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1A. The question may be a bit ambiguous.  Essentially this is similar to a HEX to 7 segment 
decoder, except that the 4-bit input is expected to be between 1 to 12 (hours), and the 
output should drive TWO 7 segment displays showing the tens and units (instead of a 
hexadecimal number).  You can easily modify the decoder in the notes using case 
statement and concatenation construct.  {HEX1_D, HEX0_D} concatenates two 7 bit 
variables to form a single 14-bit variable. 

 

2A. To generate a 1 Hz square signal from a 50MHz clock, you should divide the 50MHz 
by 25,000,000 to give a 2Hz clock with a counter, and then divide this 2Hz clock using 
a toggle flipflop. 

The ÷N operation can be expressed in Verilog as either a up counter from zero to N-1, 
or a down counter from N-1 to zero. Using an up counter is usually less desirable 
because it N is user changeable (and NOT a constant), you need a binary comparator.  
With a down counter, you always detect zero no matter whether N is a constant or not. 

 

 
Here the time constant value of 24,999,999 is specified using the parameter keyword 
as a symbolic constant.  This is good practice – you can change the period of the clock 
by changing this value without having to dig into the code and find out where the time 
constant is used.   The tick <= ~tick; statement will produce a toggle fiipflop. 
The assignment <= will ensure that tick is only changed at the end of the always block, 
and therefore the synthesis system will generate a flipflop to store the previous value, 
only updating on positive edge of the clock. 

To test this module, I used this testbench as the top-level module: it uses the 1 second 
clock to drive the decimal point (DP) of the HEX display 2.  This will produce a 
blinking dot with a 1 second period. 
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3A. This exercise shows how you may implement a shift register, initialise it to a one-hot 
pattern, and then rotate the pattern using the 1sec clock.  The code is actually very 
simple: 

 

4B. This differs from Q3 in that you need to remember the direction (using an extra FF).  
All you need to do is to introduce a new reg variable direction, and toggles this each 
time the pattern 1 reaches the end of the left or right.  The first part of the solution is 
simple, a simple modification on Q3 to either shift right or left (not rotating) depending 
on the state of direction (opposite). 

The detection of when to change direction is a bit more tricky.  Remember that you 
must detect that it is about to reach the left-most or right-most LEDs on the cycle 
before.  Here is my solution: 

 

 

 

 

…… 

endmodule 
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5B. This is fairly straightforward: 

 

It is now worthwhile for you to combine Q1-Q5 together and produce a testbench 
which displays a count for the second ticks on the lower two hex digits, a blinking DP 
for each second, and the hour count on the two two hex digits, while the green LEDs 
showing a pattern.  Here is the top-level testbench file (called ‘test’): 

 

 

The module tick_counter code is simple: 

 

6B. Here is the solution for a generic 60 ticks counter. It can be used to count minutes or to 
count seconds: 
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7C. You should be able to combine everything together to produce a working digital clock 
in hardware.  Initialising the clock to the correct time is bit trickier. My solution is to 
use SW0 and SW1 to set minutes and hours respectively.  When the switch is OFF, the 
clock works normally.  When it is ON, then a 1 second clock is fed to either the hour or 
minute counter.  Therefore setting the correct time is just a matter of waiting until the 
correct minute or hour is reached and then return the switch to the OFF position. 

You can download my complete solution as a zip file from my course webpage. 

 


