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1 Introduction

In this assignment you will construct two binary full adder cells and connect
them together to form a 2-bit ripple-carry adder. One of the cells will use
traditional logic gates. The other cell will be constructed using a multiplexer.

2 Materials

The only materials required for this e-homework are:

• Jumper wire for the input, output, and circuit interconnect.

• Several ICs (TTL chips) to construct the first full adder cell. The exact
number and type will depend on your design – try to minimize the number
of ICs.

• A 74ls153 dual 4:1 multiplexer to use as a primary building block for the
second full adder cell. (The 74ls153 datasheet is posted on the e-homework
web page.)

3 Circuit Description

Design a circuit that accepts two 2-bit numbers, X2X1 and Y2Y1, and a 1-bit
input carry, Cin. The circuit then adds them together to form a 3-bit result,
CoutS2S1. An example of the addition can be seen in Figure 1. As you can see,
Cin, X1, and Y1 are added together to form S1 and C1. C1 is an intermediate
result that is both the carry-out from the first bit position and the carry-in to
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Figure 1: Example Symbolic Addition

the second bit position. Likewise, C1, X2, and Y2 are added together to form
Cout and S2.

The circuit should be designed in two stages, each being a 1-bit full adder, as
shown in Figure 2. The least significant stage (Circuit 1) should be constructed
using traditional logic gates. The most significant stage (Circuit 2) should use
a 74ls153 dual 4:1 multiplexer as its primary building block. The datasheet for
the 74ls153 is posted on the e-homework web page.

A circuit block diagram can be seen in Figure 2. The two sub-circuits,
Circuit 1 and Circuit 2, are both 1-bit full adders.
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Figure 2: 2-Bit Ripple-Carry Adder Block Diagram

4 What to do

You will be constructing the circuit shown in Figure 2. Notice that Figure 2 is
composed of two sub-circuits, Circuit 1 and Circuit 2.

1. Circuit 1: Design a 1-bit full adder stage using traditional logic gates
(NAND, AND, NOR, OR, XNOR, XOR, INV, etc). The design is up to
you, but try to use the least number of ICs.
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2. Circuit 2: Design a 1-bit full adder stage using the 74ls153 dual 4:1
multiplexer as the primary building block. You should need little else
besides this chip to implement a 1-bit full adder stage.

3. Wire both circuits on your breadboard. Connect the cout of Circuit 1 to
the cin of Circuit 2. Connect Cout, S2, and S1 outputs to your LEDs.
Connect all inputs – X2, Y2, X1, Y1, and Cin to your switches.

You have now constructed an elementary binary calculator. Verify its op-
eration by using it to add several binary numbers. Include this verification in
your report.

5 Hints

1. It might be useful to test each of the sub-circuits (Circuit 1 and Circuit
2) independently. Testing each sub-circuit before hooking them together
will make debugging much easier.

2. Notice that X2 and Y2 are the most significant bits of their individual
numbers. Therefore, if X2 = 1 and X1 = 0, that corresponds to the
decimal number 2. Likewise, in CoutS2S1, Cout is the most significant bit
of the output. If Cout = 1, S2 = 0, and S1 = 0, the decimal number
represented is 4.
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