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Is The Home Computer Fad Over?

“We'll put a computer in every home” was the motto
of the mass merchandisers as they visualized the
money to be made in microcomputers. They did
-succeed in placing a lot of low-cost computers in
. homes, but many of these computers are now
gathering dust in the closet and the home computer
market is stumbling. What went wrong? Is there
really a place for a computer in every home?

It is common to make marketing errors in a rapidly
exploding area such as we have seen in the recent
microcomputer field. Typically, the field is started by
technically involved individuals with a strong
~ entrepreneurial  spirit. These  people  are
knowledgeable of the field, and put out a product well
suited for other people with similar interests. These
little businesses are often successful because they
understand the product and the people who will be
using the it. As the market grows, it attracts the
attention of venture capitalists who make spectacular
profits thru investment in some of these young
companies. Of course, some also lose their
investment, but this is little noticed in a rapidly
- expanding market.

Eventually the established large corporations
decide that they should jump into the market and
skim off the fantastic profits which those upstarts
with no business experience have been rolling up. It
is obvious that if those businesses started in a garage
with no business experience and little capital can
. make such large profits, then the large corporations
with years of experience, lots of money, and dozens of
vice-presidents, can surely do even better. Or is it?

The original microcomputer related businesses
supplied products for a reasonably well defined
market. They were used by hobbyists, small
businesses, technically advanced people, and for
games. These people either had some use in mind for
the computer, or they purchased it for the challenge
and the opportunity to learn about something new.
Early products were designed by technicians for
technically orientated people, and sold well even
though the products were clumsy and hard to use.
The early buyers were willing to put up with poor
documentation and hard to use programs because
they really wanted to use the computer, and they had
some kind of use for it.

Editor’s Page

When big business discovered the micro and
decided that there should be a computer in every
home, some people wondered what everybody was
expected to do with all those computers. The answer
was that they could play games, balance their
checkbook, and write letters. The computer industry
failed to realize that playing games only lasts so long,
and that vast numbers of the population rarely write
letters and don’t even have a checking account.
Industry should have taken a look at what people are
doing without a computer, and presented a product
that would help people do these things better.
Someone whose only interest is spending their
evenings in front of the boob tube with a six pack is
not very likely to make use of a computer, while
someone who is active in other interests will probably
make use of a well designed computer/software
package designed around their interests.

The computer industry has been so busy
developing home computer products that they have
not had the foresight to realize that before computers
can be really useful (or essential) in the home, they
must first create the the need as well as the software
to fill the need. Up to now, most computer
applications have been designed either for people
interested in computers or for businesses. Now is the
time to develop uses for the average home.
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OPTOELECTRONICS

by Roger Johnson

Light is playing a role of ever increasing importance in
the field of electronics. In order to learn how to use opto-
electronic devices, it is essential to understand some of the
characteristics of light. Once these fundamentals are known,
. they will aid in the understanding and design of opto-
electronic circuitry. At the end of this article you will find
several good references available at no or low cost. I believe
these are the finest aids available to the designer of good,
practical opto-electronic circuits.

Light is electromagnetic (EM) energy that humans are
capable of detecting. Other portions are invisible to us, but
are capable of being detected by antennas, solid state
crystals, or by thermal means. All EM energy consists of
packets of energy called photons. Photons are best thought
of as particles of energy with wave-like properties. To go
into deeper discussion of this wave-particle duality would be
to go beyond the scope of this article. The interested reader
will find plenty of history and an account of the discovery of
the photon in any good college physics text.

Since EM energy travels at the speed of light, there is the
familiar equation which relates to all wave propagation. It
is:
¢ = speed of light in meters/sec
f = frequency in Hz
) =wavelength in meters

c=fxX

In most application literature you will find wavelength given
in units of nanometers, microns, or Angstroms. The
relationship between these units is:

1 nanometer is 10 meters, abbreviated nm
1 micron is 10® meters, abbreviated u
1 Angstrom is 107° meters, abbreviated A

Humans see in the wavelength region ranging from 350
nm (violet) to 700 nm (red). There are other units of interest
when describing light or EM waves. One is intensity.
Because EM energy radiates spherically from a source, it is
important to distinguish between the total power of the
source, and how much is radiated in a given direction in
space and intercepted by a detector. Names and definitions
have been established for use in the field of optics, and are
encountered in product literature. We will first direct our
attention toward understanding these definitions. Units in
the radiometric system measure how a perfect instrument
detects EM energy, and photometric units measure how
humans detect it. See table 1.

