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Introduction:

The goal of this project is to create a synchronous 4-bit counter with an irregular binary 
sequence.   The sequence will be at least 8 transitions with at least two numbers higher than 7.  Next, in
the design phase Karnaugh Maps (K-Maps) and MultiSim will be used to design then simulate the 
circuit with both gates and integrated circuits (IC's).  For testing I will use an ELVIS-II board to 
troubleshoot components before starting the build phase where I will solder and finish the circuit. 

Design Phase:

     The chosen sequence is 1,7,9,6,4,2,0,5,8,3,1, which is an irregular sequence that uses 4 bits in 
binary.  Initially I chose a sequence that had two 7's in the sequence, after modeling it in MultiSim, I 
found that the circuit would not work with a repeated number, so I changed to the previously 
mentioned sequence.  The next step was to create a Karnaugh Map (K-Map) for each of the flip flops 
(one J and one K per bit).

J0  ~Q2 ~Q1
Q3Q2\Q1Q0 00 01 11 10

00 1 X X 0

01 0 X X 0

11 x x x x

10 1 X x x

K0  Q3 + Q2 ~Q1
Q3Q2\Q1Q0 00 01 11 10

00 X 0 0 X

01 X 1 0 X

11 x x x x

10 X 1 x x

J1  Q3 + Q2 (+) Q0
Q3Q2\Q1Q0 00 01 11 10

00 0 1 X X

01 1 0 X X

11 x x x x

10 1 1 x x



K1  1
Q3Q2\Q1Q0 00 01 11 10

00 X X 1 1

01 X X 1 1

11 x x x x

10 X X x x

J2  ~Q3 ~Q1 + Q3 Q0
Q3Q2\Q1Q0 00 01 11 10

00 1 1 0 0

01 X X X X

11 x x x x

10 0 1 x x

K2  ~Q1 + Q0
Q3Q2\Q1Q0 00 01 11 10

00 X X X X

01 1 1 1 0

11 x x x x

10 X X x x

J3  Q2Q0
Q3Q2\Q1Q0 00 01 11 10

00 0 0 0 0

01 0 1 1 0

11 x x x x

10 X X x x

K3  1
Q3Q2\Q1Q0 00 01 11 10

00 X X X X

01 X X X X

11 x x x x

10 1 1 x x



MultiSim with Gates

The gates for each of the flip flop inputs are built as specified from the K-map simplifications 
and the output signals are sent to the seven segment display (with a built in BCD decoder).  The 
counter is synchronous, because the clock inputs are being fed in parallel from the same clock source.  
In this circuit the seven-segment decoder is built into the display so Q0 is in input A, Q1 is in B, Q2 is 
in C and Q3 is in D.  Each J and K inputs are fed from their respective gate/Q arrangements as 
formulated from the K-maps.



MultiSim with IC's

After simulating the circuit with gates, the next step is to model it with IC's which is closer to 
the final look of the circuit.  The 4 JK Flip Flops will be consolidated into two IC's with two flip flops 
each.  Five AND gates will be split onto two IC's, each IC having four two-input AND gates (U1 and 
U4).   Only one IC will be needed for the XOR gate (U3) and one for the OR gates (U2).  Other 
components that were not in the gate simulation are the 555 timer which will be used for the clock, the 
seven segment display, and the BCD to seven-segment display decoder.

                          



Test Phase:

In this stage the physical components are placed on an ELVIS-II board.  This is to check that all
of the components are functioning and that the circuit can function with physical components.  The 
breadboard interface of the ELVIS-II makes it easier to swap out parts before the build phase begins 
and can make it easier to organize and visualize the circuit.

The circuit was built as designed on MultiSim, but there were several differences that surfaced 
and made the testing problematic.  First the 555 timer did not function correctly; it would only flash 
between 4 and 2.  Several capacitors were tested including the values of 4.7μF, 100μF and 3.3μF; the 
result was that only the rate of the progression was changed.  The next step was to hook up the CLOCK
inputs to the Function Generator on the ELVIS software.  By manually adjusting the Function 
Generator Frequency (more control over the frequencies) I was able to find a frequency that worked to 
show several numbers of my sequence.  For some reason not all the numbers showed, even after double
checking the connections and the signal flow of the circuit.
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Build Phase:

From the ELVIS-II board the components were transferred to a board for soldering.  To attach 
the IC's to the board, holders were soldered on the board then the IC's were clipped in.  This was done 
to ensure that the heat did not damage the IC's.  At this point the components were already tested to 
work on the ELVIS-II board; therefore if something did not function it was from either incorrect wiring
or bad soldering.  Somehow the only thing that displayed was a strange 7-like numeral.  It flashed at 
the desired frequency, but this was a different problem than what happened on the ELVIS-II board, and
there was not an obvious way to fix it.

Conclusion:

In this project I created a synchronous 4-bit counter with an irregular binary sequence.   I used 
K-Maps to design the circuit to count a sequence with 10 transitions with values from 0-9.  MultiSim 
was used to simulate the circuit with both gates then IC's.  I used the MultiSim diagrams as a blueprint 
to test the circuit on an ELVIS-II board.  After temporarily solving the CLOCK issues by using a 
Function generator instead of a 555 timer, I then soldered the board and pieces together.  In the end it 
did not visibly count the sequence that I designed it to count, but it did light up.
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