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Editor’s Page

How To Learn About Micros
Now that almost everyone has a word processor, a
spreadsheet, and a database, there is a lot of interest in
applying micros to control things in the real world. Not

" every home needs a microcomputer to write letters and
. balance the checkbook, but there are numerous applications

for micros in measurement and control. Of course, not every
homeowner is going to want to know how to interface a
micro, but a market will develop for those who can design
and build these systems. Many of these applications will be
specialized systems produced in low volume with the
program in ROM and won't even look like a micro because
they may be a black box without a keyboard or screen.
These few-of-a-kind markets won't appeal to the large
companies, but can be a nice niche for the computerist
entrepreneur.

We get a lot of letters asking how to go about learning to
interface microcomputers and control things in the real
world—this is an area which is being neglected by the
industry as they race to market more elegant systems which
are less suitable for the experimenter. There is no one book
that will make you an expert, and it is not something that
you can learn by next week, but there is a very simple
answer.

Get Your Hands Dirty
I feel very strongly that the only way to learn how to do
anything with computers is to roll up your sleeves and get
started. Of course you have to start at a level suitable for
your experience. Regardless of how little you may know,
there is some project simple enough that you can do it, yet
still learn something to apply to a more advanced project.

~ You say that you don't want to start with something as

simple as a 555 timer breadboard project because what you
really want to do is to design and build the complete on-
board computer for a radio controlled robot? Sorry my
friend, but things just don't work that way. You either pay
someone else who has invested the hours in developing the
experience to design the project for you, or you start at the
beginning and learn how to do it yourself. It's good to have a
future goal in mind to give you a sense of direction, but you
have to start by learning the simple building blocks.

Start With Something Simple

There are a lot of easy-to-construct starter projects which
can be built at low cost in order to learn the fundamentals.
Good examples are the DC motor controller by Bungard in
this issue, and the numerous circuits in Johnson's series on
Optoelectronics. These can be built with readily available
components from Radio Shack, Jameco, Digi-Key, Priority
One, and others, and by using a solderless breadboard

system the circuit can be easily changed and the components
reused for another project. Many of the starting projects
don't even require a computer, and a DIP switch can be used
to simulate the paraliel eight bit signal for static testing
where needed. You can usually substitute similar parts in
these non-critical circuits, and the experience gained in
comparing spec sheets while looking for substitute parts will
help you to better understand the use of the components.

Acquire Reference Material

Reading is the route to knowledge! Many experts
predicted that television would make books obsolete, and
that the computer would bring about a paperless society.
That has not happened yet, and as things stand today the
only way to acquire the necessary knowledge is by reading.
There are many good books available, but there are also a
lot of general audience books which do not contain the
specific detailed information you need. It is difficult to tell
you which books you should get because it depends on what
you want to do. Everyone's needs are different. As a
minimum 1 would suggest at least two books on the
language you want to use, two books on your comupter’s
operating system, plus several books on digital logic,
interfacing, and control. You may have noticed that I
recommended two books on the same subject. That's
because I find that while reading a book on any topic,
another book by an author with a slightly different outlook
helps to clarify some of the difficult sections. Once you have
the books pick out a project and get started. It is only by
doing that you will learn! ]
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Build a High-Resolution

Part One: Video Displays

by Lance Rose, Technical Editor

Introduction
In the last eight years or so since the microcomputer
phenomenon has been with us, graphics capability of micros
has remained pretty much unchanged. We are still using the
techniques of character graphics or, at most, “block
graphics” where each character position is broken up into a

.2x3 “cell” with each 1/6 of the cell individually addressable.
While there have been exceptions to this (the North Star

Advantage is one), most micros that advertise “high-res”
graphics are limited in the vertical direction to around 240
lines or so. This stems from the use of non-interlace video
techniques, which I will touch on a little later, to keep the
screen flicker to a minimum. With some long-trace
phosphors available in some video monitors, it is possible to

_use a full-interlace video technique to essentially double the

vertical resolution of the image to 480 lines, thus bringing
the vertical and horizontal resolution into line with each
other. Horizontal resolution of 640 dots is easily achievable
already.

The graphics circuit I will describe later in this article can
be easily built by anyone familiar with wire-wrapping
techniques and offers a very cost-effective way of adding
high-resolution graphics to your S-100 system. The
characteristics of this circuit are:

(1) Low cost. You can build this board for around $200
worth of parts. (Commercial products with similar features
typically retail for $500 or more).

