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Review 2 – Sequential Logic 

• Sequential Logic

– Flip flops and Latches

– Asynchronous and Synchronous Counters

• Mod Number, Frequency Division

– 555 Timer

– General Counter Design

• JK and D FF excitation Tables



Latches, Flip-Flops…

Latch is: 

Asynchronous

Output is triggered by input signals

  

Flip-flop: 

Synchronous

Edge triggered by clock signal



The NAND gate latch and truth table.

Active LOW



Exercise: Latches 



Exercise: Latches 



The NOR gate latch

• SET = CLEAR = 0: Normal resting state – no effect on O/P state.

• SET = 1, CLEAR = 0: gets Q = 1, will remain when SET goes LO.

• SET = 0, CLEAR = 1: Clear to Q = 0, remain when CLEAR goes LO.

• SET = 1 = CLEAR, Tries to set and clear simultaneously, not allowed.

NOR Gate

A B X

0 0 1

0 1 0

1 0 0

1 1 0

Active High



Clocked SC Flip Flop



Internal circuitry of the edge triggered S-C FF

Consists of three different sections:

1. A basic NAND gate latch (NAND 3 and NAND 4)

2. Pulse steering circuit (NAND 1 and NAND 2)

3. Edge detector circuit
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Edge detector circuits.

PGT

Positive Going Transition 

NGT

Negative Going Transition



11

Clocked J-K Flip Flop (triggers on PGT)
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Clocked J-K Flip Flop (triggers on PGT)
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Internal circuitry of edge triggered J-K flip flop.
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Clocked D Flip-Flop

• One data input.

• The output changes to the value of the input at 

either the positive going or negative going clock 

trigger (device dependent) .

• May be implemented with a J-K FF by tying the J 

input to the K input through an inverter.

• Useful for parallel data transfer.
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D FF implementation from a J-K FF

J-K flip flop

D flip flop
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D flip flop triggering on PGT’s
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D flip flop triggering on PGT’s

Q is always the same as D

but updates on PGT only
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D Latch (Transparent Latch)

• One data input.

• The clock has been replaced by an enable (EN) line.

• The device is NOT edge triggered.

• The output follows the input only when EN is active.
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Structure of the D latch
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Operation of the D latch
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• The labels PRE and CLR are used for 
asynchronous inputs.

• Active low asynchronous inputs will have a bar 
over the labels and inversion bubbles.

Clocked J-K FF with asynchronous inputs.
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Clocked FF responding to asynchronous inputs
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Clocked FF responding to asynchronous inputs



FF Practical Timing Considerations
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Multivibrators

Latches and flip-flops are considered up to now can be 
described as bistable multivibrators – they have two  
equally stable O/P states. The device will be put in one of 
these states depending on the status of the input at the 
time of the clock pulse

However, we can define two more types of multivibrators:

1. Monostable multivibrator

2. Astable multivibrators



A monostable multivibrator (also called a one-shot) has 

only one stable state – the default or resting state. 

The device will be in this stable state until triggered – 

then reverts to unstable state for a specific length of 

time. 

The time in this quasi-stable state is determined by 

external components (usually resistors and capacitors). 

Such monostable is normally used for simple timing 

applications, as capacitors and resistors often have poor 

stability.



An  astable multivibrator has two equally stable output states 
and will constantly flip between these states while the device 
is running. 

This continuous HI-LO-HI-LO output thus makes it ideal for 
use as a clock signal. The frequency of output will again be 
determined by external resistors and capacitors that can be 
connected to the device. 

However, the precision and stability of these external 
components are again generally poor, so that such a clock 
will not be used in high precision applications. 



Setting the time constant in monostables and astables. 

We will normally use external components (resistors and 
capacitors) to set the timing of astable and monostables.  
The figure below shows how the RC  time constant will 
determine the time in the unstable state (HI) for a 
monostable. 



Operation of a One-Shot

Will be in the 

stable state until 

triggered – then 

in the unstable 

state for a  time 

determined by 

the external 

components



Comparison of a non-retriggerable and retriggerable OS



The 555 Timer 

The 555 timer is a very useful IC as it can be configured as 

either a monostable or astable multivibrator.



555 Timer connected as a one-shot (monostable)

External R1 and C1 connected as shown below.

tw = 1.1 R1C1

Control input not used – 

connected to decoupling 

capacitor to limit noise.



Prior to triggering

O/P is LO and Q1 is ON – 

keeps C1 discharged.



