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ABSTRACT:Analog-to-digital converters have many applications in our daily life. The Sigma-Delta converter is an
attractive ADC for future communication systems due to its high number of bit rate. The aim of this project is to design
of sigma-delta ADC and it is implemented using SPARTAN 3e FPGA.In this project sigma-delta conversion can be
done by using the advanced IC MCP3208 and bit by bit transmission is done finally the output is displayed on monitor
of pc.The main aim of this project is to power reduction and the converter is used to achieve 12-bit resolution. In
MATLAB Simulink the converter done but greater filter delay in the output and it is not suitable for FPGA
implementation. To overcome this problems sigma-delta conversion is done using the Xilinx ISE design tool 14.6 and
the power comparison calculation is done. In its supply voltage 5v, analog input is taken as potentiometer, by varying
the input voltage(12-bits)0-2°12 that means up to 4096 range, through rs232 cable, the output is displayed on monitor.
The sigma-delta analog-to-digital converter is suitable for embedded FPGA applications. The sigma-delta architecture
has become more and more popular realizing high-resolution ADCs in mixed-signal VLSI processes. This converter is
inherently an oversampling converter, although sigma-delta converter is just one of the techniques contributing to the
overall performance.

KEYWORDS:Analog-to-digital converter (ADC),Field programmable gate arrays (FPGA), Sigma-Delta, VLSI, User
Constraint File (UCF).

I. INTRODUCTION

Analog-to-digital converters play an 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 achieve high resolutions(>20bits).In
conventional 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, thecircuits are complexity to growing high. The 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.

Il. RELATED WORK

Analog-to-digital converters are classified in two classes: (1) Nyquist rate ADC (2) Oversampled (Sigma Delta) ADC.
There are some drawbacks in Nyquist rate converters as follows:

e  Medium Resolution

e Require Analog components

e High noise

e High Interference
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 band limited; an anti-aliasing filter must
be used before the converter to prevent aliasing. 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
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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 ADC[5].In addition to
improve SNR,sigma-delta ADC inherently possesses 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 there are 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 method is called noise shaping and can be easily and efficiently
implemented by modifying the delta modulator[7].Here integral of the input signal encoded rather than input signal
directly. Clearly integration is 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 as shown in figurel.
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Figl: General block diagram of Sigma-Delta modulator

HLEXISTING SYSTEM

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 part contains
digital decimation filter. Decimation process can be done by using single-stage as well as multi-stage decimation.

Fig 2: Delta Sigma Modulator in MATLAB Simulink

Herein 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.
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Fig 3: Waveform of the analog chirp signal
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The figure shows that the analog signal chrip signal in MATLAB Simulink. The first the analog signal is sampled and
hold then the digital signal is obtained.In any analog input signal first it samples & holds then it convert in to digital
signal.In this sine wave is the input and converts in to square wave.
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Fig 4: Waveform of the output digital signal

The designed sigma-delta ADC model is not an efficient model why because filter size is very large and 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.

[———————

Fig 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.

IV. PROPOSED SYSTEM

To overcome these problems the Sigma-Delta ADC is designed in Xilinx ISE 14.6 and it is implemented using
SPARTAN 3e kit. It is suitable for hardware implementation. The figure shows the main block diagram of Sigma-Delta
ADC.In this input is potentiometer and It consists of 3-terminals supply varying output display and gnd.The supply pin
is connected to the IC supply pin similarly gnd. The second pin is connected to the channel of IC pin. Here the selection
of input is the first pin channel as 000.The sigma-delta conversion is done by using the advanced IC MCP3208.Here
the input is connected in real time.The IC contains 8-channels.Each and every channel consists of 12-bit resolution.The
input channel acts as mux.Based on control logic it can give the output. After the output is sampled and hold value and
give to the comparator block. Thecomparator compares the input signal with that the reference signals.
Theinformationis stored in SAR and bit by bit shifting process takes finally the outputs are come into the Dout.The
JTAG is used here. The parallel ports are connected to the pc and the JTAG is connected to the FPGA kit.The JTAG is
used for the purpose of program load. In this SPARATAN 3e kit is used for the implementation purpose.Here rs232
cable also used for the purpose of storing and transmitting information to the pc. The rs232 has 9-pins that mean female
to USB is used and transmission is done.

Here the input is taken as potentiometer, supply voltage is 5v, According to the input analog devices the channel will be
selected.by varying the input voltage (12-bits) that means 0-2212 upto 4096 range, the output is displayed on monitor
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of pc.Whatever the output is comes in the Dout after transmission takes place. Here, the spi-din is used to transmit the
bits one by one. The spi-cs means chip select is used to totally 8-analog channels are possibilities are there here in that
which one bit converting select decided one.

The clock (clk) is used to control the 1C.The spi-clk is used for the purpose of control the IC MCP3208.First analog
input is given to the IC, the conversion process takes and bit by bit transmission is done on FPGA kit, finally through
the rs232 cable stores and transmits the information in to pc,the output is displayed on monitor of pc.

The proposed ling adder technique is used to create the simplified group generate perform known as Pseudo carry. The
factorization of 1 not kill bit makes the primary level of carry computation stage straightforward. And also the
remainder of the logic of the carry tree is computed in an exceedingly similar manner because the standard theory of
parallel prefix adder. The not kill term has got to be combined with the pseudo carry before computation of add at the
top. As this involves no delay by the electronic device rather than X-OR circuit to reason adds, the ensuing adder
becomes quicker.

SPI-CLK
$PID-in

FPGA SPARTAN 3 SERIES L e b mcesas ic
5P ut

Fig 6: Block diagram of ADC in hardware implementation.