(2) Simplicity. The board uses no exotic parts whatsoever.
The most expensive single item (other than the blank
prototyping board) is a 6116 RAM chip which selis for $4-85.
All other devices are 2732 EPROMS or commonly-available
LSTTL chips, resistors, capacitors and the like.

(3) I/O-mapped addressing. The board is usable in both 8

S-100 Graphics Board

and 16-bit systems even though it has 38K of its own video
RAM. This RAM is accessed through a set of 4 address-
selectable I/O ports {only 3 are actually used) and takes up
no space in the system’s main memory.

{4) True addressing at the bit level. Any single bit in the
array of 307,200 bits can be turned on or off individually.

(5) Synchronized processor accessing. Many inexpensive
video circuits allow the CPU to read from or write to the
video RAM at any time. If the video circuit is in the process
of scanning a line of information and displaying it when this
happens, a “tearing” effect can be seen, particularly when
the accessing is repetitive. This circuit “interlocks” the
processor access with the scanning so the display is smooth
and undisturbed at all times.

(6) Easy bit-mapping. The display is addressed very
similarly to a character-oriented graphics board with the
zero-location of screen memory in the upper left-hand corner
and the memory addresses increasing from left to right on
the first line. The next address is the first bit at the left-
hand side of the screen on the second line and so on. The
highest address (95FFH) contains the last 8 bits on the last
line at the bottom right.

{7) “Smooth” curves. The curves or circles plotted with
this resolution come as close to being “round” as possible
without resorting to very expensive ultra-high-bandwidth
monitors and graphics circuits.

(8) This circuit can make use of your current video
monitor (with some exceptions). Most monitors with a
picture tube having a P31 phosphor or longer (this includes a
large percentage of the green-screen variety) will show full-
interlace video images with a minimum of flicker. Monitors
with a longer P39 or P42 phosphor (I use an Apple III
monitor which has P39 phosphor) will display full-interlace




images with virtually no flicker at all. (See below for a more
complete discussion of phosphor ratings and the causes of
flicker.) Most current monitors have sufficient resolution to
use this board although the higher bandwidth types will
show a sharper, clearer image, particularly at the corners of
the screen.

Incidentally, on the last point mentioned, if you don't
already have a monitor and are contemplating buying one, if
at all possible try to look at the monitor in operation before
you buy. When choosing a monitor to use with this board, I
tried out several types before making a choice (there aren't

- too many choices here in Kalispell to begin with). Beware of
, specsmanship! One of the monitors I tried which was

advertised as having a 20 MHz bandwidth was actually
fuzzier than another one which was rated more
conservatively (and realistically) at 15 MHz. There's just no
substitute for A-B comparison shopping so if at all possible,
don’t buy an untried monitor mail order if you can help it.

Now that the caveats are taken care of we can proceed to
the description of the graphics circuit. But before delving
into the actual hardware, it is necessary to have a
reasonably good understanding of just how raster scan
{television) graphics actually work.

Understanding Raster Scan Graphics

Without worrying about the actual hardware, we need to
understand that a raster-scan display consists of two sweep
circuits (circuits that cause the electron beam inside the
picture tube to move) operating simultaneously. The
horizontal sweep moves the beam (and hence the visible dot)
in a left-right direction and the vertical sweep moves itina
top-bottom direction. While in theory both of these can be
operated at any desired rate and direction (such as in a
“vector graphic” display), in TV they are both interrelated
and locked to the power line frequency (60 Hz).

Referring to Figure 1 we can see a diagram of the dot
movement for a non-interlaced display, the type found in
most video display terminals and graphics devices. Assume
that the beam starts its display in the upper left hand
corner of the picture tube screen. The scanning of a
horizontal line is accomplished at a rate of 15,750 Hz in
standard TV receivers that use the U.S. television standard
(this varies in some countries). What this means is that a
signal applied to the horizontal deflection  yoke
(electromagnetic coil) around the neck of the picture tube
causes the beam to traverse the screen from left to right in
approximately 63.5 microseconds. At the end of this left-to-
right trip, a sudden impulse signal of opposite polarity
causes it to jump quickly back to the left-hand edge of the
screen. This sweep signal which, by the way, is generated
inside the TV itself (as well as the vertical one) is in the
shape of a sawtooth waveform.

