ELEC 120L
Foundations of Electrical Engineering Lab
Spring 2007
Lab #8:  D/A Converter Based on the Superposition Principle
Introduction

In Lab #6, we saw how a D/A converter could be built using an op-amp configured as a summing amplifier.  There are many other ways in which D/A conversion can be accomplished, but one straightforward approach is to use a resistor ladder network like the one shown in Figure 1 below.  The resistors labeled R in the diagram all have the same value, and those labeled 2R are exactly twice that value.  If only negligible current flows through the output terminals of the network (i.e., if iout ≈ 0), then the output voltage of the network is given by
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where each input voltage (v1 through v4) is equal to 0 or some constant positive voltage.  That is, the contribution from each input voltage is related to the others by a factor of two.  A minor disadvantage of the network is that the resistor values have to have very tight tolerances (i.e., they have to be very close to their specified values) in order to accomplish faithful D/A conversion; however, this is often not a serious issue.  In this lab experiment you will build and test a 4-bit D/A converter using an R-2R ladder network.  You will also investigate how it works.

[image: image2]
Figure 1.  Four-bit D/A converter based on an R-2R ladder network.  The 4-bit binary input signal is represented by the voltages v1 through v4; each input voltage corresponds to a single bit in the 4-bit binary number.  The small triangles represent connections to the reference (ground) node.
Theoretical Background
As explained in Lab #6, the basic function of a D/A converter is to “read” a number represented in binary form and translate it into an analog voltage value that corresponds to that number.  For example, a 4-bit D/A converter might be designed to produce the output voltages shown in Table 1.

Table 1.  Output voltages of a 4-bit D/A converter for all possible inputs.

	Binary

Number
	Decimal

Number
	Output

Voltage (V)

	0000
	0
	0.0

	0001
	1
	0.1

	0010
	2
	0.2

	0011
	3
	0.3

	0100
	4
	0.4

	0101
	5
	0.5

	0110
	6
	0.6

	0111
	7
	0.7

	1000
	8
	0.8

	1001
	9
	0.9

	1010
	10
	1.0

	1011
	11
	1.1

	1100
	12
	1.2

	1101
	13
	1.3

	1110
	14
	1.4

	1111
	15
	1.5


Although the output voltages shown in Table 1 range from zero to 1.5 V in 0.1-V steps, a D/A converter can usually be designed to provide any desired range of output voltages.  R-2R ladder networks like the one shown in Figure 1 are restricted to equal-sized increments (steps) from one voltage level to the next.  If greater resolution per step is needed for a given output voltage range, then a larger number of bits must be used to represent the voltage values.  Also, in an R-2R ladder network the voltage that represents the binary 1 state also determines the range of attainable output voltages.  That restriction can be lifted if the network is followed by an amplifier that scales (increases or decreases) the output voltage range.
The input voltages v1 through v4 represent the four bits of a given binary number.  A logical 0 is represented by 0 V, and a logical 1 is represented by a positive voltage that you will have to determine.  Input voltage v1 represents the most significant bit (MSB) and v4 the least significant bit (LSB).
Experimental Procedure

· Use the superposition principle and repeated applications of Thévenin’s theorem (i.e., Thévenin equivalent circuits) to verify the expression for vout given on the first page.  As indicated in Figure 1, you may assume that negligible current flows into whatever device is connected to the output of the network.  In your case, that device will be the bench-top voltmeter.  This will serve as the first part of your write-up, so make sure your derivation is neat, concise, and easy to understand.  Add some text to explain each step.

· Design and build a 4-bit D/A converter like the one shown in Figure 1 using standard resistor values chosen so that the ratio of the “2R” resistors to the “R” resistors is as close as possible to 2:1.  Do not use multiple resistors in series or parallel combinations to create nonstandard values; each resistor in Figure 1 should be implemented using only one physical resistor in your circuit.  The goal is to simulate a need for a very compact design.  Use SPDT (single-pole, double-throw) switches as shown in Figure 2 below to select between a logical 0 (0 V, or ground) and a logical 1 (VPS) for each binary digit.  Use the power supply to generate the voltage VPS.  Choose the value of VPS so that the range of output voltages matches that given in Table 1.  Briefly explain how you arrived at the resistor values and VPS value you used.  Use a 4-bit DIP switch (or four discrete DPST switches) to select 0 V or VPS for each input.
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· Using the bench-top multimeter, measure the actual output voltages obtained with your D/A converter for the 16 possible binary input combinations.  Present your results in a well-organized, professional-quality data table.  The table should include the desired (target) output voltages for comparison.  Include the percentage error between the desired and measured voltages for each input state.  Add a caption if necessary to explain the data in your table and/or the column headings.
· Demonstrate your working D/A converter to the instructor or TA.

Grading

Only one report per lab group is required; however, each member of the group should contribute to its production.  Your group’s written report is due at noon on the day following the lab session.  The written part of the report should include the following items:

· Derivation of expression for vout
· Rationale for values chosen for R and VPS
· Data table of target and measured output voltages

This week’s grade will be distributed as follows:

30%
Written part – Technical content

20%
Written part – Organization, neatness, spelling, grammar, and professional style
20%
Data table, with properly labeled and organized columns and descriptive caption
30%
Demonstration of working D/A converter circuit with proper output voltages
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