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Circuit with a 
NAND Gate
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We don’t normally draw 
the voltage and ground 
with gates. So, you will 
normally see circuits that 
look like this.
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CHIPS WITH NAND GATES
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WHAT IS THE OUTPUT OF 
THIS CIRCUIT?

A B C Q

0 0 0 0

0 0 1 0

0 1 0 0

0 1 1 1

1 0 0 0

1 0 1 0

1 1 0 1

1 1 1 1
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Write the equation representing the circuit.

Note: I replaced the OR with a NOR.

What's missing from the equation below:

(A and B) or ((B and C) & (B or C))

EXPRESS CIRCUIT AS AN EQUATION
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EXAM QUESTION
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Pull up pull down

Pull up pull down
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CREATIVE QUESTIONS



20

It is possible to implement every other gate by using a 
NAND. You can implement the complete RISC-V 
architecture using only NAND gates. What a beautiful 
building block right ☺ 

Use a NAND gate to implement the following gates: 

1. NOT 

2. AND 

3. OR

4. NOR

5. XOR 

Hint: Start by asking NOT what a NAND gate can 
do for you but what you can do with a NAND gate.  

NAND GATES ARE TURNING COMPLETE
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TODAY’S LECTURE



1. Towards building a digital 
adding machine

2. How can we represent 
numbers? (What about 
decimals and negative 
numbers)
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GREAT WE HAVE GATES 

NOW LET’S BUILD SOMETHING.

HOW ABOUT A MACHINE THAT ADDS 
NUMBERS?
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THE IDEA 

ADDER

A

B

A +B
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Our gates only support 0 and 1s. 

How can we represent other decimal numbers?

How can we present negative numbers?

What about fractions ☺? 

THE CHALLENGE



27

DECIMAL
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BINARY 
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Convert 74 to binary = 1001010

74 ÷ 2 = 37   remainder 0

37 ÷ 2 = 18   remainder 1 

18 ÷ 2 = 9     remainder 0 

9 ÷ 2 =  4      remainder 1 

4 ÷ 2 = 2       remainder 0

2 ÷ 2 =  1      remainder 0

1 ÷ 2 =  0      remainder 1

Convert 10101 to Decimal

BINARY CONVERSION EXAMPLES

1001010 

Highest order bit Lowest order bit 
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EXAM REVIEW
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1012
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EXAM QUESTION SIMPLIFIED
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NOW LET'S BUILD A MACHINE WITH GATES 
THAT WILL ADD
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4-BIT ADDER

ADDER

A

B

A + B

Carry
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4-BIT ADDER

ADDER

A

B

A + B

Carry

Let's Add 4 + 3 Manually in 
binary.
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What would the input be if we wanted to add 5, and 
9?

Notice we need to pick and order for the wires.

Which output lights would we want to light

up?

INPUTS AND OUTPUT OF OUR ADDER

ADDER

A

B

A + B

Carry
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What if we now added 7 and 9?

What would our inputs be, and which lights do we 
expect to light up?

INPUTS AND OUTPUT OF OUR ADDER

ADDER

A

B

A + B

Carry
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LET'S DESIGN THE CIRCUIT THAT WILL 
IMPLEMENT THIS ADDER
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LET'S START A MACHINE THAT ADDS 

TWO BITS

Draw Half Adder
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LET'S START SIMPLE 
(MACHINE THAT ADDS 

TWO BITS)

Let's start by building a half adder something that 
just adds two bits.

Let’s build a truth table.

A  B A + B  Carry

0  0 0  0

0 1 1  0

1 0 1  0

1  1 0  1
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Let's start by building a half adder 
something that just adds two bits.

Let’s build a truth table. 

A  B A + B      C.out

0  0 0              0 

0 1 1              0 

1 0 1 0

1  1 0              1 

  

HALF ADDER

We can implement 
A + B with an XOR gate 
And the C.out (Carry out)
With an AND gate

A B

A + B

C.out
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http://www.falstad.com/circuit/circuitjs.html?ctz=
CQAgjCAMB0l3BWc0FwCwCY0HYEA4cEMElURTJy
BTAWjDACgwE0QMs21KBmANj06VKGKOSZl2rMGl
Z8B01sNEIGAGXAZ5vSnkphtbUQDMAhgBsAzlXJQ
1GgZJC62HEZVOXrSSAwDu9lykDRx9-
fWEOcIDQ8AMwTUDov1iI1kcQ5PitPQBOESiYsDyU
8GLiXlswsoQK9JrK0vzgyIMfAFkQOXAZEDR9brS2F
AYOrqxKPtquQwxhoA 

HALF ADDER DEMO
https://tinyurl.com/ygpea8v4 

https://tinyurl.com/ygpea8v4
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