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A latch is an electronic logic circuit that has two inputs and one output. One of the inputs is
called the SET input; the other is called the RESET input. Latch circuits can be either active-high
or active-low.

Flip Flop & Latches are sequential circuits & they are the building block of memory units. It 
stores a single bit of data. Sequential circuit’s output depends not only on its current (Present) 
input but also on its previous output.

This SR Flip flop, also known as SR latch is an asynchronous (Independent of clock signal) 
sequential circuit made from only NAND gates. S-R represents the “set & reset” function of the 
flip flop. The bubbles at the input show that it is Active Low.

https://www.electricaltechnology.org/2018/06/digital-latches.html






D flip-flop is also known as “DATA” or “DELAY” flip-flop. It is a modified version of SR Flip-
flop with a single common input D. It stores a single data bit from the input line D.

When D = 0, the flip flop reset & the output Q becomes 0. 
When D = 1, the output is set & Q becomes 1.

D State Qnext Q’

0 Reset 0 1

1 Set 1 0



Gated D flip flop or also known as level triggered D flip flop has an extra control 
input known as “Enable” or “clock” input. when the CLK = 0, the D flip-flop holds is 
previous state. When the CLK=1, it operate as a normal D flip-flop.

CLK D State Qnext Q’

0 X Hold
Previous 

State
Previous 

State

1 0 Reset 0 1

1 1 Set 1 0







The JK flip flop is a modified version of SR flip-flop. The forbidden (Invalid) input in the SR flip 
flop is is used in JK flip-flop for the toggle function. Apart from toggle function the JK flip-flop 
works the same as SR flip-flop.

As this is a high level triggered flip-flop, the CLK signal will activate the flip-flop when CLK = 1. 
The flip-flop holds its state when CLK = 0.





Race Around Condition In JK Flip-flop – For J-K flip-flop, if J=K=1, and if clk=1 for a long period of 
time, then Q output will toggle as long as CLK is high, which makes the output of the flip-flop 
unstable or uncertain. This problem is called race around condition in J-K flip-flop. This problem 
(Race Around Condition) can be avoided by ensuring that the clock input is at logic “1” only for a 
very short time. This introduced the concept of Master Slave JK flip flop.

Master Slave JK flip flop –
The Master-Slave Flip-Flop is basically a combination of two JK flip-flops connected together in a 
series configuration. Out of these, one acts as the “master” and the other as a “slave”. The 
output from the master flip flop is connected to the two inputs of the slave flip flop whose 
output is fed back to inputs of the master flip flop.
In addition to these two flip-flops, the circuit also includes an inverter. The inverter is connected 
to clock pulse in such a way that the inverted clock pulse is given to the slave flip-flop. In other 
words if CP=0 for a master flip-flop, then CP=1 for a slave flip-flop and if CP=1 for master flip flop 
then it becomes 0 for slave flip flop.



Working of a master slave flip flop –
When the clock pulse goes to 1, the slave is isolated; J and K inputs may affect the state of 
the system. The slave flip-flop is isolated until the CP goes to 0. When the CP goes back to 
0, information is passed from the master flip-flop to the slave and output is obtained.
Firstly the master flip flop is positive level triggered and the slave flip flop is negative level 
triggered, so the master responds before the slave.

If J=0 and K=1, the high Q’ output of the master goes to the K input of the slave and the 
clock forces the slave to reset, thus the slave copies the master.
If J=1 and K=0, the high Q output of the master goes to the J input of the slave and the 
Negative transition of the clock sets the slave, copying the master.
If J=1 and K=1, it toggles on the positive transition of the clock and thus the slave toggles 
on the negative transition of the clock.
If J=0 and K=0, the flip flop is disabled and Q remains unchanged.
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Asynchronous (Ripple) Counters
▪ Propagation delays in an asynchronous (ripple-

clocked) binary counter.

▪ If the accumulated delay is greater than the clock 
pulse, some counter states may be misrepresented!

4321CLK

Q0

Q1

Q2

tPLH

(CLK to Q0)

tPHL (CLK to Q0)

tPLH (Q0 to Q1)

tPHL (CLK to Q0)

tPHL (Q0 to Q1)

tPLH (Q1 to Q2)







A Modulo-5 Counter
Suppose we want to design a MOD-5 counter, how could we do that. First we know that 
“m = 5”, so 2n must be greater than 5. As 21 = 2, 22 = 4, 23 = 8, and 8 is greater than 5, then 
we need a counter with three flip-flops (N = 3) giving us a natural count of 000 to 111 in 
binary (0 to 7 decimal).











