Experimenting with a Light Pen—I

MONG the most interesting data-entry devices for com-

puters and remote terminals are those that are sensitive
to light. The most sophisticated optical data-entry devices are
solid-state television cameras. When such a camera is used
with a computer having a large complement of RAM storage
capacity, complex operations such as pattern recognition,
equipment monitoring, and area surveillance can be per-
formed easily.

Television cameras provide perhaps the ultimate in optical
data entry, but their cost (as well as that of the necessary
interface circuit) varies from high to exorbitant. Two much
more common—and cheaper—optical data-entry devices are
light wands and pens. Television cameras contain many
hundreds or thousands of resolution elements, but most light
wands and pens incorporate a single-element light detector
such as a photodiode or a phototransistor.

It’s important at the outset to understand the differences
between light wands and pens. Light wands are designed to
detect the presence or absence of contrasting marks such as
bars of ink printed on paper or plastic. Therefore, light wands
usually include built-in light sources to illuminate the marks.
They also include precisely focused optics that assist the
detector and the light source in their work.

Light pens, on the other hand, are designed to detect a
point of light on the screen of a video display such as a cath-
ode ray tube. Simple light pens do not include an internal
light source because most video displays are light emitters.

Fig. 1. Hewlett-Packard's bar code-reading Optical
Wand plug into an HP-4 1C calculator.

However, some pens designed for use with high-resolution dis-
plays include a pinpoint light source so that the operator will
know precisely where the pen is pointed.

Applications. The light wand is a one-way data entry
device. You’ve probably seen sleek-looking wands attached by
flexible cables to some late-model cash registers. A sales clerk
can record a purchase merely by sweeping the wand past the
bar code printed on the label or package of many different
products. Some wands can even read the printed information
on a price tag!

Because light wands can be used by unskilled operators and
provide faster and more reliable data entry than keyboards,
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their use is rapidly expanding. They are currently being used
in portable inventory monitoring systems in some department
stores and supermarkets. They are also used in some libraries
to read information from bar-coded identity cards and books.

Figure 1 is a photograph of a light wand made by Hewlett-
Packard. The wand’s cable plugs into the company’s HP-41C
programmable calculator and allows bar-coded programs to
be quickly loaded into the calculator. If you've ever spent ten
or more tedious minutes loading a long program into a calcu-
lator, you can readily appreciate the convenience and speed
provided by such a wand.
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Light-Pen Applications. Light pens are simpler and
therefore physically slimmer than light wands.

How the light pen allows information to be “‘drawn” on the
screen of a CRT is not immediately obvious—at least it
wasn’t to me when, as a high school student, I viewed a film
which showed computer operators using light pens!

Actually, the light pen’s principle of operation is remark-
ably simple. In a typical CRT /light-pen system, for example,
the entire screen is repeatedly scanned by a tightly focused
electron beam. This produces a fast-moving dot of light too
dim to be seen by the human eye but easily detectable by a
phototransistor or photodiode.

The computer knows the precise location of the moving dot
at any given instant. Therefore, if a light pen is connected to
an input port, the computer knows exactly where the light pen
is pointed. Depending upon the computer’s software, this per-
mits the operator to select specific data to be displayed on a
CRT for any desired purpose, and to ‘“write” information,
including complex graphics, onto the screen and into the com-
puter’s memory.

A Homemade Light Pen. A light pen is very easy to make.
Both photodiodes and phototransistors make suitable sensors.
The former are faster but the latter are more sensitive.

The basic phototransistor light-detection circuit in Fig. 2
illustrates how a straightforward detector responds to a light

-pulse. Any standard npn phototransistor such as the FPT-100

can be used for @/. When Q! is dark, its collector-to-emitter
resistance is much higher than R/. The output voltage of the
circuit therefore rises very close to + V... When photons
strike the device’s light-sensitive region, QI becomes forward-
biased and its collector-to-emitter resistance falls far below
that of RI. The circuit’s output voltage thereupon approaches
ground potential. Summing up, the output of the circuit is
normally a high voltage. When light strikes phototransistor
QI, the output voltage is low.