Let us now pictorially describe how each of the
radiometric units are established. In Fig 1 we show a 1W

RADIOMETRIC UNITS

Name Description Units
Radiant power rate of transfer of radiant watts (W)
energy
Irradiance radiant power per unit area W/cm?

incident upon or leaving a
surface

radiant power from a point W/sr
source per unit solid angle.
Another name for solid angle is
steradians (sr)

Radiant intensity

Radiance radiant power incident upon or  W/sr/cm?
lsaving a surface per unit solid

angle per unit area

PHOTOMETRIC UNITS

rate of transfer of luminous
energy

Luminous fiux lumens (im)

luminous flux per unit area Im/cm?

incident upon or leaving a

Hiuminance

luminous flux from a point im/sr=candela
source per unit solid angle (cd)

Luminous intensity

Luminance luminous flux incident upon or  Im/sr/cm?

surface |

leaving a surface per unit solid
angle per unit area

L Tabie 1

point source radiating EM energy into space. For the time
being, let's assume that it is operating at one particular
wavelength. You will see later how complicated it gets if
this assumption is not made. In Figure 2 we show a detector
at some distance R away from the source. The irradiance at
this point is the total power divided by the area of a
conceptual sphere of this radius. That gives power per unit
area. Note how irradiance falls off as 1 over the distance
squared. In Figure 3 the idea of “solid angle” is presented.
Here a cone with its apex at the source is drawn. Solid angle
is defined as the cone generated by a line passing through
the apex and a point that is moved along the surface of the
sphere that is generated. The solid angle, which is measured
in units called steradians, is equal to the area intercepted by
this cone in this imaginary unit (R = 1) sphere. Thus the total
solid angle around a point in space is 4pi steradians. For our
1W source, the radiant intensity is 1W/4pi steradians. Note
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S = 1W output at one frequency.

Figure 1

that this definition does not depend on distance.

It turns out that it is useful in opto-electronics to be able
to calculate the solid angle that a receiver or detector
“subtends.” There is a simple equation derived from calculus
and the definition of solid angle that gives solid angle in

terms of the more common linear angle. Figure 4 shows how
it is used. The solid angle that an object subtends is:

8= the angle in radians
¥=Te, Y= the solid angle in steradians

This is an approximation that is good if we are at least ten
detector dimensions away from the source. This is almost
always the case in communications via optics anyway. This
formula is accurate to within 1% for cone half-angles of less
than 20 degrees and to within 1% for cone half-angles of less
than 6 degrees. Be sure to note how the half-angle is
described and used in Figure 4. This is a very commonly

-

A = 4TIR?

- W

lrradiance = - —
A 4TR?

Figure 2
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used term in opto-electronics and is widely used in fiber
optics.

The photometric units seem almost identical and you
might well wonder why. As I stated before, photometric
quantities are not strictly physical, but invlove how humans
detect light. For example, humans “see” some wavelengths
better than others. For two sources having the same power
output but operating at different wavelengths, one will seem
brighter than the other. Figure 5 shows the internationally
accepted eye response curve for humans. Note how poorly
red is seen compared to green. Now you can see why it is so
complicated to convert back and forth between radiometric
and photometric units; if the source operates over a large
range of wavelengths, then you must “weight” every
wavelength with its appropriate response. With the aid of a
computer, you might be able to calculate the response every
0.1nm. The sum would be the total response, but it would be
a tedious task.

An arbitrary standard has been established for
photometric units. These are the units routinely used in

: A

vertex at 0,0,0
$
Y

The point on top of cone is
distance R away from vertex.
R is taken as 1 for simplicity.

Y

Solid angleVin steradians equals the area of the top of the cone.
Since R =1, then 4TT is the largest steradian value possible.

l Figure 3

opto product literature. 80 candela (cd) is defined as the
luminous intensity of one square centimeter of platinum at
solidification (2315 degrees Centigrade). By definition, this is
equal to:
1 candela (ed) = 1 lumen per steradian
also,
1 lux = 0.0001 lumens per square ¢cm
We will now leave this seemingly bewildering world of
units. Optical engineers spend a lot of time designing
sources and detectors with specified optical characteristics,
and even they sometimes get units and definitions confused.
But there has been a purpose in exposing you to these
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terms. Manufacturers have not yet agreed on a common set
of terms, so you must be somewhat adept at converting back
and forth among them. And Beware! Some firms give an
emmiter’s luminous intensity figures in the axial direction,
that is, straight out from the mechanical axis of the case. It
may have little energy beyond a 20 degree half-angle, so be
sure to look at angular displacement vs intensity curves for
the source or detector of your choice.

