  D/A CONVERSION WITH R-2R CONVERTER

A Practical Exercise       
            

     Name:________________



I.  Purpose.

Often times, we will want to take data that is in a digital form and convert it to an analog output.  For example, the output of a CD player is digital, but a speaker requires an analog voltage.  To do this, we use what is called a Digital-to-Analog Converter (DAC).  

Digital information is stored in bits, where each bit may be a 0 or a 1.  For example, a 4-bit digital signal may be 1011.  In the real world, the 0 is represented by one voltage and the 1 is represented by another voltage.  The most common voltages chosen, and the ones we will use today are logic 0 = 0V and logic 1 = 5V. This is represented by VRef *bn in Fig. 1 where VRef is 5V. 

 An analog signal, on the other hand, is a continuously changing voltage over time and it can have a value such as 9.375 V.  Today, we will construct the 3-bit R-2R DAC in 

Figure 1 and look at the analog output for different digital inputs.
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	Figure 1.  R-2R D/A Converter


II.  Equipment.

1 
Operational Amplifier Printed Circuit Boards

2 
1 kΩ Resistors

4 
2 kΩ Resistor

1
Variable Resistor Box

III.  Lab Procedure.
Before building the R-2R D/A Converter, make some predictions based on the following equation (Figure 2) for the output voltage:
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Figure 2
Step 1.  Table 1  shows the 3-bit representation (b3, b2, and b1) for each voltage increment. 

 In this R-2R DAC, a binary 1 is received as +5V (1*VRef) 
and a binary 0 is received as +0V( 0*VRef).  (with  VRef =5V)
In Table 1, calculate the output voltage for each binary input using the formula provided.

	b3 b2 b1
	 (
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	000

	0+0+0

	0


	001

	0+0+2/8*1
	-1.25


	010

		
	011

		
	100

		
	101

		
	110

		
	111

	2/2*1+2/4*1+2/8*1

	-8.75



	Table 1. Predicted Voltage Output
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R = 1 kΩ

Rf = 2 kΩ 

VRef = +5V

	


Step 2.  Construct the circuit shown below in Figure 3.
  Note that we have used V1 on the Dual DC Power Supply to create two nodes on the quad board, +0V and +5V.  These nodes will be used to connect either +0V or +5V to each of the inputs VRef*b1 , VRef*b2 , and VRef*b3  .  For each resistor, assume R = 1 kΩ.  Use a variable resistor box for Rf and set it to 2 kΩ.
Step 3.  Connecting  VRef*b1 , VRef*b2 , and VRef*b3  to the +0V and +5V nodes as necessary to provide inputs for your Table 2, use the Digital Multimeter to measure VOUT (with respect to ground) and complete the measured output voltage in Table 2 of the Results section.
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Figure 3.  R-2R D/A Converter.

RESULTS



Note: b3, b2, b1 are in a reverse order in your circuit, constructed from Figure 3 .

	b3
(MSB)
	b2
	b1
(LSB)
	VRef*b3
	VRef*b2
	VRef*b1
	VOUT (measured)

	0
	0
	0
	0V
	0V
	0V
	

	0
	0
	1
	0V
	0V
	5V
	

	0
	1
	0
	0V
	5V
	0V
	

	0
	1
	1
	0V
	5V
	5V
	

	1
	0
	0
	5V
	0V
	0V
	

	1
	0
	1
	5V
	0V
	5V
	

	1
	1
	0
	5V
	5V
	0V
	

	1
	1
	1
	5V
	5V
	5V
	

	Table 2. Measured Output Voltage.




Critical Thinking.

1. What change could be made to the circuit to allow the output voltage to vary from 0 to –4.375V?
2. What change could be made to the circuit to allow the output voltage to vary as follows: 011 = -3 V, 101 = -5 V, 111 = -7 V
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