
ANOLOG TO DIGITAL & DIGITAL TO ANALOG CONVERTOR 

 

Comparator:- 

 

A Comparator is a circuit which compares a signal voltage on one input with a known 

voltage on the other input. The fig. shows the basic Comparator in which fixed reference 

voltage verify is applied to the inverting input and the time-varying signal voltage Vi is 

applied to the non-inverting input. Because of this arrangement. The circuit is called the 

non-inverting Comparator. 

Let us consider the amplitude of time varying signal is greater than the reference voltage 

when Vi is less than verify. The output voltage Vo is at –Vsat(~= -Vee) because voltage at 

the inverting input is higher than at the non-inverting input. On the other hand when Vi is 

greater than verify the non-inverting input becomes positive with respect to the inverting 

input , the Vo goes to +Vsat (~=+Vee) thus, Vo changes from one saturation level to another. 

Whenever Vi ~= Vref as shown in fig 2.7. thus the comparator work as a type of analog-to-

digital convertor . 

At any given time the output waveform shows whether Vi is greater or less than Vref. The 

comparator is also called a voltage- level detector because for a desired value of Vref . The 

voltage level of the input Vi can be detected. 

 

 

The diodes D1 and D2 are used to protect the op-amp from damage due 

to excessive input voltage Vi. Because of these diodes, the difference input voltage V id of 

the op-amp is clamped to either 0.7V or -0.7V hence the diodes are called clamp diodes. 

Comparators are used in such as digital interfacing Schmitt triggers, 

discriminators, voltage level detectors and oscillators. 

 

 

 



A/D and D/A converters:- 

 

The digital systems such as microcomputers use a binary system of ones and zeros. The 

input and output of the microcomputer must be in the form of binary system. The data to 

be put into the microcomputer must be converted from analog form to digital form. The 

circuit that performs this conversion is called an analog-to-digital (A/D) converter. There 

are many types of A/D converters. Single-ramp integrating, dual-ramp integrating, single 

counter tracking and successive approximation A/D converters. 

On the other hand a digital to analog (D/A) converter is used when a binary output from a 

digital system must be converted to some equivalent analog voltage or current . The 

function of a D/A converter is exactly opposite that of an A/D converter. 

 

Input and output wave forms of comparator. With positive and negative reference voltage. 

 

D/A converts with binary weighted resistors:- 



Fig shows a 4-b. D/A converts using an inverting op-amp and binary-weighted 

resistors. Because there are 16 (24) combination of binary Inputs for b0 through b3 an 

analog output should have 16 possible corresponding values. 

The fig acts as summing amplifies, hence the output voltage in given by 
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V0= Rf/R(b0+2b1+4b2+8b3) 

Where each of the inputs b0,b1,b2 and b3 may either be high (+5v) or low (0v) the output 

voltage corresponding to possible combination of inputs is calculated in the table. 

 

Fig. shows analog outputs versus possible combinations of digital inputs. 

The output is a negative going staircase waveform with 15 steps of -0.5v each. The size 

of the steps depends on the value of Rf. A desired step can be obtained by selecting a 

proper value of Rf. All the steps may not be the same size because of the variations in 

logic high voltage levels for accurate operation of the D/A converter. Precision metal 

film resistors are recommended. D/A converters requires binary weighed resistors 

which may not be readily available especially when the number of inputs is more than 

four. 



 

Fig(2.9) D/A converter with binary weighted resistors. 

Fig shows a 4-bit D/A converter using an inverting op-amp and R-2R resistor 

network. Because these are 16 combinations of binary inputs for b0 through b3 an analog 

output should have 16 possible corresponding values. 

