ADDER
· It is used to add to binary numbers.
· It has two types of adder that are,
1.) Half Adder
2.) Full Adder
Half adder
· Combinational circuit that pogroms the addition of 2 bits is called a half adder. 
·  If consists of 2 binary inputs (x and y) and 2 binary outputs S (for sum) and C (for carry)
Truth table for half adder:
	X
	Y
	C
	S

	0
	0
	0
	0

	0
	1
	0
	1

	1
	0
	0
	1

	1
	1
	1
	0


        


Logic diagram for half adder
			S= x    y

           			 C= x y 
  The simplify sum of product expression are:
   S= x’ y+ x y’    => x     y
   C=x y
Full adder
· A full ladder is a combinational circuit that forms the arithmetic sum of three input bits. 
·  It consists of three inputs and two outputs. 
·  Two of the input variable, denoted by x and y represent the two significant bits to be adder.  
· The third input, z, represents the carry from the previous lower significant position.
	X
	Y
	Z
	C
	S

	0
	0
	0
	0
	0

	0
	0
	1
	0
	1

	0
	1
	0
	0
	1

	0
	1
	1
	1
	0

	1
	0
	0
	0
	1

	1
	0
	1
	1
	0

	1
	1
	0
	1
	0

	1
	1
	1
	1
	1


· Thetwo outputs are designated by symbol S (for sum) and C (for carry).





Logic Diagram:
X
Y	   	               S		

			        C
Z

MULTIPLEXER:
· Multiplexing means transmitting a large number of information writs over a smaller number of channels or lines.
· A multiplex is a combinational circuit that selects binary information from one of many inputs lines and directs it to a single output lines.
· The logic circuit for two inputs multiplexer is shown in the following figure.
	D
	S1	
	                                                                                  y
                 S0
· The selection of a particular input line is controlled by a set of selection line.  There are 2n input lines and n selections lines whose bit combination determine which input is selected.
 The logic symbol of 4 to 1 multiplexer is shown below:
 (
     4X1
     MUXY
)
        Input                                                                          output

                       
                                                          Select

· The truth table for the above logic symbol is tabulated below.
 (
DATA SELECTS                      DATA
     S
1  
                 S
2
                 INPUTS
    0                     0                      D
0
    0                     1                      D
1
    1                     0                      D
2
    1                     1                      D
3
                                                   
)





     If a binary zero appears on the data select line then data on input line do will appear on the output.  Thus data output y is equal to do if only S1 is equal 0 and S0 is equal 0.
                                Y=D0S1S0
     Similarly the data output is equal to D1, D2, and D3 for y=D1S1’S0, y=D2S1S0’ and y=D3S1S0.  Thus the total multiplexer logic expression founded from Oaring terms is,
    		 Y=D0S1’S0’+D1S1’S0’+D2S1S0’+D3S1S0
     The implementation of this equation is shown in the following figure.




 D0     
              
   D1     
                 
                  D2                                                                                                  Y                                                                                                                   
                
   D3                 
                   S1  
                 S0   
          A 4-line to 1-line multiplexer consists of 4-input lines D0 to D3 and two selection limes S1 and S0 to pounce output y.
     Each of 4-input lines is applied to 1-input of and AND gate.  Selection lines S1 and S0 are decoded to select a particular AND gate.







DEMULTIPLEXER:
· Demultiplexer is a device that functions as an electronic switch to cute an incoming data signal to one of several outputs.
· In a demultiplexer is a selection of specific outputs is controlled by the big values of n selection lines.
 (
1X4
DEMUX
)                                                                                                               D0              
         		  INPUT                                                                      D1
                                                                                                                D2  
                                                                                                                 D3
                                                                        A        B 
· The truth tables for the above circuit as shown below.
	E
	A
	B
	D0
	D1
	D2
	D3

	1
	X
	X
	1
	1
	1
	1

	0
	0
	0
	0
	1
	1
	1

	0
	0
	1
	1
	0
	1
	1

	0
	1
	0
	1
	1
	0
	1

	0
	1
	1
	1
	1
	1
	0



     The single input variable E as a path to on 4 outputs but the input information is directed trod only one of the output lines a s specified by the binary value of the two selection lines AB=10, output D2 will be the same as the input value E, while all other outputs are maintained at 1.


