
Digital to Analog Converters 

A DAC (Digital to Analog Converter) accepts an n-bit input word b1, b2, b3……… bn in binary 

and produce an analog signal proportional to it. Figure below shows the circuit symbol and 

input-output characteristics of a 4-bit DAC. 

 

Each digital input requires an electrical signal representing either logic 1 or a logic 0. The bn is 

the least significant bit, LSB, whereas b1 is the most significant bit, MSB. Figure shows analog 

output voltage Vo is plotted against all 16 possible digital input words. 

 



 

 

Thus, Vo = resolution × D, Where, D = decimal value of the digital input, and Vn = output 

voltage. The resolution takes care of changes in the input. 

Accuracy 

It is a comparison of actual output voltage with expected output. It is expressed in percentage. 

Ideally, the accuracy of DAC should be, at worst, ± ½ of its LSB. If the full scale output voltage 

is 10.2 V then for a 8-bit DAC accuracy can be given as 



 

Conversion Time 

It is a time required for conversion of analog signal into its digital equivalent. It is also called 

setting time. It depends on the response time of the switches and the output of the amplifier. 

Monotonicity 

A converter is said to have good monotonicity, if it does not miss any step backward when 

stepped through its entire range by a counter. 

Stability 

The performance of converter changes with temperature, age and power supply variations. So all 

the relevant parameters such as offset, gain, linearity error and monotonicity must be specified 

over the full temperature and power supply ranges. These parameters represent the stability of 

the converter. 

 

 

 

 



 

Problem: A 12-bit DAC has a step size of 8 mV. Determine the full scale output voltage and 

percentage resolution. Also find the output voltage for the input of 010101101101? 

 

Types of D/A Converter 

There are mainly two techniques used for analog to digital conversion. 

1. Binary weighted resistor D/A converter. 

2. R/2R ladder D/A converter 

In these techniques, the shunt resistors are used to generate n binary weighted currents. These 

currents are added according to switch positions controlled by the digital input and then 

converted into voltage to give analog voltage equivalent to the digital input. Therefore, such 

digital to analog converters are called current driven DACs. 

Binary Weighted Resistor D/A Converter 

The binary weighted resistor DAC uses an op-amp to sum n binary weighted currents derived 

from a reference voltage VR via current scaling resistors 2R, 4R, 8R ….. 2
n
R. This circuit 

arrangement is shown in the figure. 

 

 



 

Switch positions are controlled by the digital inputs. When digital input is logic 1, it connects the 

corresponding resistance to the reference voltage VR; otherwise, it leaves resistor open. Hence,  

  

Here, operational amplifier is used as a summing amplifier. Due to high input impedance of op-

amp, summing current will flow through Rf. Hence the total current through Rf can be given be 

 

 

The above equation indicates that the analog output voltage is proportional to the input digital 

word. The simplicity of the binary weighted DAC is offset by drawbacks associated with it. 

 



 

Inverted R-2R Ladder / Current Mode R-2R Ladder D/A Converter 

R/2R ladder D/A converter uses only two resistor values. This avoids resistance spread drawback 

of binary weighted D/A converter. Fig.4.13 shows R/2R ladder DAC. Like binary weighted 

resistor DAC, it also uses shunt resistors to generate n binary weighted currents; however it uses 

voltage scaling and identical resistors instead of resistor scaling and common voltage reference 

used in binary weighted resistor DAC. Voltage scaling requires an additional set of voltage 

dropping series resistances between adjacent nodes, as shown in the figure. 

 

 



Here, each bit of the binary word connects the corresponding switch either to ground or to the 

inverting input terminal of the op-amp which is at the virtual ground. Since both the positions of 

switches are at ground potential, the current flowing through resistances is constant and it is 

independent of switch position. These currents can be given as 

 

 



 

The inverting R/2R ladder DAC works on the principle of summing currents and it is also said to 

operate in the current mode. An important advantage of the current mode is that all ladder node 

voltages remain constant with changing input codes, thus avoiding any shutdown effects by stray 

capacitances. 

Problem: Suggest the values of resistors and reference voltage if resolution required is 0.5 V for 

4 bit R/2R ladder type DAC. 

 



Advantages of R-2R ladder DACs: 

1. Easier to build accurately as only two precision metal film resistors are required. 

2. Number of bits can be expanded by adding more sections of same R/2R values. 

3. In inverted R/2R ladder DAC, node voltages remain constant with changing input binary 

words. This avoids any slowdown effects by stray capacitances. 


