Physics 120B LAB#5 Spring199:

INDEPENDENT PROJECT (3WEEKY)

In this laboratory you have three weeks to construct a déypeeally digital, of your own choosing.
You are expected to continue to work in pairs. The project will count as the equivalent of 3 labo#itc
or before the first laboratory period you must submit your plans to the instfoctaview. The objectof
the review is to attempt teterminewhetherthe proposedorojectis feasible,the designis practical,and
that completionof it is realistic for the time available. An early start is desirableto determineparts
availability, both from UCSD and from external suppli€dsring the threeweek periodthe TA's will be
availablefor consultationand partscheckout;the instructorwill be availablefor consultationduring the
first hour of every laboratoryperiod, in the laboratory. Additional consultationcan be arrangedon an
individual basis.

The project report is not to be included in your notebook as in previous laboratetesilitbe printed
or written on regular letter size paper. It should include:

a) An introduction with a brieflescriptionof the function, purpose,or objectiveof the projectdevice
as appropriate.

b) For thedeviceswhich were constructedr usedin the project, provide the relevantspecifications.
For example; power requirements and input and/or output signal requirements.

¢) Include a circuit diagramof the device.A sampleis appendedin generalthe circuit should be
organizedin logical blocks and accompaniedy a block diagram showing signal flow or logical
interrelationof variousblocks of the circuit. Also include a sketchof the physicallayout of the IC's
and other major components such as controls, displays and/or input and output connections.
c) Instructions (where appropriate) to a potential user as to how tbaxdeviceand/orhow to repeat
the measurements and analysis of the results.

d) A discussion of the theory of operation of the device.

e)Suggestions for additionsyodifications,and alternatemethodswhich could improve or addto the
functions of the device. It is almost impossible to desigtiusea devicewithout becomingawareof
limitations and possible improvements.

It is importantto be clear and concise.No report should exceed10 single spacedpagesand most
should be shorter. Higher grades will be given for more efficient use of words rather than for long
The grades will be based on the difficulty of the project, the qualitg ekecution,andthe quality of the
report. Satisfactoryoperationmustbe demonstratedo your TA during or before the last scheduledab
session. The report must benedin by 7PM of the scheduledab sessionduring the week endingMay
18. Late reports are penalized 5%/day.You may write your own individual reports if yoorwish may
turn in a single report for two partners. In the latter case, both partners receive the same grade.

Thedeviceshouldbe ascloseto stand-aloneas possible.Use the benchpower supply for power.
Function generators may be used for test or clock signals, but making your ownS&&moraothertimer
is preferred. Some partsay be temporarilysignedout from the suppliesof the lab but do not expectto
obtain unusual chips or complicated devices. #mfree to obtainany chips, electromechanicalevices,

81



Physics 120B LAB#5 Spring199:

or other componentghat you wish from availableoutsidesources.lIt is a challengeto find parts for

nothing but many such parts are available at very little cost from surplus outlets such as Gateway
Electronics(bestfor electronics), Murphy's and California Electronics in ElI Cajon, or Industrial
Liquidators(also has mechanical stuff). Other sources are Radio Shack(new), Western Radio
Electronics(new), Shanks & Wright(new and surplus). If you heexeerbeento sucha storeit is highly

recommended that you browse through one of the surplus st@eshtow many of the componentand
devices you can identify artd learnaboutthe typesof componentghat are available.Many more arein

the Yellow Pages; the above are sources | happened to have used in the past.

Examples of possible projecise describedbelow, listed approximatelyin orderof increasingdifficulty.
You areencouragedo invent modificationsof themor completelydifferent ones.Note that thereare no
examples of analog projects; they tend to be more difficult to complete.

EXAMPLES OF POSSIBLE PROJECTS

1. Build an interval timer based on a crystal controlled or other stable oscillagditer shouldmeasure
the intervalbetweena startlevel changeand a stop level change and displaythe result. It shouldignore
start signals after the original and before the associated stop or running off scale.

2. Construct a time-of-day clock on which the hours are indicated by single LED's located in a teel
numbers ofan ordinary analogclock. Usetwo 7 segmentLED's to display minutes.For this you could
use 7447 BCD to 7 segment LED drivers, 7474 "D" flip flops, 7492 dividE2younters,74196decade
scalers or 74197 4 bit counters.

3. Construct an electronic timer for control ad@inkling systemor similar applicationin the home.lt is
to work ona 7 day schedulesuchthatit will turn on at the hour andday selectedby the switches,for a
time intervalalso determinedoy switch selection.Assumethat a time baseof 1 minutewill be used,but
run the devicefrom a 1/60 secor 1 sectime basefor testingand demonstrationFor this you could use
74197 4-bit counters and logic gates as required.

4. Constructa single slopeanalog-todigital converterwith 4-bit resolution.This is one of the types of

converters whictare usedin inexpensivecommercialdigital voltmeters.A ramp generatotis constructed
and its output is connected to one input terminal of a voltage comparator. The other input of the co
is connected to the voltage source to be measured. A clock signal (10 or 100 kHz) is passed taia
to a counter.The gateis openedat the beginningof the rampand closedwhenthe comparatorswitches
states. The output from the counters should be usékM®LED’s in a binary displayor convertedto 7-

segment decimal LED display. In either cabe,display shouldhold until the nextrampis completedso

that thereis a continuousdisplay. Design the device so that a convenientnumberof counts(say 100)

corresponds to 1 Volt at the input. Components could be:
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Op amp for ramp generator e.g. LF351

Comparator

Counter 74196 bcd or 74197 binary

npn transistor to convert comparator output to TTL
switch across capacitor of ramp generator, e.g. 4401
logic gates to control gate, switch, and counter reset.

