Digita Electronics Dr. Pogo
Lab #5 Tuesday, February 19, 2008

Misson Overview

Y our mission is to modify the “Load Before Launch Sequencer (LBLS) that you built last week for the
USS Harry S. Truman to handle more jets. Asyou recdl, the LBL'S systern monitors the number of
planes in the queue by counting them asthey roll over a sensor in the deck. The new system must:
Count the number of jetsin the launch queue, from 0 to 12. Use one momentary switch as the
deck sensor to add a plane. Use the second momentary switch to indicate a jet being launched
(subtracted) from the queue.
Refuse another “count up” if the number of jetsin the queue is dready 12. Smilaly, if the
number of jetsin the queueis dready 0, the counter must not accept another “count down”.
Indicate the number of jetsin the queue using two 7-segment decimal display units.
Build astatus panel with three LEDs:
= Sauslight 1is"on" only when the queueis empty (Q = 0).
=  Sauslight 2is"on" only when the is naither full nor empty (0 < Q < 12).
= Satuslight 3is"on" only when the queueisfull (Q = 12).
Y ou mugt dso use one of the regular SPDT switchesasa*“clear” switch, which sets the counter
to zero.
Whenever ajet is added to the queue, run the motor clockwise and light agreen LED. The
motor should stay on for one second. Also, the motor may start after a smdl delay to dlow the
circuit to useal Hz clock signa. This motor indicates that the large elevator is coming up to the
flight deck from the hangar deck.
Whenever ajet islaunched, run the motor counter-clockwise and light ared LED. The motor
should stay on for one second. Also, the motor may start after asmall delay to alow the circuit
touseal Hz dock sgnd. This motor indicates that the large devator is returning to the hangar
deck from the flight deck, to prep another plane.

[nput Summary: Thefina syslem must use 1 switch, and 2 momentary switches.
Output Summary. Thefind sysem must use 3 red LEDs, two 7-segment displays, one motor,
aydlow LED, and agreen LED.

Equipment: Y ou may use any chips that we have learned about this semester.

Suggested Process:
1. Build a00 to 99 up/down counter usng two 74192 chips, two displays, and two momentary
switches).
2. Build the"Clear" fegture (requires only additiona wires, and no new chips).
3. Build the 3 status lights (can take a variety of forms).
Use the status light outputs to restrict the counting range from 00 to 12 (can be done with only
two gated!).
5. Add the motor control system (see page 3).

»
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Discussion of New Equipment

Last week, we used a group of K Hip-Flopsto count by ones. Specifically, we counted the number of
times that a switch was thrown. As you might expect, people don’t redly use JKFF sto count Stuff.
Instead, we have a specialized chip caled a 74192 “up/down counter” (see layout).

Obvioudy, these chips must have a power pin (pin #16) % ,—1|5 ,—|14 ,—|13 ,—|12 O 11,—| 10,—|
c D

and aground pin (pin #8). Like the JKFF, they have an Ve A CLEAR V%ARRY LgAD
edge-triggered CLK (pin #5). However, thisinput is 74192
activated _b){ arising edge, not afadling e_dge !n other ) Synchronous Up/Down
words, thisinput, caled “COUNT UP’, is activated when Decade Counter
it changes from low to high (- ). COUNT COUNT
DOWN UP
B Q. Q Q. Qy GND
LI O

The outputs of the chip, QoQcQeQa, arefoundonpins7, 1 B & W W H O
6, 3, and 2. These can be connected directly to a 7-

segment display decoder package. These 4 outputs Outputs Outputs
represent a“BCD” (Binary Coded Decimal), with D being the mogt Sgnificant bit (MSB), and A the

least ignificant bit (LSB).