2.DECODER






X
Y
Z
                                              
                              


	X
	Y
	Z
	D0
	D1
	 D2
	D3
	D4
	D5
	D6
	D7

	0
	0
	0
	1
	0
	0
	0
	0
	0
	0
	0

	0
	0
	1
	0
	1
	0
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0

	0
	1
	1
	0
	0
	0
	1
	0
	0
	0
	0

	1
	0
	0
	0
	0
	0
	0
	1
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0
	1
	0
	0

	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
	0

	1
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1






                                       A3 to 8 line decoder
     A decoder is a combinational circuit that converts binary information from ‘n’ input lines to a maximum of 2h unique output line.  The decoder parented here is called n to m lines decoded m < 2n there purpose is to generate the 2n minters of n input variables.
	0
	0
	0
	0
	X’
	Y’
	Z’

	1
	0
	0
	1
	X’
	Y’
	Z

	2
	0
	1
	0
	X’
	Y
	Z’

	3
	0
	1
	1
	X’
	Y
	Z

	4
	1
	0
	0
	X
	Y’
	Z’

	5
	1
	0
	1
	X
	Y’
	Z

	6
	1
	1
	0
	X
	Y
	Z’

	7
	1
	1
	1
	X
	Y
	Z


  





   It consider thru 3 to 8 lines decoder circuit.  This circuit have 3 input are into 8 output, each output lepusinting one of the minting of the 3 input variables.  The 3 interties provide the complement of the input and each one of the 8 AND gates generate one of the minters.  A particular application of this decoder would be a binary to octal conversion.
3 line to 8-line decoder:
 (
       3x8
     Decoder
        3x8
     Decoder
)
                 X   
                 Y                                                              D0 to D7
                 Z          
             W

                                                                                    D8 to D15

4x16 decoder constricted with 3x8 decoders.

      The above figure sowed two 3x8 decoder with enable to inputs connected to form a 4x16 decoder
When, w=0, in enable condition are unused the bottom decoder outputs generate minter 1000 to 1111 while the outputs of the top decoder are all 0’s.




ENCODER
An encoder is a combinational circuit that essentially performs the opposite function of the decoder circuit.  An encoder as 2n input lines and n output lines.
     The process of converting from familiar symbols or numbers two a coded format is called encoding.
     The octal to binary encoder consists of 8 repusentation and the couesponding binary upusentation requires 3 bit.  Hence octal to binary encoder consists of 8 input lines and 3 output lines.
     It is constructor with OR gates whose inputs can be determine from the truth table given below.
	D0
	D1
	D2
	D3
	D4
	D5
	D6
	D7
	A2
	A1
	A0

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0

	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1

	0
	0
	1
	0
	0
	0
	0
	0
	0
	1
	0

	0
	0
	0
	1
	0
	0
	0
	0
	0
	1
	1

	0
	0
	0
	0
	1
	0
	0
	0
	1
	0
	0

	0
	0
	0
	0
	0
	1
	0
	0
	1
	0
	1

	0
	0
	0
	0
	0
	0
	1
	0
	1
	1
	0

	0
	0
	0
	0
	0
	0
	0
	1
	1
	1
	1



     The low order output bit A0 is 1.  If the input octal digit is odd, output A1 is 1 octal digit2, 3, 6, or 7.  Output A2 is a 1 for octal digit 4,5,6,7.
     Encoders of octal to binary type are not available in IC packages, since they can be easily constructed with OR gates.  The type of encoder available in IC form is called a priority encoder.
 D1     D2       D3     D4     D5     D6     D7   


