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The World of Ones and Zeroes (Why NOT?)



  

In the decimal system we count by tens. 
There are ten digits. Maybe Mr. Neanderthal 
counted his toes, too. Who knows?



  

In the digital system there are only two digits used: 
zero and one. The counting system is binary.

Basic digital systems operate with square-shaped 
waves that have only two amplitudes. Pulses are 
either ON or OFF. 

The ON state is high, 
which is a binary 1. 

The OFF state is low, 
which is a binary 0.



  

A simple common-emitter BJT can act as a digital 
inverter, implementing binary logic. The little circle at 
the inverter’s amplifier symbol output denotes 
inversion. In the binary world this basic circuit is also 
called a gate.



  

Here’s how we can count with only two states.

24 = 16

28 = 256

216 = 65536



  

A train of pulses can also represent a binary signal over time.



  

There are small BJT 
integrated circuits that are 
dedicated to processing 
binary signals.  

Some BJT chips are in a 
family called transistor-
transistor logic, or TTL. 

Many TTL ICs are part of 
the 7400 Family. They are 
5V chips.

The 74147, for example, is 
a 16-pin encoder / decoder 
dual in-line pin (DIP) chip.



  

Here’s a binary to 7-segment decoder IC circuit. 



  

 
Some digital chips are part of a CMOS logic family called 
the 4000 Series, packaged as DIPs. They may or may not 
be compatible with 7400 Series TTL ICs.



  

... speaking of actual voltage levels...



  

Binary ICs can implement logic functions, such 
as this AND gate. Note the schematic symbol and 
the equation notation.

The Boolean 
equation is a way of 
stating the logic 
function.

A truth table reveals the 
various possible states 
for the AND gate.



  

Here’s an OR gate symbol, its equation, and its 
truth table.



  

If the output of a chip is 
electrically inverted, an 
OR gate can become a 
NOR gate.

The equation uses the 
OR symbol, but there is 
a bar over the statement 
to indicate it is a NOT 
logical element. 

The small circle on the 
diagram indicates the 
inversion at the gate’s 
output pin.



  

Here’s a NAND gate. 
Note the 
simplification of the 
equation where the 
AND dot is omitted.

The bar over the 
AND statement 
indicates the not-
AND (NAND) 
function.



  

Here is the symbol for an 
exclusive OR gate. Note 
the arc drawn at the 
inputs.

The exclusive OR gate 
has an output only when 
an odd number of inputs 
are high. 

That is a bit different 
than the previously 
shown OR gate where an 
even number of inputs 
resulted in a high output.



  

We now know that in addition to fixed states, logic gates 
can accommodate signals over time, or operate 
sequentially. Here is a sample timing diagram for an OR 
gate’s pulse train.

Input

Input

Output



  

Here’s an example timing diagram showing various 
input and output (I/O) states of a 2-input AND gate.



  

Logic gates can also have more than one input. 

This diagram shows four possibilities for AND gates. 

It is common practice to draw an extended input side of 
the symbol to “make room” for the additional inputs on a 
diagram.



  

Most DIP-packaged devices typically have more than 
one logic element per chip. This drawing of a 7432, for 
example, reveals four 2-input OR gates inside a single 
14-pin package. Pin 7 is ground and Pin 14 is +5 V. The 
7432 has no un-used pins.



  

Multi-section devices inside a chip can be cascaded. Here 
is a multi-input OR gate based on a 7432 chip, and a 
multi-input AND gate based on a 7411 TTL chip.



  

Device architectures can be crafted by combining 
logic elements. The result is called sum of products. 

Here we see two AND gates driving a single OR gate.



  

This sum-of-products scheme uses two gates from a 
7432 to drive two inputs on a single 7408 chip’s gate.



  

Here’s an AND gate (a) with inverted inputs (bubbled), 
and its equivalent symbol (b).

Here’s its truth 
table.



  

The bubbled AND gate produces the exact same 
output Y as a NOR gate.

The two circuits are interchangeable. Each NOR gate 
can be replaced with a bubbled AND gate!

Conversely, if a circuit has bubbled AND gates you can 
replace each one with a NOR gate.



  

So, the interchangeable circuits have an equation 
identity.   

“The complement of the sum equals the product of the 
complements.” – De Morgan’s Theorem



  

Got it all?
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