
Pre-Lab 5

Carefully read the entirety of Lab 5, then answer the following questions. Attach a separate sheet of paper,
if necessary, to show all work and calculations.

1. Derive a minimum expression for the sum of a full adder, ⌃(A,B,Cin).

2. Derive a minimum expression for the carry-out of a full adder, Cout(A,B,Cin).

3. What should the carry in pin on the 74283 chip be connected to in Circuit 4?

4. Carefully read Circuit 4. Fill out the following truth table and derive a minimum expression for the
overflow signal, O(A4, B4,⌃4).

A4 B4 ⌃4 O

0 0 0

0 0 1

0 1 0

0 1 1

1 0 0

1 0 1

1 1 0

1 1 1
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Lab 5: Binary Adders
This lab focuses on binary adders, which are a critical part of computer arithmetic and logic units. The
lab will start by focusing on simple one-bit adders, connecting them together into a two-bit adder, and then
using a 4-bit adder digital logic chip.

For lab resources and information, go to the following URL or scan
the QR code. doctor-pasquale.com/digital-systems-lab-5

5.1 Binary Adders
It is vitally important for computers and other devices to be able to add binary numbers together. Not only
is addition one of the basic arithmetic operations, an adder in a computer arithmetic and logic unit (ALU)
can be used to subtract, increment, or decrement numbers. These are all important functions for a computer
processor.

Binary adders are defined by how many bits each addend can be. A one-bit adder can add together two
one-bit binary numbers, and so on. However many bits a binary adder is, it still consists of the basic building
blocks of either a half adder or a full adder.

5.2 Half Adder
A half adder is able to take two one-bit binary numbers as inputs (A and B) and output the sum (⌃) and
carry-out (Cout) term. Because a half adder cannot handle any carry-in terms, it is unable to be cascaded
together to create a larger adder, such as a two-bit adder or four-bit adder. However, it is still a useful logic
device and helps assist in the understanding of how binary adders work.

Circuit 1: Build a half adder circuit, including both outputs (⌃ and Cout). Draw a circuit diagram for each
output. When you have verified that the circuit works, demonstrate its functionality to your instructor to
receive a stamp. When finished: keep this half adder on the breadboard. You will add to it in
Circuit 3.

Instructor Stamp:
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5.3 Full Adder
A full adder has three inputs: the two terms being summed together (A and B) and an input carry term
(Cin). The outputs are the sum (⌃) and carry-out (Cout) terms. Because adding binary numbers that are
two-bits or larger, each bit with more weight than the least-significant bit (LSB) will need to include the
carry out of the previous bit. This carry-out of bit n becomes the carry-in of bit n+ 1.

Circuit 2: Build a full adder circuit, including both outputs (⌃ and Cout). Draw a circuit diagram for each
output. When you have verified that the circuit works, demonstrate its functionality to your instructor to
receive a stamp. When finished: keep this full adder on the breadboard. You will add to it in
Circuit 3.

Instructor Stamp:

5.4 Ripple Carry Adder
A ripple carry adder is created when two or more adders are cascaded together to add together binary
numbers that are greater than one-bit in length. The carry-out from one stage becomes the carry-in of the
next stage. If the first stage represents the LSB and requires no carry-in term, then a half adder can be used
for that stage instead of a full adder. A four-bit ripple carry adder is depicted schematically in figure 5.1.
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Figure 5.1: Schematic diagram of a four-bit ripple carry adder.

Circuit 3: Connect your half adder and full adder in such a way as to create a two-bit ripple carry adder.
There will be two two-bit binary inputs, a two-bit sum (⌃) output and a one-bit final carry-out (Cout2) output.
Draw a circuit diagram. When you have verified that the circuit works, demonstrate its functionality to your
instructor to receive a stamp.

Instructor Stamp:
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5.5 74283 4-Bit Full Adder
There are logic chips capable of conducting addition, without having to build each individual addition stage.
The 74283 logic chip is a four-bit adder, capable of summing together two four-bit numbers. It also contains
a carry-in term for the first stage so that two or more chips can be cascaded together to create even larger
bit adders. The 74283 adder chip works by adding two binary numbers as follows.

Cout C3 C2 C1 Cin

A4 A3 A2 A1

+ B4 B3 B2 B1

⌃4 ⌃3 ⌃2 ⌃1

In other words, two 4-bit binary inputs A4A3A2A1 and B4B3B2B1 are added together and a value of
⌃4⌃3⌃2⌃1 is the summation of those two binary numbers.

The first stage carry-in term Cin is used either for cascading adders together, or when conducting a two’s
complement subtraction operation. However, when simply adding together two numbers, as will be done in
this lab, the Cin term will not be used. The 74283 datasheet indicates what should be done with the input.

Note that with active HIGH inputs, Carry In can not be left open [floating], but must be held LOW
when no carry in is intended.

This means that the carry in pin needs to be connected directly to ground during the following exercise.

Circuit 4: Use the 74283 four-bit full adder to display the sum of two four-bit numbers, and also to detect
overflow. Wire up the 74283 adder with eight inputs corresponding to A4A3A2A1 and B4B3B2B1. Display
the sum ⌃4⌃3⌃2⌃1 on four LEDs. In addition, wire up your overflow logic to an additional LED that will
light when an overflow occurs.

The block diagram of this circuit is shown in figure 5.2.
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Figure 5.2: Block diagram of the four-bit adder with overflow logic.

Draw a circuit diagram for O on the next page. Verify that your circuit works. Then, demonstrate it
to your instructor to receive a stamp by showing four addition examples that lead to an overflow, and four
addition examples that do not. Include negative numbers in at least half of your examples. Use the four-bit
two’s complement table (table 5.1) for reference.

Instructor Stamp:
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5.6 Four-Bit Two’s Complement

Decimal Two’s Complement

7 0111

6 0110

5 0101

4 0100

3 0011

2 0010

1 0001

0 0000

�1 1111

�2 1110

�3 1101

�4 1100

�5 1011

�6 1010

�7 1001

�8 1000

Table 5.1: A list of all of the four-bit two’s complement numbers.
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Lab 5 Homework
Carefully read each question before answering. Show all work or justify your answers to receive credit.
Attach a separate sheet of paper, if necessary, to show all work and calculations.

1. Annotate the circuit diagram below to depict how you would make input and output connections to
create an eight-bit adder out of two four-bit adders. The connection to A8 (the MSB) has been made
for you as an example.

A8 B8 A7 B7 A6 B6 A5 B5 A4 B4 A3 B3 A2 B2 A1 B1
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2. Use your TinkerCAD classroom account, build a 4-bit subtractor using the 74283 chip and any other
necessary logic gates. The DIP switch should have inputs in order from A4-A3-A2-A1-B4-B3-B2-B1,
where A4 and B4 are the MSBs and A1 and B1 are the LSBs. Both binary numbers (and the result)
are 4-bit 2’s complement values. The logic function of the output will be F = A � B. Clearly label
each output LED (use the notes tool in TinkerCAD) so that it is clear which output LED corresponds
to the MSB of the output and which corresponds to the LSB. No overflow detection is required in this
circuit.

3. How many four-bit adders would it take to add three four-bit numbers together?

4. How many four-bit adders would it take to add n four-bit numbers together?

5. If each AND, OR, and XOR chip has a propagation delay of approximately 5 ns, how much delay
would there be in changing the input on a 4-bit ripple carry adder before the output is valid? Justify
your answer.

6. Consult the datasheet for the 74283 logic chip to explain why the propagation delay of the 74283 logic
chip is only approximately 15 ns.
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