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Sequential Systems

Candidates will be able to:

(a)	 draw	the	circuit	diagram	and	describe	the	action	of	rising-edge-triggered	D-type	flip-flops	used	
in data transfer, latches, 1-bit and 2-bit binary up-counters

(b)	 complete	timing	diagrams	for	D-type	flip-flops	used	in	data	transfer,	latches,	1-bit	and	2-bit	
binary up-counters

(c) complete a truth table to show the signals needed to display a given character on a common 
cathode 7-segment display

(d) describe the action of and draw timing diagrams for dedicated binary and BCD counters

(e) recognise and analyse the block diagram and timing diagrams for a single digit decimal count-
ing system consisting of:  4-bit BCD counter, decoder/driver and 7-segment display

(f) design and analyse systems using counters (which reset at a given value) and combinational 
logic to produce a given sequence

(g) design a sequencer using a 4017 decade counter and draw timing diagrams
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Sequential Systems

In Component 1 we considered combinational logic systems where the output depended only on the current 
state of the inputs

Sequential logic systems involve feedback, so that the previous state of the output of the logic system also 
has an impact on whether a change in the inputs produces a change in the output(s).

D-type Flip-Flops 

In the last Chapter we considered the operation of a monostable timer which had one stable state, and an 
astable which had no stable states. In this section we will consider a bistable, or flip-flop, which has two 
stable states. This means that an output can be switched from logic 0 to 1, or logic 1 to 0 when required, 
but once set into either of these states it will remain there indefinitely, so long as the power is maintained.

There are many uses for D-type flip-flops in electronics such as:

i. Data transfer
ii. Latches
iii. Counters

D-type flip-flops are available in a 14-pin dual-in-line (DIL) package, as they contain two 
identical but completely separate D-type flip-flop circuits. The symbol for this D-type flip-flop 
is shown opposite.

The terminal labelled ‘D’ is called the data input terminal, and this is where the flip-flop receives data.

The terminal labelled ‘Q’ is the output terminal, and Q is the inverse output terminal where the logic level 
will always be the opposite of ‘Q’.

The terminal labelled ‘>’ is called the clock input.

Two additional connections are also shown, S and R. These are connections which enable the user to SET 
the output (make Q = 1, and Q = 0) by applying a logic 1 to the S input. Similarly the user can RESET the 
output (make Q = 0, Q= 1) by applying a logic 1 to the R input. 

Q will remain at logic 0 for as long as R is at logic 1. These changes happen irrespective of the state of 
either D or the clock (>) inputs.

The R and S inputs will automatically appear in simulation circuits.

In exercise and examination questions the R input will only be shown in circuits that require its use. We will 
not consider the S input in this course and it will not be shown on these diagrams. 
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Data transfer 

When a logic 1 signal is applied to a clock (>) input, whatever logic state is present at the D, input will be 
transferred to the Q output. Special circuitry inside the D-type ensures that this transfer only occurs when 
the clock signal is changing from logic 0 and logic 1.

This action is usually referred to as rising-edge triggered. Once the clock signal reaches logic 1 any 
further changes at the D input will not be transferred to the output until another rising edge signal is applied 
to the clock input.

Example:

The diagram opposite shows a rising-edge-triggered D-type flip-flop. 
The following graphs show the signals applied to the D and clock (>) inputs. Complete the 
remaining graphs to show the output Q and Q :

In this example, only the rising edges of the clock pulses are important, since this is the only time that the 
logic state of D can be transferred to Q.

Q

Q

D

Clock
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Step 1: identify the rising edges of the clock pulses.
 

Step 2: transfer the logic state of D, to Q only at the times where the clock pulse is rising.

Q

Q

D

Clock

Q is a logic 0 for these
three rising edges.

Q is a logic 1
for this rising
edge.

Q

Q

D

Clock
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Step 3: Complete Q which will be opposite of Q.

Q

Q

D

Clock

Q is a logic 0 for these
three rising edges.

Q is a logic 1
for this rising
edge.