5. Constructa two (or more)bit A/D converterusing analogcomparatorsand voltage dividers after the
model shown in Figure 10.27 on page 44Foftney.Constructan appropriatetruth tablefor the binary
outputs, 1, 2, in terms of the inputs, a,b,c, and then implement it withdatgs.Include an input buffer
amplifier, and consider making it a clocked or triggered system.

5a. AnevenbetterADC than#6 above.lmplementthe successivepproximationADC of Figure10.28a
using the results of Problem 17 of Chapter 10.

6. Design the tail light system for a Ford Thunderbird. This consists of six or more LEDs ingrotwyis
in a horizontal line, with the following functions:

a) A right turn signal activates the cyclic sequence (L=lighted, U=unlighted)

Uuu LUU

Uuu ULU

UUU UUL

and repeat with about a 1 Hz rate.

b) A left turn is the mirror image of right.

c) Applying brakes lights all lights. If brakes are on at the same time as the turn signal, the |

set should go to LLL, but the other lights should maintain the turn sequence.

d) The emergency flasher initiates the sequence

Uuu Uuu

LLL LLL

and repeat with about a 1 Hz rate.

e) Brakes override the emergency flasher.
The turn signal could be an SPDT switch with cenfér emergencyan SPSTswitch, andbrakesa push
button. The LEDs could be driven from shift registers or counters.

7. Optical One DimensionalPing Pong. This consistsof a 12 or more LEDs in a horizontalline, and a
push button at each end. The game begins when one player pushiegttbejthe end LED lights andis
transferred toward the other end at a clock determined rate. If the receiving endsopitessedvhenthe
end LED ison, the transferdirectionis reversedandthe lighted LED travelsin the oppositedirection. If
the button is pressed when the end LEDffs the lighted LED goesto the endand disappeargno lights
on).

Constraints: At any time there is at most one LED on. When the lightedd_g@ng away from a
player (server), repeated button pushes do nothifigenit is approachinga player (receiver),the circuit
functions as above. If no lights are on, either button will start an LED and define the server and rec

8-3



Physics 120B LAB#5 Spring199:

Options: a) Score keeping
b) Several clock rates for different skill levels
c) Ball speed depends on button push

8. Electronic Roulette. Construct an electronic roulette whehkiform of 16 or moresingle LED's in a
circle. When you press a "spin” button, a single lighte® movesaroundthe circle, slowing down and
finally stoppingat one LED. The LED's shouldbe driven with a shift registerclocked by an oscillator
whose frequency can be slowly reduced to zero. You should test the wheel by Svathingreasonable
statistics)that all LED's are equally probable as the final lighted LED. This would imply some
randomization of the initial velocity or of the rate at which the lighted LED slows down, or both.

DEVELOPMENT HINTS

1) Develop one subsystem at a time rather than trying to do the whole thing at once.

2 Make a block diagram, a circuit diagram, and a physical layout diagram shawiognnections
before you touch the protoboard.

3) Use buss lines for power, ground, clock. Put bypass capacitors on the power buss(es) i
chip.Debounce all switches.

4) Drive LEDs from open collector outputs with current limiting resistors. There are LED arre
such as 7 segment LEDs for numerical display. Be aware that they typically have either the
or the cathodes connected together; the LED driver must match this. Common anode is pre
driven from open collector outputs.

5) Color code wiring to differentiate power and signal wiring.

6) You may need two protoboards.

7) Be aware of possible timing problems in clocked circuits. Be sure that levels are stable w
circuits are clocked; synchronize inputs with clock to avoid marginal signals.

8) The circuit should have a power on and/or reset sequence which places it in a well define
9) Never drive several circuits in parallel from a marginal source. First make a standard TTL
other pulse. Then use the standard TTL pulse to drive the parallel inputs.

10) Be sure to consider what happens if inputs are missing, or unintended inputs are prese
11) There is a temptation to use a divide by 12 counter like the 7492 in counting seconds, n
and hours. Be aware that the output is not BCD for counts of 6 or higher, so thereisno 7 s
LED driver to convert the output. There are some tricks which can be used to make a 4 line
by-12 counter drive 12 LEDs.

12) Be sure you have no "floating" inputs. Unused inputs should be grounded or connectec
appropriate voltage level.

13) There are a wide variety of medium scale integrated (MSI) circuits to carry out complex

functions, so spend some time leafing through an Intel, Texas Instruments, or other 74000
chip manual before doing your preliminary design. Be aware that there are many different ¢
in counter chips; some can count up/down, some divide by 10,12 or 16, some have paralle
some incorporate the LED driver, etc. The same is true of shift registers; they can have 4, ¢
more cells, can be serial or parallel load, can shift left or right or both.

84



Physics 120B LAB#5 Spring199:

8-5



