ELEC 120L
Foundations of Electrical Engineering Lab
Spring 2007
Lab #11:  Digital Ten-Minute Timer
Introduction

Many concepts come together to make possible the fabrication of digital timing and control systems.  These include basic circuit theory, the binary number system, Boolean operations, digital logic gates, and Boolean algebra.  In this lab exercise, you will use what you have learned about each of these topics to assemble a digital timer capable of counting from zero to 9 minutes and 59 seconds in one-second increments.  The timer should also allow the user to stop the count and reset the displayed time to zero.
This is a two-week lab.  During the first week’s lab session you should complete the assembly of the major subsystems and ensure that they function individually.  In the second week you will integrate the subsystems and add extra features.  There will be no write-up for this lab exercise, just a demonstration of the functionality of your design.
Theoretical Background
The three major subsystems that make up the digital timer are the binary counter, the display driver (with display), and the clock circuit (the overall timing reference).  There is only one clock circuit, but a counter and a display are needed for each digit in the timer.  Three digits are required in order to count from zero to 9:59.  Each subsystem will be described below.
Binary Counter

A binary counter is a circuit, usually encompassed within a single integrated circuit (IC) chip, that produces an n-bit binary number at n output pins and causes that number to increase (increment) or decrease (decrement) in response to each pulse from a clock circuit.  That is, the circuit “counts” in binary upward or downward from some starting point.  A pin-out diagram of a 74LS163 4-bit binary counter is shown in Figure 1 on the next page.  
The “74” series of digital logic chips are members of the TTL (transistor-transistor logic) family.  Although this is an old technology (by digital standards), the ICs in the TTL family are typically robust and work reliably in prototyping and low-speed applications.  The major drawbacks of the TTL family are that the ICs only operate at +5 V and draw significantly more power than most other logic families.  They also do not lend themselves well to miniaturization.  The “LS” in the part designation stands for “low-power Schottky,” which indicates that this series of TTL ICs uses Schottky type bipolar junction transistors, which are capable of faster switching speeds than standard BJTs, and that the devices draw less power than the first Schottky TTL ICs (although still far more than CMOS devices).
Descriptions of the various functions associated with the pins of the 74LS163 are given below Figure 1.
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Figure 1.  Pin-out for the 74LS163 4-bit binary counter.  [Source:  Fairchild Semiconductor data sheet for DM74ALS161B, DM74ALS162B, and DM74ALS163B, Apr. 1984, rev. Feb. 2000, doc. no. DS006206]
VCC, GND – These are the pins to which the positive (VCC) and negative (GND) sides of the +5 V power supply should be connected.

Ripple Carry Output – This pin goes high (binary 1) when the counter reaches binary 1111 (decimal 15).  It notifies any circuit to which it is connected that the counter has “rolled over” its maximum output number.

Outputs – These are the pins at which the 4-bit binary number appears.  QA is the least significant bit (LSB), and QD is the most significant bit (MSB).

Enable T and Enable P – Both of these pins must be high (binary 1) in order for the counter to increment.  In almost all cases both pins should be high; situations in which one of these pins must be high while the other is low are rare.

Load – An active-low pin; when this pin is set to binary 0, the output pins (QA through QD) are set to the binary number present at the Data Input pins (A through D).  This pin is normally tied to +5 V.
Data Inputs – Used to receive the 4 bits that are loaded into the counter by the Load pin going low.  If no binary number is to be loaded, these pins can be left unconnected (floating).
Clock – The pin to which the clock circuit’s output is connected.  The binary number at the output pins QA through QD increments when the clock pin makes a low-to-high transition.

Clear – An active-low pin; resets all of the output pins to zero.  The clear action occurs only on a rising clock pulse, but it overrides the settings of all of the other control pins (i.e., Load, Enable P, and Enable T).

