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     Counters and Shift-Registers

Aim – The purpose of this lab is to expose the student to counters and shift registers.
Components – Digital Logic Designer, Integrated circuits (7400, 7476, 7486), Patch wire.

Procedure – Designs for creating a 4-bit counter and shift register were created and implemented.  The output from the circuits were tested and verified.  When creating the shift register it was found that one IC consisting of four NAND gates could be used to support each of the JK flip-flops.  Using this method made it possible to wire each of the 7400 ICs in the same manner and made debugging simpler since the wiring of each IC was similar. 

Observations – It was seen how the up/down counter functions through both a truth table and timing diagram.  The selection of up or down was made by connecting a programmable inverter (XOR gate) between each of the clock inputs to each JK flip-flop.  This allows for the flip-flop to be either negative edge-triggered or positive edge-triggered.  It is seen through the truth table and timing diagram how the output of each flip-flop connects to the clock of the next flip-flop creates the binary counter.


The right/left shift register is implemented by again using four JK flip-flops and four 2x1 multiplexers (consisting of three NAND gates each).  The multiplexers select the input into each flip-flop depending on if the register is set to shift right or left.  To shift left the output of the flip-flop to the right of the current flip-flop must be tied to the input.  The rightmost (least significant) flip-flop would then take the IN line as its input.  To shift right the output of the flip-flop to the left of the current flip-flop must be tied to the input with the leftmost (most significant) flip-flop taking the IN line as its input in this case.

Results – From the truth tables it can be seen how the 4-bit counter functions.  Since, for the up counter, the flip-flops are negative edge-triggered the output of the next consecutive flip-flop only changes its value when the previous flip-flop’s output changes from high to low.  Thus for the first flip-flop the input changes every time the clock goes from high to low, or every clock cycle.  The next flip-flop only changes its input when the previous flip-flop changes its output from high to low, or every two clocks (the flip-flop changes its input from low to high on the first clock then high to low on the second clock).  This sequence continues through the series of flip-flops with each consecutive flip-flop taking twice as many clocks to compliment its output.  This is best seen in the truth table.  For the down counter the clocks just become positive edge-triggered which causes the sequence to happen in reverse.


The left/right shift register selects its input through the use of four multiplexers.  Each flip-flop requires the input of the flip-flop before it or the IN input for the lowest flip-flop in the sequence in each case.  This allows the input to be passed to each consecutive flip-flop through the sequence and gives the effect of the input “scrolling” across the indicators either left or right when viewed.

Conclusions and comments – Overall the material in this laboratory was easy to understand but more difficult to implement.  It was seen how flip-flops can be implemented to create larger useful circuits.  Debugging the shift register proved to be a bit difficult, but the method of IC layout used to implement the design aided in debugging the circuit efficiently.  

Selectable Up/Down Counter
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Selectable Left/Right Shift Register
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Question 1: On page next to counter.

Question 2:  The ring counter could be created by placing an input into the register on the first clock, then tying the output of the last register element to the input of the first register element so the single value continues to cycle through the register from the 1 then 2 then 4 then 8 output line.
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