This basic circuit can be used in some light-pen applica-
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tions. A much better circuit, however, is shown in Fig. 3. An
operational amplifier is used without a feedback resistor to
provide the highest possible gain. The gain is so high that the
op amp functions as a comparator whose output switches from
=+ 5 volts to ground when the voltage applied to its noninvert-
ing input falls below the reference voltage provided by R2.
This occurs when Q1 is illuminated.

When Q1 is dark, the voitage at the noninverting input of
the op amp rises above the reference voltage. The comparator
output then swings from ground potential to + 5 volts. Poten-
tiometer R2 can be adjusted to alter the light level at which
the comparator switches. Those readers who have experience
with op amps are probably wondering about the function of
potentiometer R3. In a working version of this circuit lacking
R3, the output voltage when Q! is illuminated can be greater
than 1 volt. This exceeds the maximum allowable TTL logic 0
level of about 0.85 volt. Therefore, if TTL logic is to be con-
trolled by the circuit shown in Fig. 4, it is necessary to adjust
R3 to pull the output down a few tenths of a volt.

Incidentally, the basic phototransistor circuit shown in Fig.
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Fig. 3. An expansion of the circuit in Fig. 2.
using an operational amplifier for higher gain.

2 will directly drive TTL logic without the need for a pull-
down resistor. However, it is less sensitive than the circuit that
appears in Fig. 3.

Light-Pen Data-Entry Circuit. It’s relativitely easy to de-
sign a data-entry circuit controlled by a homemade light pen.
Figure 4 is the block diagram of one such circuit I've
designed.

The operation of the circuit is straightforward. The clock
supplies a stream of pulses to a programmable 4-bit counter.
The counter’s binary output is decoded by a 1-of-16 decoder
which sequentially illuminates each of sixteen LEDs.

When the light pen is dark, the LEDs are scanned at a rate
determined by the clock frequency. When the light pen is
brought near any of the LEDs, nothing happens until that
LED glows during the scan sequence. The output from the
comparator then changes state and causes the counter to be
loaded with whatever data is present at its data inputs.
Because these data inputs are connected to their respective
outputs, the current count is loaded into the counter. This
freezes the counter even though the clock continues to supply
pulses to it. The address of the selected LED then appears on
the 4-bit bus.

Incidentally, the usual way to block clock pulses is to insert
a gate between the clock output and the counter input. The
method employed here eliminates the need for such a gate.

Figure S is the schematic diagram of my prototype data-
entry circuit. A 555 timer operating in the astable mode (/C3)
serves as the circuit’s clock. The clock frequency, and hence
the LED scan rate, can be adjusted by means of potentiome-
ter R5. You can also increase the value of CI to slow the scan
rate.

Counter IC4 is a 74193 programmable up-down counter.
Note how the programming data inputs are tied to their
respective outputs. The 1-of-16 decoder (/C2) is a 74154. The
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anodes of the 16 LEDs connected to the decoder outputs are
all tied to a single current-limiting resistor because only one
LED is illuminated at any given instant.

The light pen circuit appears above the LED array. Note
that the output of operational amplifier /CI is connected to
the LOAD input of counter IC4.

You can assemble a working version of this circuit on a
solderless breadboard in less than an hour. The selection of
devices for use as ICI and Q1 is not critical. Any general-pur-
pose op amp such as a pA741 is suitable, and any standard
npn phototransistor such as the FPT-100 can be used. The
phototransistor should be connected to the circuit by means of
clip leads. Power can be provided by a + 5-volt supply or you
can use a 6-volt battery if you first connect the cathode of a
1N4001 diode to those points in the circuit marked +5 volts
and the anode to the battery’s positive terminal.

When you apply power to the circuit, the LEDs will either
flash off and on in rapid sequence or all the LEDs will appear
to glow dimly. If the latter occurs, the clock frequency is so
great that the LEDs switch on and off faster than your eyes
can respond. For initial tests, adjust R5 to achieve this latter
condition.