Now, if this were going on with no vertical sweep applied,
all we would see is a single scan line at the top of the screen
being retraced every 1/15,750 second. While this might be
good for meditation and the like, it isn't very useful for
displaying a full screen of text or graphics information. If, at
the same time as the horizontal sweep is operating, we also
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apply a sweep signal to the vertical yoke we can cause the
beam to move downward. In normal TV this is done at a 60
Hz rate so as to allow easy synchronization to the power line
frequency. With both sweeps operating simultaneously, the
appearance of the screen will be as in Figure 1, 2 set of lines
which are nearly horizontal (remember the dot is moving
down constantly). The time it takes the beam to jump back
over to the left side of the screen after reaching the right
side is so short that no appreciable downward movement
takes place during that time. At the bottom of the screen
after the last line, a vertical retrace occurs, similar to the
horizontal one, which causes the beam to move back up to
the top of the screen and start over again. This vertical
retrace occurs over the interval of several horizontal scans
and is not as fast as the horizontal retrace. The blank screen
of scan lines resulting from these ongoing processes is called
a “raster”.

From the ratios of the sweep frequencies, we can see that
in a single vertical sweep (or “field”) there is enough time
for the horizontal sweep to operate 262.5 times. Don’t worry
about the half line yet. It stems from the fact that each TV
image (or “frame”) in a full interlace system is composed of
two fields for a total of 525 complete lines. As far as non-
interlaced diplay goes, the video monitor doesn’t have to
have sweep frequencies that are exactly what I listed above.
If the rates are typically within a few percent of the nominal
values, the sweep generating circuitry can lock onto them
and display a raster with no adverse visual effects. If the
timing information in the signal that we feed into the
monitor is much different than the nominal values, we will
begin to see one or more dark horizontal lines superimposed
on the picture (known in the TV business as “hum bars”).
What this means is that if we want the horizontal and
vertical rates to be related by an exact ratio such as 262 or
something close to that, the receiver will lock onto the
signal just fine.

Since most video monitors begin and end their sweeps off
the edges of the screen (“overscan”), we typically can’t use
all the 262 or so lines for displaying information. Further,
after a vertical retrace it takes a few lines for the sweeps to
get resynchronized so a few lines at the top will be distorted
anyway. The most common practice is to actually use 240 of
the lines for display purposes. It isn’t just coincidence that
most terminals display 24 lines of characters. They use 10
actual scan lines for each character line. If the electron beam
can be turned on and off at the proper rate during the
horizontal scan, we can get a series of on/off dots to be
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Figure 1: Non-interlaced video display.
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displayed on each line. Most monitors can display 640
horizontal dots without fuzzing one dot into another which
results in a typical 80 character horizontal diplay on
terminals (8 dots per character position). This also allows for
blanking out a certain portion of the horizontal sweep at the
left and right edges of the screen. You may have noticed
that the display from some video boards won't fit on all
video monitors without adjusting the monitor. Both quality
boards and quality monitors have adequate adjustment to
overcome this. With the 240 x 640 pixe! (short for “picture
element”) display, we can have an 8 x 10 matrix in which to

* display each character.

I mentioned just now turning the beam on and off at will.
This is one of the functions of the video signal fed into the
TV receiver or monitor. The actual signal is known as a
“composite video” signal because it must perform several
functions at the same time. First of all, it must carry the
horizontal and vertical sweep frequencies with it in order to
allow the monitor to synchronize its sweep waveforms.
Secondly, it must tell the monitor when to “blank” the
electron beam out. This is done during horizontal and
vertical retrace to prevent the text or graphics we're
displaying from being overwritten by a bunch of zig-zag
lines as the beam finds its way back to the left side or top of
the screen. If you turn the brightness all the way up on
many sets, you can actually see these lines. Finally, the
video signal must carry with it the information of what we
want the brightness at each point on each horizontal line to
be as the scan proceeds. In TV pictures this information can
vary linearly over a certain range from black through
numerous shades of gray to white. (Forget for now that
there are such things as color sets or green or amber screen
monitors.) For character or graphics displays, it is sufficient
to tell the video menitor whether each particular pixel is
“on"or “off'(“white"or “black™). Thus we have a digitally
encoded signal.

