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THEORETICAL BACKGROUND: 

 

In this section, we are going to talk about De Morgan's laws, and talk more about Boolean 

algebra, and try to figure out how we could design anything using the universal gates (NOR, 

and NAND). 

 

De Morgan’s Laws: 
 

As you may notice in the previous lab, we were able to create an AND gate using an OR 

gate and NOT gates, and we also were able to create an OR gate using an AND gate and 

NOT gates. 

Starting by the AND gate, we can say: 

• 𝐹 = 𝐴.𝐵 

• �̅� = 𝐴. 𝐵̅̅ ̅̅ ̅ 

• �̅� = �̅� + �̅� 

• 𝐹 = �̅� + �̅�̅̅ ̅̅ ̅̅ ̅̅  

And the same goes for the OR gate: 

• 𝐹 = 𝐴 + 𝐵 

• �̅� = 𝐴 + 𝐵̅̅ ̅̅ ̅̅ ̅̅  

• �̅� = �̅�. �̅� 

• 𝐹 = �̅�. �̅�̅̅ ̅̅ ̅ 

And as you know that the NOR gate as an OR gate followed by a NOT gate, you can notice 

that instead of adding an OR or AND gate and followed by a NOT, we use a NOR or NAND 

gate. 

Now for the next part, I need you to remember that 𝐹 = 𝐴 + 𝐴 = 𝐴, and same goes for AND. 

 

 

 



Building Anything using Universal Gates: 
 

From the previous figure, and by knowing that the NAND gate is an AND gate followed by A 

NOT gate, you can simply build a NOT gate using a NAND gate, and the same goes for NOR 

gate. 

 

Figure 1: Building a NOT gate using universal gates.  

 

Now by knowing that, it’s time to ask you if you can build an AND gate using only two NAND 

gates? 

This should be an easy task to do, it’s just a NAND gate then followed by a NOT gate (but this 

NOT gate is a single input NAND gate!). 

 

Figure 2: AND gate using two NAND gates 

 

Apply all that knowledge you learned about NAND to NOR gates it just works the same way! 

More About Boolean Expressions: 
 

In the previous lab, you’ve learned a little about Boolean expression, and how to apply the 

distributive law to it, and as regular math, you could take a common factor to make your 

Boolean expression smaller (You should learn about this more in your lecture), for example: 

• 𝐹 = 𝐴 + 𝐴𝐵 

• 𝐹 = 𝐴(1 + 𝐵) = 𝐴. 1 

• 𝐹 = 𝐴 

Now I need to be smart about this and notice anything that you can eliminate and delete it. 



LAB TASKS 

 

Task #1: Build Your XOR using NOR (15 min, 5 min) 
 

As we have a lot of NOR gates in our lab, we will use NOR gates to build an XOR gate, you 

should start with this Boolean expression: 

𝑋𝑂𝑅 = �̅��̅� + 𝐴𝐵̅̅ ̅̅ ̅̅ ̅̅ ̅̅ ̅̅  

Use what you’ve learned about de morgan’s laws, and build this XOR gate using five NOR 

gates in Logisim. 

 

Task #2: It’s Time for Hardware (30 min) 
 

In this task you will build your XOR using a 7402 IC, this IC contains four NOR gates, each NOR 

gate has two inputs, as you may notice, we will need another IC, if you connected your first 

IC correctly I will give you the second one       

You need: KL-31001 Digital Logic LAB, Breadboard, 7402 IC * 2, Some wires. 

NOTE: DON’T POWER ON KL-31001 WITHOUT MY PERMISSION. 

As it’s your first time to use an IC, I will give you a little hint, first of all, look at the Datasheet, 

then just test one NOR gate and make sure that you’ve connected the VCC and GND 

correctly, after testing this one NOR gate, use your small wires to connected the output of the 

gates to the inputs of another gate as you draw it in Logisim. 

Note: If you don’t remember the connections inside the breadboard return to Lab 01. 

The 7402 IC contains four NOR gates (You shouldn’t remember the number) 

1- Turn off KL-31001. 

2- Place the IC in its right place in the breadboard (Above the centre divider) 

3- Look at the datasheet, and be aware of your IC notch. 

4- Connect the switches (inputs) and the LEDs (outputs) to the right pins. 

5- Connect the GND, +5V to the right pins. 

6- Let me power the KL-31001 for you (Please don’t power it on in your own     ). 

 

Look at the next page to understand the meaning of IC notch 



 

Figure 3: An IC with a notch 

 

Please notice when you read the datasheet, you will see the number and description of every 

pin, but how should you know the pin number in the IC itself, will this is very easy, you should 

look at the notch in your IC, and starting from the left-hand side of the notch you will find pin1, 

and then you will know the rest of the pins by counting in a circular way. 

 

 

 

 

 

 

 

 

 

 

 

END OF THE LAB 


