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Abstract— we report a new architecture for a sigma delta 

oversampling analog to digital Convertor (ADC) in which 

the first order sigma delta modulator and second order 

Decimation Filter is designed in 45nm CMOS technology. 

In this work, both modulator and decimation filter is 

designed with the software LTspice. The sigma delta 

modulator is designed using Switch Capacitor Integrator and 

comparator with an 8 MHz sampling clock frequency.  The 

decimator is designed using a second order Cascaded 

Integrator Comb (CIC) filter and can be worked with two 

different oversampling ratios of 64 and 16. The input to the 

decimator is provided from a first order modulator. The CIC 

filter designed includes integrator, differentiator blocks and 

a dedicated clock divider circuit. The Sigma Delta ADC can 

be operated with an oversampling clock frequency of up to 8 

MHz and with an input signal bandwidth of up to 65 KHz. 

An inbuilt clock divider circuit has been designed which 

generates two output clocks whose frequencies are equal to 

the input clock frequency divided by the oversampling ratios 

64 and 16. 

Key words: Discrete Time Sigma Delta Modulator, 

Decimation Filter. 

I. INTRODUCTION 

Deep submicron technology has a significant impact on 

developing trends in VLSI. As CMOS technology advances, 

the short channel MOS transistors exhibit higher and higher 

trans-conductance, making it more attractive for high-speed 

analog applications. These scaled transistors also require 

lower power supply. The reduced channel length and 

increase in switching speed of CMOS has led the digital 

systems of wireless communications to provide higher data 

rate, high quality audio, video and interactive multimedia. 

These digital systems rely highly on advanced Analog-to-

Digital converter (ADC) and Digital-to-Analog converter 

(DAC). 

CMOS Technology was first proposed in the 1960s. At that 

time, it was not seriously considered until the severe 

limitations in power density and dissipation occurred in 

NMOS circuits. Now, the dominant technology in IC 

manufacturing.  It employs both pMOS and nMOS 

transistors to form logic elements.  The advantage of CMOS 

is that its logic elements draw significant current only during 

the transition from one state to another and very little 

current between transitions - hence power is conserved. The 

trend of CMOS technology improvement continues to be 

driven by the need to integrate more functions within a 

given silicon area. 

Compared to 65-nm technology, most 45-nm technologies 

offers: 

1) 30 % increase in switching performance 

2) 30 % less power consumption 

3) 2 times higher density 

In sigma-delta ADC, which is known as high 

resolution ADCs, the requirement for precise and complex 

analog circuitry has been relaxed by using dedicated digital 

signal processing techniques. Integrating an analog 

modulator with a digital decimator forms a sigma-delta 

ADC. The digital signal processing is done at the decimator 

stage, which is a decimation filter that performs the 

operation of down sampling a high frequency, low-

resolution digital output of the modulator to nyquist rate, 

high-resolution digital output. The decimation stage which 

is responsible for achieving higher resolution and able to 

program a decimator offers further advantage of operating 

the ADC at different input channel bandwidths and with 

different oversampling ratios. 

The output resolution of the ADC depends directly 

on the oversampling ratio. Increase in oversampling ratio 

increases the output resolution. But digital signal processing 

of oversampled signals requires large silicon area due to the 

requirement for more memory circuits and also incurs 

higher power dissipation as it places a requirement for fast 

switching circuits. Hence it is of significant advantage to 

have a single decimator that can be programmed to generate 

different resolutions for different oversampling ratios. 

Decimators have been implemented in any one of the 

following three ways: hard-wired, programmable read only 

memory (ROM) and field programmable gate arrays 

(FPGA). The later two implementations require a 

programmable ROM to provide the filter coefficients for 

performing the decimation and thus making it difficult to 

build a stand-alone sigma-delta ADC. The motivation 

behind the present work to design and implement a CMOS 

ADC, with a focus on first order modulator and second 

order decimator design are to achieve two different 

resolutions for two different oversampling frequencies. 