Figure 2 shows a typical composite video signal for a
single scan line. Beginning at the left there is a portion of
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Figure 2: Typical composite video waveform of a single scan line.

the signal that is blanked. Then follows the portion of the
line that is to be displayed followed by another blanking
interval at the right-hand edge of the screen. Finally, there
is a “sync pulse”which causes the beam to retrace back over
to the left side of the screen. Typical signal levels and
timings are shown in the figure.

Since the vertical retrace occurs every 1/60 second and

since both fields contain the same information we say that
the screen is “refreshed”at a 60 Hz rate. We have to realize
here that after the electron beam passes by any point on the
screen and {if the beam is on at that point) it will excite the
phosphor on the screen and cause it to glow. Once the beam
is past there, the glow will continue for some time. This
time is a function of the “persistence”of the phosphor. A
short-persistence phosphor will decay rapidly and the image
will disappear quickly. While not the best thing for our
purposes, these short persistence phosphors are useful in
oscilloscopes and regular TV sets where each displayed
frame is expected to be different from the last. If the
persistence were too long, the previous frame’s information
would still be visible on the screen when the current frame
was being displayed. This would result in the moving
objects being followed by a “trail”on the screen.

For the display of text or graphics information that isn't
moving rapidly, the best thing is a long persistence
phosphor. Without such a phosphor, by the time the electron
beam came around to refreshing a dot on the screen again,
the dot would have faded to a much dimmer value than it
had when it was first excited by the beam. This cyclical
intensity variation shows up as a flickering image and is
very hard on the eyes if you stare at it long enough.

Picture tube phosphors are rated by their “P-
number” which is normally stamped on the label attached to
the tube if you want to look and see what you have. The
higher the P-number the longer the persistence of the
phosphor. Oscilloscopes usually use a P1 phosphor since they
are often displaying very fast waveforms. Black-and-white
TV picture tubes are approximately a P5, and a lot of
integrated display terminals use a green-screen P19
phosphor tube. Many separate monitors are available that
use a P31-P42 phosphor green-screen tube. (Amber screens
are most typically P19 although some longer trace ones are
also available). For monitors with short-persistence tubes
but otherwise good electronics, replacement tubes are
available with a variety of colors and persistence
characteristics. (One source is Langley-St. Clair
Instrumentation Systems, 132 W. 24th St., New York NY,
10011.) While a P39 or P42 is nice, very acceptable results
can be obtained with a P31 tube even with full interlace
video, especially if the brightness is kept low. Even a P19
type is usable with low illumination as the flicker gets worse
with brightness. The 60 Hz refresh rate of non-interlaced
displays is more than fast enough to fool the eye into
thinking that the intensity is constant, even with
moderately fast-decaying phosphors. Flicker is minimized
and this is probably the most important reason for using
non-interlaced video displays. The negative part of course is
that we are limited to only 240 pixels in the vertical
direction. Graphics displays of this sort are not terrible by
any means but the difference in resolutions between the two
directions is quite obvious.

In a full interlace display, the first field of the frame is
pretty much like the non-interlaced version. The differences
begin at the end of the first field. Figure 3 shows the line
sequence for a full interlace display. After 262 full lines, the

continued on page 15




SYSTEM INTEGRATION
by Bill Kibler

Introduction

Over the last few years I have been involved with the
integration of several systems using CP/M. These
* integrations usually used components, purchased from swap
meets, which were generally not intended to work together.
To date, I have dealt with the following manufacturers:
IMSAI, Micropro, Micromation, California Computer
Systems (CCS), SD Systems, Altair, Compupro, DC Hayes,
TDL, Ithaca Audio, Cromemco, Radio Shack, Star Micronics,
Big Boards I and II, Coex, Teletek, Altos, and Processor
Technology (SOL). Previous to my experience with
microcomputers, I spent over 20 years maintaining systems
in broadcasting, geophysics, and industrial environments.
With this background I will attempt to provide enough
information to assist those who are considering buying used
equipment. Most of the information will also be of
considerable help to those buying off-the-shelf systems.

What is Important?

When considering the purchase of any type of computer
system, price is generally thought to be the most important
aspect. In reality, it should be the least. My normal charge
for integrating a system of used parts is $600 (full 64K, dual
8", in 8-100 bus cabinet, monitor extral. Although this is
cheap, it is still money wasted if the system is not usable.
When considering a purchase, most people (including myself)
have only one thing to base their decision on:
DOCUMENTATION. In fact, documentation is actually the
most important part of any system. A system without
documentation is no bargain at any price. Let's review a list
of the main things to consider in any purchase, with the
most important point first:

a) Documentation: without this it can be impossible to do
anything. The manuals should be complete, easy to use, and
designed for different levels of expertise.

b) Hardware: does the system have sufficient hardware
abilities to perform the tasks for which it is intended? Do
not overlook hardware incapabilities.