     GCSE Electronics – Component 2: Application of ElectronicsChapter 2 − Sequential Systems

37



© WJEC 2017

Investigation 2.1

Note:  If you are setting this circuit up on Circuit Wizard ensure the voltage setting for the flip-flop is set to 
the same voltage as the power supply. Go to:

 Project → Simulation →	Power supply and check that the voltage is set to 9 V.

a) Set up the circuit and complete the table for the input sequence provided.

 

 Remember:

• switch open – input is logic 0;
• red LED on – Q output is at logic 1;
• green LED on – Q output is at logic 0.

b) Study the truth table to help you complete the following statement:

 The signal at the D input is transferred to the Q output when the signal at the clock input  changes  
 from logic …… to logic……

Clock 
(SW1)  

Data 
(SW2)   Q  

0 0   

0 1   

1 1   

0 1   

0 0   

1 0   

0 1   

Q
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Exercise 2.1 

1. The diagram shows a rising-edge-triggered D-type flip-flop. 

a) The following graphs show the signals applied to the D and clock (>) inputs.  
 Complete the remaining graphs to show the output Q and Q.

Q

Q

D

Clock
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b) Repeat part a) for the following signals applied to the D and clock inputs.

Q

Q

D

Clock
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2. The circuit below shows a rising-edge-triggered D-type flip-flop. 

The following graphs show the signals applied to the D, R and clock (>) inputs. Complete 
the remaining graphs to show the output Q and Q .
 

D

R

Q

QQ

Q

R

D

Clock
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Practical implications

There are some subtle differences in the symbols used for D-types in different IC (integrated circuit) 
families. When researching for use in projects or practical work you should check which type you are using. 

The variations of symbols you are likely to come across are:

 Set and Reset active high 

 A logic 1 signal applied to these inputs activates that function.

 Notice the two alternatives for the Q (Q bar) output – the lower left-hand symbol has a bar over the  
 Q whilst the lower right-hand symbol has a circle on the terminal to indicate an inverted output. (You  
 have already come across this when NAND and NOR gates were introduced.)

 Set and Reset active low 

 A logic 0 signal applied to these inputs activates that function. 

                                                                                             
 Notice the alternatives for the Set and Reset inputs. In the diagram on the left there is a bar over  
 the symbols for the S and R inputs, whilst the centre diagram has a circle on these terminals to   
 indicate inverted inputs. The Diagram on the right is very similar to the centre one except that the R  
 input has been replaced with a C input (clear).
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D-type	flip-flop	used	as	a	latch

As well as transferring data from one terminal to another on the rising edge of the clock pulse a D-type flip-
flop can also be used to make a latch.

The circuit diagram for this application is shown below:

Notice that the D input is permanently connected to the positive of the power supply (logic level 1). A 
momentary press on switch S1 provides a rising-edge clock pulse to the D-type and this logic 1 from the 
D input is passed through to the Q output. The Q output will remain at logic 1 until the D-type is reset by 
momentarily pressing switch S2. 

The action of the latch is summarised in the following graph:

The rising-edge clock pulse could also be provided by a sensing sub-system or the output from a logic gate.

S1 Pressed here 

    Q 
Output 

Clock  

time 

time 
Reset S2 Pressed here 

time  
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Investigation 2.2  

a) Set up the D-type latch shown below:

 b) Complete the table for the input sequence provided. 

 Remember:
• Switch open – input is logic 0;
• Red LED on – Q output is logic 1
• Green LED on – Q output is logic 1

 

c) Which line of the table demonstrates the latching action ……………………
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Exercise 2.2

1. The incomplete circuit diagram below shows a design for an alarm to protect a bank safe. It contains 
 a latch based on a D-type flip-flop.

 a) Draw in the two connections required so that the LED comes on when the Q output of the  
  D-type is high.

 b) The system should work as follows:

• The D input state is transferred to Q when the clock (CK) rises from logic 0 to 1.
• When the safe door is closed a magnet closes the reed switch and the alarm is armed.
• When the safe door is opened the LED latches on.
• The system is reset by momentarily closing the push switch.

