
 Laboratory 9 
  page 1 of 4  

© 2007 George Stetten 

Laboratory 9 
Digital Circuits , Flip Flops, Counters, Base 2 and 16 

Introduction 

In this lab, you will use the oscillator from Lab 8 to learn about 
the behavior of the D flip-flop and the nature of numbers in base 2 
and base 16.  The output of the oscillator is a square wave, a 
digital signal composed of 0Õs and 1Õs.  You will use a D flip-flop to 
produce a second square wave with half the frequency, by 
configuring the D flip-flop to change its output between 0 and 1 with every rising edge at its clock input.   

The pin-out and logic table for the D flip-flop (CD4013) are shown below. In the logic table, note the 
effects of rising and falling edges at the clock input.  (Logical 1 = 5 V in our case.  Logical 0 = ground).  Note 
that Set (S) and Reset (R) inputs must be tied to ground to enable edge triggering. 

 

Parts List 

CD4013 Dual D Flip-Flop 
Oscillator circuit from Lab 9 

CD 4013 

dual D flip-flop 
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Building a 2-Stage Counter 

Build the circuit below, containing two flip-flops (FFs) on a single CD4013 chip and the oscillator you built 
in the previous lab with the LM339 Comparator. The D input of each FF is connected to its 

!  

Q  output, causing 
it to change state each time a rising edge is seen at its clock input (the little triangle). The oscillator output (a) 
runs to the clock of FF1, whose inverted output 

!  

Q  runs to the clock of FF2. Thus FF2 is triggered on the 
falling edge of the 

!  

Q output of FF1.  The oscillator output (a) is used to trigger the BLIP Event Logger, whose 
clock input (pin 7 of the I/O header) is activated by a falling edge to record the state of the 

!  

Q outputs of FF1 
and FF2, labeled (b) and (c) respectively.   Note that all the Set and Reset lines of the FFs are connected to 
ground.  This is necessary, since otherwise those inputs would Òfloat highÓ to +5V and be 1 by default, 
overriding the function of the FFs. 
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Using the Event Logger to Record the States of the Counter 

Put the BLIP into Event Logger Mode by placing jumpers on pins 38-40 and leaving the jumper off pin 37.  
In this mode, the BLIP will type four numbers (each either a Ô1Õ or a Ô0Õ), separated by tabs and followed by a 
carriage return, signifying the states of the four inputs on pins 2-5 of the I/O header. This will occur each time 
there is a falling edge (1 to a 0) on the Event Logger Clock (pin 7 of the I/O header). Note: Version 1.2 of the 
BLIP software appears to have a bug making the first Event Logger input (pin 2 on the I/O header) not 
function correctly when this pin is 0. So to be safe, do not connect pin 2 to anything, and it will Òfloat highÓ (be 
a 1 by default).  We will only use the last two Event Logger inputs (pins 4 and 5 on the I/O header) and avoid 
the problems with pin 2. Pins 4 and 5 correspond to the last two numbers in each line of the printout. 

Note that the Event Logger records data on the falling edge of (a), while FF1 is operating on its rising 
edge. This gives the flip-flop time to ÒsettleÓ before the BLIP records its state.  Otherwise, an ambiguity in the 
recorded signals could arise from having them change during the actual moment of acquisition by the BLIP. 
This is classic Òstate-machineÓ design, used widely in computers, employing both the rising and falling edges 
of a Òsystem clockÓ signal, one that change the state and the other that reads it.   

Draw a diagram of the expected waveforms at the oscillator output (a), the output of FF1 (b), and the 
output of FF2 (c). Align the phases of the waveforms in the diagram by including vertical dotted lines at the 
moments that data is logged by the BLIP. (A) Confirm the diagram with the oscilloscope, using both scope 
channels simultaneously to compare the output of FF1 with (1) the oscillator output and (2) the output of FF2.  
Note that the even though FF2 is triggered on the falling edge of FF1, this does not cause a problem with 
settling, since both flip-flops have time to settle between the oscillatorÕs falling and rising edges. 

Turn the oscillatorÕs pot all the way down so that the oscillator is as slow as it can go and record the bit 
pattern of the two flip-flops with the BLIP in Event Logger Mode. (B) Explain the counting sequence of the 2-
bit binary numbers represented by the rightmost two columns in terms of the circuit, including the fact that 
FF2 is triggered on the falling edge of FF1. (C) This is an example of Òcarrying,Ó similar to what happens with 
decimal numbers when 19 + 1 = 20.   
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Measuring the Frequency of the Counter Stages 

Change the BLIP to Frequency Counter Mode by placing jumpers on pins 37, 39, and 40, and leaving pin 
38 without a jumper. Connect a wire from the Frequency Counter Input (pin 8 of the BLIPÕs I/O header) to the 
oscillator output (pin 2 of the LM339 comparator). Hint: use a different color wire for pin 8 than the wires 
going to pins 7, 5, and 4 to make it easily identifiable.  

In Frequency Counter Mode, holding the ÒreportÓ button (the top red button on the BLIP) causes the 
frequency of the square wave at the Frequency Counter Input to be printed as two decimal numbers. These 
represent two 8-bit bytes in a 16 bit binary number. The high byte (HB) is followed by a tab, and then the low 
byte (LB) is followed by a carriage return. The frequency f between 0 and 65535 (216-1) Hz, is given by the 
equation  

                 f = 256 (HB) + LB 

with each byte representing a number between 0 and 255 (28-1). 

Turn the oscillator potentiometer to produce the maximum frequency and record that frequency as a 
single decimal number and as a single hexadecimal number, (using digits containing 0-9 and A-E for the 
hexadecimal). (D) Using the oscilloscope, record the corresponding period of the oscillator output (a), and 
show that the period in milliseconds and frequency in cycles per second correspond. (E) Now connect the 
Frequency Counter Input to the output of FF1 (b) and hold the report button again to find the frequency there. 
Finally, move Frequency Counter Input wire to the output of FF2 (c) and find that frequency.  In each case 
record the frequency in decimal and hexadecimal and compare it to the period as determined by the scope. 
(F) What is the relationship of the frequencies at these three points? (G) 

Now replace the 10 µF capacitor in the oscillator with a 1 µF capacitor.  Leaving the oscillatorÕs pot turned 
to the maximum frequency, repeat the frequency measurement at the three points (a), (b), and (c), again 
writing them in decimal and hexadecimal and comparing each to the period as determined by the scope. (H) 
How much faster is the oscillator going now? Explain in terms of the new capacitor. (I) Verify that the same 
relationship is observed as before between the three readings. (J) 

Keep the modified oscillator on your board for a subsequent laboratory. 

 


