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Abstract— This paper shows the range of resolutions, 

conversion method, encoding method, conversion time, size, 

advantages and disadvantages available for flash, sigma-

delta, successive approximation, dual slope and pipeline 

converters. For a better result, there is a requirement to 

develop ADC that improves both high speed and resolution. 

There are a lots of architectures of analog to digital 

converters. The Sigma Delta conversion principle played a 

promising role in solving the problem of noise free 

bandwidth and resolution. 
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I. INTRODUCTION 

In most of the modern electronic systems Analog to Digital 

Converters are work as a key component. They give the 

critical translation of a deliberated analog signal to a digital 

representation. Once in digital form, the information can be 

easily and correctly functioning to extract the desired 

information. The speed and resolution of the overall system 

does not crosses the limit during the process of the 

conversion of Analog signal to Digital signal. For a better 

result, there is a requirement to develop ADC that improves 

both high speed and resolution. There are a lots of 

architectures of analog to digital converters for converting 

analog voltage signal in to digital number we use A/D 

converter like a Flash ADC, Pipeline ADCs, Successive 

Approximation ADCs, Oversampled ADCs. Depending 

upon the sampling rate Analog-to-Digital Converter (ADC) 

can be seperated in to two parts. One which samples the 

signal at Nyquist rate that is fN=2F, Where the sampling 

rate is fN and the bandwidth is F, of the input signal, while 

the other samples the signal at a much highly sampling rate 

then the signal band width this type of sampling is known as 

oversampling and the converters are named as oversampling 

converters. These converters have a capability to reach at 

high resolution, high reliability, and performance. Then 

Nyquist rate converters, some of the Nyquist rate converters 

are  

1) Flash ADC   

2) Pipeline ADC   

3) Successive Approximation ADC   

4) Intregating ADCs 

II. NYQUIST RATE ADCS 

A. Flash ADC 

Flash ADC’s are also named as parallel ADCs. Due to the 

parallel architecture it is the fastest ADC among all the other 

types and are suitable for high bandwidth applications. Due 

to presence of 2 N resistor it consumes a lot of power, has 

low resolution, and costly for high resolution. It is mainly 

used in high frequency applications and in the other types of 

ADC architectures e.g. multi bit sigma delta and pipelined. 

Few applications of flash ADCs are satellite 

communication, radar processing, data acquisition, sampling 

oscilloscopes, and high-density disk drives. A typical flash 

ADC block diagram is shown in Figure 1. Here 2N – 1 

comparator are required for an "N" bit converter. The 

resistor ladder network is formed by 2N resistors, which is 

used to produce the reference voltages for each comparator. 

The reference voltage for each comparator is 1. ". least 

significant bit (LSB) less than the reference voltage for the 

comparator immediately without any delay, above it. When 

the input voltage (positive terminal) is higher than the 

reference voltage (negative voltage) of comparator it will 

generate a "1", otherwise, the comparator output is "0”. If 

the analog input is in between Vx4 and Vx5 

 
Fig. 1: Flash ADC 

and the remaining comparators generate “0”s.The 

comparators will generate a thermometer present at each 

comparator output stores the result. Due to presence of 

positive feedback, the end state is forced to either a "1" or a 

“0”. 

B. Pipeline ADC  

The pipelined analog-to-digital converter is one of the 

highly known ADC architecture. It can work from few M 

samples to more than hundreds of M samples with 

resolution from 8 bit to 16bits. Because of its higher 

resolution and sampling rate range it is mostly useful in 

medical and communication applications e.g. CCD imaging, 

digital receiver, ultrasonic medical imaging, base station, 

digital video (for example, HDTV), DSL, cable modem, and 
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fast Ethernet. Speed, resolution, power and dynamic 

performance are highly improved in Pipeline ADC but for 

low sampling rate applications, whereas for high sampling 

rate (e.g. 1 GHz) flash ADC is still the choice. The example 

of 12 bits pipeline ADC is shown in Figure 2. 