 

i)   What is the logic level at point Y when the safe door is closed? …………….
ii)   Draw in the three connections from X, Y and Z to allow the circuit to work as required.

5V

0V

X

X

Z

D

R

CK

Q
Push
Switch

Reed
Switch
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Binary Counters

Often we need to count events, such as the number of boxes moving along a conveyor belt or the number 
of cars entering a car park. We can use electronic counters to perform the counting.

In this section we will examine how the D-type can be used to make a counting system.

Configuring	the	D-Type	flip-flop	to	produce	a	divide-by-two	function 

 
Notice that the only connection is the link between Q  and D. 

A pulse generator is connected to the clock input.

Initially, Q and clock are at logic 0, and Q and D at logic 1. 
The timing diagram follows:

Clock
Input

Output

Remember: changes occur only on 
the rising edge of the clock pulse, and 
then the value of D is copied to Q. 

and
Q

Q

Clock

D
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At the first rising edge (1), input D is at logic 1, since it is connected to Q. This changes the Q output to 
logic 1, and so Q (and hence D) change to logic 0.

The outputs remain like this until the next rising edge of the clock (2).

Q

Q

Clock

D
and

The D input is now at logic 0, which is copied to the output Q. This causes Q (and D) to change to logic 1 
as shown below. 

Q

Q

Clock

D
and

You should now start to see a pattern emerging in the diagram. 
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At the next rising edge (3), the logic 1 present on the D input which is copied to the output Q, and so Q 
(and D) change to Logic 0 as shown below. 

At the final rising edge (4), there is now a logic 0 present on the D input. This is copied to the output Q, and 
Q (and D) change to logic 1 as shown below. 

This pattern would continue in the same way for further clock cycles.

Notice that the output from Q has exactly half the frequency of the clock pulse, so this circuit could also be 
used as a simple frequency divider (the divide-by-two function). 

Q

Q

Clock

D
and

Q

Q

Clock

D
and
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A 2-bit binary up-counter  

The divide-by-two action forms the basic building block of a binary counter. Another name for this circuit is a 
1-bit counter. 

Two 1-bit counters can be joined together as shown below to form a 2-bit binary up-counter:

Notice that the clock input of the second counter is connected to the Q output of the first. The timing 
diagrams follow.

Initially QA and QB are at logic 0, Clock In = logic 0, QA  = DA = logic 1, QB = DB = 1.

Clock
input

Clock In

QA

QA

QB

QB

DA

and

and
DB
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At the first rising edge of Clock In (1):

•		DA (and Q A) = logic 1, so QA 
  becomes logic 1 

•		so Q A(and DA) becomes logic 0 

•		No change to QB, as the clock 
  input to flip-flop B has gone from 
  logic 1 to logic 0, which is a   
  falling edge. 

At the second rising edge of Clock In (2):

• QA becomes logic 0, since DA 
 was logic 0 

• Q A is the opposite of QA and 
 becomes logic 1

• QB becomes logic 1 as the clock 
 input to flip-flop B has gone from 
 logic 0 to logic 1, a rising edge, 
 which copies DB to QB.

Clock In

QA

DA

and

QA

QB
and

DB

QB

Clock In

QA

DA

and

QA

QB
and

DB

QB
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At the third rising edge of Clock In (3): 

•  QA becomes logic 1, since DA

  was logic 1 

•  so Q A (and DA) become logic 0

•  QB remains logic 1 as the clock 
  input to flip-flop B went through 
  a falling edge. 

At the fourth rising edge of Clock In (4): 

• QA becomes logic 0, since DA 
 was logic 0 

• Q A is the opposite of QA and  
 becomes logic 1 

• QB copies DB and changes to 
 logic 0, as the clock input to  
 flip-flop B has gone from 
 logic 0 to logic 1, a rising edge.

Clock In

QA

DA

and

QA

QB

and
DB

QB

QB
and

DB

QB

QA

QA

DA

and

Clock In
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For further clock pulses, it is simply a case of repeating the patterns as follows:

                01            10            11            00            01            10     11            00

Looking at the values of QB and QA after each clock pulse shows us that we are counting 
up in binary.

