
PHYS 432 – Lab 4: Counters

Parts List

• ICs: 7414, 7474, 7490

• Other: Buttons, LEDs, 1 kΩ resistors, 1µF capacitor

4.1 Goals of this Lab

One useful synchronous logic circuit is a counter, generally defined as a device that switches between several
distinct states toggled by a single input clock line. We will build asynchronous and synchronous counter
circuits from component flip-flops, then explore the properties of a classic decimal counter packaged in a
single IC. This lab will also demonstrate a hardware method for debouncing buttons.

I would like to see evidence that your ripple counter and twisted ring counter circuits work
by providing videos of these in action.

Layout notes:. The layout of this lab is slightly tight. If you still have two push buttons installed at
one end of the breadboard, you will use these again in this lab. We need room for two ICs at a time, one
push button circuit, and several LEDs. You should start with 5 rows at one end of your breadboard (away
from the power connection) to have space for your buttons and some additional circuitry for the debouncing
circuit. Then, you should insert the 7414 IC that we will use throughout the lab, and follow this as closely
as possible with the 7474 (with only a one row gap between them). This should leave enough space at the
top of your breadboard to hook up 3 or 4 LEDs that we will use to check the outputs of our counters.

4.2 Asynchronous Ripple Counter

A ripple counter is an asynchronous device that takes an input clock signal and applies a successive divide
by 2 operation using sequential flip-flops. Figure 1 shows the overall high-level schematic of a 4-bit ripple
counter that can be constructed with two 7474 IC. The ripple counter is asynchronous because the same
input clock is not used on all of the flip-flops in the device. This can cause glitching problems if the device is
being used as a counter, but is generally fine when n stages are used as a divide by 2n device to slow down
a faster clock.
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Figure 1: High-level schematic for a 4-bit ripple counter.

4.2.1 Ripple Counter Conceptual Design

You are going to design your own 2-bit ripple counter (4-bits won’t fit on our breadboards), using the D-type
flip flops (7474) from last week’s lab. Start by drawing a schematic diagram in your log book showing the
input clock and the basic connections between the 2 flip-flops needed to implement a 2-bit ripple counter.
Refer to the Steck notes (Chapter 13) if you forget how a ripple counter is constructed. Your schematic
should look similar to the diagrams in these notes, although unlike the Steck notes, we are using a positive
edge-triggered D-type flip flop. Be sure to label the clock input and the 2 output bits on your diagram. We
want Q0 to be the least significant bit in a binary counting sequence.
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4.2.2 Ripple Counter Wiring Diagram

The next step is to refine the conceptual layout into a wiring diagram that shows all of the pin connections
needed to implement your conceptual design. Start by finding the datasheet for the 7474 (it is attached at
the end of these instructions) and make a table in your log book showing what each pin on the IC does. Note
that the 7474 has two flip flops in one package, and they both come with PRESET and CLEAR inputs. All of
the IC inputs need to be wired somehow, although unused outputs can be ignored if they are not needed.

Once you understand all of the connections, draw a more detailed schematic that shows all of the pin
connections on the IC and how they need to be wired to implement your ripple counter. This schematic
should look similar to the wiring schematics provided in previous labs, such as Lab 2. The pins do not need
to be drawn in their literal locations on the ICs, but pin numbers should be clearly shown for all connections.
Don’t forget to do something with the PRESET and CLEAR inputs!

4.2.3 Ripple Counter Circuit

Build your ripple counter using your wiring diagram above. This should take a single 7474 IC but no other
external circuitry. Try to use the shorter jumper leads for making connections to +5 V and ground, and
save the longer pin leads for connections that need them. Use one of your positive-true push buttons to
drive your input clock line, and wire up a couple of LEDs (with 1k current limiting resistors in series) to
easily visualize the logic state of your Q0 and Q1 outputs. It will be convenient in this lab to have at least
2 LEDs with resistors to ground available to wire into the counter outputs in addition to any voltage level
testing LED that you might use for debugging, so I would find some spare space on your breadboard to wire
up these LEDs and use test leads to connect to your Q0 and Q1 outputs.

