







CS150 









Week 1, lecture 1 

Covers:

1) What’s a digital system?

2) Logic gate introduction: An inverter

3) Logic gate introduction: An AND gate

4) What’s covered in cs150

5) Sequential vs. combinatorial logic

6) Logic gates 

1) What’s a digital system?

   Digital systems use two discrete values or levels to represent information: { 0, 1 }

In other words, information is represented in binary form.

   Boolean algebra is the basis for digital logic. Input to a system is either 0 or 1 and the results will also be either a 0 or a 1.


2) Logic gate introduction: An inverter


   Logic symbol for an inverter:

   Input to a logic gate is one of two values: { 0, 1 }

   For an inverter, output, F,  is 1 if input, X,  is 0.

   For an inverter, output, F,  is 0 if input, X,  is 1.

   A convenient and easy-to-understand form to express the rules for the output of a logic gate is the truth table. For the inverter it would look like:



X     F(X)

0 1

1 0


   When writing this as an equation:



F(X) = NOT X = X


   Implementation of an inverter (low level):








X ( [ 0, 5 ] Volts



F(X) ( [ 0, 5 ] Volts

3)
Logic gate introduction: An AND gate


   Logic symbol for an AND gate: 

   F is true IFF ( A is true ) AND ( B is true )

   The truth table for an AND gate would look like:



A  B     F(X)

   
 0  0      0


 0  1      0


 1  0      0

       
 1  1      1

   When writing this as an equation:


F(X) = AB

4)
What’s covered in cs150 



Speakers


Displays


Keyboards


Mouse


Sensors


Etc……

   Teach you:


Glue logic


Single microprocessors

   Transistors to microprocessors in one semester.

5)
Sequential vs. conbinatorial logic

   Combinatorial logic: Takes one or more inputs and produces one or more outputs as a function of those inputs.


   Mathematically speaking: OUTPUT = F(A, B, C, …)

   No feedback, no memory. Output will always be the same for same input.

   Sequential network: Some outputs are fed back as inputs.





Mathematically speaking: OUTPUT = F(A, B, C, F(X, Y, Z…), …)

   Examples:


Combinatorial network

Sequential network

Adders



Clocks 


AND gates


people


Inverters



most interesting things…

   Note: Ideally, output changes instantaneously with input…

   Types of sequential circuits:

· Synchronous 

All feedback happens at the same time ( the state of the circuit changes at the same time). For example, on command of a special input called the clock.

· Asynchronous

State may change when any input changes. Asynchronous designs are dangerous but can be beautiful.

Synchronous example:







Asynchronous example:


6)
Logic gates 

   You’ve already seen the inverter and the AND gates:

 

   Here are three more kinds of gates:


OR:




NAND:




NOR

   Logic symbol:



   The truth table for an OR gate:
          The truth table for an NAND gate:
 The truth table for an NOR gate:



A  B     F(X)


A   B   F(X)



A   B   F(X)


   
 0  0      0


0    0    1




0    0     1


 0  1      1


0    1    1




0    1     0 


 1  0      1


1    0    1




1    0     0

       
 1  1      1  


1    1    0  



1    1     0

   When writing this as an equation:           When writing this as an equation:         When writing this as an











  equation:



F(X) = A + B


F(X) = AB



F(X) = A+B

{ 0, 1 }





{ 0, 1 }





Output: F





Input: X





X





__


 X





Vdd





Switch open when X == 1.


(Connection between Vdd and X cut).


Switch closed when X == 0.


(Connection created between Vdd and X).











Switch closed when X == 1.


(Connection created between GND and X).


Switch open when X == 0.


(Connection between GND and X cut).











Vdd





X





F(X)





F(X)





Input: A


Input: B





Output: F





Glue logic





(-processor





=





Digital camera


CDs


( wave  ovens


PDAs – palm pilot…





F





F





A ring oscillator (don’t you’ll find out about these a little later on). And an asynchronous circuit…





Combinational Block











A buffer that holds on to the previous value until clock comes…





Output: F





Input: A


Input: B





Input: X





Output: F





Input: A


Input: B





Output: F





Input: A


Input: B





Output: F





Input: A


Input: B





Output: F