Before attempting to use the circuit, you must trim the
light-pen circuit. A trial-and-error approach will eventually
produce useful results, but a much better approach is to tem-
porarily disconnect the grounded lug of potentiometer R3
from ground and connect a voltmeter between the output of
the op amp and ground. Illuminate QI with a flashlight and
adjust R2 until the output voltage of the op amp falls to its
lowest value, which was approximately 1.2 volts in the proto-
type circuit. Don’t turn the rotor of R2 beyond this point once
you have found it. ‘

When you remove light from Q1, the output voltage of the
op amp should immediately increase several volts. (It reached
3.4 volts in the prototype.) The light pen is now adjusted for
maximum sensitivity. Indeed, it is probably so sensitive that
ordinary room lighting will be able to switch the comparator.
Therefore, you should wrap a cylinder of black electrical tape
one-half inch in diameter around @7 to block ambient light.
Heat-shrinkable tubing can also be used for this purpose.

Next, reconnect the lug of potentiometer R3 to ground and
again illuminate Q7 with a flashlight. Adjust the rotor of R3
until the LEDs stop scanning and only a single LED remains
on. The light-pen circuit is now trimmed and ready for use.

Test the circuit by bringing the aperture of QI close to any
of the LEDs in the array. Depending upon the scan frequency,
the selected LED should immediately or very quickly glow
brightly and all the remaining LEDs will darken. The binary
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address of the selected LED will then appear on the 4-bit bus LEDs and watch them appear to track its movements. For
between IC2 and IC4. best results, the scan rate should be adjusted so that all the
It’s interesting to move QI back and forth along the row of LEDs glow dimly when none has been selected. o/

Unless you operate a tracking station B -Id I I th i . I
for deep-space probes lII a OW-GOS Bar Bl'mma
a [
YOUR BEST BET AMONG ALL-WAVE and mck up satelliteTViree
RECEIVING ANTENNAS IS THE '
NEW IMPROVED COMPACT OUTDOOR
McKAY DYMEK DA100D Get our professional-quality
Rooftop, balcony,  For $139.00 you get: LNA amplifier...
anywhere outdoors lifetime, nonmetallic outdoor the rest is easy!
...this tough little ~  case s’
four-footer gives very . = neat, newly-designed indoor ) P
high performance in ~ control Bolts to dish A”
limited space. Makes = wide range 50 to 30,000 kHz <
most receivers come | = shielded, potted amplifier /
in better. Equals, and = = 110-240VAC or 12VDC g:,j:
very often outper- = attenuator switch to prevent @
forms, longwire an- |  RF overload Microwave VCR TV i;
tennas. For con- | = satistaction of joining receiver modulator *
venience, price, qual- | thousands of enthusiastic
ity, performance ; owners worldwide
. ..McKAY DYMEK ‘ = 30-day trial option The only sophisticated of that cost. Order your 120°K
DA100 is the name ! = plus a dozen or more component you need is a LNA from Avantek for only
to remember. ; other features low-noise amplifier to boost $795 and we'll send you a
the satellite signal. complete sourcebook for low-
add $5.00 for shipping And now you can buy it cost system components.
calif residents—add 6% 3 directly from the industry Call or write Avantek, Inc.,
sales tax o ; " leader that supplies the 3175 Bowers Ave., Santa
T major cable-TV stations. Clara, CA 95051.
Assembled systems cost
BUY FACTORY DIRECT ¢ ORDER NOW up to $12,000, but you can Ava nte k
build your own for a fraction
McKAY DYMEK CO Tel 714/621-6711
:.,1838‘:,5‘;'(')3%9 Ave. TWX 910-581-4990 Charge by phone: (408) 727-0700 - Ask for LNA order desk.
Claremont, CA 91711 e VISA & Master Card welcome « Allow 30 days for delivery.

CIRCLE NO. 7 ON FREE INFORMATION CARD
82 ' POPULAR ELECTRONICS



CXPERIMENTERS
CORNER

Experimenting with a Light Pen—Ii

N part one of this two-part series, we discussed the chief

differences between light wands and pens. We then de-

signed a basic phototransistor light pen and experimented
with a 16-position, light-pen-controlled data-input terminal.