                                                                                            A2= D4+D5+D6+D7                                  


                                                                                               A1= D2+D3+D6+D7                                	


                                                                                              A0=D1+D3+D5+D 7                                              








FLIP FLOP
· The memory elements used in clocked sequential circuit are called flip flops.
· These circuits are binary cells capable of storing one bit of information.
· A flip flop circuit can maintain a binary state in definitely.
· The flip flop circuit constructed from two NOR gates each circuit forms a basic flip flop are cross couple from the output of 1 gate to the input of other gate and takes feedback path.  
· The flip flop sometimes called RS flip flop or SR latch.
	Reset
	Q


                            set		Q’
RS flip flop or SR latch (basic flip flop with a NOR gates)
Truth table
	S
	R
	Q
	Q’

	1
	0
	1
	0

	0
	0
	1
	0

	0
	1
	0
	1

	0
	0
	0
	1

	1
	1
	0
	0


                      	  (After S=1, R=0)
                  	  (After S=0, R=1)



Experiment:
     To analysis the operation of circuit that neither output of NOR gate is zero.  If any input is 1 done that the output is 1 and the input is D.  Assume the set input is 1 and reset input is 0.  Since gate two has an input of 1, is output Q’ must be 0.  When both input of gate two and gate one input is 0 and opulence output Q’ is 0 and the output q is 1.
A Flip Flop as two useful states:
     When Q=1 and Q’=0, it is a set state (or 1-state).
     When Q=0 and Q’=1, it is a clear state (or 0-state).
     The output Q and Q’ are complements of each other and offered to us normal uspectively.  The binary state of flip flop is taken to be the value of the normal output.
     Under normal operation both input mains at 0 unless the state of flip flop to be changed.
Basic flip flop with a NAND gate:
                         S (sit)                
                                          1         	                                Q                                                               

                                          0          
	R (reset)	                                    Q’

	
  Truth table
   (After S=1, R=0)
	S
	R
	Q
	Q’

	1
	0
	0
	1

	1
	1
	0
	1

	0
	1
	1
	0

	1
	1
	1
	0

	0
	0
	1
	1


   (After S=o, R=1)	                                                                                                          
                                                                            

CLOCKED RS FLIP FLOP:
· The basic RS flip flop as it stands it’s an asynchronous transparent sequential circuit.  
· This means that any change in the input information at R or S is transmitted immediately to the output Q and Q’ according to the truth table.  
· The clocked RS flip flop and two AND gates.  
· The output of two AND gate main at 0 as long as the clock pulse is 0.
· Regarding of the R and S input.  When the clock pulse goes to one information from we R and S input is allowed to reach basic flip flop.
	    R	Q	
                                                                                                                                                                     
                     CP               
 	Q’		
                  S
                          Clocked rs flip flop
CP= clock pulses
                          NC= no change
                          *= indeterminate
	CP
	S
	R
	Q
	Q’
	State

	0
	0
	0
	NC
	NC
	No Change

	0
	0
	1
	NC
	NC
	No Change

	0
	1
	0
	NC
	NC
	No Change

	0
	1
	1
	NC
	NC
	No Change

	1
	0
	0
	NC
	NC
	No Change

	1
	0
	1
	0
	1
	Reset

	1
	1
	0
	1
	0
	Set

	1
	1
	1
	1/0
	1/0
	*



Graphic symbol:
 (
R        Q’             
S         Q            
)



     The set state is reached with SA=1, R=o and CD=1.  To change to the clear state the inputs must be S=1, R=1 and CP=1 with both S=1, R=1 and the occurrence of a clock pluses causes both outputs, the state of the flip flop is indeterminate (*).


 Graphic symbol:
     The graphic symbol for clocked always flip flop as 3 inputs S, R and CP the clock pulses symbol is small triangle for dynamic indicator and denote the fact that the flip flop upends to an input clock transaction from low level (0) and high level (1) signal.
	CP
	D
	Q N+1

	0
	X
	Q N

	1
	0
	0

	1
	1
	1







D-FLIPS FLOP
     D flip flop consists NAND gates 1, 2, 3, and 4 form basic clocks S, R flip flop.  The fifth NAND gate is used to provide the complements inputs.  D input goes directly to the S input, and its complement is applied to an R input, through gate 5.  Therefore only two input condition exists either S=0, R=1 and (or) S=1 and R=0.
 (
4
3
 5
  2
   1
)	S	
                D	Q
	  CP’	
Q’