In past, the invention in Sigma Delta ADC has 

been made with 120nm, 90nm, 60nm technologies. So our 

aim is to implement 8-bit Sigma Delta with a lower nm than 

that. So, based on these things, our objective is to implement 

sigma-delta ADC with sub nanometer technology, which 

makes it more attractive and available.  And also with the 

small size of chip we can make our various application 

devices much smaller.  So our aim is to implement sigma-

delta ADC with 45nm technology using the software 

LTSpice. 
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II. PROPOSED ARCHITECTURE 

 

Fig. 1: Sigma Delta ADC 

A block diagram of a basic first order sigma-delta modulator 

is shown in Fig.1 [4].  It consists of an integrator and a 1-bit 

ADC in the forward path and a 1-bit DAC is in the feedback 

path of a single feedback loop system. The integrator is 

typically a switched capacitor integrator and the 1-bit ADC 

is a normal comparator which converters an analog signal to 

either ‘high’ or ‘low’. The number of integrators in the 

forward path determines the order of the modulator. The 1-

bit DAC is a simple multiplexer circuit controlled by the 

output of the comparator to determine if +Vref or –Vref is 

summed with the input. When the integrator output is 

greater than the reference voltage at the comparator input, 

the comparator gives an output ‘high’. This output high 

controls the DAC which gives an output of +Vref which is 

subtracted from the input of the modulator in order to move 

the integrator output in the negative direction. Similarly 

when the integrator output is less than the reference voltage 

at the comparator input, the feedback path moves the 

integrator output in the positive direction. The integrator 

therefore accumulates the difference between the input and 

quantized output signals and tries to maintain the integrator 

output around zero. A zero integrator output implies that the 

difference between the input signal and the quantized output 

is zero. Thus the average value at the output will be equal to 

the value at input. 

III. DESIGN OF SIGMA DELTA MODULATOR 

 Discrete Analog Integrator 

The integrator is the most important component in a sigma-

delta modulator. As discussed earlier, oversampling 

converters typically use switched-capacitor circuits and 

therefore do not need sample-and-hold circuits. In many 

analog and mixed-signal devices, SC circuits perform linear 

analog signal processing. They are used in various practical 

applications, such as data converters, analog filters, sensor 

interfaces, etc. The basic building block of most SC circuits 

is the stray insensitive integrator as shown in Fig.2 [4]. It is 

the conventional non-inverting SC integrator which is used 

in our analog to digital converter architecture. The 

frequency response of the integrator is sensitive to the 

various parasitic capacitances presented on all the nodes in 

the circuit. However, there are some limitations on the 

operation of switches with low supply voltages. The low 

supply voltage may not allow enough overdrive to turn on 

the transistors used as switches even if complementary 

switches are used. 

 

Fig. 2: switched capacitor discrete analog integrator 

A switched capacitor discrete analog integrator 

(DAI) is used as shown in Fig.2 [6]. It consists of two 

capacitors, a sampling capacitor CI and a hold capacitor CF, 

an operational amplifier (OPAMP) and switches. The two 

clock signals Φ1 and Φ2, form non-overlapping clock 

signals. The common mode voltage, VCM falls halfway 

between the mixed-signal systems ‘high’ and ‘low’ 

reference voltages. In this case the high reference voltage is 

+0.5 V and low reference voltage is –0.5 V and hence the 

common mode voltage VCM will be 0V. LTspice Schematic 

of switched capacitor discrete analog integrator is as shown 

in figure 3. 

 COMPARATOR 

A simple comparator performs the required function 

efficiently. Given a reference level, a comparator gives an 

output of VDD when the signal is greater than the reference 

level and an output of VSS when signal is less than the 

reference level. In this design the Vref = 0V.The operational 

amplifier can be used as a comparator. The change needed is 

that the comparator doesn’t require the compensation 

capacitor which is required by the operational amplifier. The 

comparator circuit is shown in Fig.4 [4]. 