Adding a Bus Register. The data terminal which was
described in Part [ can be made more compatible with external
circuits by adding a register to its 4-bit bus. The register will
ignore any logic signals on the bus until a WRITE switch issues a
command to load the register with whatever is on the bus.
Figure 1 shows one simple way to add such a register. The
register, a 74175 quad D flip-flop, follows the bus data when
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Fig. 1. The 74175 bus
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to a light-pen data terminal.
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its LOAD input is brought to logic one by means of the WRITE
switch. The data remains in the register until the WRITE switch
is again toggled from HOLD. The contents of the register can be
cleared to 0000 by toggling the RESET switch from HOLD to
CLEAR.

You’ll need to insert three-state transmission gates between
the register outputs and the bus. Alternatively, you can use a
74173 4-bit D register with self-contained three-state outputs.
This approach is shown schematically in Fig. 2. Note that the
74173 has more control inputs than the 74175. The system
clock loads into the 74173 the data present at its inputs when
both DATA ENABLE inputs (pins 9 and 10) are grounded by
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means of S7. This means that you must be sure to depress S/
for at least one clock cycle—which can be a significant interval
when the clock rate is very slow.

The outputs of the 74173 and therefore the output bus
reflect the data stored in the chip when both OUTPUT CONTROL
inputs (pins 1 and 2) are grounded. Should either OUTPUT CON-
TROL input go to +V_, the outputs enter the high-impedance
state and, for practical purposes, the 74173 disconnects itself
from the output bus.

A Light-Pen-Controlled LED Display. The basic light-
pen data-entry terminal forms the nucleus of a 16-element
LED display that can be illuminated in a pattern selected by
the light pen.

If. for example, the LEDs are arranged in five rows, four
having three LEDs and one having four, then each of the ten
decimal numerals plus a decimal point can be formed. Figure 3
shows one possible way to form each decimal numeral or any
of the letters of the alphabet on such a display. As you can see,
in spite of the limited number of display elements, the legibili-
ty and eppearance of the characters generated are surprisingly
good. Arranging the LEDs in a 4 x 4 array makes possible the
display of many graphic symbols and some upper- and some
lower-case letters. Figure 4 shows some examples.

Hopefully, you are by now as interested as ['ve long been in
experimenting with a circuit having such capabilities. Assum-
ing that you are already familiar with the basic light-pen data-
entry terminal described in Part I, we can now begin modify-
ing that circuit for video-graphics applications.

e ®Q

®e0 coeo
. o

; ; ° ° ; : ; Fig. 4. Upper- and lower-case letters

9O co0 ®o of the alphabet on a 4-by-4 array.

Two principal requirements must be satisfied. First, the cir-
cuit must be able to remember each LLED location selected by
the light pen. Second, the selected LEDs must be substantially
brighter than the unselected LEDs.

The solution to the first problem is simply to add a RAM.
The second requirement is trickier. ldeally, only the selected
LEDs should glow. That’s impossible, however, because all of
the LEDs must be sequentially strobed to make them eligible
for future selection by the light pen. There are several solu-
tions to this apparent contradiction. You can better under-
stand the one that I chose by referring to the block diagram of
the complete light-pen-controlled display in Fig. 5.

If vou compare Fig. 5 of this part with the block diagram of
the light-pen data-entry terminal (Fig. 5 of Part I), you’ll
immediately notice several important similarities. For exam-
ple, the configurations of the clock, counter, decoder, bus and
light pen are identical in both circuits.

You will also notice some important additions to the circuit.
One major addition is a 1 x 16-bit RAM whose address lines
are connected to the 4-bit output bus. Also, a LOAD switch con-
nected to the RAM has been incorporated into the light pen.

When a particular LED has been selected by the light pen,
closing the LOAD switch records its new status in the RAM.
The RAM is able to keep track of the selected LED because
the count supplied to the decoder is equivalent to the address
furnished to the RAM.