CS1104-13 Synchronous (Parallel) Counters 108

Synchronous (Parallel) Counters
▪ Example: 3-bit synchronous binary counter (using T 

flip-flops, or JK flip-flops with identical J, K inputs).

Present Next Flip-flop
state state inputs

A2 A1 A0 A2
+

A1
+

A0
+

TA2 TA1 TA0

0 0 0 0 0 1 0 0 1
0 0 1 0 1 0 0 1 1
0 1 0 0 1 1 0 0 1
0 1 1 1 0 0 1 1 1

1 0 0 1 0 1 0 0 1
1 0 1 1 1 0 0 1 1
1 1 0 1 1 1 0 0 1
1 1 1 0 0 0 1 1 1

TA2 = A1.A0

A2

A1

A0

1

1

TA1 = A0 TA0 = 1

A2

A1

A0

1

1 1

1

A2

A1

A0

1 1 1

11 1 1

1
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Introduction: Registers
▪ An n-bit register has a group of n flip-flops and 

some logic gates and is capable of storing n bits of 
information.

▪ The flip-flops store the information while the gates 
control when and how new information is 
transferred into the register.

▪ Some functions of register:
❖ retrieve data from register
❖ store/load new data into register (serial or parallel)
❖ shift the data within register (left or right)
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Shift Registers
▪ Basic data movement in shift registers (four 

bits are used for illustration).

Data in Data out

(a) Serial in/shift right/serial out

Data inData out

(b) Serial in/shift left/serial out

Data in

Data out

(c) Parallel in/serial out
Data out

Data in

(d) Serial in/parallel out
Data out

Data in

(e) Parallel in / 
parallel out

(f) Rotate right (g) Rotate left
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Serial In/Serial Out Shift Registers
▪ Accepts data serially – one bit at a time – and 

also produces output serially.

Q0

CLK

D

C

Q
Q1 Q2 Q3Serial data 

input
Serial data 
output

D

C

Q D

C

Q D

C

Q



Serial In/Serial Out Shift Registers
▪ Application: Serial transfer of data from one 

register to another.

Shift register A Shift register B
SI SISO SO

Clock

Shift control

CP

Wordtime

T1 T2 T3 T4

CP

Clock

Shift 
control



Serial In/Serial Out Shift Registers
▪ Serial-transfer example.

Timing Pulse Shift register A Shift register B Serial output of B

Initial value 1 0 1 1 0 0 1 0 0

After T1 1 1 0 1 1 0 0 1 1

After T2 1 1 1 0 1 1 0 0 0

After T3 0 1 1 1 0 1 1 0 0

After T4 1 0 1 1 1 0 1 1 1



Serial In/Parallel Out Shift Registers
▪ Accepts data serially.

▪ Outputs of all stages are available simultaneously.

Q0

CLK

D

C

Q

Q1

D

C

Q

Q2

D

C

Q

Q3

D

C

QData input

D

CCLK

Data input

Q0 Q1 Q2 Q3

SRG 4

Logic symbol



Parallel In/Serial Out Shift Registers
▪ Bits are entered simultaneously, but output is serial.

D0

CLK

D

C

Q

D1

D

C

Q

D2

D

C

Q

D3

D

C

Q

Data input

Q0 Q1 Q2 Q3

Serial 
data 
out

SHIFT/LOAD

SHIFT.Q0 + SHIFT'.D1



Parallel In/Serial Out Shift Registers
▪ Bits are entered simultaneously, but output is serial.

Logic symbol

CCLK

SHIFT/LOAD

D0 D1 D2 D3

SRG 4
Serial data out

Data in



Parallel In/Parallel Out Shift Registers
▪ Simultaneous input and output of all data bits.

Q0

CLK

D

C

Q

Q1

D

C

Q

Q2

D

C

Q

Q3

D

C

Q

Parallel data inputs

D0 D1 D2 D3

Parallel data outputs





A/D  and   D/A  
Converters



Digital to Analog Converter

In electronics, a digital to analog converter is a
system that converts a digital signal into an
analog signal. DAC’s are commonly used in
music players to convert digital data streams
into analog audio signals. They are also used in
televisions and mobile phones to convert
digital video data into analog video signals.



Weighted  resistor type DAC



Weighted resistor type DAC

Weighted  means  each  bit  is  having weight  in  the  sequence      

8         4          2          1

MSB                           LSB

The  op-amp  is  used  to  produce  a  weighted  sum  of  the  
digital  inputs , where  the  weights  are  proportional  to  the  
weights  of  the  bit  positions  of  inputs.

The  MSB  resistance  is  1/8  of  the LSB  resistance .

The  circuit  is  acting  as  summing  amplifier.