V. SIMULATION RESULTS

A.RTL Schematic
RTL stands for register-transfer leveland it abstraction is used in hardware description languages like Verilog and

VHDL to create high-level representations of a circuit,from which lower-level representations & ultimately actual
wiring can be derived.Design at the RTL level is typical in modern digital design.

au

B.Technology Schematic

The technology schematic is shown below figure.lt consisting of inner each sub modules of the register transfer level
blocks.It gives each sub blocks schematic of main register level main module.In this number of gates used as logic
levels, number of LUTs used all things shown in this technology of sigma-delta ADC and also ASIC file also generated.
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C.Output

The cha-in(3-bits) in that first channel is selected that means ‘000’and the clk state force to high, the outputs are come
into the dout.The 12-bit resolution is stored in to the one variable that is channel[11:0] and the output is displayed in 4
digits.so the binbcd converts into 4 characters chO,chl,ch2,ch3and the each character contains 8-bits and one by one
tranmits and stores into tx ,it contains certain baud rate,finally the output is displayed in tx-data.

D.Delay
Atter simulation process complete, click the synthesis report calculate the delay. The maximum period is 12.437nsand

the total delay gives the net delay and gate delay.The total overall delay of Sigma-Delta conversion is mentioned.These
are seen by using the Xilinx ISE design tool.

Prosestis (m Sclectie)

E.Area Utilization

The whole information regarding the used devices from available devices in proposed sigma-delta ADC as shown in
tablel.In this number of slice filp-flops and number of 4 input LUTs ,number of occupied slices contains related logic
and unrelated logic and total number of 4 input LUTs number used as logic and route-thru, number of bonded
I0OBs,number of BUFGUXs and average fanout of non-clk nets.This device utilization summary gives detailed
information to the overall performance and how many gates used are all gives these summary. After this UCF file is
created. Acronym of UCF is user constraint file.In this pin locations are assigned.

Table 1: Resource utilization for Spartan 3edevice
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F.PowerConsumption

The existing hierarchy power is shown below. Without the clock frequency,the power consumed in the conversion is
390uw. It contains logic power and signal power and LUTS.Click the analyze the power distribution and verify the
power consumption.The resource type consists data,reset,control clock enable.This is existing power consumption.

G.The Proposed Power Consumption
The proposed power consumption in sigma-delta ADC is 350uw.The power report is shown in below figure.click the
analyze power distribution in that double click clock domain calculate the power consumption.The window shows total

power consumption of sigma-delta ADC .In this clock frequency is 50MHz.

B
“l!f'i
HEH

Hardware Implementation of IC
The figure shows the IC with analog input. The input is potentiometer,it is a three-terminal resistor with a sliding or
rotating contact that forms an adjustable voltage divider.If only two terminals are used,one end the viper.it acts as

variable resistor or rheostat.
— =

T —

—

i.Assigning pin location constraints
Pin locations for all the ports of proposed sigma delta 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.Xilinx PACE window
contains all information.
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After click the boundary scan IMPACT dialog box the architectures and user constraints file is generated. when the
process is completed, implement on the FPGA Kkit.

ii.Implementationon FPGA kit
This is the last step for the implementation of sigma —delta ADC on FPGA kit power input. After that download cable
is connected between the FPGA kit and pc. The JTAG cable is connected between the kit and pc for the purpose of
program load. Then run the configure device (IMPACT) process.When the programming is completed the window
shows, the program succeeded message is displayed.

Fig 7: IMPACT boundary scan dialog box

After that that connecting cable kit to the pc.The analog input is potentiometer; the second pin is connected to the IC
MCP3208 first channel pin. Supply voltage 5v is given to the Ic.The cables used are JTAG (joint test action group)and
rs232 cable to store and transmitting the information. The Spartan 3e EDK board provides a powerful, self-contained
development platform for designs targeting the new Spartan -3 FPGA from Xilinx. It features a 200k gate Spartan
3,0ne board i/o devices,1MB fast asynchronous SRAM, from a simple logic circuit to an embedded processor core. The
figure shows the Tyro-Plus Spartan 3e (EDK) board.

UART stands for universal asynchronous receiver transmitter. The FPGA kit provides an RS232 port that can be driven
by the Spartan 3e FPGA kit.A subset of RS232 signals in used on the Spartan 3 FPGA lab kit to implement this
interface (RD&TD signals). The FPGA kit provides female DB-9 connector, labelled p2.The user provides RS232,
UART code, which resides the FPGA Spartan 3kit.The female pin is connected to the kit and the USB port is connected
to the pc.

Tera Term: New connectio

TCPAP Host:

© Serial Port: [COMBS: Prolific USB-to-Serial Comm P~ |

[og ] [ cancer | [ Hew ]
After that the output is displayed on monitor of pc.
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The output is displayed on monitor by using the tera term software. Here using two cables one is rs232 and another one
is JTAG cable. For program load purpose the JTAG is used. The parallel port is connected to the pc and the JTAG is
connected to the FPGA Kkit. Finally the output is displayed on monitor of pc.The output is displayed between the range
0-4096 range only(12-bits)resoultion.

VI. CONCLUSION

In this, we have designed of Sigma-Delta ADC and its implementation on SPARTAN 3eFPGA kit. It consumes only
150 number of slice Flip Flops out of available 3,840, 304 number of 4 input LUTs out of 3840 and 276 number of
occupied slices out of 1,920 and number of slices containing only related logic 276,number of slices containing
unrelated logic is 0 and total number of 4 input LUTSs are 485 out of 3,840 in that number used as logic is 304 and
number used as route-thru 181.Number of bonded 10Bs 6out of 97 and number of BUFGMUXs is 2 out of 8 and
average fan out of non-clock nets 299 respectively. The proposed design power consumption is 350uw.Results shows
that the proposed design is quite accurate.
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