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Laboratory 9 
Digital Circuits: Flip Flops, One-Shot, Shift Register, Ripple Counter 

Introduction 
In this lab, you will learn about the behavior of the D flip-flop, by 

employing it in 3 classic circuits: (1) a “one shot” to de-bounce a push 
button, (2) a shift register to convert serial data into parallel data, and (3) 
a “ripple” counter to generate the numbers 0-7 in binary. 
Using the MicroBLIP Event Logger to Record Digital Bits 

 Digital systems are typically 
monitored differently than analog 
systems.  Instead of an oscilloscope, 
digital hardware engineers use a piece of 
equipment called a Logic Analyzer to 
display the state of multiple individual bits 
at a particular moment in time determined 
by an edge trigger, a transition (e.g., a 
positive edge trigger from 0 to 1) on a 
clock input.  You will use the “Logic 
Analyzer Mode” of the MicroBLIP to 
capture and display 4 bits simultaneously 
as 1 (~ 5V ) or 0 (~ ground). A rising edge 
on pin RX (column 14T) triggers the 
MicroBLIP in Logic Analyzer Mode to 

read the 4 bits on inputs D9 (4T), D10 (3T), D11 (2T), and D12 (1T) and type them as “0” or “1”, separated by 
tabs and followed by a carriage return. Input D12 is typed first. These pins are shown in Fig.1, along with the 
5V (12B) and GND (14B) pins used in previous labs to power the breadboard busses. 
  

Parts List 
2 CD4013 Dual D Flip-Flops 
2 push buttons,  
1 µF capacitor 
various resistors 

Fig. 1 
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D Flip-Flop 

The pin-out for the D flip-flop integrated circuit (CD4013) is shown 
in Fig. 2. This chip uses Metal Oxide Semiconductors Field Effect 
Transistors (MOSFETs), and so the positive power supply (pin 14) is 
labeled “VDD” (‘D’ for drain) and the ground (pin 7) is labeled “VSS” (‘S’ 
for source), following the naming convention for MOSFETs.  Recall 
that MOSFETS replaced bipolar transistors in modern digital logic to 
conserve power and permit greater density of transistors in integrated 
circuits.  Be sure to insert the chip properly in the breadboard, with 
the little notch to the left and the chip labels right-side up. Observe 
the usual counter-clockwise direction of the pin numbers. 

In the logic table for the D flip-flop (Fig 3), note that a rising edge 
(transition of a 0 to a 1) on the clock (CL) input transfers the logic 
state (0 or 1) at the data (D) input to the Q output, and its inverse to 
the Q" output.  A falling edge at the clock input has no effect. The Set 
(S) and Reset (R) inputs must be tied to ground to enable triggering 
by the clock input, otherwise they “float high” and take precedence in 
setting and resetting the outputs.   
One-Shot 

Build the Shift Register circuit shown in Figs. 4 and 5.  Note 
that, in the schematic (Fig. 4), certain connections are drawn in 
bold.  These correspond to the green wires in Fig. 5, and will be 
replaced with other bold connections in the Counter circuit you will 
build later reusing the same green wires (Fig. 6). Both circuits 
share all the other connections, and thus you will not need to 
rebuild these portions.   

Fig. 2 
CD 4013 

dual D flip-flop 

Fig. 3 
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The Shift Register circuit (Fig. 4) contains of 
four D flip-flops on two CD4013 integrated circuits 
(“1” and “2” circled). The furthest flip-flop to the left 
is configured as a “one-shot.” Pressing switch 
“S1” loads a logical 1 (+5V) at its D input, which is 
presented at its Q output, charging the 1 µF 
capacitor through the 390 KW resistor and 
eventually resetting the flip-flop. This prevents 
“contact bounce” in the switch, which could 
mistakenly trigger the clock inputs in the flip-flops 
multiple times.   

Approximately how long would you expect the 
one-shot to take to reset itself (A)? Activate the 
power to the circuit by plugging the MicroBLIP into the USB hub attached to your computer (make sure it is 
connected to external power). Do not push the User Switches on the MicroBLIP at this time.   

Use Channel 1 of your oscilloscope to measure the time just calculated.  First, set to scope to 2 V/div, 100 
mS/div, Trigger: Type = Edge, Source = CH1, Slope = Rising, Mode = Normal, Coupling = DC. Next, “arm” the 
scope to capture a single trace by pushing the “Single” button above the Trigger section on the scope.  Now 
press switch “S1” in the circuit and look at the Q output of the one-shot (pin 1 of flip-flop 1, red test lead to wire 
loop in Fig. 5). Sketch the resulting waveform, report the duration of the one-shot’s pulse, and compare it to 
the that just computed (B).     

Shift Register 
The circuit you have built (Figs. 4 and 5) is a Shift Register.  The Q output of the one-shot runs to the 

MicroBLIP’s clock input (D8) and the Q"  output of the one-shot goes to the clock inputs of each of the other 3 
flip-flops.  This is known as a “two-phase” clock, using the rising and falling edges of the one-shot to sequentially 
trigger the Logic Analyzer (the MicroBLIP) and the circuits at large (the other flip-flops).  This way, the other 
flip-flop outputs have time to settle before the Logic Analyzer is asked to see what state they are in. 

Fig. 4 
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The three Flip-Flops in the shift register are tied together in a train so that whatever data bit is present at 
one flip-flop’s Q output is transferred to the D input of the flip-flop to the right when their clocks are 
synchronously triggered by the one-shot.  The leading flip-flop has its D input tied to Switch 2, such that either 
a 1 or a 0 may be entered into it.  The output of Switch “S1” and the 3 flip-flops are presented to the Logic 
Analyzer’s data inputs, D9-D12, comprising a 4-bit Shift Register. 

To test the system, activate the Logic 
Analyzer Mode.  Open a new blank Word 
document on your computer and with the 
MicroBLIP still plugged into a USB port, 
push User Button 1 until “Logic Analyzer 
Mode” appears. Then press User Button 
2 to start data collection. Now, every time 
there is a rising edge on pin RX, the 
MicroBLIP will type four numbers (each 
either a ‘1’ or a ‘0’), separated by tabs 
and followed by a carriage return, 
signifying the states of the four inputs 
D12-D9 in that order (D12 first). Pressing 
S1 repeatedly, observe the pattern of 1’s 
and 0’s, while pressing S2 or not to 
introduce 1 or 0 into the leading bit of the 
shift register. Record the pattern and 
explain (C). 
  

Fig. 5 

wire loop 
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Ripple Counter 
Now remove the connections 

shown in bold in Fig. 4 (and as green 
wires in Fig. 5), and replace them with 
the connections shown in bold in Fig. 6 
(using the same green wires).  Notice 
that the Q"  output of each of the three 
right-hand flip-flops has its Q"  output 
tied to its own D input, so that each 
time it is clocked it changes state.  
Each flip-flop’s Q"  output is also tied to 
the clock of the succeeding Flip-Flop, 
so that a “carry” operation occurs when 
the flip-flop itself (its Q output) goes 
from a 1 to 0.  

Press Switch 1 repeatedly and record at least 9 successive readings.  Recall that the bits are printed out in 
reverse order D12, D11, D10, and D9. Record and explain the counting sequence of the 3-bit binary numbers 
represented, identifying the most-significant bit (MSB) and least-significant bit (LSB) (D).  What happens after 
the counter reaches 1112 and why?  Explain in terms of the modulo operator (E).   
 
 
 
 
 
 

Fig. 6 


