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Lab 2:  Basic Logic Gates and Binary Numbers 
 

Underlying microprocessors and most other ICs are logic gates, which are used to build 

sophisticated circuits for processing the HIGH and LOW voltage values representing the logic 

“bits” 1 and 0.  A binary logic gate consists of a multi-transistor circuit that combines two digital 

input signals to produce a single digital output signal equal to the result of a binary logic operator 

acting on the two inputs.  Binary logic operators include AND, NAND (standing for Not-AND), 

OR, NOR (Not-OR), XOR (eXclusive OR), and XNOR (rarely, if ever, used).  Also crucial for 

logic circuits is the unitary operator called the negation operator or inverter, also known as a NOT 

gate, which takes a single digital input and converts it into a single digital output in which every 

HIGH becomes a LOW (every 1 becomes a 0) and vice versa.  In this lab you will use logic gate 

ICs in the TTL (Transistor to Transistor Logic) family, in which HIGH is represented by +5 V and 

LOW by 0 V (as on the Arduino board).  The chips in our stock are in the 74LSxx series, where LS 

stands for “Low-power Schottky,” a type of design for the transistor circuits in the IC, and xx 

stands for two numbers designating the type of gates on the chip (AND, NAND, NOT, etc.). Note 

that in order to operate, the 74LSxx chips need to have their Vcc pins wired to +5V and their ground 

pins wired to circuit ground. Vcc and GND, as well as gate inputs and outputs, are indicated on 

pin-out diagrams found on datasheets for each IC. 

 

The operation of a logic gate can be expressed compactly in what is called a truth table.  This is a 

matrix matching all possible combinations of inputs with the output they produce under the logic 

operation specified.  A truth table for a two-input gate includes two columns for the input values, 

usually labeled A and B, and one column for the output, usually labeled with the operator name, 

e.g. AND (or sometimes, for greater clarity, A AND B).  Truth tables for the six binary logic 

operations mentioned above are collected in the table below, followed by a diagram showing the 

circuit schematic symbol and the TTL chip number for each of the most common gates (including 

the inverter, which is a unitary operator, as it has only one input). 

 

B A AND NAND OR NOR XOR XNOR 

0 0 0 1 0 1 0 1 

0 1 0 1 1 0 1 0 

1 0 0 1 1 0 1 0 

1 1 1 0 1 0 0 1 

 
This table was purposely written with input column B followed by column A in order to train you 

to think of A as the most-rapidly varying digital input, since that will be helpful in the later part of 

this lab. In that section, you will be using digital signals to represent multi-bit numbers in binary.  

The convention for labeling IC pins representing bits in a binary number is to use capital letters – 

for example D, C, B, and A – arranging the bits in order from most significant bit (MSB) to least 

significant bit (LSB).  The least significant bit, A, is the one that changes most frequently when 

counting, and it is written farthest to the right when writing the number, so it makes sense to 

arrange truth tables to match this labeling convention. Therefore, when you interpret the first two 
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columns of the truth table together as a binary number, the rows of the table are in numerical order: 

00, 01, 10, 11 in binary or 0, 1, 2, 3 in decimal. 

 

Part 1: Logic gates 
 

1a: 7404 Inverter (called a hex inverter b/c the IC package houses six inverter circuits) 

An inverter, or “NOT” gate, takes a single input and delivers an output signal equal to the logical 

opposite of the input. Plug the IC into your breadboard, straddling the central channel so that pins 

on one side of the chip are not connected to those on the opposite side.  Use the pin diagram below 

to identify the pins labeled Vcc and GND, taking care to orient the diagram to match the chip by 

turning the diagram until the semicircular notches on the ends of the chip and the diagram match.  

Connect the Vcc and GND pins to bus lines on your breadboard and then connect those bus lines to 

+5V and GND on your Arduino. Wire the input and output pins of one of the six inverters on the 

chip to two of the digital pins on your Arduino board – for example, wire pins 3 and 4 on the 7404 

to Arduino digital pins designated as gateinPin and gateresultPin , respectively, in your 

Arduino sketch. Note that you need to configure gateinPin for OUTPUT to the gate and 

gateresultPin as an INPUT in your sketch! To display the logic states produced on the 

inverter’s input and output, wire an LED (with a series diode protection resistor!) from each of the 

7404 pins (3 & 4) and ground, as well.  