For  first  input , i.e. , D0 , output  will  be 

= [-Rf / 8R]*D0 equation 1

For  second  input , i.e. , D1 , output  will  be 

= [-Rf / 4R]*D1                                  equation 2

For  third  input , i.e. , D2 , output  will  be 

= [-Rf / 2R]*D2                                  equation 3

For  MSB , R , output  will  be 

= [-Rf / R]*D3                                    equation 4

Adding  equation 1 to  equation 4

Vout = -Rf / R [D0/8 + DI/4 + D2/2 + D3]







Analog to Digital Converter

In electronics, an analog to digital converter is
a system that converts an analog signal, such
as sound picked by a microphone or light
entering a digital camera, into a digital signal.
An ADC is also an electronic device that
converts an analog voltage or current to a
digital number representing the magnitude of
the voltage or current.



Dual  slope  ADC



Dual  slope  ADC

Principle

The  principle  is  to  first integrate  the  analog  input  signal  
Vin  for  a  fixed  duration  of 2n clock  periods Then  it  
integrates  an  internal  input   reference  voltage  Vr of  
opposite  polarity  until  the  integrator

output  is  zero . The  number  n  of  clock  cycle  required  to  
return  the  integrator  to  zero  is  proportional   to  the  value  
of  Vin  averaged  over  integration  period . Hence  n  is  the  
desired  output  

code .



Dual  slope  ADC

Working

Assume  counter  is  reset  and  output  of  integrator  is  zero.

Connect the  switch  to  Vin . Assume  that  input  is  negative  
and  is  constant  for a  period  of  time, so  output  of  
integrator  is  a  positive  ramp . The  ramp  is  allowed  to  
continue  for  a  fixed  time  and  voltage  it  reaches  in  that  
time  is  directly  dependent   on  analog  input . 

Then  counter  is  reset  and  switch  is  connected  to  a  Eref.  
having  positive  ramp.

Then  AND  gate  is  enabled  and  counter  starts  counting . 
When  ramp  reaches  0V , comparator  output  becomes  
LOW  and  counter  stops  counting .  



Successive  Approximation  Method of ADC



Successive  Approximation  Method of ADC

Principle

The bits of DAC are enabled one at a time , starting with
MSB . As each bit is enabled , the comparator produces
an output that indicates whether the analog input voltage
greater or less than output DAC ( Vax) . If D/A output is
high , causing the bit in control register to reset and if
D/A output is low , the bit is retained in control register .
The system enables the MSB first , then the next
significant bit and so on .



Successive  Approximation  Method of 
ADC

Working

Suppose unknown input voltage Va = 10

On first clock pulse , output register is loaded with 1000 , which is converted by
DAC to 8V . So Vdac<Va . So control logic retains that bit , so output is 1000 .

On second clock pulse , output register is loaded with 1100 . So Vdac = 12V , which
is greater than Va

So control logic clears that bit , so output = 1000 .

On third clock pulse , output register is loaded with 1010 . So Vdac = 10V which is
greater than Va, control logic retains that bit . So output = 1010.

The control logic is loaded with 1011 , Vdac = 11V , which is greater than Va . So
output = 1010 , which is nearest integer value to the input 10.3V .

At this point , conversion is complete and EOC is activated by control logic .





An arithmetic logic unit(ALU)is a
combinational digital electronic
circuit that performs arithmetic and
bitwise operations on integer binary
numbers.
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Symbolic Represantation of ALU

• A symbolic representation of  an ALU and its input and 
output signals , indicated by arrows pointing into or out of 
the ALU, respectively .Each arrow represents one or more 
signals . Control signals enter from the left and status signals 
exit on the right; data flows from top to bottom .
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• A basic ALU has thee parallel data
buses consiting of two inputs
operands(A and B) and result output
(Y).Each data bus is a group of signals
that conveys one binary integer
number. Typically, the A,B and Y bus
widths(the number of signals
comprising each bus) ae identical nd
match the nativve word size of the
external circuitry.

136



l

The function of various pins is also 
shown.Supply is given at Pin.24 and Pin 12 
is grounded. Pin 14 performs the function 

of comparator . Pin7 perform the mode 
control function. The two inputs A and B 
are compared by Pin14. Carry output is 
generated at pin16 and the  output is 

generated at pin17. output is propagated 
from pin15.IC  is capable of performing 16 
different operations depending upon the 
select lines S0,S1,S2 and S3 at pin no 3 to 

6.



Pin diagram of 74181 ALU
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Applications
• The ALU is responsible for complex 

mathematical calculations,such as floating 
point math . It does  not have any specific 
additional use as related to databases,except 
to say that the database ,as any other 
software ,uses the ALU  to perform sums, 
averages, and so on duriinng queries.
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