¢) Software: does an operating system exist or will I have to
reinvent the wheel? Are listings and ASM f{iles included for
modification?

d} Support: is the manufacturer still alive, and if so, does he
support mixed systems? If the company no longer exists, is
there a considerable amount of information available?

e) Adaptability: this is a consideration of the hardware and
software interfaces with an eye on the possibility of
upgrading (different from making the system work).

f) Repairability: can I do it myself or can repairs be made
only at the factory?

Undoubtedly, there are some additional points that you
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might consider important, such as color, size, weight,
expense, or what your friends use, but these are mostly
personal preferences that change with each user. The six
which I have listed are the most important considerations in
choosing a system. Now let’s look at each point more closely.

Documentation

Documentation has probably been discussed more than
any topic in the computer industry. It is still most
unfortunate that some manufacturers do not support the
consensus. One leader in providing good documentation is
Compupro. Their manuals are not excessive in size, but do
cover the subject completely. I recently purchased an
Interfacer 4 and was quite surprised by the quality of the
documentation. There is an index and a page for those who
would rather try it than read about it first. There are
adequate discussions of how it works, an explanation of how
to interface the software (with listings), and good readable
schematics. A good disk controller manual is the one which
comes with the CCS 2422. There is one book for the
hardware and one for the software. The hardware book has
a listing of the PROM, detailed port usage tables, and a
section on theory of operations. The software manual is set
up for beginners and will guide you through the steps for
adding special functions to the BIOS.

Some companies that do not provide good documentation
are SD Systems (more about them later} and the Big Board
I1, whose manufacturer expects you to have a Big Board 1
since they are still working on a manual. What mistakes did
these two (and others) make? It is usually the same
one —misjudging the users’ needs. All users require the
same information at one time or another, and to meet their
needs, a good manual should:

a) provide complete specifications of the product —what it
can and cannot do.

b} give intended configuration and interface specifications
for the product.

¢) provide all known hardware facts,
schematics (current and past versions).

d) present all software considerations, with well-documented
sample listings.

e} be written for different skill levels, including enough
information for the advanced user, but written so that the
beginner can understand it.

f) be indexed, cross referenced,
appendixes.

g include manufacturers reprints of special ICs and devices.
If the manual does not include this information, you can
expect to have a lot of problems bringing up or modifying
the system. My system cost would be three to four times the

drawings, and

and have plenty of
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cost of the equipment if the time spent on deciphering poor
documentation was taken into account.

Hardware

When considering the hardware, there is more to think
about than whether or not it works. You must also look at
the system size, its I/0 capabilities, and, with 5-100, whether
or not it meets the standard. When looking at the overall
system, a good understanding of your current and possible
future needs is necessary. Check with friends, go see
dealers, and read a lot of magazines until you have clarified
either in your mind or on paper just what your needs
are—then buy. A good choice for used equipment is the S-
100 line of products, which abound at swap meets. The S-100
standard is rather tricky; currently the makers are using
several ways to describe products that are close to the
standard but may not work in all cases. When in doubt, call
the manufacturer. If they cannot guarantee that it will work
for your intended use, assume that it will not. The S-100
standard now calls for some rather precise timing windows
that should eliminate many headaches, but assume that all
previous boards were intended to work with their own
family of cards. For example, the CCS products are not fully
S-100 compatible and in fact, if you call the company, as I
did, they will tell you that the CCS 2422 ver. 0.001 is to be
used with the CCS 2810, and the CCS 2422 ver. 0.002 is for
the CCS 2820 only. The company does not support any use
other than that. This also points out how versions of the
same product may in fact be quite different. For an §-100
compatible SD System product be sure it has the “"meets
IEEE-696" label, which means that it has been brought up to
current specs.

