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Let's think about our display
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ROBERT GROSSBlATT,
CIRCUITS EDITOR

ONE OF THE WORST, AND MOST COM­

mon traps you can fall into as a
designer is not knowing when a

--job-is-f inished:-There's-always-that
last minute brainstorm, the "one .
more terrific idea," that has to be
worked into the final design. I
can't tell you how many times
that's happened to me. And even
though I'm aware of the problem,
it's really easy to get caught up in it.

The best way to avoid that is to
know what you want to accom­
plish when you first sit down at the
bench. A list of design goals and a
set of criteria may seem silly at the
onset of a design but, take it from
me, you 'll read them over and over
as you get deeper into the project.
No design is static-ideas mature
and goals change. What you wind
up with at the end is probably go­
ing to bear only a. vague re­
semblance to what you originally
set out to do.

The reason I'm mentioning that
is because it's my way of apologiz­
ing again for changing my mind in
last month's column . I had origi ­
nally felt that a lot more could be
learned by setting up a buffer-and­
latch type arrangement for exter­
nal access to the memory. When I
began putting the design together,
the number of chips started to pile
up and before I realized it I was

;E:/ see:...
.zzon TEXT

/6

Vee .2.-¥
/Nh' e s

0
2 2

C 2/

t;) /o ~0:....a~t===---:--:=""'

~//~/!....'+-~:-f~~~

1"C:3 '"'91~/B4~--J:?~--..:!!>..-.:""".(I.'51"!- ""'
tjJ'1I!-/7L..j-='~=-=--~I--lLE--'"

tjJ/;t~/~~~W~----':!!>---1

P/S~/~~-+--~~*l:L'!!..-"

~/.z ~/..!.:¥-H*i~--~="
Pi J ~/=Yf-=~!>.--ft*l-=~

electric toothbrush to Star Wars
has to deal with the problem of
how best to display data. Now, if all
your circuit needs is a few LED's
there's not much of a problem; but
if you've got a lot of data that has to
be displayed, you're going to have
to give it some thought.

LED's are notoriously power
hungry. Batteries can go dead
really fast when you have more
than a couple of LED's lit up at the
same time. The standard way
around that problem is to "multi­
plex" the display. That's a twelve
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looking at designations like IC26!
Clearly, the project was past what
some people euphemistically like
to refer to as "manageable size."
Direct Memory Access (DMA) is a
perfect way of getting in and out of
our Z-80 system. It can be a little
tricky, however, so let me know if
you have any problems and I'll do
my best to give you a hand.

But now for someth ing com­
pletely different.

There are some things in elec­
tronics that show up no matter
what kind of circuit you're design ­
ing. Just about everything from anFIG. 1
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R-E Engineering Admart
Rates: Ads are 2W' x 2W'. One insertion $825 . Six insertionsS800 each .Twelve
insertions$775 each . Closing date same as regular rate card. Send order with
remittance t~ Engineering Admart, Radio Electronics Magazine. 500-B Bi-County
Blvd., Farmingdale, NY 11735. Direct telephone inquiries to Arline Fishman. area
code-516-293-3000. Only 100%Engineering ads are accepted for thisAdman.
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BP182-MIDI interfacing enables any so
equipped instru ments, regardless of the
manufactu rer. to be easily connected to­
gether andusedasasystemwith easycom­
puter control of these music systems.
Combine acomputer and some MIDI instru­
mentsand you can have what is virtually a
programmableorchestra. To get yourcopy
send S6.95plus $1.25JoLshipping inJhe_
U.S. to Electronic Technology Today
Inc., P.O. Box 240, Massapequa Park,
NY 11762-0240.
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doll ar wo rd to ind icate that you
can take advantage of retin al per­
sistence. If the LED's are turning
on and off very qui ckly, it will seem
like th ey are on cont inuously.

Wh en you' re dealing with LED­
based d isplays, th ere are several
ways to go about multipl exin g
them. LCD displays can be multi­
pl exed as well, but th ey're much
slowe r and don 't respond well to
rap id strob ing . And since th ey
basically run on f lea power, there's
not much of a poi nt in multiplex­
ing them.