The QA output is represented by the right-hand digit and is referred to as the least significant bit (LSB) as it 
is the one that changes the most often.

Clock In

QA

DA

and

QA

QB
and

DB

QB
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In the example at which we have just looked, there were a lot of graphs drawn but there was really no need 
to draw them all. Look at the final graphs. 

Notice: 

• QB changes on the falling edge of QA (which is the rising edge of Q A)
• The output at QB is half the frequency of QA, or a quarter of the frequency of the clock, so the 

counter is a very good frequency divider.

 We have made a 2-bit counter, with A as the least significant bit, and B the most significant bit. 

QA

QB

Clock In
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Investigation 2.3 

a) Set up the 2-bit up counter circuit shown below: 

b) Press and release the push switch SW1 and record the logic state of both outputs.

Remember:

• Red LED on – QA output is logic 1
• Green LED on – QB output is logic 1

c) Repeat part b) to complete the table. 

d) Confirm that the counter is counting up in binary.

                         

Clock 
(SW1) QB QA 

Initially 0 0 
1st 

 press   

2nd 

press   

3rd  

press   

4th  

press   

5th  

press   

6th  

press   

7th  

press 
  

 QAQB
Clock
(SW1)
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Exercise 2.3 

1. A D-type flip-flop can be used as a 1-bit counter.

 a) Draw on the diagram the two connections required to convert the D-type into a 1-bit counter,  
  connected to the pulse generator.

 

 b) The D-type flip-flop is rising-edge triggered. The Q output is initially at logic 1.

  i) Label a rising edge on the pulse generator output graph below.
  ii) Complete the graph to show the signal at the Q output.
  iii) Draw the graph to show the signal at the Q output.

 c) The system is also known as a divide-by-two circuit.
  The pulse generator has a frequency of 10 Hz.

  i) What is the frequency of the signal at the Q output? ................................
  ii) What is the frequency of the signal at the Q output? ................................

Pulse
Generator

D Q

Q

Time

Time

Time

1
Pulse
generator
output

1

1

0

Q
Output

Q
Output

0

0
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2. D-type flip-flops are used to make up a 2-bit counter. The following block diagram shows the counter  
 with three connections missing. 

 a) Complete the diagram by adding the missing connections. 

[3]
 b) Complete the following timing diagram for a 2-bit counter. Assume the flip-flops are rising- 
  edge triggered.
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Counter ICs (Integrated Circuits)

In the previous section we made a simple 1-bit counter and then extended it to 2 bits. In principle, we could 
keep adding D-type flip-flops to extend the counter to 4, 5, 6, 7 or 8 bits. In practice, this requires a lot of 
connections, which would take up a lot of space in a circuit.  

Instead, these counters are available as single-chip devices called counter ICs.

A 2-bit counter is probably easier to build from D-type flip-flops. For 3 bits or more, counter ICs will be more 
suitable, as fewer connections will need to be made. 

As was the case with D-types, there are also some subtle differences in the symbols used for counters in 
different IC families. 

The two circuit symbols for 4-bit counter ICs are as follows:

      Rising-edge triggered              Falling-edge triggered

Note:
i. The single clock input.
ii. The circle on the clock terminal of the right-hand diagram indicating falling-edge triggered.
iii. The outputs A, B, C, D, with A being the least significant bit.
iv. The reset terminal which is active high, i.e. a logic 1 causes the counter to reset. (Alternatively if 

the reset terminal is labelled R  then it is active low, i.e. a logic 0 is needed to cause the counter 
to reset.)
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The output of a 4-bit binary counter is shown below:
 

The binary digit in the ‘A’ column is referred to as the least significant bit (LSB). It is the one that changes 
the most often. 

The binary digit in the ‘D’ column is referred to as the most significant bit (MSB). It is the one that changes 
the least often. 

Types	of	counter

The number of bits (binary digits) in the counter determines the highest number it can count up to before 
resetting. A 4-bit counter can count from 0–15 in binary whereas an 8-bit counter can count from 0 to 255 
in binary. Different varieties of counter are available: up, down, up/down, rising-edge triggered, falling-edge 
triggered, binary coded decimal (BCD), decade counters, etc. BCD and decade counters are covered in the 
next section. 