Another thing which may bother the user of older
equipment when he tries to upgrade it is VLSI design. The
most current problem is disk compatibility which has
become more of a problem as new controller chips emerge. I
started out using non-VLSI type controllers, and am
returning to them after trying several VLSI types. NEC
upd 765 is a good device but it has one flaw that keeps me
from using my old drives. The device tests the drives at all
times for status information. Some old drives are not
capable of meeting this need, possibly forcing you to buy
new drives. In hot climates, enough heat is generated by the
steppers on eight inch drives that the system has been
known to shut down. This is a problem experienced with the
Teletek Systemaster board when the combined heat of the
stepper and the regulator affect the NEC 765 which is
mounted above the regulator heat sink and requires the
board to have forced ventilation. The WD (Western Digital)
products appear to be OK. However, there is some
incompatibility between their WD1771 and the WD179X
series, although I have read eight inch single density CP/M
from one type to the other without problems. My other
problem with the VLSI chips is their inability to read a
sector should an error occur. Complete track reads are
needed to get around this design parameter. With non-VLSI
type controllers the software (if all the documentation is
available) can always be changed to meet formats or uses

you may want, although this is not a task for novice
programmers. If you are buying new drives and use only
standard disk formats, the VLSI type controllers are
preferred.

The last comment on new hardware problems concerns
the increasing use of PROMS and PALS. Both units afe
programed by the manufacturer to allow several functions
to be performed by one chip instead of many. This has
decreased the amount of real estate needed, and has
increased functions while keeping cost down. For the
integrator and repair person, this is not a very good
situation, as we can no longer change or modify at will. In
fact, most manufacturers are not supplying the codes needed
to burn your own PALS or PROMS. Not only are you now
forced to buy from them when they feel like supplying the
part, but in some cases not enough information is available
for independent technicians to repair the system. When
buying used equipment, avoid units with PALS or PROMS
at all cost, (especially from defunct companies) unless you
intend to use factory repair services.

Software

When looking at the software for a new system, the major

points to study are:

a) compatibility; is it CP/M?

b) simplicity; is the system so involved that I can't work
with it?

c) ASM files; are all the ASM files present on the disks?

d) documentation; is there any?

e) disk format; will I be able to read it? Does it have SD or
DD disks?

f) are all the non CP/M utilities provided (eg. format
program)?

You should also be aware that with new systems,such as
CP/M 3, there may be little technical help available. This
lack of free support will change with time, but for now think
of anything hot off the presses as too hot to handle. When
dealing with older systems, and used ones, a local computer
club will generally be the best support group around. When
1 was bringing up the SD Systems VF II, a fellow club
member provided a BIOS for CP/M 2.2 that had me running
with new I/0Q routines in 30 minutes.

Some of the signs of bad software are: utilities that
assume special terminal codes and then do not supply ASM
files to change them (Big Board II's format program),
incomplete CP/M disks (SD Systems CP/M 3.0 is not
complete), and BIOSs that cannot be assembled without
special assemblers and may force you to buy more software.
{Teletek's BIOS is in Z80 code and needs M80 and L80 to
change. Morrow Decision I BIOS is another.) The most
common current problem is the double density only system
disk, which is OK if it works, but cannot be modified without
a running system (Big Board II will need the Big Board I's
CP/M to bring it up). Teletek and Morrow Decision One are
also DD only.

The next biggest hassle for novice to imtermediate
programmers is CP/M 3.0. It is all in MACROS (more on this
in part 3), and some systems also use interrupt driven BIOSs




(Teletek, SD Systems SBC300). Presently, there are several
good books on working with CP/M 2.2, but little detailed
information on the insides of CP/M 3.0, or how to deal with
interrupts. Understanding your limits as & systems
programmer can keep you from looking at a straight jacket
from the inside out. With time, the last two problems will
not cause much grief, but if you are just starting to get into
assembly language programming, try to stay with simple
straight-forward systems running CP/M 2.2.

Manufacturer Support

This can be the biggest headache of them all and yet is
sometimes the most important consideration in choosing a
system. If the manufacturer believes in supporting his
products, the three previous discussions may seem
unwarranted. However, I have found more bad supporters
than good ones. In industrial environments it is
commonplace to be able to call the manufacturer and talk
with someone who knows the product and can help you out.
The microcomputer industry is not yet up to industrial
standard, and in fact, it may not be out of the dark ages. I
feel confident in making that statement after working for
Teletek as their sole technical support person. This short
period of time gave me a good insider’s view of the industry.
The term “time is money” appears to be the main motto,
and spending time with users is usually considered money
lost.