 
Fig. 2: Pipeline ADC 

Initially sample-and-hold (S&H) circuit samples and holds 

the input VIN. In the first stage of the flash ADC will 

convert this signal into 3 bit digital output. This output code 

is applied to DAC which is 3 bit digital code and the analog 

output is subtracted from the original signal, then the 

remainder is multiplied by 4 and then applied to the next 

stage. This procedure will continue till the last stage (Stage 

4) and each stage provides 3 bits. After last stage the 

amplified remainder signal is feed into 4 Bit flash ADC that 

will produce 4 least significant bits.  As every stage required 

to align all the bits by shift register prior to applying 12-bit 

digital output to the digital-error-correction logic. During 

the interval when one stage completes the processing of a 

sample and moves the magnified remainder to the other 

stage. The next stages are also performing the same 

procedure due to the reason of sample and hold circuit is 

Embedded in every stage. This pipelining technique 

explained above increases the throughput of ADC. 

C. Successive Approximation ADC 

Successive-approximation-register (SAR) analog-to-digital 

converters (ADCs) are mostly use in low sampling rate and 

medium to high-resolution applications. These are mostly in 

the range between 8 to 16 bits. It also provides small form 

factor and low power consumption. As its power 

consumption is low therefore it is the good choice for low 

power application like Portable/battery-powered 

instruments, pen digitizers, industrial controls, and 

data/signal acquisition. SAR ADC actually implements 

binary search algorithm, therefore its internal circuitry might 

work at  several megahertz because of the successive 

approximation algorithm the sampling rate of ADC is quite 

small. There are many ways to implement SAR ADC but its 

basic structure is shown in Figure 3. 

 
Fig. 3: Successive Approximation ADC 

In this structure track/hold circuit is used to hold 

the analog input voltage (VIN). The binary search algorithm 

is implemented by N-bits register. Initially the value of 

register is set to mid-scalier. MSB set to “1” and all the 

other bits are set to “0”. The output of DAC (VDAC) 

becomes half the reference voltage VREF/2, where VREF is 

the reference voltage of ADC. The comparator will compare 

the input voltage VIN with VDAC. If VIN is greater than 

VDAC, the comparator output will be set to “1”, and the 

MSB of the N-bit register remains at '1'. If the input voltage 

VIN is less than VDAC then the comparator output becomes 

“0”. The SAR control logic will change the MSB of the 

register to '0', set the next bit to “1” and perform comparison 

again. This process continues till LSB and once this process 

is completed the N-bit digital word is available in the 

register.  

D. Integrating ADC 

The Analog to Digital Converters which  performs the 

conversion by integrating the input signal and correlating 

the integration time with a digital counter known as single 

and dual-slope ADCs ,these types of converters are used in 

high resolution applications but have relatively slow 

conversions. 

However, they are very inexpensive to produce and 

are commonly found in slow-speed, cost-conscious 

applications. 

1) Single-Slope ADC 

The Single–slope converter in block level form shown in 

fig.4.1. A counter determines the number of clock pulses 

that are required before the integrated value of a reference 

voltage is equal to the sampled input signal. The number of 

clock pulses is proportional to the actual value of the input, 

and the output of the counter is the actual digital 

representation of the analog voltage. Since the reference is a 

DC voltage,, the output of the integrator should start at zero 

and linearly increase with a slope that depends on the 

integrator. Notice that the reference voltage is defined as 

negative so that the output of the inverting integrator is 

positive. At the time when the output of the integrator 

surpasses the value of the S/H output, the comparator 

switches states, thus triggering the control logic to latch the 

value of the counter. The control logic also resets the system 

for the next sample. fig illustrates the nature of the  

integrator output and the clock. 
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Fig. 4.1: Single-slope ADC 

Note that the input voltage is very small, the 

conversion time is very short as the counter has to increase 

only a few times before the comparator latches the data. 

However, if  the input voltage is at its full-scale value, the  

counter must increment to its maximum value of clock 

cycled. Therefore, the clock frequency must be many times 

faster than the bandwidth of of the input signal. The 

converter time, tc, depends on the value of the output signal 

and can be described as; 

 

 
Fig. 4.2: Single-slope timing diagrams 

Where, Tclk is the period of the clock. The 

sampling rate is inversely proportional to the conversion 

time and can be written as; 

 
2) Dual-Slope ADC 

In order to study about the architecture of Dual slope ADC 

we first need to study about the concept of single slope 

ADC. The single slope ADC is also known as integrating 

ADC and the main purpose of this architecture is to use 

analog ramping circuit and digital counter instead of using 

DAC. The op-amp circuit that is also named as an integrator 

which is used to generate a reference ramp signal that will 

compare with input signal by a comparator. The digital 

counter clocked with accurate frequency is used to measure 

time taken by the reference signal to exceed the input signal 

voltage. The Dual-Slope ADC input voltage (VIN) 

integrates for fixed time interval (TINT), then it will 

deintegrate by using reference voltage (REFV) for a variable 

amount of time (TDE-INT) as shown in Fig.4.3. 