Resetting a counter at a given value

Sometimes we need a counter that counts only up to five or six for example. In this case, we need to apply 
an external reset to the counter IC at the correct point in the counting sequence. To achieve this we need to 
reset the counter on the binary number that is one higher than the last number required in the sequence. 

Input Binary Output 
Event No: D C B A 

0 0 0 0 0 
1 0 0 0 1 
2 0 0 1 0 
3 0 0 1 1 
4 0 1 0 0 
5 0 1 0 1 
6 0 1 1 0 
7 0 1 1 1 
8 1 0 0 0 
9 1 0 0 1 
10 1 0 1 0 
11 1 0 1 1 
12 1 1 0 0 
13 1 1 0 1 
14 1 1 1 0 
15 1 1 1 1 
16 0 0 0 0 

Input
Event No:

Binary Output
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Example 1: using a counter with an active high reset

What is the largest number that can be displayed on the following system?

The inputs to the AND gate, come from counter outputs A and 
D. The output of the AND gate goes to logic 1 and resets the 
counter, only when both outputs go to logic 1. The first time 
this happens is when the count reaches 1001 in binary (i.e. 
decimal 9), since it is the first occasion when the A and D 
outputs are high at the same time.

The output of the AND gate changes to logic 1, approximately 
5 nanoseconds later (that’s about
5 thousand millionths of a second!), the counter resets, 
outputting ‘0000’, all in the space of a few nanoseconds. 

The effect that this has on the display is that it does not have 
time to show the number 9 before it is reset to zero. The 
sequence shown on the display will be: 0, 1, 2, 3, 4, 5, 6, 7, 8, 
0, 1, 2, etc.

Example 2: using a counter with an active low reset

What is the biggest number that can be displayed on the following system?

For counters with an active low reset a NAND gate is required. 
When both outputs go to logic 1, the output of the NAND gate goes 
to logic 0, resetting the counter.

The counter resets when outputs B and C are logic 1.
This corresponds to a counter output of binary 0110,
which is 6 in decimal, and so the largest number 
displayed will be one less than this, i.e. 5.

Note: With a counter that resets on an active high (logic 1) signal, no logic gate is needed if you want it to 
count up to 3 and reset on 4 or count up to 7 and reset on 8. The reset can be taken directly from the C or 
D output respectively as shown on the next page.
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This arrangement causes the counter to count in the following sequence:

0000, 0001, 0010, 0011, 0000, 0001, etc.

If the counter resets with an active low (Logic 0) signal and you want to count up to 3 or 7 then a NOT gate 
will be needed between the C and D output and the R input.
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Investigation 2.4 

a) Set up the following circuit using a CMOS 4516 4-bit binary counter IC.
 Initially all the LEDs should be off. If not, then keep pressing the switch ‘SW1’ until all LEDs are off.

b) Complete the table below by copying down the state of the LEDs each time SW1 is pressed and  
 then released. (Remember: LED on – output is logic 1.)

c) Check your results with the table given on page 58.

d) Make the three connections from the AND gate to the counter to allow the counter to count up to 9  
 and reset on the tenth press of SW1. Add these connections to your circuit diagram.
 
 Did the counter reset as required?……………………………………………….

Number of 
presses of SW1 

Binary Output 
D C B A 

0 0 0 0 0 
1     
2     
3     
4     
5     
6     
7     
8     
9     
10     
11     
12     
13     
14     
15     
16     

Binary OutputNumber of
presses of SW1
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Combining counters and logic circuits

One of the most common uses for counters is to automate certain electronic systems that have a 
continuously repeating pattern, e.g. traffic lights. In this final section of this topic we use a combinational 
logic circuit linked to a clock and counter to produce these fully automatic systems.