 
 

Write a sketch (including comments!) that sets the input to the gate LOW and then reads and prints 

the resulting state of the gate to the serial monitor. Delay briefly, then set the gate input HIGH and 

read and print the result to the serial monitor again. (You can do all this in setup() while leaving 

loop() empty.) Upload your sketch and use it to verify that the inverter is working as a NOT gate. 

Document your work by printing a copy of your sketch corresponding oscilloscope traces of the 

voltages on each of the gate pins. What would a truth table for this single-input gate look like? 

(Hint – it would not be 4 rows long.) 

 

The sketch you just wrote is a constant-voltage test of the inverter.  To see how an inverter effects 

digital signals, however, one needs a pattern of changing HIGH and LOW levels.  Create a sketch 

to generate a square wave signal (50% duty cycle) with a frequency of 5 Hz. When you modify a 

sketch in a significant way like this, save it under a new name, in case you need to access the earlier, 

unmodified version.  Upload your sketch and look at the waveforms on the input and output of the 
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inverter with your oscilloscope.  Print and label your oscilloscope traces and explain how the 

traces show the inverter acting on your digital signal and how they correspond to lines in your 

sketch. 

 

1b: 7400 NAND gate 

A NAND gate is a two-input gate that compares two input levels, A and B, and outputs a signal 

that is the opposite (negation) of the logical operation AND, so that if both A and B are “true” 

(represented as 1 or HIGH, encoded by TTL as +5V), then the output of the NAND gate is “false” 

(0 or LOW, corresponding to 0 V). Otherwise, the gate output is “true” (1, HIGH, +5V). To 

demonstrate all the possible outcomes of this logic operation using your Arduino to control the 

inputs, create two digital square wave signals (A and B) that successively sequentially represent 

each of the logical combinations expressed in the truth table columns A and B on the first page of 

this handout. That is, program your Arduino to output a signal on one pin (pinA) which is a square 

wave that starts LOW and finishes HIGH. Then create a signal on another pin (pinB) with half the 

frequency of signal A, also starting LOW and ending HIGH. Arrange the frequency of signal B to 

be about 250 Hz. Upload your sketch and observe these two signals simultaneously on your 

oscilloscope.  Explain how the scope traces correspond to each of the four lines in the truth table. 

(Save this sketch and document its location, as it will be useful later in the lab.)  

 

Now wire these signals from their Arduino pins to the two inputs of a single NAND gate on a 7400 

chip (pin-out shown below). Predict what the output signal from the NAND gate should look like, 

sketching it as if it were a third trace on your oscilloscope output of the signals A and B (as best 

you can, with the room available on your scope output, or to scale on the lab notebook page below 

it).  Check your prediction by moving the probe measuring signal A to the gate output; print the 

resulting scope screen, showing signal B and the gate result. If you are in the mood for fun, feel 

free to decrease the frequency of the signals and to wire LEDs with protection resistors from A, B, 

and Y (the usual letter designating a logic gate’s output) to GND, to see with your eyes how the 

logic levels switch on and off. 

 

 
 

Reinstall the 7404 hex inverter chip and use one of the NOT gates on it to invert the output of your 

NAND gate.  (Don’t forget to supply +5 V and GND to the 7404 chip.)  Use your sketch and the 

resulting scope traces to show that the truth table corresponds to that of a single AND gate.  For 

each case (NAND alone, NAND+inverter), write a single sentence in English (not math) that 

describes the state of the output in terms of the states of the two inputs. 
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1c: 7402 NOR gate 

Repeat the procedure above (i.e., section 1b) for the NAND gate, but with the 7402 NOR gate.  

Include appropriate observations and documentation supporting each of your conclusions, and 

again write a sentence that describes the state of the output in terms of the states of the inputs for 

each case. 

 

 

Part 2: Logic gate combinations 

 

Some logic gates can be used to mimic other gates. In fact, NAND and NOR gates are said to be 

universal logic gates, because either type can be used to produce output equivalent to any arbitrary 

logic gate. To see this, you will make a few examples. 

