PE 11 CLOCKED TTL LOGIC


A Practical Exercise


Name:______________________________
I. Purpose

In this lab you will examine a more sophisticated TTL chip than the one used in the last lab.  In fact, this new chip contains many of the same logic components that we saw last time, but organized into a more complicated circuit contained in a single package.  You are tasked with the job of discovering what the new chip does.

II. Equipment

You will use a Digi Designer board, wires of various lengths (for connecting chips on the Digi Designer board), and the following TTL chip:

· 7493

The 7493 is more complicated than the chips in the previous lab.  
CAUTION:  TTL chips are sensitive to static electricity.  Before handling them, ground yourself by touching a piece of metal such as a pipe, power supply case, etc.

III. Lab Procedure
1.  Plug in your Digi Designer board and turn it on.
2.  Your 7493 chip should already be wired to power and ground.  Wire the clock signal and the LEDs as shown in Figure 1.
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Figure 1.  How to connect the 7493.

3.    The 7493 needs to be reset for proper operation.  To begin the reset, put switch #1 in the high position.  Do this now.  All of the LEDs should be off at this time.  Record the initial status of the LEDs in Table 1. Important point, when pins 2 and 3 are set “high” the chip resets. We will use this point later.
4.  The 7493 responds to voltage changes on pin #14.  Each time the voltage on pin #14 goes from high to low, the 7493’s outputs change.  In other words, the 7493 is a “clocked” device.  The clock signal that you attached to pin 14 serves this purpose.  Make sure that the clock signal is set to 1Hz so that the 7493 runs slow enough for you to observe.  Now you are ready to let the 7493 operate.  Place switch #1 in the low (off) position and watch the LEDs.  Notice that there is a repeating pattern.  Record the LED pattern in Table 1.  Name or describe the behavior of the 7493.

Table 1.  7493 Output Table.

	Clock Pulse
	Leftmost LED
	Center left LED
	Center right LED
	Rightmost LED

	Initial (0)
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	


7493 BEHAVIOR:________________________________________________________

NOTE: The reset switch is connected to both pins 2 and 3.  Pins 2 and 3 are connected by an AND gate.  When the switch is on, high voltage surges through pins 2 and 3 and causes the AND gate’s output to be high.  When the AND gate is high, the 7493 resets – all outputs become low.

6.  Disconnect the wire at the switch and connect it to pin 11 instead.  Note that pin 11 is connected to pins 2 and 3 now.  Record the output starting with all LEDs off in Table 2 and describe the 7493’s behavior.  To add to the challenge, Table 2 contains more rows than you’ll need.  That is, the chip will repeat its output pattern before you reach the end of the table.
Table 2.  7493 output table with pin #11 connected to the reset pins.

	Clock Pulse
	Leftmost LED
	Center left LED
	Center right LED
	Rightmost LED

	Initial (0)
	
	
	
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	

	4
	
	
	
	

	5
	
	
	
	

	6
	
	
	
	

	7
	
	
	
	

	8
	
	
	
	

	9
	
	
	
	

	10
	
	
	
	

	11
	
	
	
	

	12
	
	
	
	

	13
	
	
	
	

	14
	
	
	
	

	15
	
	
	
	


7493 BEHAVIOR:________________________________________________________

(What happened when pin 11 went “high” ?)
7.  We’d now like the 7493 to repeat its pattern when the counter reaches 9. Or in other words, the counter should count from 0 – 8 and repeat. Which two output pins (the pins now connected to an LED) should be connected to pins 2 and 3 to reset the counter after 8? (Look at the binary output in the table above.)  Test your answer using the 7493.  Record your answer below.  Hint: Look at the note before step #6 and the behavior you recorded in Tables 1 and 2.

Pin 2 should be connected to pin ______________.

Pin 3 should be connected to pin ​​​​​​​​​​​​______________.

Pins 2 and 3 SHOULD/SHOULDN’T be connected to each other.

8.  In lecture you were introduced to timing diagrams.  You can create your own timing diagrams using the oscilloscope.  Do the following.

a. Connect the clock signal to the white or blue plug on the right side of the Digi Designer.

b. Connect the plug to Channel 1 of the o-scope.

c. Add a wire from pin 12 to the second plug on the right side of the Digi Designer.

d. Connect the plug to Channel 2 of the o-scope.

e. Adjust the o-scope to show the clock and the output of pin 12 of the 7493.  In order to get an attractive display on the o-scope, you will need to set the o-scope to a very low frequency and perhaps slightly increase the clock frequency of the Digi Designer.

f. Observe the relationship between the rising and falling of the clock pulse (Ch. 1) and the signal on pin 12 (Ch. 2).

Does the signal on pin 12 change on the rising or falling edge of the clock?
























