Many manufacturers, including Teletek (I'd say SD
Systems also, looking at their documentation) want to be
OEMs (original equipment manufacturer) only.
Unfortunately for users of used equipment, this position can
be nothing but trouble. OEMs make and sell their products
not to end users but to other manufacturers who are
responsible for support and documentation. The lure of
selling a few extra boards on the side, however, has gotten a
lot of OEMs into the position of supporting a product poorly.

There are some companies that are really trying hard to
support their products. Compupro is the leader. Their
guarantee is simple: “if it fails, call us”. They will try to help
you, and if not sucessful, will ship a board to you. Returning
the bad board will keep you from having to pay the cost of
the replacement. This is a much better practice than that of
most companies, who will not supply loaners. Others take
three to six weeks before boards sent in for repair are even
looked at, let alone fixed. In the case of new units like IBM
you may need to have purchased a service contract from the
dealer first, who will, in turn, send it to a service center
when it fails. For those of us who do their own work,
documentation is our mainstay and talking with the factory
is a last resort. Having talked with several companies, I
would say that technical support people are unemployed
more than anyone else in the industry. SD has been the only
company so far to have the same support person after six
months of dealing with them.

What to expect when calling a company:

a) to be given to the wrong person at least three times.

b} to be put on hold for 15 minutes (all long distance, too).

¢) to find out that the person just went home (after 15
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minutes wait).

d) to be told he will call back (if you believe that, I have a
bridge to sell you!).

e) you call back but have forgotten the person’s name (goto
a).

) you finally get the person, only to stump him with your
problem.

g) you are told you will be called back in 15 minutes with the
answer (goto d).

h) you are given an answer which you find out does not
work.

i) you now get the stock answer, “send it in and we will look
atit.”

The last time I called CCS, I got a secretary who took my
question and did call me back with an answer (“can not help
you™). To sum it up, don't call. If you must, get the name of
the person you talked with and talk only with him. Tell him
what you want and expect from him (don’t gossip), have your
facts ready and be prepared for hassles (most companies
think everything is a trade secret). When faced with big
problems expect to talk to a VP of marketing, because in
most companies, technical support is a division of sales and
not engineering.

Adaptability

Adaptability, a unit's ability to fit some future need, is
what I look for when buying used equipment. Although this
is not a critical point for most users, it may mean the
difference between having to get another board and just
adding a chip to the existing board. A sample of adaptability
is the use I made of 16K Altair boards. These cheap boards
are now running 256K for less than $200 in cost and a half
hour of work. Although a lot of development time was spent
in this project, it would never have been possible if the
product was ill-designed and unadaptable. For more
information on this project, see the article “Cheap Memory™
in the Dec. 1983 issue of Microsystems. Do not overlook
magazine articles as they may contain information which can
save you many hours of development time.

Repairability

Like adaptability, repairability is not important to
everyone. However, when you are doing your own work,
good quality boards are a necessity. If a foil surface is so
thin that it comes off at the touch of an iron, repair can be a
nightmare. Good solder masks are essential, and sockets are
much easier for replacing bad chips. PALS and ROMS
detract from repairability and were a major failure item in
the past (the PALS were not being burnt properly).
Software problems can be impossible to solve without the
ASM files and may still be unsolvable when not fully
documented. Assuming that the listings in the manuals are
correct may lead you down the wrong path. (Quite often the
listings are old and not completely debugged —get the most
current listings from the factory.)

It is important to keep in mind that the current
complexity of systems can require complex test equipment.
A 50 to 100 MHz scope and a digital voltmeter are the

continued on page 15
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OPTOELECTRONICS

Part Three: Optocouplers and Fiber Optics

by Roger Johnson

This installment will conclude the series on
optoelectronics and design. Several areas will be covered
. including optocouplers, fiber optics and simple geometrical

_ optics. While each subject in itself could be the basis for a

book., we will introduce the essentials and disclose
applications, techniques and sources of materials.

Optocouplers

A cousin of the optocoupler or optoisolator was introduced
last time when we discussed the optical switch. In this
device an open slot or gap exists between the LED and
phototransistor, allowing a piece of material in the form of a
flag to pass through the gap for speed, timing or non-contact
limit switch applications. The optocoupler's component parts
remain the same, except that the gap is gone and the whole
device is sealed from external light. So all we haveis an
LED positioned about 1mm away from a phototransistor in a
sealed package. This lets us control or command a circuit
simply by turning the LED on or off.