 

2a: Inverters from NAND and NOR gates 

Examine the truth tables of the NAND and NOR gates to see what happens when the inputs are 

either both LOW or both HIGH, i.e., the situation where a single signal is wired to both inputs of 

the gate.  From these observations, construct circuits to turn the 7400 NAND and, separately, the 

7402 NOR into inverters.  Test out your ideas and report your results, including appropriate 

supporting documentation. One of your sketches from Part 1 might be useful. 

 

2b: OR gate from NANDs 

In Part 1, you saw that inverting the output of the 7400 NAND produced an AND.  Now see what 

happens when you invert the two inputs to the NAND.  Use one of your Arduino sketches from 

Part 1 to produce two digital signals representing inputs A and B on the oscilloscope screen, and 

then put the output digital signal on the oscilloscope screen and show that it corresponds to the 

entries in the truth table for the operation A OR B. Document your work with oscilloscope traces 

and explanation, and relate this result to the prediction by De Morgan's theorem, using Boolean 

algebra notation.  
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2c: AND gate from NORs 

Construct a circuit that is equivalent to a single AND gate, using only 7402 NOR gates.  Ideas from 

the last two sections will be useful, as will your Arduino sketch from earlier parts. Document and 

explain your work, as usual. 

 

2d: XOR from NAND gates 

Build the circuit shown below and demonstrate by recording oscilloscope traces and building a 

truth table based on them that the circuit produces an “eXclusive OR” (XOR) gate.  Explain what 

patterns you would expect to see at the intermediate outputs (Y, YA, YB), and write a truth table 

with those predictions as intermediate columns between B and A and the eventual output Y which 

you measure empirically.  Then move your signal A scope probe to measure each intermediate 

output signal and document whether your predictions agree with the digital signal at each location.  

Finally, show that this circuit duplicates the action of a single XOR gate on a 74LS86 IC by 

simultaneously connecting them to the same inputs and looking at their outputs on your 

oscilloscope. 

 

 
 

2e: Four-input NAND gate 

Design and construct a circuit using logic gates from the list above to have a truth table you would 

call a four-input NAND (the output is HIGH, except when all four inputs are HIGH, in which case 

the output is LOW). There is no unique solution, so strive to design a solution using as few gates as 

possible.  Wire up, test, and document your observations for your design.  You might want to do so 

using a sketch like the first one you wrote in section 1a, where you just held an Arduino pin HIGH 

or LOW to control each gate input and cycled through all the possibilities once rather than 

producing four square wave signals at different frequencies and trying to sort them all out. 

 

Part 3: Displaying binary numbers 
 

3a: Binary numbers on LEDs, using the Arduino environment 
In any digital electronic system (microcontroller, computer, clock, etc.), data are stored using 

binary numbers.  Decimal numerals, of course, can be converted to binary for processing, storage, 

and retrieval.  Alphanumeric characters are also encoded as binary numbers, using a conversion 

called the American Standard Code for Information Interchange, a.k.a. ASCII (pronounced 

ask-ee).  Digital audio is encoded into binary numbers representing the volume to the output 

device for each tiny interval of time during the recording.  Line drawings, photographs, videos, 

animations, and other 2- and 3-D data are encoded with brightness and color levels for each pixel 

in binary, plus information on the number of rows and columns, time between images, etc., in 
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binary, as well.  Everything stored in a computer, eventually, is turned into some kind of binary 

code. 

 

Write a sketch to control three LEDs (in series with diode protection resistors!) so that, on each 

pass through the loop() function, you light the LEDs in the correct pattern to represent each of 

the binary numbers from 0 to 7 (off-off-off for 0, off-off-on for one, off-on-off for 2, and so on).  

Arrange your LEDs so that the MSB is on the left and the LSB is on the right.  Document your 

observations, including a copy of the code from your sketch.  What do you imagine the input to 

each LED would look like on the oscilloscope?  Describe your expectations, and then verify them 

with scope traces. 

 

In the sketch you just completed, you caused LEDs to light up showing the appropriate binary 

patterns for each number in order.  Revise your sketch to light the appropriate binary pattern for a 

number entered through the serial monitor.  This should be a pretty trivial revision – it actually 

simplifies your sketch a bit.  Do notice that  to do this, you must avoid using digital pins 0 and 1 to 

run LEDs, since when the serial monitor is engaged, pins 0 and 1 echo the serial communication 

signals.  This is indicated by the labels RX and TX, which stand for Receiver and Transmitter, next 

to these pins on your Arduino board. 