®s sort of an aside, optics is much more a mechanical
world than electronics in many ways. For example, in
choosing a resistor, all you have to be concerned with is its
resistance and power value. But with a detector or lens or
emmiter, you also have to be concerned with what direction
it is pointing. Is its surface clean? What is the quality of its
surface? Is it mounted securely? Is excess light hitting it?
The list goes on. This is not meant to scare you, but to give
you an appreciation for the kind of thought process that
goes on in opto-electronics. Most of the time it is far less
demanding than this, but you should be aware of these
characteristics - it pays off handsomely when designing and
troubleshooting.

Finally, Table 2 gives some cd values for some sources
and backgrounds. Note the position of the ubiquitous LED.

Uses of Opto-electronics
Just where does electronics use light? There are 3 main
areas: displays, measurement, and signal transmission.

Method for determining solid angle subtended by an object using the
half-ange 8 as shown. Solid angleYis given as:

¥=TB2 (8 in radians)
, . . V2 A
For sqare object of A area, its half-ange is 8 =
R
) A
Vis then= T{ —— )
4R?
I
Vo /K 3

|
l

5
I (R

Since T/4 =1, an object of area A subtends A/R? steradians.
Very usetul formula.

Figure 4
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L Figurs 5: Photometric luminous efficiency of the human eye. -L

*Displays

The LED (light emitting diode) is used by itself as an
indicator, or several can be grouped together to form
alphanumeric and bargraph displays. Their advantages are:
long lifetime, resistance to shock, and little generated heat.
LEDs can also generate infrared (IR) light. Liquid crystal
(LC) displays use the action of twisting long chains of
molecules to stop light or to admit it through a front
polarizer. They use extremely low amounts of power, unlike
current-hungry LEDs. Typical values for LC displays are 1
microamp per square centimenter of display area. They are
coming down in price and a plastic LC display has recently
been introduced. It will replace the glass types in most
applications at a much lower cost. Also, more colors are
available than with LEDs.

Of course there are the popular video displays which use
electrons striking phosphor to generate light. A display
using a neon gas-filled tube with wire stretched in the
horizontal and vertical directions is called a plasma display.
A potential exists on both wires which is below the ignition
voltage of neon. When a small voltage which rides on top of
this bias voltage is impressed on beth the horizontal and
vertical wires, the neon will ionize where they intersect and
stay on even after removal of the two WRITE voltages.
Because of this type of nonraster display, memory
requirements are smaller and there is no flickering of the
display. Vacuum florescent and incandescent displays are
other examples.

Lasers are growing more and more popular for both
display generation and for document scanning and
reproduction. Lasers which are scanned by fast moving
mirrors or by accoustical beams in crystals produce displays
for light shows and in scene generation for aircraft flight
simulators. Laser printers using the Xerographic process
can scan a document, turn it into binary numbers and
reproduce it elsewhere. Even more impressive is the ability
to “create” a document without an original. An electronic




database does type font generation and graphics. It then
scans the toner drum inside the machine with a scanned
laser beam, creating thousands of copies. As an interesting
practical example, a restaurant could generate an entirely
different yet current menu every day of its operation. This
type of printer exists now.

*Measurement

Using a source-detector pair, time, speed, or velocity can
be measured by noting how long a vane interrupts the light
between the two. Temperature can be measured by noting
how the spectral content of an LED changes with
temperature. The position of a light beam on a quad array of
photodetectors can be used for alignment and positioning
purposes. This is how the tracking and focus opto-electronics
works on the popular laser video disks. Lasers have had
their properties exploited to measure down to a half
wavelength. Such an instrument is called an interferometer.
Although it has been around for a hundred years, it wasn't
until the advent of the laser and modern electronics that
such measurements could be practically done.

r
LUMINOUS INTENSITY VALUES
Source Value in candelas
(cd) mcd = 0.001cd
Hydrogen bomb, 100 microseconds after deto- 2x 10"
nation, 30 meter fireball diameter
Surface of sun 2x10°
Flashlamp 2x 108
Sun as viewed from Earth 6x 108
Surface of 60W bulb 6x10°
Clear sky 1x10*
Surface of moon on clear night 1% 103
Overcast sky 1x10?
Twilight 5
Clear moonlit night 30 med
Average LED 1 med
Table 2

*Signal Transmission

The use of high output IR LEDs and sensitive photodiodes
has resulted in high speed data communications. The
transmission medium can be air, water, plastic, or glass. The
later two materials encompass fiber optics. We shall return
to this field later.