Power up your circuit and make sure your button is providing a positive voltage level when pressed and
that any test LEDs are lighting up when connected to +5 V before proceeding. With the button connected
to your ripple counter clock, press the button several times and describe what happens with the Q0 and Q1

outputs as indicated by your LEDs. Remember, if this circuit is working properly, the output value of Q (as
a decimal number) should change by one each time you press the button, and shouldn’t change at all when
the button is released. Very likely, you will see the outputs changing both when the button is pressed and
released, and often the output value seems to change almost randomly. What you are observing is the effect
of your button bouncing, and we will need to take a brief detour to fix this in the next section.

4.3 Button Debouncing

Any mechanical switch will make several connection/deconnection cycles as the metal contacts in the switch
come together or move apart. These “bounces” will typically only last for around 10 ms, but for high-speed
digital clock signals, each button press or release can generate numerous rising and falling edges that will
trigger flip flops and other sequential logic. There are several techniques for addressing this, but here we
will use an RC filter to smooth out the fast pulses, followed by a Schmitt Trigger inverter to make sure any
remaining fluctuations do not cross our TTL logic thresholds multiple times.

4.3.1 RC Filtering

Replace one of your push buttons with the RC circuit shown in Figure 2 below. Don’t worry about the
inverter for the moment. Use the electrolytic capacitor provided in your parts kit (it looks like a small blue
or black cylinder with two leads coming out one end) and should be marked with a capacitance of something
like 1µF. Note that these are polarized devices, which means the lead on the side of the capacitor marked
with a stripe needs to be connected to ground. The strip should have a series of minus symbols inside to
remind you that this is the negative voltage side. If you are unsure, get some help before proceeding. Blowing
up this capacitor will make the rest of this lab a rather miserable experience.

This debounce circuit provides a low-pass RC filter to smooth out any fast fluctuations when the button
is pressed or released. The critical frequency of this RC combination is f = 1/(2πRC) or around 160 Hz.
In other words, changes shorter then around 5 ms should be smoothed out by this circuit. You could gain
another factor of 10 in critical frequency here by replacing R2 with the 10 kΩ resistor, but I didn’t notice
this to be particularly necessary.

Connect the output of your RC-filtered button (the point in Figure 2 at the input of the inverter between
R2 and C) to the clock input of your ripple counter. Note that without the inverter, this circuit provides
a LO logic level when the button is pressed. Describe whether this RC circuit appears to have reduced the
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Figure 2: Tactile switch debounced with RC filter and Schmitt Trigger

bouncing you observed in Section 4.2.3. Remember, you should now see the ripple counter outputs change
only when the button is released. Is there still evidence of bouncing from the RC circuit?

4.3.2 Schmitt Trigger

To make a nearly bounce-free signal from a button, we also need to add some hysteresis to the circuit. A
Schmitt Trigger comparator is described in the Steck notes in section 7.9.1, and we will use the 7414 IC which
implements 6 inverters with Schmitt Trigger inputs. The 7414 recognizes TTL voltage levels, so anything
above around 2 V will be recognized as a HI voltage input, but in contrast to normal gates, the 7414 will
continue to interpret an input as HI until the voltage swings below 0.8 V. In other words, small variations of
the input voltage will not cause rapid fluctuations in the logic level observed. Look at the 7414 data sheet
to find a pair of pins that will provide an inverter and finish the circuit shown in Figure 2. Don’t forget
that you need to power the 7414! Check with a test LED that the output of the inverter is now HI when
the button is pressed, and once this appears to be working, wire Vout in Figure 2 to the clock input of your
ripple counter.

4.3.3 Ripple Counter again

Now describe how the outputs Q1Q0 change as you press the debounced button. Note, there may still be an
occasional bounce observed, but I only saw this on perhaps 1 out of 10 button presses. Pressing the button
straight down, slowly and firmly seemed to help reduce the residual rate of bouncing to nearly zero.

What is the count sequence that you observe from your circuit? Is it counting up or down?
If you were looking at the inverted outputs of the flip-flops on the 7474, switch your LEDs to the non-

inverting outputs. If you were looking at the non-inverted outputs already, switch to the inverted outputs.
Again, write down the count sequence you see in this case. How has the counting direction changed from
before?

Once you have a circuit that is properly counting up, take a short video of your circuit in action that
you can use as of proof of success.