 

3b: Binary numbers on LEDs, using logic gates 

Now, consider what it would take to develop the same kind of control system to decide which 

LEDs to light for each number, without the advantages of the microprocessor, its sophisticated 

programming language, and its access to memory.  This would be equivalent to building a circuit 

made of logic gates in which connecting one of eight input wires (labeled 0, 1, 2, 3, 4, 5, 6, or 7) 

causes the circuit to decide which pattern to show on the three LEDs connected to the outputs of 

the circuit in order to represent that wire’s number in binary.  Use logic gates to create such a 

circuit, lighting three LEDs.  Write an Arduino sketch to control the eight input wires (actually, 

you’ll be able to get by with controlling only seven) so that only one wire is connected to HIGH at 

a time and the other wires are held LOW. (It is important to actively set the LOW pins LOW as 

leaving logic gate input pins floating can cause spurious results if the inputs float at a voltage level 

that can be interpreted as a TTL HIGH.)  As usual, document your work with schematics, 

explanations, and records of your observations. 

 

3c:  Binary numbers to decimal numerals on a seven-segment display 
Digital electronics operate at the level of binary numbers, using only the digits 0 and 1, but it is 

often desirable to convert circuit outputs to decimal digits (0, 1, 2, 3, 4, 5, 6, 7, 8, and 9) for 

displaying information.  We have used Serial.print() to display numbers on the Arduino 

serial monitor, but we need more tools if we want to embed a numerical display in a stand-alone 

project. One way to do this is by using so-called “drivers” (specialized ICs) to operate seven 

segment LED displays such as the FND 350 and the hp 5082-7731.  These displays are simply 

packages (not integrated circuits) in which each long LED making up part of a decimal numeral 

(and an LED for a decimal point, if needed) is connected to pins that act as the legs of the LED.  

Both of the display types mentioned above are wired as so-called "common anode" displays, 

meaning that all of the positive terminals of the individual segments are connected together.  They 
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are also connected to both of the (redundant) anode pins, one of which must be set to +5V.  The 

individual segments are then lit by connecting their separate cathodes to ground through a diode 

protection resistor, to limit the current through the segment.  Pin designations for these chips are 

shown below. 

 

 
 

The pin-outs above also show a 16 pin IC, the 7447 seven-segment driver chip.  The 7447 takes in 

a four digit binary number on pins DCBA (MSB to LSB) and supplies the appropriate signals to 

the seven-segment display chip to make it show the decimal numeral corresponding to that binary 

number.  (If the binary number DCBA is greater than 9, the 7447 plus seven-segment combination 

displays different symbols shown on the 7447 datasheet.)  Download a copy of the 7447 datasheet. 

Use the datasheet to learn how to wire Vcc, GND, LT, BI/RBO, and RBI appropriately to display 

digits 0 through 9 when the inputs DCBA are wired to Arduino digital output pins.  Use diode 

protection resistors to connect driver outputs a-g to the appropriate pins on your seven-segment 

display, and wire at least one of its anode pins to +5 V. 

 

When your chips are wired, first make sure that all the LED segments of your display light by 

grounding the “lamp test” pin on the 7447 (while other control pins are held at values determined 

from datasheet).  Then, check the operation of your circuit by writing a sketch that loops through 

all 16 possible inputs to the driver chip (DCBA=0000 through 1111) in turn, with a one second 

delay to show each number or symbol on the display.  Storing the binary bits into an array using 

nested “for” loops works well for this.  Document your wiring, Arduino sketch, and observations 

of the circuit in action. 

 

Write a second sketch to control your circuit, this time using the serial monitor to input a value 

from 0 to 9 (remember to subtract 48 from the value returned by Serial.read()inside your 

sketch, to decode the ASCII value back to the corresponding integer).  For this sketch, the “switch 

case” structure may be helpful.  Write your sketch to make the seven-segment display go dark if a 

key other than one of the numerals 0 to 9 is entered.  Document your sketch and observations for 

this set up, which should prompt you to enter any value from 0 to 9 and display that number 

correctly on the seven-segment display, holding it there until you enter another number.   

 