To get started, let 's suppose that
you have sixtee n LED's in your di s­
pl ay ; all of them will be on some of
the tim e, and you' re running th e
circuit off a 9-volt battery. If we do
a bit of arit hmet ic, we can see
w hat's go ing to happen to the bat­
te ry. A fresh 9-volt battery is usu­
al ly somewhere arou nd 8 volts and
a value of 220 ohms is a good ball ­
park f igure for a current- limiti ng
resistor. The simplest kind of cir­
cuit configuration is shown in Fig.
1. Assumi ng th e vo ltage dro p
across each LEDto be 1.7 volts, we
can app ly O hm's law as fo llows:
ILED = VIR

= (VSAT - VLED)/R
= (8 -1.7)/220

ILED = 28.6 rnA
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So if yo u w ere driving 16 LED's,
yo u would have to supply almos t
half an amp-and th at's a signifi­
cant amo unt of power !

The circu it in Fig. 2 is one way
of multipl exin g th e same 16
LED's. All w e have is a simp le
clock d rivin g a 4514. The outputs
of the decoder are normally low
and the selecte d outp ut goes
hi gh . A simi lar chip, th e 4515, has
normall y hi gh o utp uts so yo u
can use the circuit for LED's w it h
a common le g t ied to e it her
ground or power, whichever yo u
prefer.

The clock is a standa rd o ne
made up of a pair of inverters
drivin g a 4520 b ina ry co unte r,
which is being used to make the
decod er scan across its outputs.
You mi ght co nside r th at to be an
unnecessaril y co m p lex way of
doing a simple job, but th e cir­
cui t is good for demon strat ing
th e basic id ea. There are lot s of
ways to d o t he same job with
fewer lC's and we' ll be looking at
severa l of th em later on .

Th e co m po nents show n fo r
the clock cause it to osci l late at
about 10 kHz. Assuming th at it
takes no t ime at all to switch be­
tween the outputs, and that the
CMOS chips are using no power,
yo u're go ing to be abl e to light all
16 LED's w ith even less current
than t he ci rc uit in Fig. 1 uses.

117 PRACTICAllC
PROJECTS YOU CAN BUILD
2645T-117 PRAC­
TICAL IC PROJECTS
YOU CAN BUiLD.....
$13.95. Dozens of
tully-tested, ready-to­
build circuits you can
put together fro m
read ily-available; low
cost IC 's! There are a
total of 117 IC circuits
ranging from an audio mixer and asignal
splitter to.atape-deck amplifier and atop­
octave generator organ ! From TAB
Books. To order your copy send $13.95
including shipping to Electronic Tech­
nology Today Inc., P.O. Box 240, Mas­
sapequa Park, NY 11762-0240

Even if you al low 10 mA for each
of the lC's, yo u' re st ill looking at
o n ly 60 mA for th e ent ire cir­
cuit-and, fo r the record , th ere's
no way those CMOS lC's are go ­
ing to want 10 mA each.

The price yo u pay for multi­
pl exin g a di splay is that each of
th e LED's will appear to be dim­
mer-how much dimmer de­
pends o n a number of thin gs.
The efficiency, size, and co lo r of
th e LED's are all go ing to have an
effect o n th e appa rent bright­
ness; and don 't forget that each
LED is only on less than one six­
teenth of th e t ime .

The easiest way to boost th e
br igh tn ess of a multiplexed di s­
pl ay is to drop th e value of th e
current- l imiting resistor. Unfor­
t unate ly, ther e's no way to tell
how much of an in cre ase in
brightness yo u' re goi ng to get as
yo u in crease th e current . Each
LED reacts di ff erently. You can,
however, choose a value fo r th e
current-limit ing resistor that w ill
give yo u th e maximum allowab le
cu rrent through th e LED-usu­
al ly abo ut 70 mA or so fo r th e
standard T-1 %-size LED's.