When triggered

NG trigger pulse is 

applied – Comparator B 

switches to HI and the 

O/P switches to HI

Q1 turns off

Capacitor C1 starts to 

charge through R1



At end of charging interval

As C1 charges up 

to 2/3 Vcc, the O/P 

of comparator A will 

go HI at t1

Will reset the latch

O/P goes LO at t1 

Q1 will turn ON and 

discharge C1

Ready for next 

trigger



Astable Multivibrators = Clocks

Astable or free-running multivibrators switch back and forth 

between two unstable states.  This makes it useful for 

generating clock signals for synchronous circuits.

Different applications place varying demand on clock circuits 

in terms of precision and long term stability

• Low end – Digital IC based clocks

• Medium – Crystal oscillator circuits

• Temperature controlled crystal oscillators, atomic clocks



The 555 connected as an astable (free running) multivibrator



The 555 Timer as an Astable Multivibrator.





Astable operation

Threshold (6) now connected to 

the trigger (2) input

Two external resistors and a 

capacitor

2nd Capacitor (on Control) for 

decoupling only – can be left off

Initially capacitor is uncharged – 

trigger pin (2) is at 0V

This causes O/P of Comp B = 

HI and Comp A = LO This will 

keep Q1 OFF

Capacitor will now start to 

charge  through R1 and R2

When it reaches 1/3 Vcc Comp 

B will switch to LO,  when it 

reached 2/3 Vcc Comp A will 

switch to HI – Will now reset the 

latch.

This switches on Q1 and 

discharges capacitor through 

R2.

When capacitor discharges to 

1/3Vcc Comp B goes HI and 

sets the latch again.

This turns off Q1 – Another 

charge cycle of the capacitor 

starts
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Counters and Register  

Synchronous vs Asynchronous Counters

• Combining flip-flops and logic gates to form 

various counters and registers.

• Asynchronous (Ripple) Counters

• Synchronous (Parallel) Counters



Asynchronous (Ripple) Counters

flip flop Aflip flop D           flip flop C          flip flop B



Asynchronous (Ripple) Counters

• MOD number is equal to the number of states 
that the counter goes through before recycling.  
Adding flip flops will increase the MOD number.

• MOD number = 2n, where n = number of flip-flops.

• The output of the last flip flop (MSB) divides the 
input clock frequency by the MOD number. 



Counters with MOD Number <2N

The MOD of a 
counter can be 
changed by 
designing the 
counter to reset on 
a specific counter 
state. 

Turns MOD 8 counter 

into a MOD 6 counter



Counters with MOD Number <2N

The MOD of a 
counter can be 
changed by 
designing the 
counter to reset on 
a specific counter 
state. 

Turns MOD 8 counter 

into a MOD 6 counter



MOD number and frequency @ D  for counters below?

Reset on 1110 (1410)

Thus MOD 14 cntr*

F = 30kHz/14 

= 2.14 kHz

Reset on 1010 (1010)

Thus MOD 10 cntr*

F = 1 MHz/10 

= 100 kHz

* The reset state is not a counting state



2. Designing a MOD 60 Counter



An IC asynchronous counter – the 74LS293
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An IC asynchronous counter – the 74LS293



An IC asynchronous counter – the 74LS293



- 4 JK flip flop (FFs)

– Each FF has NGT CP (CLK) input

– Each FF has active low asynchronous 

CLEAR inputs (MR1 and MR2 through NAND 

gate). Both MR I/P’s must be HI to clear the 

counter to 0000.

– FF’s Q1, Q2, and Q3 are connected as a 3 bit 

ripple counter.  Q0 is not connected internally, 

which allows flexibility in design.

An IC asynchronous counter – the 74LS293



74LS293 as a MOD 10 counter

Should reset on 1010



74LS293 as a MOD 14 counter

Should reset on 1110



Asynchronous Down Counter

A: Toggles as normal

B: Toggles when A 

goes LO to HI

C: Toggles when B 

goes LO to HI

Solution: Drive each clock 

input from the inverted input of 

the preceding FF



Asynchronous Down Counter

MOD 8 down counter



The Problem with 

Ripple Counters: 

Propagation Delay

Copyright ©2004 by Pearson Education, Inc.

Upper Saddle River, New Jersey 07458

All rights reserved.

For proper operation:

TclockN x tpd

Fmax=1/(N x tpd)

where N = number of FFs.



Example: Four bit ripple counter constructed from a 74LS112 J-

K FF. 

tPLH = 16 ns and tPHL = 24 ns

What is highest frequency that can be used ?

fmax = 1/(4 x 24 ns) = 10.4 MHz

This frequency limitation inhibits the use of asynchronous 

counters at moderately high frequencies



Example: What is the highest frequency that a ripple counter 

with a MOD number 60 constructed from a 74LS112 J-K flip 

flop can operate at? 

tPLH = 16 ns and tPHL = 24 ns



Example: What is the highest frequency that a ripple counter 

with a MOD number 60 constructed from a 74LS112 J-K flip 

flop can operate at? 

tPLH = 16 ns and tPHL = 24 ns

fmax = 1/(6 x 24 ns) = 6.9 MHz



Synchronous (Parallel) Counters

• Solution to the previous problem - All FFs are 
triggered by CPs simultaneously

• Each FF has J and K inputs connected so they are 
HIGH only when the outputs of all lower-order FFs 
are HIGH.