                                          R		
     When D=1, S=1 and R=0 and when D=0, s=0 and r=1 therefore during the occurrence of clock pulses D=1 the Q output is set and if D=0 the Q output is suet.
Graphic symbol:
 (
              Q
             Q’
)
               D
               CP

1. X means don’t case condition, when the clock pulses is absent the output doesn’t change, regarding of D input.
2. An is the binary state of flip flop before occurrence of a clock pulses.  It is known as present state (An).
3. Qn+1 are the state of flip flop after occurrence of clock pulses which is known as next state.

JK FLIP FLOP
A JK flip flop is a recon striated of the clocked RS flip flop.  In JK flip flop the indeterminate state in the RS flip flop is defined.  Inputs J and K behave like inputs S and R to set and reset the flip flop uspectively the letter J is for set and letter K is for reset.



    
 K	              R
                                                                                                       Q				Q
    CP

        J                        S	                   Q’	Q’

	CP
	J
	K
	Q
	Q’
	State

	0
	0
	0
	NC
	NC
	No Change

	0
	0
	1
	NC
	NC
	No Change

	0
	1
	0
	NC
	NC
	No Change

	0
	1
	1
	NC
	NC
	No Change

	1
	0
	0
	NC
	NC
	No Change

	1
	0
	1
	0
	1
	Reset

	1
	1
	0
	1
	0
	Set

	1
	1
	1
	0
	0
	determinate


 (
Q’             Q
K                J
)     Graphic symbol:





     The inputs in the graphic symbol for the JK flip flop must be marked with a J (under Q) and K (under Q’).  The feedback connection in the JK flip flop a click pulses signal which mains 1 (while J=K=1) after the outputs have been complemented once will cause repeated and contours transaction of the outputs.  To avoid this indeterminate operation, the clock pulse must hiver a time duration which is should than the propagation delay through the flip flop.
T-FLIP FLOP
     T-flip flop I known as toggle flip flop.  T-flip flop is a modification of the JK flip flop.  The T-flip flop is obtain from the JK flip flop by connecting both inputs J and K together.


	T
	Q
	CP




	Q’

	CP
	T
	Q
	Q’

	0
	0
	NC
	NC

	0
	1
	NC
	NC

	1
	0
	NC
	NC

	1
	1
	0
	0



Graphic symbol;
 (
T              Q
                 Q’           
              
)


     When T=0 both AND gates are disabled and hence there is no change in the input.  When t=1, (u: j=1, k=1) output toggles.










REGISTERS
· A register is a group of binary storage cells suitable for holding binary information.
· A group flip-flop constitutes a register.
· An n-bit register as a group of ‘N’ flip-flop.
·  (
CP
Q
D
Q
A
4
I
4
Q
D
Q
A
3
I
3
Q
D
Q
A
2
I
2
Q
D
Q
A
1
I
1
)In addition to flip-flop, a register may have combination gates that perform data processing.






· Register construct by flip-flop and common pulses. (CP) with input of I1, I2, I3, and I4.
· A1, A2, A3, A4 are outputs from the register flip-flop.
   





   SHIFT REGISTER
· A register capable of shifting its binary Information, either to left or right is called shift register.
· Shift register consists of a chain of |Flip-Flop.
· The outputs Flip-Flop connect to the input of the next Flip-Flop.
· All Flip-flops receive a common clock pulse.
· Memory unit is a collection of strong register together with a associated circuit needed to transfer information in and out of the register in storage memory unit are called memory register.
· Memory unit stored binary information in group called word, each being stored in a memory register. A word in a memory is on entity of “n” bit that moves in and our storage.
 (
Serial Input
CP
Serial 
Input
Shift Register
D          Q
D          Q
D          Q
D          Q
)