If the multiplexin g freq uency
is hi gh enoug h, yo u can pu sh e:
really hu ge amounts of current g

, thro ugh th e LED. Standard jum- ~

bo LED's can handle 1 amp if it 's cD
continued on p age 100 ~
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FIN Ally!
An interesting and worth­
whileproject. ThisEASY·TO·
BUILD circuit lets you use
any regular TV setasa sim­
ple OSCILLOSCOPE. Build
for lessthan$10. NO MODI·
FICATIONS TO TV! Single or
dual trace. Send for FREE
CATALOG of other plans and
kits.

SATELLITE TV

PayTV and Satellite Descrambling Vol. 2
• 'Scrambling News"

Shojiki Electronics Corp. , 1327A Niagara St. .
Niagara Falls. NY14303COOs 716-284-2163
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BuildSalellite 2.95. Any 31$27or61$40 .
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Ell

CABLE TV Secrets-the outlaw publication the ca­
ble companies tried to ban. HBO, Movie Channel,
Showtime, desc ramblers, converte rs, etc . Sup­
plier's list included $8.95 . CABLE FACTS, Box 711·
R, Pataskala, OH 43062.

SATELLITE TV receiver kits ! Instruction manual,
boards, semiconductor parts! 59' LNA's! LNB's! Ku­
Ban d LNB 's ! C ata log $1 .00 : XANDI ELEC·
TRONICS, Box 25647, Dept. 21HH, Tempe, AZ
85282.

DETAILED PLANS: $4.95

TV-SCOPE
PENN RESEARCH ,

Box 3543
Williamsport, PA17701

Cable TV Converters
Why Pay A High Monthly Fee?

HOW to rewind power transformers to your specs.
$7 .95 . BROSS ELECTRONICS, 350 Tremont ,
Suite 0 51, Dept. R8, Murfreesboro. TN 37130.

FANTASTIC electric finder instantly tells if circuit is
live or dead. Looks like a pen (battery operated).
Specify AC or DC. $11.00 includes postage and
handling. Check/M.O. 2 extra batteries $1.00. F.A.
BARNES, Box 2396, Northbrook, IL 60065.

DESCRAMBLING, new secret manual. Build your
own descramblers for cable and subscription TV .
Inst ruct ions, schematics for SSAV I, gated sync,
sinewave. (HBO, Cinemax, Showtime , etc). $8.95,
$1 postage . CABLETRONICS, Bos 30502 R, Beth-
esda, MD 20814. .

CRYSTAL radio sets, plans, pa rts , kits, cata log
$1.00 . MIDCO, 66 0 Nor th Dixie Highway, Hol­
lywood, FL 33020 .

;The DECODER. Nationa l monthly technical satel·
Iile/cable descrambling newsletter. News-scM­
matics-modificalions-rsviews. $18.00/year. Sam­
pte -$3.00. TElECODE, Box 6426 , Yuma. AZ
85364-0840.
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INFORMATION UNLIMITED
P.O. BDX716 DEPl.RE,AMHERST. NH03031

PLANS-BuildYourself- AllParts Avai lab~ InStock
• lC7-BURNING CUTIING CO, l ASER...... ..........$ 20.00
• RUB4-PORTABlE LASERRAY PISTOL ... 20.00
• TCC1 - 3SEPARATETESLACOil

PLANSTO1.5MEV 20.00
• IOGHON RAY GUN....................... 10.00
• GRA1-GRAVITY GENERATOR 10.00
• EML1-ElECTRO MAGNET COil GUN/lAUNCHER ...... ....... 6.00

KITS
• MFT3K-fM VOICE TRANSMITTER 3MI RANGE .. . .. 4950
• VWPM7-TELEPHONETRANSMITTER3MI RANGE . . 39.SO
• BTC3K-250.oo VOLT11).14" SPARK TESLA COil .... .. 199.50
• l HC2K- SIMUl ATED MUlTICOlORlASER 39.50
• Bl S1K- loo.lXXJ WAnBLASTER DEFENSE DEVICE.. 69.50
• ITM1K- 1OO,lXXJ VOLT20' AFFECTIVE