Display Driver and Display
The binary counter normally counts from 0000 to 1111 (decimal 15) in 16 steps and then repeats the sequence; however, part of your design task will be to add a circuit to the counter to cause it to reset to zero after the binary number 1001 (decimal 9) or 0101 (decimal 5) is reached, depending on which digit of the timer the counter controls.  Seven-segment displays will show each digit, so an interface circuit is needed to read the binary form of the digit (in so-called binary-coded decimal, or BCD, format) and direct the appropriate set of light-emitting diodes (LEDs) to light within the seven-segment display.  This is accomplished by a device called a BCD-to-seven segment decoder.  One such device is the 74LS47 IC, whose pin-out diagram is shown in Figure 2.  Like the 74LS163, this is a low-power Schottky device.
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Figure 2.  Pin-out of 74LS47 BCD-to-seven segment decoder.

The pins labeled VCC and GND are the power supply connection points.  The input BCD data that is to be displayed is supplied to the pins labeled A0 through A3, which, unfortunately, are not in order.  A0 is the LSB, and A3 is the MSB.  The output pins are labeled a through g.  These pins are not in order either.  The bars over the labels indicated that they are active-low; that is, the corresponding LED in the display should light up when the pin produces a binary 0 and should stay unlit when the pin produces a binary 1.  Fortunately, this is the way the seven-segment displays we have operate.   Pins 3, 4, and 5 (LT, BI/RBO, and RBI) are used to light or blank all of the LEDs at once but will not be used in this project.  These pins are active-low and should therefore be wired to +5 V at all times.

The pin-out diagram of the seven-segment display is shown in Figure 3a on the next page.  This is an active-low display, so a given LED lights when its associated pin is driven with a binary 0.  Note that the positive side of the 5-V power supply is connected directly to pins 3 and/or 8.  Consequently, a resistor should be connected between each LED control pin and the corresponding pin of the 74LS47 that drives it; otherwise, excessive current could flow through the LED and eventually cause it to burn out.
Figure 3b shows how the LEDs are configured inside the seven-segment display.  Diodes allow current to flow in only one direction; the arrow in the symbol indicates that direction.  Diodes have the interesting property that the voltage drop across them is fairly constant for a wide range of values of the current that flows through them.  Thus, if 5 V is connected directly across a diode, a very large amount of current will flow through it.  To keep the current below the rated maximum, a resistor should be placed in series with the diode.  The voltage drop across the LEDs in the seven-segment display is approximately 1-2 V.  Since 5 V is applied to the VCC pins and since the output pins of the 74LS47 are active-low, then 3-4 V appears across the current-limiting resistor in series with each diode.  A value of 330  or so should work well in this application, because it limits the diode current to around 9‑12 mA, a safe amount.
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Figure 3.  (a) Pin-out of seven segment display.  (b)  Wiring of LEDs in seven-segment display.
Clock Circuit

The timer requires a regular (periodic) stream of voltage pulses to control the binary counters.   There are many ways to generate a pulse stream.  One of the easiest is with the widely available and ubiquitous 555 timer IC.  These devices monitor the voltage across a capacitor and switch the output voltage from zero to the power supply voltage (or vice versa) whenever the capacitor voltage drops below or rises above preset thresholds set by two resistors.  A typical clock circuit based on a 555 is shown in Figure 4 on the next page.
Timer ICs are relatively complex circuits, and the details of their operation are well beyond the scope of this handout.  However, the frequency of operation of the clock circuit shown in Figure 4 is determined by the simple formula [p. 718 of Bobrow’s text]
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The output pulse stream is not a perfect square wave in that the time spent in the low (0-V) state is not the same as the time spent in the high (5-V) state during each cycle.  Nevertheless, the circuit will suffice for the timer application.

[image: image5]
Figure 4.  Simple clock circuit based on the 555 timer IC.  [Adapted from Fig. 10.49b of L. S. Bobrow, Fundamentals of Electrical Engineering, 2nd ed., Oxford University Press, Inc., 1996, p. 716.]
Design Requirements

Your ten-minute timer should display elapsed time in m:ss (minutes and seconds) format.  The timer should start at 0:00 and increment once every second.  After the first 59 seconds have elapsed, the display should change from 0:59 to 1:00, and it should make a similar change every minute thereafter.  After 9 minutes and 59 seconds have elapsed, the display should reset from 9:59 to 0:00.  You do not have to fashion a colon (:) between the seconds and minutes digits, but you may if you wish.