This chip has a couple of other features. Like the JKFF, this chip has a CLEAR input (pin #14; active
high), which lets you force dl four outputs to low, indicating a count of zero. Internaly, this chip is made
from 4 Hip Flops connected together, so it has 4 separate PRESETSs (pins#15, 1, 10, and 9). That
means you can force the chip to accept any values of ABCD that you want; you could apply a0101
(whichisadecimd 5), or 1001 (adecimd 9), or any other value. The preset lines are caled ABCD
(note that they are different than Qa, Qs, Qc, and Qp). However, merely changing the inputs to ABCD
does not itself activate these presets. The chip never looks at the preset inputs unless the LOAD input is
adso active. ThisLOAD input is pin #11, and it isactive low. So, whenever LOAD = 0, the chip forces
Qa € A, ec. Notethat the LOAD input is not edge-triggered. If you keegp LOAD low, then the
counter continualy looks at the inputs ABCD, and will keep adjusting Qa to maich A, until you turn off
the LOAD input. In any case, we won't be using LOAD today.

Another coal feature of the chip isthat it can dso count down. If you send arising edge trigger to the
input a pin#4 (“COUNT DOWN”) ingtead of to pin #5, the chip reduces the value of the BCD
represented by QpQcQsQa output by 1. Y ou cannot use the COUNT UP input unlessthe COUNT
DOWN input is held high. Smilarly, you cannot use

the COUNT DOWN input, unlessthe COUNT UPis

held high. This meansthat the “norma gate’ for each COUNT
input must be high. That is, when you are not up
counting, both count inputs should normely be high.

Since the “count” inputs are high most of the time, and

because they aso require arising edge, the input to t
COUNT UP must look like this: COUNT istriggered here
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Suppose we are counting up (using pin #5), and the output at onetimeisa 7,0 (0111,). Now, wegivea
risng edge (- ) to pin #5. The output changes to 8,0 (1000,). Thenext - givesusa 9, (1001,). The
next - givesus a0y, (0000,) for the output. Thiskind of counter istherefore sometimes cdled a
“decade” counter, because it counts ten digits, instead of 4, 8, or 16. This counter chip is specificaly
designed to be used with the 7 segment displays.

Again, if the output is currently at 9,0 (1001,), and we activate the COUNT UP pin, the output goesto
zero. While we' re discussing this “rollover” behavior, | want to draw your attention to another redly
cool festure on this chip, caled “CARRY”. Whenever the tota output rolls over from nine to zero, the
CARRY output changes from 0 to 1. Y ou could connect this CARRY output to the COUNT UP input
on asecond 74192 chip, which isitsaf connected to a second 7-segment display. Then, when you send
abunch of risng edges to the first counter chip, you might see the display like this: 07, 08, 09, 10, 11,
12, etc. You can make achain of as many 74192 chips as you, each one storing the value of one digit
of the output.

Thefind feature of this chip is cdled the “BORROW” output, whichis smilar to the CARRY outpt.
Suppose the output of apair of two decade countersis currently 43; if you count down on the LSD, the
output changes to 42, then 41, then 40. So far, only the LSD has changed. The next time we count
down, the LSD will change from 0 to 9, and we desire the display to read 39. However, unlesswe give
the system away to aert the“4” that it needs to changeto a“3”, well just get a49. To solve this
problem, the BORROW output from the LSD can be connected to the COUNT DOWN input on the
next higher digit’s 192 chip. BORROW becomes active whenever the output changesfromaQto a9.

Moator Control

Aswith |ab 3, you need to build two control
Count up

that Iab, each relay should be active when its N JCLR
control Sgnd islow. The following arcuit can be A
used to create control “A”, dthough you Il need to Qa —L
determine what gates to use to replace the

Vee —

Qa

signds“A” and “B” to control the motor. Aswith | 74100 *DO* _L C'

1Hz

rectangular boxes! (Hint: dl Sx are either AND or | ek
OR gates. If you can't figure out which iswhich,
you might be able to smulaethiscircuit in

Digitaworks to discover the solution by trid and

Q
error). A smilar circuit is needed for control “B”. Qs 1 v JOARS L

Clear

— —O>CLK

QB—L

QA_

Vce
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You MAY NOT writeon thissheet in pen!

Name:

Your circuit:
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