Example:

Design an automatic traffic light display to produce the following sequence: 

Fortunately we have already solved the combinational logic part of this design in Component 1. The 
solution is summarised below:

The truth table for the system is shown in the following table: 

From the truth table:

Red = NOT B 

Yellow = A

Green =  NOT A AND B

(If you are not sure how these equations and logic circuits were obtained, you can refer back to Component 
1, Chapter 6.)

 

Inputs Outputs 
B A Red Yellow Green 
0 0 1 0 0 
0 1 1 1 0 
1 0 0 0 1 
1 1 0 1 0 

OutputsInputs
Red Yellow GreenAB
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If we connect all three sections together the final design of the combinational logic system will look like this:

As it stands we would have to press switches A and B in the sequence 00, 01, 10 and 11
to observe the 4 different patterns produced.

By adding a counter and clock to the logic system the sequence will then automatically repeat itself.

The full circuit diagram is shown below: 

Notice that we only need the 2 least significant bits of the 4-bit counter.
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Investigation 2.5 

Design a disco lights system to produce the following sequence of lights. The sequence should change at a 
frequency of 2 Hz. 

a) How many outputs are required?  .......................

b) How many different output patterns are required? ......................

 How many inputs are required to generate this number of combinations? 

 ……………

c) Complete the following truth table: 

d) i) Study the X Output column and complete the Boolean expression for the X Output.

   X = .......................................................

 ii) Study the Y Output column and complete its Boolean expression.

   Y = .......................................................

 iii) Study the Z Output column and then complete its Boolean expression.

   Z = .......................................................

X
(Blue)

Y
(Red)

Z
(Green)

Inputs  Outputs  

B A   
0 0 0 0 0   
0 1   
1 0    
1 1    

No Lights on
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e) Complete the circuit diagram by adding the logic system using AND, OR and NOT gates.

f) Set up the circuit and try it out. 

 If you are using a simulator, use the clock which can be found in the Logic Gates section of the   
 Gallery. If you are building the circuit on breadboard, use a function generator set to produce a 2 Hz  
 square wave output.

g) Comment on how the circuit performed when compared to the design specification. 
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Exercise 2.4

1. The diagram below shows a circuit which makes three LEDs glow in a sequence. The clock feeds  
 one pulse every second into the 2-bit binary counter. The counter outputs (A and B) are fed into   
 logic gates. These control three LEDs.

 a) Complete columns A and B of the following truth table to show how the output states of the  
  binary counter change. A is the least significant bit. The counter is initially reset. 

 b) Complete columns R, Y and G of the truth table to show how the state of the LEDs changes  
  in response to the binary sequence. 

 c) Study the R, Y and G outputs carefully and see if you can produce a circuit diagram for the  
  required output using a less complex logic sub-system than the original one.

Pulse No B A R Y G 
0 0 0    
1      
2      
3      
4      
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2.  Design a system to produce the following sequence of lights: 

a) How many output displays are required?  ......................

b) How many different output patterns are required?  .........................

 How many inputs are required to cover this number of combinations? .....

c) Complete the following truth table: 

d) i) Study the RED column. Is it the same, or the inverse, of an input? Complete the Boolean  
  expression for the RED.
   RED = ................................................................
 ii) Study the AMBER column and complete its Boolean expression.
   AMBER = ................................................
 iii) Study the GREEN column and then complete its Boolean expression.
   GREEN =  ................................................

e) Draw a diagram for the logic system using AND, OR and NOT gates.

f) Add a counter to your system so that it will automatically step through all four states continuously.  
 Complete the circuit diagram of your solution in the space below:

Inputs Outputs 
B A Red Yellow Green 
0 0    
0 1    
1 0    
1 1    

OutputsInputs
Red Amber GreenAB

Green only

Amber only
Red only

Red and Amber

     GCSE Electronics – Component 2: Application of ElectronicsChapter 2 − Sequential Systems

67



© WJEC 2017

BCD Counters and 7-segment Displays

The previous topic covered binary counters and their use, linked to logic systems, in generating a sequence 
of output states.

Sometimes we need to view the count as it takes place, for example when counting cars entering a car 
park.  

Whilst computers count in binary, for humans it is difficult to translate a binary number such as 1010110102 
into the equivalent decimal number (316) at a glance.