 BIT DAC 

A 1-Bit digital-to-analog converter converts the 1-bit digital 

output of the comparator to the analog signal. Since it is 

only 1-bit, the corresponding analog output will also have 

two levels and is almost similar to the digital input. The 

DAC has two reference levels +Vref =+0.5V and -Vref =-

0.5V. If the digital input is ‘1’ then the DAC output will be 

+Vref and if the input is ‘0’ then the output will be -Vref. A 

1-bit DAC can be designed using a simple multiplexer 

circuit, which selects between the +Vref and –Vref signals 

depending on the 1-bit digital input signal. Fig.6 shows the 

circuit diagram of a 1-bit DAC [5]. 
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Fig. 3: LTspice Schematic of switched capacitor discrete 

analog integrator (DAI) 

 

Fig. 4: Circuit Diagram of Comparator 

 

Fig. 5: LTspice Schematic Diagram of Comparator 

 

Fig. 6: Circuit Diagram of 1-bit DAC 

 

Fig. 7: LTspice Schematic of 1-bit DAC 

IV. SIMULATION RESULT OF SIGMA DELTA   

MODULATOR 

The modulator receives an input of a 65 kHz sine wave of 

peak-to-peak amplitude of 2V. The clock input is a square 

wave at  8MHz frequency and amplitude of  -1V to +1 V. 

the power supply voltages are given as VDD (+1) and VSS(-

1) as shown in Fig.7. The simulation result is shown in Fig.8 

[2]. 

 

Fig. 8: LTspice Schematic of Sigma Delta Modulator 

 

Fig. 9: Simulation Result of Sigma Delta Modulator 

V. DECIMATION FILTER 

The design of a decimation filter is presented for integrating 

with designed modulator to form a complete sigma-delta 

ADC. The specifications for the decimator are to achieve a 

10-bit output resolution for an input signal of 1-bit data. The 

input to the decimator is a 1-bit pulse density modulated 

output from the modulator. The decimator can be operated 
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with two oversampling ratios of 64 and 16 and achieves an 

output resolution of 10-bit and 7-bit, respectively. A simple 

design block diagram of the CIC filter, used as decimator, is 

shown in figure 10. 

 

Fig. 10: Block diagram of decimation fitter 

 Level shifter 

A level shifter circuit is used to provide the level shift in the 

voltage range from – 0.5 V - + 0.5 V to 0 V - 1 V. It is at the 

input end of the decimator and forms the interface between 

the modulator and the decimator. The available modulator 

operates within a voltage range of ± 0.5 V for the purpose of 

biasing the operational amplifier and setting the reference 

voltage at 0 V. The decimator is a digital circuit and 

designed to work in the 0 to 1 V range. Since the output of 

the modulator is in the ±0.5V, it becomes necessary for 

having a circuit at the input stage of the decimator which 

can provide the necessary shift in the voltage level. The 

transistor level schematic of the level shifter circuit is shown 

in Fig. 11. The circuit shown is a simple buffer circuit. 

 

Fig. 11: Block diagram of level shifter 

 2nd order integrator 

A 2nd order digital integrator is used in designing the 2nd 

order CIC filter. The integrator is the main circuit for 

achieving increase in resolution. The block diagram 

schematic of a 2ndV order integrator circuits shown in Fig 

12. Each one bit integrator circuit in both stages of the 

design is clocked with an oversampling clock of 

oversampling frequency fs. A one bit integrator contains an 

adder circuit followed by a delay element as shown in 

Fig.12. The clock is used by the delay circuit to provide a 

delay in the adder output by one clock period. The output of 

the delay circuit is applied as one of the input to the adder 

circuit. The other inputs to the adder are the output from the 

coder circuit and the carry out of the preceding significant 

bit adder. The carry input for the least significant bit adder is 

taken as 0 and the carry out for the most significant bit adder 

is ignored. 

 

Fig. 12:  Block Diagram of 2nd Order Integrator 

VI. CONCLUSION 

A sigma-delta analog-to digital converter system has been 

designed and tested which uses first order modulator and 

decimator in standard 45nm n-well CMOS Technology. In 

present work, the circuits are simulated in LTSPICE with 

MOSIS Level-54 model parameters. The sigma delta 

modulator is designed using Switch Capacitor Integrator and 

comparator.  And the decimator is designed using a second 

order Cascaded Integrator Comb (CIC) filter and can be 

worked with two different oversampling ratios of 64 and 16. 

The ADC operates at a sampling clock frequency of 8 MHz 
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