Let us assume the binary input is 0010, that is the input to b=5v and b0, b2, b3 are 

grounded. The R-2R network can be analyzed by applying Thevenin’s theorem as 

shown in the Fig 2.10a through fig 2.10d from the fig 2.10d we can write 
 

 

I= V/8R         1 

                    From the fig 2.9 we can write 

V0= -If Rf 

 

V0= -Ii Rf             2 

 

         On combining equations 1 and 2 we get 

 

V0= -Rf V/8R  

V0= -Rf b1/8R  

 

Similarly if the input is 0100, we get 

 

V0= - Rf V/4R 

V0=-Rf[b2/4R] 

IN general, the output equation can be written as 



 
 

Fig 2.10: Analysis of R-2R network for binary input 0010 and the graph 

of output input . 

Where each of the inputs b3, b2, b1 and b0, may be either high (+5v) or low(0V). 

The output voltage corresponding to the combination of input is given in the table and 

the graph of the input versus output is shown in the fig 2.20(e). 

The advantage of R-2R D/A converter is that it requires only two sets of precision 

resistance values. But the analysis of the circuit is complex, because it requires more 

resistors. As the number of binary inputs is increased beyond four both D/A converter 

circuits get complex and then accuracy decreases. Therefore, in critical applications 

D/A converter are used. 



 

Counter Comparator A/o converter: 

 

This type of ADC is also known as the Stairstep-amp or simply counter A/D converter 

this is also fairly easy to understand but unfortunately from several limitations. 

The basic idea is to connect the output of a free running binary counter to the input of a 

DAC, then compare the analog output of the DAC with the analog input signal to be 

digitized and use the comparator output to tell the counter when to stop counting and 

reset. 

 

The schematic diagram of the counter comparator A/D converter is shown in fig. 

As the counter counts up with the each clock pulse, the DAC outputs a slightly higher 

voltage(Vi). This voltage is compared against the input voltage  Vi  by the comparator. If 

Vi is greater than DAC output V0 , the comparator output will be high and the counter 

will continue counting normally. Eventually, though the DAC output V0 will exceed. 

This stops the counting at the time when Vi~V0 and the counter can be read out as the 

digital data corresponding in analog input. The effect of this circuit is to produce a DAC 

output that ramps up to the level which is equal to the analog input signal. The plot of a 

DAC output versus clock pulses is shown in the fig. 
 

The counter comparator ADC circuit need to count all the way from 0 at the beginning of 

each count cycle makes for relatively slow sampling of the analog signal 

 

 



 

Successive approximation A/D converter: 

Fig shows a successive approximation type A/D converter. The circuit 

consists of an 8-bit successive approximation register (SAR), whose output is applied to 

an 8-bit D/A converter. The analog output Va of the D/A converter is then compared to 

an analog input signal Vi by the comparator. The output of comparator is a serial data 

input to the SAR. The SAR then adjusts its digital output (8-bits) until it is equivalent to 

analog input Vi. The 8-bit latch at the end of conversion holds onto the resultant digital 

data output. 
 



Working: 

1) SAR is reset by applying the high state to the start input. 

2) On the first clock pulse LOW-to-HIGH transition the most significant bit Q7 of 

the SAR is set. The D/A converter this generates an analog equivalent to the Q7 

bit which is compared with the analog input Vi. 

3) If the comparator output is low, the D/A output is greater than Vi and the SAR 

will clears its MSB. On the other hand of the comparator output is high, the D/A 

output is less than Vi and the SAR will keep the MSB Q7 in the set position. 

4) On the next clock pulse LOW-to-HIGH transition the SAR will set the next, 

MSB Q6 depending on the output of the of the comparator. 

5)  The SAR will then either keep or reset the bit Q6. 

6) The process is contained until the SAR tries all the bits. As soon as the LSB 

Q0 is tries the SAR forces the conversion complete (cc) signal HIGH to 

indicate that the parallel output lines contain valid data. 

7) The cc signal is turn enables the latch, and digital data appear at the output of 

the latch. 

8) Digital data are also available serially as the SAR determine each bit. 

9) To cycle the converter continuously the cc signal may be connected to 

the start input. 

10) The advantage of the successive approximation A/D converter is it’s high speed 

and excellent resolution, 
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