To improve the readability of a counter output for humans, we need:

i. a counter that follows a decimal count sequence. i.e. 0–9
ii.  a decimal display device that is easy to read.

(i) A counter that follows a decimal count system.

Binary Coded Decimal

Look at the following table: 

The third column in this table is a modified version of binary, called Binary Coded Decimal (or BCD for 
short). In this, the maximum count is restricted to 1001, i.e. 9 in decimal. After that, resetting occurs when 
the count reaches 1010. 

Decimal  Binary  BCD  
0 0000  0000 
1 0001 0001 
2 0010  0010 
3 0011  0011 
4 0100  0100 
5 0101  0101 
6 0110  0110 
7 0111  0111 
8 1000  1000 
9 1001  1001 
10 1010 0001 0000 
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The binary counter IC can be made into 
a BCD counter as shown below.
When the reset is active low, a NAND 
gate is used:

When the reset is active high, an AND 
gate is used:

(ii) A decimal display device that is easy to read.

7-segment displays

The most common display for counting systems is the 7-segment display – a single package that has 7 
LEDs arranged as shown below.

A B C D 
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Each LED (or segment) can be controlled independently and is used to create our familiar numbers as 
shown below:

When the 7-segment display is manufactured with all seven anodes connected together then the display is 
referred to as a common anode display. Common anode displays are controlled by ICs that sink current.  

When the display is manufactured with all seven cathodes connected together then the display is referred 
to as a common cathode display. Common cathode displays are controlled by ICs that source current. 

The circuit symbol for a 7-segment display is shown in the following diagram:

Current limiting resistors

The best method of limiting the current through a 7-segment 
display is to use a current-limiting resistor in series with each of 
the seven LEDs.

The brightness of a particular LED does not depend on the state 
of the other six LEDs.
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If you were not particularly concerned with a constant 
brightness, then a single limiting resistor could be used.

The brightness now depends on how many segments are 
illuminated.

Decoder/Driver ICs

Next, we need an interface to link the BCD counter to a 7-segment display

The purpose of the interface unit is to convert the BCD output from the counter into appropriate logic 
signals to light the correct segment of the display. 

We can show this in a truth table as shown below: 

The interface unit is a complex logic system that has 4 inputs and 7 outputs. We do not need to know 
the exact logic function required for each output since a dedicated IC, such as a decoder/driver IC, is 
available. 

The device performs two functions for us:

• It decodes the BCD counter outputs A, B, C and D into the 7 input signals a, b, c, d, e, f, g 
required for the 7-segment display. (This is the decoder part.)

• It provides a current boost to the output signals to provide enough current to light the display 
segments directly. (This is the driver part.)  

BCD output  7- segment display inputs  
D C B A a b c d e f g 
0 0 0 0 1 1 1 1 1 1 0 
0 0 0 1 0 1 1 0 0 0 0 
0 0 1 0 1 1 0 1 1 0 1 
0 0 1 1 1 1 1 1 0 0 1 
0 1 0 0 0 1 1 0 0 1 1 
0 1 0 1 1 0 1 1 0 1 1 
0 1 1 0 0 0 1 1 1 1 1 
0 1 1 1 1 1 1 1 1 1 1 
1 0 0 0 1 1 1 1 1 1 1 
1 0 0 1 1 1 1 0 0 1 1 
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Single digit counting system with the BCD counter made from a binary counter

Single digit counting system with a dedicated BCD counter

IC manufacturers have produced a special version of the binary counter, which has the reset internally 
wired to reset after a count of nine has been reached. Using this device, called a BCD counter, removes the 
need for the external AND gate to reset the counter. Using a BCD counter, the system will look like this:
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Useful circuit for project work

To build a 0–99 counter is quite complicated as it requires two BCD counters and two decoder/drivers. A 
CMOS 4026 IC has a BCD counter and decoder/driver on the same chip. If you have time, set up and test 
the following circuit. You can add current limiting resistors to the display if needed.