Notice the AND gate that has been connected to the OR
array between the decoder and the LEDs. This gate network
permits the LED array to be strobed and therefore to display
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selected LEDs. Without the assistance of the additional logic,
the multiplexing action would be divided equally betweeen the
LEDs being sequentially strobed by the scanning circuit and
the LEDs selected by the light pen. This means that both the
scanned and the selected LEDs would appear equally bright.
This problem is solved by means of a divide-by-100 counter
and a set-reset flip-flop. Connecting the flip-flop to the counter
results in a combined circuit that is a modified divide-by-10
counter. The output of the modified counter is at logic O for ten

H-BIT COUNTER <

cLock

clock pulses. It then goes to logic 1 for 90 clock pulses. The

cycle then repeats.

The outputs of the RAM and the counter are ANDed and
the result ORed with the decoder outputs. This is done so that
the LEDs selected by the light pen are strobed 90 times during
an interval of 100 clock pulses. All of the LEDs are then
strobed 10 times during the remainder of the 100-pulse clock
interval. The net effect is that the LEDs selected by the light
pen are substantially brighter than the remaining LEDs.

(continued on page 92)
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§ —— 20-PAIRS-RCA PLUGS & JACKS, popular for Hi-Fi, speakers, etc. i#6630)

| — 60-iN914 SWITCHING DIODES, 4 nsec. axial, glass untested, (#6632

I 4-2N3055 NPN TRANSISTORS, 115 watts. 15 amps, T0-3. 100°: material (#6633

V_____ 50-THERMISTORS, various types & styles. neg. coefficient. 100° (#4089}

¥ 30-INSTRUMENT KNOBS, lor haif round shafts, some w/pointers, i+ 6498!

: 10-LINE CORDS, heavy-duty. 18 gauge. 6°, molded plug, 2-cond. (#6499)

) — 10-2N3055 H0BBY TRANSISTORS, manuf. faliout, T0-3. U-test. (#6624

| .—— 106-DTL IC’s, mostly dual JK flip tiops, marked, 100%: prime. (#6444)

} ____ 35-STEREQ INDICATORS. tiny red 1.5V bulbs, for Hi-Fi replacement. (#6244

I 40-80Qv 1A RECTIFIERS, type IN4006. epoxy. axial leads. {6245}

b §-DIGIT READOUTS. fiat pak w/bubble mag. 120" high, 14 pin, 1#5558]

: 100-PREFORMED '« WATTERS, assorted values, precut for PC appl. =6622t

} —— 20-NE-2 BULBS W/RESISTOR nean, plugs right infe 110 VAC, (£ 6620!

y — 15-RCA PHOND JACKS, poputar Hi-Fi jack on a Bakelite strip. (#6230}

t — 150-"4000" RECTIFIERS. IN4QOO series, may include; 50 to 1000V. (#2417

b 50-AXIAL ELECTROS, asst. values, voits. sizes, What a buy! (#3227)

t__ 3-SHIELDED AUDIO CABLES, 2 cond., with RCA plugs at each end, (#6412}

: 200-PC-SEMICON SPECIAL. assorted semis of ail types. Untested material, (33001

4 —— 200-PRE-FORMED ': WATTERS, popular values, some 5 & 10%ers, (#6246!

} —— 30-SCRs & TRIAGS, “assorted values. 10 Amp T70-220, untested, 1#6337)

1 — 25-TINY SLIDE SWITCH, oniy 3/7" cube, SPDT, PC leads. (#6385)

b 40-EDGE CONNECTORS, asst. 4 & 6 pin, 2-sided. pc leads, (#6364}

| 6-MINI-MOTORS, Type RES6. 1.5-6 VDC, color-coded wire leads. (#6718;

: 24-MIN{-BULBS, asst. vollages & base styles, some colored. (#6757]

y —— 40-STRAIN RELIEFS, asst. types, styles. & sizes. (#6756)

3 6-TIME DELAYS, solid state. asst. from 450 mSec to 8 Sec. {#6758)

+ — 3-HEAVY DUTY AUTO CHOKE, filters 12 VDC @ 5A. open frame, (#6750

b ——— 10-5K CONTROLS, thumbwheel type. single-turn, vert. mt (#6705}

b____ 4-CHROME PLATED ALARM SWITCH, spst. N.C. momentary. (#6742}

' 8-LED LAMPS, 2V red LED in chrome-colored assembly. w/hardware, (£5702) ..