 
Fig. 4.3: Dual Slope ADC 

The behavior of this structure is similar to digital 

ramp ADC, except that saw-tooth waveform is used as 

reference signal. “Integrating ADCs provides high 

resolution and can provide good noise rejection and line 

frequency”. As dual slope structure integrates input signal 

for fixed time instant therefore input signal becomes average 

and this will produce output with greater noise immunity. 

Due to this fact it is very useful for high accuracy 

applications. The other advantage of this structure is that it 

avoids DAC in the structure that decreases the design 

complexity. The main limitation of this structure is that it 

only suitable for low bandwidth input signal. 

III. OVERSAMPALED ADC 

A. Sigma Delta ADC 

Sigma delta ADC comes under the category of 

oversampling ADC, which samples the signal at an over 

sampled frequency of fN=k2F where k is the oversampling 

ratio and is given by the following equation.  

                                  K= fn/F   

The modulator part samples the input signal at a much 

higher frequency set by the over sampling convert which 

converts the analog input signal to pulse density modulated 

signal followed by a decimation filter which contains the 

original input signal and out of band noise. Both the 

modulator and the decimator are operated with the same 

over sampling clock. 

 
Fig. 5.1: Block diagram of sigma delta ADC 

The modulator part samples the input signal at a 

much higher frequency set by the over sampling convert 

which converts the analog input signal to pulse density 

modulated signal followed by a decimation filter which 

contains the original input signal and out of band noise. 

Both the modulator and the decimator are operated with the 

same over sampling clock. The modulator is of first order 

with a 1-bit quantize and it generates a 1-bit output. The 
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output of the decimator is N-bit digital data, where N is the 

output resolution of the ADC and is dependent on the over 

sampling ratio of the converter. 

The Sigma Delta ADC basically divided into two 

parts. One is the modulator part and the other is the 

decimator part. As shown in Fig.2.11, the input analog 

signal is given to the modulator part where the oversampling 

,quantization and noise shaping process is carried out and 

the results in a pulse stream of digital output. This is given 

to the decimation filter which decimates higher frequency 

over sampled signal from the modulator to lower frequency 

signal; it filters out the noise above the cutoff frequency 

range. the designing requirement and parameters of the 

different sub modules that are required for designing a 

modulator and a filter. 

 
Fig. 5.2: Sigma Delta ADC 

IV. CONCLUSION 

As one can observe that flash ADC provide the highest 

speed amongst all the other types of ADC. The speed of 

sigma delta converter is comparable with SAR ADC but 

even it is much slower than flash ADC. From the resolution 

point of view successive approximation resolution that is 

from 8 to 16 bits is comparable with pipelined architecture 

but the fastest flash has higher resolution of 6 to 8 bits. 

Therefore we can summarised that it is always the trade-off 

between speed, accuracy and power. The selection of 

architecture is depended upon the application. All families 

of converters are speed up with the CMOS process 

improvements e.g. successive approximation conversion 

time has been increased to tens of microseconds. This also 

effects the power consumption of data converters.On the 

other hand improvement in DSP functionality also impacts 

on the ADC design e.g. improvement in sigma-delta 

converter by adding fast and more complex digital filter. A 

Sigma delta Analog to digital Convertor is designed by 

integrating the components of the system. This is also used 

as a summing circuit which helps in providing the 

differential feedback input to the integrator. Followed by a 

high speed comparator is designed ,for this a latched type 

comparator is used which compares the input signal with a 

reference signal and gives the corresponding result which is 

then fed to 1 bit Digital to Analog (DAC) circuit at the 

feedback path of the system. This process is iterated and a 

pulse of digital signal is achieved at the output of the system 

V. PERFORMANCE ANALYSIS OF DIFFERENT ADCS TROUGH 

THE TABLE 
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Fig. 5.3:Performance Analysis Of Different Adcs Trough The Table 
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