Creating other characters on a 7-segment display

The 7-segment display can also be used to display other characters as shown below:

When we want to create these different characters we cannot use a decoder/driver IC, as this is 
pre-programmed to convert the output of a BCD Counter into the numbers 0,1,2,3,4,5,6,7,8,9. 

To create special characters we would have to design the logic decoder required ourselves.
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Exercise 2.5

1. The following circuit shows a binary counter, connected to a decoder/driver and display. Write down  
 the sequence of numbers displayed as the clock input is pulsed 13 times.

2. The following diagram shows a 7-segment display, showing the number 3.

 a) What segments will be on to display the number 1?

  ................................................................................................

 b) What segments will be on to display the number 4?

  .................................................................................................

 c) What segments will be off to display the number 6?

  .................................................................................................

Clock Pulse Display Shows 
0 0 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
11  
12  
13  

a 

b 

c 

d 

e 

f 

g 
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3. The following circuit contains a BCD counter, connected to a 7-segment display decoder/driver   
 and display. Add to the circuit any required logic gate and connections required to ensure that the  
 largest number displayed is ‘7’.

4. The arrangement of the seven LED segments that make 
 up the display is shown in the diagram opposite.

 Complete the following table to show the numbers 
 displayed when different segments are lit.

Number
Displayeda

1

(i)

(ii)
(iii)

(iv)

1 0

0 0 0

0

0

00

1 1

1 1

1 1 1 2

8

3

11

1

1

b c d e f g

SEGMENT
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Decade Counters

A decade counter as it name suggests counts in decades or tens, however it is not a binary counter. It has 
one clock input and ten outputs. Each output is activated in turn when the clock pulses arrive. The diagram 
below shows a 4017 decade counter connected to a logic analyser.

Output 0 will go high when the circuit is switched on. On the rising edge of the first clock pulse, output 0 
goes low and output 1 goes high. On the rising edge of the second clock pulse, output 1 goes low and 
output 2 goes high and so on.

The output of the logic analyser shows what happens at the output pins of the counter over the first 2 
seconds after the circuit is switched on or the reset switch SW1 is momentarily closed:

Chanel 0 (Ch. 0) shows the clock pulses whilst Ch.1 to Ch.10 shows the 10 outputs of the decade counter. 
You should be able to see that only one output at a time is high and that changes occur on the rising edge 
of the clock pulse.

Note: When R (reset) is high output 0 remains high and the other outputs are low.
When EN (enable) is high the display freezes and when low the outputs go high in turn. 
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Investigation 2.6 

1. a) Set up the following light chaser circuit using the CMOS 4017 decade counter.

b) Adjust VR1 on the 555 astable to vary the speed at which the sequence changes.

c) Connect the Q7 output of the counter to the R input and comment on the effect this has on the   
 sequence produced.

d)  Investigate the effect of connecting different outputs to the R input and use your result to complete  
 the following sentence:

 “To shorten the sequence, connect the R input to the Q output which is ……………… the last output  
 that you want in the sequence”
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2.  a) Set up the following circuit:

 Note: When EN is high the display freezes and when low it allows the outputs to go high in turn.

 b) Press for a few seconds and then release the Roll switch to test the electronic coin.

 c) Modify the circuit to make an electronic dice. You will need to change the position of the wire  
  which goes from the reset pin. 

 d)  Determine the frequency of the signal produced by the 555 astable and comment on its    
  suitability for the two electronic games. 

  ………………………………………………………………………………………………………

  ………………………………………………………………………………………………………

  ………………………………………………………………………………………………………

HEADS OR TAILS
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Exercise 2.6 

1. The circuit below shows a 20 Hz clock connected to a decade counter, four OR gates and 6 LEDs.

 a) Complete the table below to show which LED comes on for each step of the sequence   
  produced by the decade counter. 

 b) How long will it take for the sequence to cycle through all 10 outputs ………… 

STEP  LED ON  
Q0 D1 
Q1  
Q2  
Q3  
Q4  
Q5  
Q6  
Q7  
Q8  
Q9  

     GCSE Electronics – Component 2: Application of ElectronicsChapter 2 − Sequential Systems

79