:_7“8 BAR LIGHTS. GaAsP on LED chip. 1.5-3 volts, wire leads, (#6158)
} —— 4-TAPE HEADS, record/play, stereo & mono, wiplugs, 11" leads, i#5973)
1— 10-RESISTOR LEDS, ass!. red. green & yeliow jumbos, 3V. (#6761)

nY /ALlE
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299 8 for
299 16 for
299 16 for
299 8 for
299

20 for

S$3_____10-QUAD PHONC JACK) 4 RCA jacks on 2 x 13:" Baketite strip, (#6249)
$§3_____ 25-RCA PHOND PLUGS, popular audio/speaker plugs; 1003 material {#3293)
$3__ 15-MINI PLUG & CABLE SETS. 3.5mm plug. 6' insulated 2 cond. leads, #6269}
200-PRE-FORMED DISCS, caps w/leads for PC use. mixed values, (#2605)
——— 25-PLASTIC POWERS. 25 watt. npn & pnp, 50-200 bvcbo, T0-220, (#6237)
—100-2 WATT RESISTORS. assorted carbons, films etc. some 5%ers, (#6238)

S$3__ 24-LM-340T VOLTAGE REGULATORS. untested T0-220. may incl. 5-24V, (#2635) .
$3___ 126-POLYSTYRENE CAPS, assorted types, styles & sizes. all good, (#2729}

$3.____ 50-POWER TAB TRANSISTORS, plastic NPN. T0-220. asst. types. untested, (#2425
S$3____ 24-SKINNY TRIM POTS. multi & single turn. asst. values & types. (#6285} e
S$3_____ 75-LONG LEAD DISCS. prime, marked caps, assorted material, (# 2598)

83 50-TTLs, 7400 series, incl. gates. flip-flops, etc. untested, (#6226}

$3_ ___ 5-BRASS LOCKS, with key. 12" long. for doors, windows, etc. (#6253}, ..
S$3.____ 25C-MOLEX SOCKETS, "on-a-strip”. make your own pc sockets, (26255)
$3___ 50-MINI POTS. pc style, single turn. assorted values, i 3345)

$3___ 15-JUMBO RED LEDS. 3V 10 mA. 100% good material. red dome lens, (#3369) .
$3____ 2-SOUND TRIGGERS. sound actwvated amp, SCR triggered, on 3" board. {#3625)

$3___ 40-TRANSISTOR SOCKETS, assortment may include; 70-19,586.3 etc. [#3845)

$3__ 75-CABLE TIES. 4" nun-slip white plastic. like Ty-wrap. (=3218)

S$3__ 150-FEEDTHRU CAPS. assorted types & sizes !0( RF. UHF. efc i#5668A) .
$3__ 175-"s WATT RESISTORS. asstd. carbons. carbo-films, some 5%:ers. (#5797Ai
$3____ 100-PLESSY CAPS. cetamic blocks in assorted sizes & values. (#6221

S3. 100-PC.-HEATSHRINK. slip-over type. shrinks 50°:. like Thermo-fit. (#6233)

§2.__ 25-NE-2 BULBS, neon, for 110 VAC. requires resistor, (not inct) (#2613)

$3____ 10G-METALLIC RESISTORS. mostly . watters, asst. val 1-5% tol. (#6280
$3___ 100-POWERS POWERS, 3 to 7 watl power resistors, (#6281)
83 15-CRYSTALS. assorted types some H6/U. some frequency marked. (#6256)

