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DEPARTMENT OF ELECTRICAL ENGINEERING 

LAB WORK – EE301 ELECTRONIC CIRCUITS 

 
 

EXPERIMENT : 6 

 

TITLE  : Digital to Analog Converter (DAC) 

 

OUTCOME     :  

 

Upon completion of this unit, the student should be able to: 

1. Design and build a simple Digital-to-Analog (DAC) converter using 

Operational Amplifier circuits and resistors. 

2. Apply Thévenin's theorem to analyze an R-2R ladder network.  

 

 

MATERIALS REQUIRED:  

i. Resistors (4 x 2kΩ and 2 x 1kΩ) 

ii. Integrated Circuit series 741 

iii. Digital Multimeter 

iv. Laboratory Trainer (IDL-800 DIGITAL LAB) 

 

THEORY: 

 

Digital-to-Analog converters (DACs) and Analog-to-Digital converters (ADC) 

are important building blocks which interface sensors (e.g. temperature, pressure, 

light, sound, cruising speed of a car) to digital systems such as microcontrollers or 
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PCs. An ADC takes an analog signal and converts it into a binary one, while a 

DAC converts a binary signal into an analog value. Figure 1 gives a block diagram 

of such a system. An example of such a system is a PC sound card.  

   

 

Figure 1: Digital processing system with an ADC at the input and a DAC at the 

output Sensor signals vary continuously ("analog") between a specified voltage 

range. 

 

 As an example, the output of a microphone gives a voltage between 0 (no 

speech) to 100mV (for loud speech). The "analog" signal needs to be converted 

into a "digital" word of n-bits in order to be read into and processed by a 

computer (or digital signal processor - DSP). The "analog" and "digital" signals are 

shown in Figure 1.  
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Digital-to-Analog Converter 

 

The input to a DAC is a binary word of n-bits and the output is an analog 

value, as schematically shown in Figure 2a.  

   

 

Figure 2: (a) DAC block diagram; (b) input-output characteristic of a DAC 

 

The n-bit word (or digital code) is a digital representation of a signal. The 

relationship between the analog output value and the binary word is for the case 

of a 3-bit code (b2, b1, bo), as follows:  

VDAC = K1 (b2/2 + b1 /4 + b0/8) Vref  

VDAC =(b2/2 + b1 /4 + b0/8) FS 

 

in which K1 is a scale factor, Vref is a reference voltage, FS stands for Full Scale 

(=K1xVref) and bi is the ith bit of the digital word. The bit bo is called the least 

significant bit (LSB) and b3 is the most significant bit (MSB). Each time the LSB 

changes the analog output will change by a value equal to FS/23 for a three bit 

DAC (or by FS/2N for a N bit DAC). As an example, lets assume that the digital 

input is equal to (101), K1 = 1 and the reference Vref = 5V. 

 

The output voltage will then be:  

VDAC = K(1/2 + 0/4 +1/8) Vref = 5/8xVref = 5/8xFS = 3.125 V 

For each digital input (b2, b1, bo) there will be a corresponding output as shown in 

Figure 3b for a total of 23 = 8 possible digital words. Notice that only discrete 
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values of the output signal are possible. The more bits the input word has, the 

smaller the steps of the output signal will be (or the better the resolution).  

 

LABORATORY PROCEDURE: 

1. A practical circuit to implement a DAC converter is a R-2R ladder network, as  

    shown in Figure 3a.  

   

 

Figure 3: (a) R-2R ladder network; (b) Thévenin's equivalent network 

 

Do a detailed circuit analysis in your notebook to show that the Thévenin's 

equivalent resistance and voltage, as shown in Figure 4b, is equal to:  

RT = R and  

VT = (V2/2+ V1/4 + V0/8) 

* You can use the superposition principle to find Thévenin's equivalent voltage*  

 

2. Assume that the voltages in the circuit of Fig. 3 can be either 0 or 5V, what is the  

smallest increment of the output voltage Vout in the previous circuit of Fig. 2 (for 

one increment in binary number), i.e. the value of 1 LSB (as defined in Figure 

2b)?  

 

3. Design an Op-Amp interface circuit whose input connects to the output of the  

    R-2R ladder network so that each increment in the binary number produces 1V    

    (or a -1V) increase (decrease) in output voltage VDAC (e.g. a (001)2 gives a 1V    

    output, a (011)2 gives a 3V, while a (111)2 gives a 7V output). Give the circuit  

    and the calculations to find the resistor values.  
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4. In your lab sheet, calculate the expected analog output voltage (at the  

    output of the Op-Amp circuit) for each of the binary words of Table I 

 

RESULTS: 

Table 1:  Voltage output of DAC  

Binary Input 

B in 

(Decimal) 

VDAC 

(calculate) 

(Volt) 

Vout 

(measure) 

(Volt) 

% diff. b2 

(MSB) 

b1 

 

b0 

(LSB) 

0  0  0  
 

 
  

0  0  1  
 

 
  

0  1  0  
 

 
  

0  1  1  
 

 
  

1  0  0  
 

 
  

1  0  1  
 

 
  

1  1  0  
 

 
  

1  1  1         

 

5. Draw a diagram similar to the one of Figure 2b in your lab sheet, using the     

    calculated values for VDAC.  

 

                                                                                     Lecturer signature: ________________ 

 

         DISCUSSION: 

Write discussion base for your result of the experiment and most 

importantly, what you learned from performing it. It is also encouraged to 

include personal statements and suggestions about the lab activities. 

 

         CONCLUSION: 

Write conclusions base on your outcome of the experiment and most 

importantly, what you learned from performing it.  

 

 


