

 

:

 

Block diagram of Ptr block.

 
 
 
 
 
 
 
 
 
 
 
 

Fig.23

 

:

 

Timing diagram of Ptr block.

 
 
 
 
 
 
 
 
 
 

Fig.24

 

:

 

Block diagram of block P.
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Fig.18 : Block diagram of RAM.

Fig.25 : Timing diagram of block P.

In Fig 23 Ptr gets a data 1 from PRAM block 
and for it’s corresponding it detects the input data bit or 
error data bit or output data bit. Here it finds that the 
data is input data bit. In Fig 25 the Block P generates 
the address in RAM for saving the input bit stream. Page 
5 of 6 
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Fig.26

 

:

 

Block diagram of Pro_PC.

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.27 :

 

Timing diagram of Pro_PC.

 
 
 
 
 
 
 
 
 
 
 
 

Fig.28 :

 

Chip layout of 2nd order sigma delta modulator.

 

In Fig.28 2nd order sigma delta modulator chip 
has four inputs and one output terminal. The four inputs 
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are modulating signal, noise signal, clock input and 
clear the chip signal. The output will be shown 8bit data 
of the sigma delta modulated signal. The proposed 
model implemented upon on XILINX SPARTAN 
XC2S150 FPGA board. Processor supported by the 
clock frequency of the processor is 1MHZ ,power 
consumption, signal bandwidth and CMOS technology 
on the XC2S150 processor. 

The architecture of low-power of second order 
discrete-time sigma delta modulator has been 
presented. Due to the lower bandwidth of biomedical 
signals, sigma delta modulation is feasible. A low power 
sigma delta can be design by digital circuit that either 
modulating or recovering circuit with oversampling 
technique. Using Verilog HDL in designing the 
modulator, not only the restraints in analogy circuit can 
be relaxed, the quantization noise can also be reduced 
better than any other design technique. After all, the 
analog biomedical signal can be reconstructed from the 
digital bit stream of modulator output by simple low 
pass filter. 
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