Why use light? Light does not interfere with anything it
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is trying to measure. It is non-contacting in principle, so we
don't have to physically touch the thing we are trying
measure. It is very fast. It is safe, easy to work with and its
components are relatively inexpensive. It is non-RF (radio
frequency) and will never be regulated by the FCC. In the
following sections we will start with some basics and build
towards more sophisticated designs.

Parts

It helps to have a quick supply of opto-electronic parts.
Where possible I have tried to stick to readily available
components. The following list of parts houses offer
extremely good and fast service. I have dealt with them for
years and they are above reproach when it comes to service
and honesty. All except Radio Shack are single location
centers. Most have a toll-free number for ordering and all
take VISA and MasterCard. They have free catalogs for the
asking which are very comprehensive. Most have a $10
minimum, but your projects will probably cost that anyway.

NAME LOCATION PHONE
Radio Shack everywhere Yellow Pages
Digi-Key Corp. Highway 32 South  1-800-346-5144
P.O. Box 677
Thief River Falls,
MN 56701
Jameco Electronics 1355 Shoreway Rd. 1-415-592-8097
Belmont, CA 94002
Priority One 9161 Deering Ave.  1-800-423-5922
Chatsworth, CA
91311
Mouser Electronics 11433 Woodside 1-619-449-2222

Santee, CA 92071  Sat. phone orders
Books

There are lots of books on electronics out there, all having
their own particular bent. In fact, you can purchase most of
them from the companies listed above. But there is one book
that stands far above them all. I regard it so highly that it is
difficult to put into words. With this one book, I maintain
that you can understand 100% of anything electronic and
with some practice you can learn how to design virtually
90% of all electronic and opto-electronic circuitry. It is an
extremely practical book. The authors’ philosophy is that
electronics, as currently practiced, is basically simple, with
some elementary laws, rules of thumb, and a large bag of
tricks. Their treatment is largely non-mathematical (and
what there is is just algebra) and they encourage
brainstorming. I like the authors because one is a professor
and the other has his own electronics company on the side.
Together, these guys are very aware of what works. They
know the difference between theory and application. There
are chapters on construction practices, low-noise and
shielding techniques, and microprocessor interfacing to the
real world. But the most interesting thing about the book is
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the end of each chapter. Here, on gray colored pages, are a
bunch of circuits that perform useful tasks based on the
concepts and principles taught in that chapter. They come
under the heading of “Circuit Ideas”. After that, there are
circuits under the heading of “Bad Circuits” but they don't
tell you what is wrong with them. Based on the preceding
chapter you should be able to figure out what it is.I
guarantee that if you can solve all the “bad circuits”, you
will have mastered most of electronics. Some of the bad
circuits are very funny and some are subtle.

The book has been out for three years and it is my hope
that they will revise it so that it doesn’t get out of date. The
authors will have the electronics book market wrapped up
for years if they do this. Coupled with their efforts to teach
you how to design and why certain components are chosen,
you couldn’t have a finer book in your technical library.

The Art of Electronics
by
Paul Horowitz and Winfield Hill
published by Cambridge University Press
1980
Library of Congress Number TK7815.H67
Dewey Dicimal Number 621.381
ISBN Number 0 521 23151

Try your local library or a college or university bookstore to
purchase this gem.

Display Circuits

LEDs are PN junction devices with an energy band gap
determined by the crystal material and structure. Some
common materials are gallium arsenide (GaAs), gallium
phosphide (GaP), and gallium arsenide phosphide (GaAsP).
LEDs are available today in IR, red, orange, yellow, and
green. Blue is different because the bandgap is large and the
number of blue photons generated is small. Current injected
into the PN junction eventually causes electrons to drop to
their lower energy states and emit a photon in the process.
So, the current must be limited to a typical value of 20 ma.
At this level, most LEDs will exhibit a forward voltage of
1.6 across itself. Let’s calculate the current limiting resistor
needed to drive this LED from bv. See Figure 6.

In order to drive an LED from TTL logic, you must know
that TTL can only sink current. This means it can't output
both a high voltage and high current. To sink current means
to do it with the output at or almost at ground potential.
Normal old-fashioned TTL can sink 16 ma per gate and low-
powered Schottky (LS) can only sink 8 ma. So this particular
LED can’t be driven directly from a8 TTL or LSTTL gate.
{Some newer LEDs put out lots of light at a few ma so the
circuit in Figure 7a will work). We will use the most popular
low power signal transistor around to drive the LED. All we
have to know is that the collector current of a bipolar
transistor is equal to the beta of the transistor muitiplied by
the injected base current. For those of you to whom this is
familiar, be patient.