RIPPLE COUNITERS
· In ripple counter, the flip-flop output transition serves as a source for triggering other flip-flop in the other words, the CP inputs of all flip-flop (except the first) are triggered not by the incoming pulse but rather by the transition that occurs in other flip-flops.
In a synchronous counter, the input pulses are applied to all CP inputs of all flip-flops.  The change of state of a particular flip-flop is dependent on the present state of other flip-flops.
BINARY RIPPLE COUNTER
	A binary ripple counter consists of a series connection of complementing flip-flops (T or JK type), with the output of each flip-flop connected to the CP input of the next higher-order flip-flop. 
The diagram of a 4-bit binary ripple counter is shown in Fig. 7-12.  All J and K input are equal to 1. 	
 (
Q      J
        K
 
Q      J
        K
Q      J
        K  
Q      J
        K  
)        A4                                 A3                      A2                          A1



To Next
Stage
                           Fig. 7-12 4- bit binary ripple counter.

BCD RIPPLE COUNTER
	A decimal counter follows a sequence of ten states and returns to 0 after the count of 9.  Such a counter must have at least four flip-flops to represent each decimal digit, since a decimal digit is represented by a binary code with at least four bits. The sequence of states in a decimal counter is dictated by the binary code used to represent a decimal digit. If BCD is used, the sequence of states is as shown in the state diagram of Fig.7-13.  This is similar to a binary counter, except that the state after 1001 (code for decimal digit 9) is 0000 (code for decimal digit 0).
 (
 0000
  0110
  1001
  0111
    1000
  0101
  0001
   0010
  0011
  0100
) 

                                                                                                       










SYNCHRONOUS COUNTER
· In a synchronous counter, the input pulses are upplied to all Cp input of all FLIP-FLOP.
· The change of state of a particular FLIP-FLOP is dependent on the present state of other FLIP-FLOP.
· The synchronous counter support three different types are,
i. BINARY COUNTER 
ii. BINARY UP DOWN COUNTER
iii. BCD COUNTER
Binary Counter
· The design of binary counter is so simple.
· It is no need to gothrow a sequencial logic design process.
· The flip-flop is the lowest order position is complimented with every pulses.
· It support JK flip- flop.
 (
           Q
K     
   
  J
               Q         
K            J
                Q
K       
   
  J
                 Q
K              
   
 J
)







Binary Up-Down Counter
· The design of binary counter is so simple.
· It is no need to gothrow a sequencial logic design process.
· The flip-flop is the lowest order position is complimented with every pulses.
·  (
Q’
     
   
  Q
T
     
   
 
     
 J
 
Q’
        Q         
T
        
Q’
          Q
K       
   
  
   
J
Q’
          Q
K              
   
 J
Down
Up
4 bit - 
Binary Up Down Counter
CP
A1
A4
A3
A2
)It support JK flip- flop.










BCD Counter
· BCD counts in binary coded decimal.  From 0000 to 1001
· The written to zero after a count of 9.
· BCD counter does not have the regular patten as in straight binary.
THE MEMORY UNIT
· Registers may classified as either operational or storage.
· An operational register is capable of storing binary information.
· A storage register is used for temporary storage of binary information.
 (
MOMERY UNIT
n word
m bits per word
Memory Address register
Memory buffer register
Read
       Control Signal
Write
In       out
Information
Input Address
)	










Memory Unit
A memory unit stores binary information in groups called words being stored in a memory register . a word in memory ia an entity of n bits that moves in and out of storage as a unit. A memory word may represent an operand an instruction , a group of alphanumeric characters or any binary coded in formation .
Memory Register
Memory unit is a collection of stoage register together with the assoicated circuits needed to transfer information in and out the register. The storage register in a memory unit called memory registers
Memory address register
The memory address register specifies the memory word selected. Each word in memory is assigned a number identification starting from 0 up to the maximum number of words avialable. To communicate with a specific memory word , its location number . or address , is transferred to the adress register.
Control register
The two control signals applied to the memory unit are called read and write.  A write signal specifies a transfer-in function; a read signal specifies a transfer-out function.Two control register apply the memory init are called read and write.The read signal specifies a transfer our function.
Infoirmation Trasfer
The information transfer to and from rigister in memory and the external environment is communicated through one common register called the memory buffer register.


---------------------------------------------End-----------------------------------------
 