150-SUBMINi IF TRANSFORMERS, asst may include; osc. antenna. etc. (#6259
60-SQUARE OHM RESISTORS. prime resistors, asst. values, grab ‘em! (#6261}
 25-MICRO MINI REED SWITCHES 1

____10-PUSHBUTTON ALARM SWITCH, SPST. momentary, NC. w/hardware, (#6267) ...
—— 500-PC.-HARDWARE SURPRISE. (approxj 1 Ib. asst. screws, washers, etc (#6271
__20-9V BATTERY CLIPS. snap connector, coded, insutated leads. (= 6286)

_____ 3-WATCH GUTS. 5-function, LED style, assorted sizes, untested. (#6287). ..

§3___ 5-HEAVY DUTY LINE CORDS, white. 2 cond 6 ft. 16 gauge. (26292
S$3.____ 20-SINGLE PIN LEDS, green, micro style. 3V 10mA, 100%., (#6293). . P
S$3____ 30-LED/TRANSISTOR SOCKETS. $93p- in". 3 pc leads. for T0-5.18. 46 etc (#6297\

§3____ 200-PRECISION RESISTORS, ':W. 1%, axial (#2428)

tong, for alarms. relay systems, etc (#6263)
___ 150-PC-CAPACITOR SPECIAL. asst. mylars. polys. micas, etc. 1007 good, (#6264) . .
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experimenter’s corner
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It’s even possible to extinguish the unselected LEDs for
intervals of one second or more by slowing down the clock. The
selected LEDs will appear to glow continuously and the other
LEDs will blink on every second or so during the scan period.

Figure 6 is the schematic of a practical circuit that corre-
sponds to the block diagram of Fig. 5. Although the circuit
appears much more complex than the relatively simple light-
pen data-input terminal described in Part I, that circuit forms
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the core of this one. You can verify this for yourself by noting
the almost identical connections of the 555 timer, 74193 coun-
ter, 74154 decoder and the light pen comprising Q7 and opera-
tional amplifier 7/C6.

The lowest-order bits in each nibble of a 7489 4-by-16-bit
RAM (IC9) provide a 1-by-16-bit RAM for the circuit.
Although three-fourths of this RAM is not utilized, it’s always
available should you wish to expand the display.

Two series-connected 4017 CMOS decade counters (/C10
and IC11) and an RS flip-flop made from two gates in a 7400
(IC5C and IC5D) comprise the circuit’s modified divide-by-10
counter. The remaining two gates are configured as a gate that
AND:s the outputs of the RAM and the divide-by-10 counter.
The AND output is ORed with each of the 16 outputs of the
74154. The LEDs are illuminated sequentially.

Modifying the Circuit. There are several modifications
that can be made to the circuit that was just presented. You
can eliminate counter /CI/ by connecting pin 10 of /C5 to pin
11 of IC!10. This will provide divide-by-10 operation, but the
unselected LEDs will be strobed once for every nine times that
the selected LEDs are strobed.

There are several ways to substitute other memories in place
of the 7489 (J/C9). You can, for instance, use a MOS or
CMOS 256-by-1-bit RAM if you prefer. While only the first
16 bits will be used, the remaining 240 will be available for
future expansion of the circuit. You can eliminate RAMs
entirely by using an array of flip-flops. The resulting circuit,
however, will employ more ICs than the RAM version.

A Long-Range Light Pen. During my experiments with
the light-pen circuits that have been described in this two-part
series, it often occurred to me how convenient it would be to
have a long-range light pen. This would not be possible with
red LEDs, however, because the optical power typically
radiated by red emitters is measured in tens of microwatts.
Also, their spectral emission peaks at approximately 670 nm,
halfway down the response curve of most phototransistors.

An infrared LED made from gallium arsenide is much more
powerful than a red LED. When, for example, a forward cur-
rent of 20 mA is flowing, an infrared LED might emit more
than one milliwatt of optical power. Also, its near-infrared
emission corresponds closely to the wavelengths at which a sili-
con phototransistor exhibits peak response.