4.4 Johnson (twisted ring) Counter

The previous ripple counter is not fully synchronous, as the output bits Q0 and Q1 don’t change at precisely
the same time (although without an oscilloscope we can’t see the ∼ 10 ns lag in the second bit). A fully
synchronous counter would have a single clock attached to all of the flip flops, to ensure all of the output
bits change synchronously.

Using the 7474 you already have in the breadboard, wire up the circuit shown in Figure 3. This is a
fully synchronous shift register where the final output bit is inverted and returned back to the input. This
confiiguration is known as a twisted ring counter, or Johnson counter.

Use your debounced button to clock this counter and make a table showing the sequence observed on
the outputs Q1Q0. Draw a timing diagram that shows the values of Q0 and Q1 for at least four cycles of
the input clock. Explain in words why the count sequence you see makes sense.
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Figure 3: Synchronous twisted ring counter.

When you are convinced everything works, again take a short video of this circuit in operation that you
can submit as part of your lab report.

4.5 BCD counter

Several different types of counters are available in IC form. Here we will explore the 7490 ‘decade’ counter as
an exercise in understanding data sheets. This device can either be used as a partly asynchronous counter,
or as a divide-by-10 device. These were historically used as binary-coded decimal counters to interface to
7-segment displays (through a 7447 decoder) in a variety of display applications like clocks. We will also
show how these can be modified to count to different values. Internally, the 7490 actually consists of two
separate counters, a divide by 2 and divide by 5 section, which gives these devices a lot of flexibility.

4.5.1 BCD data sheet

Find the data sheet for the 7490 and write down a table in your log book showing what the function of each
pin is. Be careful, as this data sheet shows the specifications for several different devices. Make sure you are
looking at the 7490 pin diagram. Indicate which pins are inputs or outputs (the logical diagram may help
here). You should be able to identify the four output bits, but the functionality of some of the other pins
may not be so obvious just now.

4.5.2 BCD clock inputs

Carefully remove the 7474 from your breadboard and replace it with the 7490. Provide power to the chip
(make sure you use the right pins) and also wire up the 4 outputs to 4 LED indicators in series with 1k
resistors. If you don’t have space for all 4 LEDs plus resistors, you can either use your test LED circuit to
check some outputs, or use the pre-wired test LEDs that I sent with your kit. Alternately, you can just look
at two or three output bits at a time, and switch the LEDs around to see the other bits. For now, wire the
4 R inputs to ground (LO), and note that there are two each for R0 and R9. Use short jumper wires for these
R connections to try to keep your breadboard a bit less cluttered.

Connect your debounced switch to clock input CKA and connect CKB to ground. Press the button and
observe how the output bits change. Draw a table in your log book like Table 1 and fill in the counting
sequence of the 4 output bits when pressing the button attached to CKA. Remember that the 7490 is positive
edge triggered, so if you happen to see the outputs change when the button is released, this is a bounce.

Once you understand the action of CKA, swap the button to CKB and ground CKA instead. Complete a
second table showing the count sequence observed when you repeatedly toggle CKB. Make sure you indicate
which table corresponds to CKA and CKB. If you just hook your button up to both clocks, do you get a
synchronous decade counter (counts from 0-9)?

4.5.3 Decade counter

Explain how you can change your circuit to count from 0-9. You should provide a single clock input from
your button, and the four output bits should count from 0 to 9 then back to 0 and repeat. Read the data
sheet for hints if needed. In some ways the solution is similar to the ripple counter you build earlier, as it is
not strictly synchronous. Explain why.
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Table 1: Example table showing the count sequence for the 7490
QD QC QB QA

4.5.4 Reset inputs

From the data sheet, you can see that both R0 inputs are first combined with a NAND gate, so to assert the rest,
you will need to set both inputs HI. If you still have a second (non-debounced) button on the breadboard,
connect the output of that button to the two R0 inputs. Increment your counter to some non-zero value and
then push the reset button setting R0 HI. Explain what happens to the outputs. While holding this reset
button attached to R0, now push the clock button to increment the counter and explain what you see. Is
this a synchronous or asynchronous reset? Asynchronous resets act immediately, while a synchronous reset
only occurs after the next clock cycle is received.

