
Other Circuit Elements: Diode



Transistor as a switch

VBE>0.7V:  VCE ≈ 0V, “ON”
VBE<0.7V:  “OFF”



MOSFET



Processing Digital Signal

• We only have two values:  

1, 0 ⇒ map naturally to logic: T, F

e.x. perform binary add, we need build a circuit:

A: B: C:

(in) (in) (out)

0 0 0

0 1 1

1 0 1

1 1 1



Boolean Algebra and Truth Table

• The mathematics associated with binary number 
system (or logic) is call Boolean:
– “0” and “1”, or “False” and “True”

– Calculation can be carried out in terms of truth table:  list all 
possible combinations of inputs and corresponding output:

Inputs Output

A B C

0 0 0

0 1 1

1 0 1

1 1 1

A,B, and C are digital signals

n inputs, 2n combinations

Logic Function  ⇐ logic gate (devices)

Digital logic designers do not have to 

care about what is inside a gate.

A Pentium III class microprocessor is 

a circuit with over 4 million gates.



AND Gate

A: B: C: A: B: C:

(in) (in)
(out

)
(in) (in)

(out
)

F F F 0 0 0

F T F 0 1 0

T F F 1 0 0

T T T 1 1 1
The AND operation has the usual logical significance -- the outcome is true if, 

and only if, both inputs are true. The symbol for AND looks like the "dot" 

representing the usual multiplication of two numbers; note that the truth table 

looks correct for multiplication of "0"s and "1"s. 



NOT Gate

A: C:

(in) (out)

0 1

1 0



NAND Gate A: B: C:

(in) (in) (out)

0 0 1

0 1 1

1 0 1

1 1 0

• Please note the connection between the NAND and the AND gate. The output of 

the NAND gate is opposite of the AND gate -- NAND stands for NOT AND. In 

digital logic NOT represents the opposite -- NOT true is false, NOT 1 is 0. The 

symbol for NOT is a bar over whatever quantity is being "NOTed." Compare the 

schematic symbols for NAND and AND -- the "bubble" near the output of the 

NAND gate represents the NOT operation. 

• The NAND is one of the binary operations most heavily used in digital logic, an 

operation involving two input states, resulting in one of two possible output states. 

These electronic circuits are known as gates because they control the flow of bits 

(information) through the overall circuit. 

• Note that the truth table is independent of fabrication details; i.e. whether it is a 

CMOS gate or from a different logic "family" does not change the logic of the 

operation -- the actual gate is constructed to create the desired truth table. 



OR Gate

A: B: C:

(in) (in) (out)

0 0 0

0 1 1

1 0 1

1 1 1

The OR operation also has the usual logical significance -- the outcome is true if 

either of the two inputs are true. The symbol for OR looks like the "plus" 

representing the usual addition of two numbers; note that the truth table looks 

correct for addition of "0"s and "1"s, except for the last entry. 



NOR Gate

A: B: C:

(in) (in) (out)

0 0 1

0 1 0

1 0 0

1 1 0



Example of Gate Combinations 

Using the truth tables above, 

construct the truth table for the 

following combination of gates:

What does this circuit accomplish? 

A B D E C

0 0 0 1 0

0 1 1 1 1

1 0 1 1 1

1 1 1 0 0

Detect whether the inputs are the same or not



Concept Check: Logic Gate

Which of the following inputs yields D = 1? 

A B C

a: 1 1 0

b: 0 0 1

c: 0 1 1

Answer:  a and c 



• Is there any easy way to remember what AND, 
OR…NAND, NOR?
– AND is multiplication:  0·X=0……
– OR is sum with caution:  0+X=X, but 1+1=1 not 0, i.e

1+X=X.
– NOT is inverse:  NOT 1=0, NOT 0=1.



De Morgan’s Laws
NOR operation is equivalent to AND operation with NOT’ed inputs

NAND operation is equivalent to OR operation with NOT’ed inputs 



Digital Circuit 
Example

Flow meter

A B C

0 0
5V

R

Input A (0 ok, 1 No)

Input B (0 ok, 1 No)

X-ray power unit

5V

C

0 on

1 off

A B C

0 0 0

A B C

0 0 0

0 1 1

1 0 1

1 1 1

C=A+B
metal

We are going to learn

Truth Table



Rules of Boolean Algebra

DCADCBDBADBADCBAf ••+••+••+••=),,,(

Example:  Simplify the following function

( ) DCADCBAf •+=),,,(