On the assumption that an infrared LED should increase
the detection range of the light pen, I connected a General
Electric IN6266 near-infrared emitter in series with one of the
red LEDs in the display in Fig. 6. The detection range
increased from a fraction of an inch to several inches. I then
removed the red LED and connected the infrared emitter in its
place. This increased the current through the infrared emitter
and resulted in a further increase in the detection range.

Of course, visible emitters must be used in light-pen-con-
trolled displays. Therefore, I tried a GE SSL-3 LED which
emits both near-infrared and visible green light. This LED,
which is no longer manufactured, consists of a gallium arse-
nide chip coated with an infrared-sensitive phosphor. When
forward biased, the chip emits infrared light. This stimulates
the phosphor into emitting green light. The result is a visible
green beam superimposed upon an invisible infrared beam.

Using the SSL-3 resulted in a light-pen detection range of
several inches. But it proved impractical to use an array of
such LEDs in the display because the low duty cycle resulted
1 a barely visible green glow.

My final attempt to extend the light pen’s detection range
used a simple pnp driver delivering several hundred milliam-
peres to the LED during each strobe pulse. This resulted in the
radiation of enough infrared power to trigger the light pen at a
distance of up to ten inches.

The range resulting from the use of infrared LEDs can be
further extended by adding a collection lens to the light pen.
Theoretically, the detection range will be doubled each time
the collection area is doubled. Adding lenses to the infrared
emitters is not advisable. This would restrict the detection
region of the light pen to sixteen narrow cones of invisible
light. The use of only the self-contained lenses of typical
infrared LEDs results in a much broader detection region.
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Engineer’

Light pen generates
plotter signals

by E. Chandan and Agarwal Anant, Department of Electrical
Engineering, Indian Institute of Technology, Madras, India

By tracing out the shape of any waveform and sending it
to an X-Y plotter or other recording instrument, this
photoresistive sensor, in conjunction with an oscilloscope,
provides a convenient and inexpensive way to translate
hand-drawn data and similar information to a remote
location in real time. The sensor requires only three
light-dependent resistors (LDRs) and two operational
amplifiers. The scope supplies a pinpoint light source
that follows the movement of the sensor and thereby
generates the required X and Y signals to the plotter or
recorder.

As shown in (a), the faces of three LDRs, each having

a diameter of about 4 millimeters, are mounted on the

tip of an ordinary pen so that their centers lie on the
vertices of an equilateral triangle and in the same plane.
The LDRs are then wired into the circuit whose schemat-
ic is shown in (b).

The pen is brought within a few millimeters of the
scope and thus in proximity to the initially unswept
scope trace, which is a spot of light on the screen when
the scope is in the X-Y mode. The position of the LDRs
with respect to the screen (R; at the top, R) and R, at
the bottom) must remain fixed.

When the scope beam (shaded area) is in the center of
the LDRs, their corresponding resistances are virtually
equal, because approximately the same amount of light
hits each device. Consequently, no error voltage (no
Xscope OF Yseope signal) is generated, and the spot will not
move with respect to the light pen.

If the pen is moved to the right or left or up or down,
as shown, the resistances of the LDRs become unequal,
an error voltage is generated, and the scope beam moves
in a direction that minimizes the feedback voltage—
toward the center of the LDRs. The spot thus follows the
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form to drive X-Y plotters and recorders (a).
The feedback circuitry (b) uses photoresis-
tors to adjust the scope beam to follow the
pen’s path of motion.
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pen and in so doing creates the Xuop and Ycop signals
used to drive the remote recorder or plotter. Should the
pen be removed from the proximity of the screen, the
beam spot returns to its original setting.

As the schematic shows, when the spot hits the center
of the sensor, R;®R,~R;, and so V,xVzxVc. Thus,
neither 741 op amp generates any appreciable Xscope O
Y wope Signal and the spot remains fixed. For the second

condition, Vc>Vg>V,, and a large positive voltage is
generated at Xocop to push the beam to the right, while a
small Y.op voltage pushes the beam slightly upward. For
the last condition, V¢> V> Vjp, and the beam is pushed
left and slightly upward. O
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