Try this again but connect your reset button to the R9 inputs (and remember to ground the R0 inputs).
Clock your counter to get some non-zero value, then push the button attached to R9. What is the output
bit pattern after the reset button is pressed? Is this a synchronous or asynchronous input?

Note that both R0 and R9 are reset inputs, but in one case you should see the counter reset to zero, and
in the other case the counter resets to nine.

4.5.5 Other counters

The 7490 can trivially produce a 2-counter and a 5-counter (since these are built into the chip), but also can
count to other values such as 6 or 8 without any external circuitry. This made it very useful to control the
output displays of digital clocks.

Wire up the 7490 for decimal counting by connecting QA to CKB, and ground all of the reset R inputs.
Verify that this is counting properly and gives all 10 possible outputs (from 0 – 9). Now connect one of the
R0 inputs to +5 V and connect the other to the output QD. Describe in words what you think this should
do, then press your clock button to cycle through the count sequence to see what happens. Suppose you
wanted to create a 6-counter (counts from 0-5 then goes back to zero). Is there a way to wire two of the
output bits to the two R0 reset lines to make this happen?

Note that some of our 7490s have blown gates on the R0 reset lines. If you think this may be the case for
your chip (it was for mine) you can at least demonstrate that your logic should work by using the R9 reset
lines instead. You will observe the 7490 output go to 9 instead of 0 when the reset condition comes, but it
will continue counting afterwards properly.

With external gates, you can use a similar reset technique to make any length of counter desired, but
with just the 7490 you can create almost any length of counter you want without any external gates. Can
you think of any count sequence lengths that can’t be made with the 7490 alone? Explain your answer.

4.6 Postscript

Congratulations, you have started developing your skills in reading data sheets. Often you can find special-
purpose ICs that perform useful operations, but to use them properly means deciphering the datasheet.
Sometimes, it takes some experimentation on the breadboard to fully understand what the datasheet is
trying to tell you, particularly with reset lines, but in principle there should not be any ambiguity in the
datasheet itself.
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PIN DESCRIPTION

PIN No SYMBOL NAME AND FUNCTION
1, 13 1CK, 2CK Clock Input (HIGH to

LOW edge triggered)
2, 12 1K, 2K Data Inputs: Flip-Flop 1

and 2
3, 11 1J, 2J Data Inputs: Flip-Flop 1

and 2
4, 10 1PR, 2PR Set Inputs
5, 9 1Q, 2Q True Flip-Flop Outputs
6, 7 1Q, 2Q Complement Flip-Flop

Outputs
15, 14 1CLR,

2CLR
Reset inputs

8 GND Ground (0V)
16 VCC Positive Supply Voltage

IEC LOGIC SYMBOL

TRUTH TABLE

INPUTS OUTPUTS FUNCTION
CLR PR J K CK Q Q
L H X X X L H CLEAR
H L X X X H L PRESET
L L X X X H H
H H L L Qn Qn NO CHANGE
H H H L H L
H H L H L H
H H H H Qn Qn TOGGLE
H H X X Qn Qn NO CHANGE

X:Don’t Care

LOGIC DIAGRAM (1/2 Package)

M54/M74HC112

2/11



SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

 

SDLS940A – MARCH 1974 – REVISED MARCH 1988

1POST OFFICE BOX 655303 • DALLAS, TEXAS 75265

Copyright © 1988, Texas Instruments IncorporatedPRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of Texas Instruments
standard warranty. Production processing does not necessarily include
testing of all parameters.



SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

 

SDLS940A – MARCH 1974 – REVISED MARCH 1988

2 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265



SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93

DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

 

SDLS940A – MARCH 1974 – REVISED MARCH 1988

3POST OFFICE BOX 655303 • DALLAS, TEXAS 75265



SN5490A, SN5492A, SN5493A, SN54LS90, SN54LS92, SN54LS93
SN7490A, SN7492A, SN7493A, SN74LS90, SN74LS92, SN74LS93
DECADE, DIVIDE-BY-TWELVE AND BINARY COUNTERS

 

SDLS940A – MARCH 1974 – REVISED MARCH 1988

4 POST OFFICE BOX 655303 • DALLAS, TEXAS 75265