We assume a worst case beta. This means the lowest beta

the manufacturer claims on the data sheet. For the 2N2222
it is 100. That means for every 0.1 ma of base current we
get 10 ma of collector current, which is what our LED needs.
So, in order to get 20 ma of collector current, we need only

<o . 1

R 20 ma

I 1.6V

anode ——————

cathode me—e——
cathode bottom view of LED
(Radio Shack #276-041)
anode
]
VP. = VacrossR =5-16= 34V
4
R= Ve . 3.4V =170 ohms
I 0.02A

What power is dissipated in R?
P=1%R = (002)?(170) = 68 milhwatts:
So we can use a s watt resistor.

The most popular common va'ue closest to this R value is: 180 ohms.

Figure 6: Caiculate the current limiting resistor needed to drive this

LED trom 5V (LED forward voltage = 1.6)
L )

5v

1K

~7 .

- —

Any TTL or LSTTL gate

Rgure 7a: A low on the output of the gate will sink the 5Sma (5V/1k £1)
current in the circuit. This is within the sink current capability (calied
|, in databooks) of the gates shown. This circuit only works for LED's
that produce light at 5ma of current.




0.2 ma of base current. Normal TTL can actually source a
few ma with its output at 3.5v and even LSTTL can source a
few tenths of an ma. If we pick the base resistor to be 3.3K
ohms calculated as shown in Figure Tb, then the gate can
well source the 0.5 ma of current when brought high. We
only needed 0.2 ma, we've supplied 0.5 ma, so that transistor

_is really turned on hard. That’s all there is to it.

Sv

180 ohms

base
emitter

NPN bipolar
transistor

Q, = 2N2222 or
RS #276-2008

lo=Blg
B for @, is 100.

|
¢ . 20ma_5oma
100 100

TTL will drive (or source) 1ma at 3.5V. So, including the 0.2V drop
Itrom the base to emitter of a saturated (ON) transistor:

3.5v-0.2v
ima

Rg= = 3300 ohms

Figure 7b: Calculating the base resistor. Q is in the ON configuration.
- _ _

CMOS can drive LED's directly with the same

-calculations. B series CMOS can drive LEDs directly with no

current limiting resistor. All other families such as the 4000
series need a transistor and 1K base resistor to drive loads
of tens of milliamps. See Figure 7c.

The way to drive 7 segment displays is to use the popular
decoder driver 7446. Its outputs are low when the particular
segment is to be on. It has an open collector output
transistor and you must complete the output circuit by
adding the current limiting resistor. It drives a common
anode type display. Some chips have all the drivers and
resistors built right into the display. All you have to do is
present the BCD (binary coded decimal) data on the input
lines. An example of this type of chip is ths MAN2 from
Monsanto or the TIL305 from Texas Instruments.

Figure 8 shows the proper and easy way to drive LC
displays. There are more expensive chips to do the
complicated segment multiplexing, but this is the easiest
way and it shows how to drive the display wusing
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low = LED ON

4700

2N2907 or
RS #276-2023

(+V-2)

RKL )= —2 250
ma of LED current

Example: It + V=15V and LED is on at 10ma, then
R= 15-2 (KQ)=1.3K ohms.

10
+V
R(K )
High = LED ON
— \ 4700
—J CMOS 2N2222 or
‘ RS #276-2009

V

Figure 7c: Driving LED's with NPN and PNP transistors via CMOS
l GATES (4000 series).

EXCLUSIVE OR GATES. It also lets you drive a particular
part of an LC display like a decimal point or other character
like a bell or colon.

In Figure 9 is a very interesting bar graph chip. It lets
you input almost any analog voltage and it automatically
breaks it up into 10 equal segments. These type of displays
are very popular because they digitally display a quantity in
a linear bar. Things like speed or accelerations are difficult
to interpret on digit type displays, but bar graphs displays
let the observer see trends and accelerations (The bar graph
display itself is still digital in its outputs). The chip is now
even offered on a small carrier with all 10 LEDs on it. All
you have to do is hook up the supply and a few range
resistors and you're done. The chip is offered in a logrithmic
version and in VU units for audio cireuit applications.

Figure 10 hooks two of these bargraph circuits together