RANGE INTIMIDATOR ..
• PSP4K- TIME VARIANTSHOCK WAVEPISTOL...
• PTG1 K-SPECTACUl ARPLASMA

TORNADO GENERATOR . 149.50
• MVPIKSEEINDARKKIT 199.SO

ASSEMBLED
• PTW1K-5PECIAl EFFECTVISUAL PLASMA GENERATOR

FOR GLOBESINEONTUBINGETC , SS9.SO CABLE descrambler liquidation. Major makes
: • BTC10--SO,1XXJ VOLT-WORLD 'S SMALLEST and models available. Industry pricing! (Example:

--- _ TESLA COIL-. •__•__._. 49.50_ - - -J- I~-P-..l t-·-l-..l-" N--J-I~- - Hamlin Combo's $44 each-minimum 10 orders)
. lGU40--1MWHeNeVISIBl EREDLASERGUN 249 .50 erro u rocuc S me uce ew errou DEALERS ONLY ! Call West Coast Electroni cs'
:W~~~E~L~~2~6:~~~:~i~~ ~lr~~L 3~~~~ Tri -Mode ," SB-3. Hamlin , Oak VN-12 , (818) 989-0890 . j '

: f~~~~~~lLEER!A~S~MW~J~~N't~!:1lmR .. .. . 169.50 M-35-B, Zenith , Magna~ox , ?cientificAt- f

MULTI MODE 74.50 lanta, and more . (Quantity discounts) 60 ~

• CATALOG CONTAINING DESCRIPTIONSOF ABOVEPLUS day warranty. For fast service C. O. D. or-
~~~~r~~~ ~8~M~Ablt~0E6~~~6fJ:~3gR USE OUR ders accepted . Send SASE (60 cents
PLEASE INCLUDE $3.DO PHON Al l KITS ANDPRODUCTS postage) or call for info (312) 658-5320.
PLANSARE POSTAGEPAID.SENDCHECK. MO. VISA. MC IN MIDWEST ELECTRONICS, INC., 5143-R
usFUNDS.

W. Diversey, Chicago, IL60639 . MClVisa
orders accepted . No Illinois orders ac­
cepted. Mon.-Fri. 8 A.M.-5 P.M. CST

JUST SIMPLY SAID ....
DRAWING BOARD

"When you're looking for a company that provides service and
up-to-date technica l advances, call us. That's. what we're here for."

800 -85 · AMCOM
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restri cted to a1 mi cro second pulse and a .3%' duty
cycle! For th e purposes of our test circuit (Fig. 2),
don 't drop R2 mu ch below 47 ohms, because you
won 't get much more brightness below that-but
th ere's a very goo d chan ce you 'll send the LED up
in smoke. Al so, make a few calculat ions to be sure
that you don 't exce ed t he current-l im it ing re­
sisto r's power ratin g.

We have our clock running at about 10 kHz to
make sure that th ere's no fli ckering in th e di splay,
but that 's reall y overkill fo r a 16-LED dis play. Stan­
dard movi e projectors run at 24 frames per second
and provide a good illu sion of co nt inuo us motion .
Since they also use a180 degree shutte r, they have
an effecti ve duty cycle of 50 percent. Since our
demon strati on cir cuit keeps each LED illuminated
fo r one complete clock cycle, th e duty cycle isn't
important yet; but keep it in mind.

In o rde r to light our d isplay at film speed, we
have to use a clock with a fre quency of 16 x 24 o r
384 Hz. You can dropthe clock to th at f requency by
repl acin g C1 with a 0.2 fLF capacito r. The LED's
should appear bri ghter and yo u shou ldn' t see
th em fl ickering. I say "sho uldn' t" because biology
isn't as preci se as elect ronics. Expe riment w ith di f­
fe rent cl ock frequ en ci es on yo ur ow n and see
" howlow yo u can go" w hile still maintaining th e
illusion of con stant illumination . R-E
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