Digital Electronics Laboratory Exercise 01
For this lab you will need;

· A PC running Electronics Workbench

· The handout on registers and counters

The first part of this practical exercise is intended to further demonstrate the operation of sequential circuits. The last task aims to combine a selection of these circuits to demonstrate a functional application.

From circuit diagrams provided in the ‘registers and counters’ handout, use electronics workbench to construct and simulate the following circuits;

1. 4 bit storage register (D type) – Handout Page 1

2. 4 bit serial to parallel shift register (D type) – Handout Page 3

3. 4 bit ripple through counter (JK) – Handout Page 3
You may use either voltmeters or LED’s in the simulation circuits in order to display the circuit outputs. See Below;
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Inputs, including the clock inputs can be simulated using the same voltage source / switch arrangement used in earlier labs. This method will provide a degree of control over the clocked inputs in order to make circuit visualisation easier. See below;
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Circuits 1 to 3 can be simulated using schematic symbol representation. Do not use actual device symbols that depict the pin outs.

For reference the symbols and truth tables for both the J-K and D type flip flop are shown below. Notice that the input on the D type is simply passed to the output on application of a clock cycle. In Lab 01 we utilised the J-K and exploited the fact that its output toggles when both inputs are held at 1 in order to build a ripple through counter.

D type
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Circuit 1 - D type 4 bit storage register. (handout page 01)
To build this circuit you must select the ‘D’ type flip flop symbol (instead of J-K). Simulate the clock input by using a 5V voltage source and a switch. The data input connections are D1 to D4 – connect a voltage source and switch to each of these pins in order to simulate different bit patterns on the input. Monitor the output values Q1 to Q4 using LED’s.
1a 
Apply the bit pattern 1101 on the input pins – when does this pattern appear on the output pins?


1b 
From the result above can you briefly explain what the device is doing?

Circuit 2 - 4 bit serial to parallel shift register (D type) (Handout page 03)
To build this circuit you must select the ‘D’ type flip flop symbol (instead of J-K). Simulate the clock input by using a voltage source and a switch. There is only one data input connection ‘IN’ - connect a voltage source and switch to this pin in order to simulate different bit patterns on the input. Monitor the output values Q1 to Q4 using LED’s.

.

1a 
Apply logic 1 on the input pin, then cycle the clock on to off. Switch off the input switch to simulate 0. What is the bit pattern on the output pins?


1b 
Continue to cycle the clock on to off a further 3 times – what happens to the output pattern?

1c
Apply the bit pattern 1101 on the input – important after each bit remember to cycle the clock! - note what happens to the output pattern

1d
From the result above can you briefly explain what the device is doing?

Circuit 3 - 4 bit ripple through counter (JK) (Handout page 03)
Use workbench to build the ripple through counter shown on page 3 of the ‘registers and counters’ handout.

The input pulses should be provided by a switch connected to a 5V voltage source (battery).

The outputs QA to QD can be monitored in one of two ways

1. Connect an LED to each output (Preferred)

2. Connect a voltmeter to each output

The counter must be built using J-K flip-flops and can be selected as shown in figure 01 below;
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Once you have built the circuit;

· Cycle the input switch from ‘off’ to ‘on’ and note the bit pattern displayed by the LED’s (i.e. on or off such that ‘on’ = logic 1, ‘off = logic 0) in Table 01;

· Enter the equivalent denary (base 10) number for each row in the last column of Table 01

	Inputs
	Outputs
	Base 10 Value

	Switch Cycle
	QD Status
	QC Status
	QB Status
	QA Status
	

	0
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	17
	
	
	
	
	

	18
	
	
	
	
	

	19
	
	
	
	
	

	20
	
	
	
	
	


Table 01

1. How many cycles of the input switch occur before the outputs reset to all off (all zeros)?

2. What number system (base) could this counter represent?

3. Draw the waveform for each output in box 01 below












4. What observations can you make concerning the waveforms for the outputs QA to QB ?


5. Draw the final working circuit in box 02



6. Modify the circuit so that the outputs reset to zero (all off) after 10 input cycles – draw the new circuit in box 03



7. Complete table 02 with the output values and equivalent decimal values for each row.

8. What number system could this circuit represent ?

	Inputs
	Outputs
	Base 10 Value

	Switch Cycle
	QD Status
	QC Status
	QB Status
	QA Status
	

	0
	
	
	
	
	

	1
	
	
	
	
	

	2
	
	
	
	
	

	3
	
	
	
	
	

	4
	
	
	
	
	

	5
	
	
	
	
	

	6
	
	
	
	
	

	7
	
	
	
	
	

	8
	
	
	
	
	

	9
	
	
	
	
	

	10
	
	
	
	
	

	11
	
	
	
	
	

	12
	
	
	
	
	

	13
	
	
	
	
	

	14
	
	
	
	
	

	15
	
	
	
	
	

	16
	
	
	
	
	

	17
	
	
	
	
	

	18
	
	
	
	
	

	19
	
	
	
	
	

	20
	
	
	
	
	


Table 02

9. Suggest a suitable 7400 series IC which could perform the function of the first circuit.


10. Suggest a real world application for a counter


Box 01
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