• The total propagation delay will be the same for 
any number of FFs.

• Synchronous counters can operate at much higher 
frequencies than asynchronous counters.



Synchronous MOD 16 counter

flip flop D                               flip flop C                                 flip flop B              flip flop A



Synchronous MOD 16 counter

Truth table



Synchronous Down and Up Counters

• The synchronous counter can be converted to a 

down counter by using the inverted FF outputs to 

drive the JK inputs.

• A synchronous counter can be made an up/down 

counter by suitable connections.

• Available in IC form with Up/Down control input.



MOD 8 Up/Down Counter



Presettable Counters

• A presettable counter can be set to any desired 
starting point either asynchronously or 
synchronously.

• The preset operation is also called parallel loading 
the counter.

• The next figure illustrates an asynchronous preset.

• There are several TTL and CMOS devices that 
provide both synchronous and asynchronous 
presetting.



In the case of the previous two  binary counters we find that the 

counters consist of:

• Sequential element (the flip flops) that provides an output (Q) 

based on the state of their J, K inputs when the synchronous clock 

pulse occurs.

• The combination logic elements  that ensures the J,K inputs are as 

desired to achieve the correct transitions in the FF.

• We could design the 4 bit up counter rather intuitively and with a 

little bit more thinking provide the up-down facility for the 3-bit 

counter.

• Will now look at a general procedure for designing synchronous 

counters, taking into account that the states may not be the normal 

binary order.   

General Counter Design



Present

     Q

Next

   Q

J K

0 0 0 x

0 1 1 x

1 0 x 1

1 1 x 0

In short, the excitation table for J-K flip flops



Similarly for D FF’s

Truth Table

Present 

State        

Q(n)

Next State     

Q(n+1)

Input     

D

0 0 0

0 1 1

1 0 0

1 1 1

Excitation table



Example from class: regular up counter

Present 

State 

Q(n)

Next 

State 

Q(n+1) FF States Needed

C B A C B A Jc Kc Jb Kb Ja Ka

0 0 0 0 0 1 0 x 0 x 1 x

0 0 1 0 1 0 0 x 1 x x 1

0 1 0 0 1 1 0 x x 0 1 x

0 1 1 1 0 0 1 x x 1 x 1

1 0 0 1 0 1 x 0 0 x 1 x

1 0 1 1 1 0 x 0 1 x x 1

1 1 0 1 1 1 x 0 x 0 1 x

1 1 1 0 0 0 x 1 x 1 x 1



Step 5: Design the logic circuits needed to generate the levels 

required at each J and K input.

Method 1: Use K-maps for simplification and implement the 

combinational logic circuit for each of the J,K inputs.

For Jc

/A A

/C/B 0 0

/C.B 0 1

C.B x x

C./B x x

Jc=AB

For Kc

/A A

/C/B x x

/C.B x x

C.B 0 1

C./B 0 x

Kc=AB



For Jb

/A A

/C/B 0 1

/C.B x x

C.B x x

C./B 0 1

Jb=A

For Kb

/A A

/C/B x x

/C.B 0 1

C.B 0 1

C./B x x

Kb=A

For Ja

/A A

/C/B 1 x

/C.B 1 x

C.B 1 x

C./B 1 x

Ja=1

For Ka

/A A

/C/B x 1

/C.B x 1

C.B x 1

C./B x 1

Ka=1



We thus have logic requirements:

Ja = Ka = 1

Jb = Kb = A

Jc = Kc = AB 

SIMILAR TO OUR RATHER INTUITIVE DESIGN OF 

EARLIER !

This logic can be implemented either using logic gates or using 

MUXes



Logic implemented with logic gates for a 4-bit synchronous UP 

counter – same what we have intuitively done



We can also construct our logic circuit using 

multiplexers  

Recall from earlier: A multiplexer (MUX) selects one of 

multiple input signals and passes it to the output.



Example: Multiplexer used to implement a logic function 

described by the truth table.



Exercises:

Design a Mod 6 asynchronous counter using JK FFs

If the input frequency is 240 kHz, what is the output frequency?

Repeat using a synchronous design. Use JK Flipflops.

Implement the circuit using logic gates and also MUXes.
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