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Purpose 
The purpose of this laboratory exercise was to give students an example of a practical 
design problem for EE461 Microcomputer-Based Digital Design and show how to design 
a circuit, simulate its function, obtain experimental observations, and present the results 
in a formal lab report. 

The circuit designed fulfills the requirement that it produce a three-bit, four-step gray 
code with an asynchronous reset function. 

Equipment 
HP34401A Digital Multimeter 
Agilent 54622D Mixed Signal Oscilloscope 
Altera  University Program Prototyping Board 

Design 
The design is intended to generate the code 011, 111, 110, 010 repeatedly.  It will start 
with code 011 upon reset.  Here is a state diagram of the sequencer. 

The truth table beside the state diagram shows the required transitions from the old state 
to the new state.  An X indicates a “don’t care” situation. 

From this truth table, we construct Karnaugh maps for each of the three inputs to a D flip-
flop in order to determine equations for them. 
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0 0 0 X X X
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d 0 1 0 a 0 1 1
a 0 1 1 b 1 1 1

1 0 0 X X X
1 0 1 X X X

c 1 1 0 d 0 1 0
b 1 1 1 c 1 1 0
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From the equations we create a schematic drawing.  The schematic below was drawn 
using MAX+plus II software.  It includes an asynchronous reset function.  Most of the 
time the asynchronous flip-flop inputs are held high (inactive).  When the Reset function 
is applied (active low) the flip-flops take on the value 011, state a, the first state in the 
sequence. 

 

The three D-flip-flops are actually sub-components, shown here: 

 

A separate symbol was created for this sub-component, shown below: 
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The following waveform was generated by simulation using the MAX+plus II software.  
It shows that after the reset pulse is applied, the correct sequence is generated by the 
design.  For the simulation, a clock period of 80 ns was used. 

 

Once the simulation showed a satisfactory design had been achieved, the design was 
downloaded into an Altera EPM7128SLC84-7 PLD on an Altera University Program 
Prototyping Board.  The schematic below shows the connections. 
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Experimental Observations 
The oscilloscope display reproduced below shows the three outputs, A, B, and C 
produced by the sequencer.  It also shows the clock input from the Altera University 
Board.  As shown on the display, the clock period is 40.0 ns, faster than the simulated 
clock speed.  Nonetheless, the output sequencer still performs as expected.  



 

 

 

Conclusions 
There is a small delay between the positive-going transition of the clock and changes in 
the state outputs.  If it were of importance, this delay could be measured. 

The analog clock is clearly not a sinusoid.  However, the amplitude is sufficiently large 
that the digital interpretation of the clock is correct. 

Signal B is constant.  The design could be simplified and a flip-flop eliminated by simply 
connecting B to Vcc. 

The use of D flip-flops often leads to more complicated logic than the use of JK flip-flops 
does.  However, in this design the input logic for each flip-flop is already as simple as 
can be so there is no apparent advantage to changing the design to use JK flip-flops. 
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