Your timer should also have a “stop” feature and a “reset” feature.  The “stop” feature should be controlled by a switch and should freeze the displayed time when the switch is thrown/pushed.  The “reset” feature should also be controlled with a switch and should cause the displayed time to revert to 0:00.  Both features must be implemented in a way that does not put any of the components in the circuit (especially the ICs) at risk of damage nor cause excessive current to be drawn from the power supply.
Experimental Procedure

As explained in the Introduction, you will have two weeks to complete this task, and a written report will not be required at the end.  Your grade will be determined by the degree to which your ten-minute timer functions correctly.
· Spend a few minutes with your lab partner(s) thinking about the overall design of your timer circuit and how it should be laid out on the breadboard.  A few minutes of planning now can save you many minutes, or even a few hours, of taking apart and reassembling a poorly designed board later.  You should also designate one member of your group to take good notes and keep track of circuit configurations that do and do not work.  This information will be very helpful when you resume work on the circuit in the second week!
· Construct the 555 timer circuit shown in Figure 4 using a value of 10 F for the capacitor C.  Select values for resistors R1 and R2 so that the output pulses go through one complete cycle ever second.  You should use the same values for each resistor.  Test the timer by connecting an LED in series with a 330-W (or so) resistor.  Count the number of flashes in 10 seconds (or for as much time as you have patience) to verify that the clock rate is close to 1 Hz.  You may substitute a variable resistor for either R1 or R2 if you wish to adjust the clock rate for high accuracy.
· Design and assemble one of the display driver subsystems.  This subsystem should include a 74LS47 BCD-to-seven segment decoder, a seven-segment display, and several resistors.  Other parts might be required as well.  Once the circuit is assembled, test it by applying various binary-encoded numbers to the inputs and verifying that the correct digit is displayed.
· Add a 74LS163 binary counter to the breadboard, wire it for proper operation in this application, and connect it to the display driver subsystem and the clock circuit.  Configure it initially to count from 0000 to 1111.  The display will show the digits 0 through 9 correctly, but it will show a series of unusual characters for 1010 (decimal 10) through 1111 (decimal 16).  It should resume showing 0 through 9 correctly when the counter cycles back through the 16 binary numbers again.

· Now devise a way to connect one or more logic gates to the counter to force it to reset to 0000 after it reaches decimal 9 (binary 1001).  You should consider the timing relationships between the updates of the counter’s output pins and the clock’s cycles.  The data sheet for the 74LS163, available at the lab web site, might help you with this.

· Construct the binary counter and display driver subsystems for the other two digits in the ten-minute timer.  Note that one of the counters must cycle through the digits 0 through 5 rather than 0 through 9.  You should adjust the design of that counter subsystem accordingly.
· Devise a way to interconnect the circuitry for the three digits so that the minutes and ten-second digits increment at the appropriate times, resulting in a true timer.  This might or might not require additional logic gates.

· Add the “stop” feature to your timer.  Remember that there should be no risk of damage to any of the components in the circuit or excessive current drawn from the power supply as a result of the feature being operated.

· Add the “reset” feature to your timer.  Again, there should be no risk of damage to any of the components in the circuit or excessive current drawn from the power supply as a result of the feature being operated.

· Demonstrate your ten-minute timer to the instructor or TA by the end of the second lab session.
Grading

No written report will be required at the end of the two-week lab period.  When you demonstrate your circuit, the instructor or TA will check for the proper operation of the circuit.  You must allow for your circuit to operate the full 10 minutes, plus some extra time for checking the “stop” and “reset” features.  Your grade will be determined as follows:


70
One or more digits cycles from 0 to 15 (decimal).


80
One or more digits cycles from 0 to 9 (decimal).


85
The seconds digits cycle from 0 to 59.


90
The timer counts minutes and seconds up to 9:59, resets to 0:00, and counts again.


95
The timer counts ten minutes, and either the “stop” or the “reset” feature works.


100
The timer counts ten minutes, and both the “stop” and the “reset” features work.


© 2007 David F. Kelley, Bucknell University
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