Why is this useful? It turns out that in the real world of
electronics there is all sorts of noise. This noise can be from
motors, solenoids, heavy current switching, and lighting or
radio interference. Since an optocoupler only communicates
via light, there is no way that noise from one part of the
circuit can affect the optocoupled part.

When heavy currents are flowing in parts of the circuit,
this type of noise is called “ground loop”. Figure 1 shows
how it arises. In this simple example, the ground loop is due
to a large voltage drop in the supply lines. A cure is obvious:
either increase the wire diameter {or trace width on a PC
board! or separate the grounds. This is where optocouplers
come in. It should be pointed out that optocouplers also have
the nice advantage of being able to control something that
“floats” hundreds of volts higher than your circuit. This is
called the isolation voltage of the coupler, and for most, it

ranges from 1000 to 7500 volts. You can see how incredibly
useful such a device can be. There are times when you
would use couplers just to be safe. As an example, say you
wanted to connect your computer to another peripheral.
Even if both pieces of equipment operated from 5 volt logic,
you could use an optocoupler to isolate your computer from
the peripheral. If the peripheral had a problem and shorted,
caught fire, and smoked, your computer would be protected
because the only medium of communication between the
computer and the peripheral is light and not copper wire.

You don't have to know anything about optoelectronics in
order to use optocouplers, but to use them properly you
have to know a bit about how they work. See Figure 2.
When the LED is turned on, it will cause collector current
to flow in the phototransistor. Just how much collector
current flows will depend on the optocoupler you have. This
current is set by the coupler's CTR or current transfer ratio.
CTR is defined as the ratio of output current to input LED
current times 100 per cent. The higher the CTR, the easier
it is to drive a low load impedance. High CTR values also
mean higher prices.

The other aspect, sort of a secondary one, is that the CTR
of a coupler degrades with time. So if you're going to design
a piece of equipment for sale or for use in a remote area
where the cost of repair could be high, you have to design
with the manufacturer’s estimates on how the CTR varies
with time. Also, it is best not to overdrive the LED. LED
life goes down with larger currents. While some data sheets
show that the LED can be operated at 50ma continuously
and even take short duty cycle bursts of 500ma current, it is
usually best to operate the LED at 10 or 20ma of forward
current.

Let's take a look at how we use a typical optocoupler to
drive a standard TTL gate input. The coupler is a generic
one called the 4N25. It is manufactured by all the companies
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LED series resistor which will give us our desired LED
drive current. Ten milliamperes of LED current will give us
2ma of collector current. We need 1.6ma to sink the TTL
input to the low state. This doesn’t provide much room for
CTR degradation so we pick 16ma of LED current. This also
provides & long life for the LED, and is the maximum sink
current of TTL. Of course you can change the numbers for

" whatever logic family you have. We see from Figure 3 that

1.2 volts lies across the LED at 16ma of current. R must be:
R = (5 — 1.2)/16ma = 240 ohms, a standard value.

The collector resistor Rc will see any excess current
minus the 1.6ma of the TTL gate imput sink current. The
total current in the collector leg is the CTR value times
LED current. This is 20% x 16ma or 3.2ma. In Figure 4 we
see that the rest of the current which flows in the collector
resistor is 82-16=16ma. Since we assume the
phototransistor is on and saturated, it has a Vee drop of 0.2
volts. Hence the value of the collector resistor is:

Rc = (5 -~ 0.2)/1.6ma = 3000 ohms
8.3K ohms is the nearest standard value.

That is all there is to it. Note that a low on the gate
driving the LED produces a low to the input of the gate we
are driving. This circuit does not invert the signal. If we
wanted to do so, we could add a transistor or use a spare
NAND gate.
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Most optocouplers come in 6 pin DIP packages. For
prototyping work you can insert 2 per standard 16 pin IC
socket. And more than just transistors exist on the
controlled side of the optocoupler. There are opto-SCRs,
optotriacs, optodiacs, and optodarlingtons for huge current
magnifications. The circuits in Figures 5 through 8 are tried
and tested. The author has designed and used them. These
digital circuits solve a variety of problems and have
applications in using microcomputers to control huge loads
easily. Figure 9 shows a linear application where the output
voltage is proportional to input LED current. This cireuit is
very useful in analog or audio applications that require
isolation.

Fiber Optics

Before we can understand how fiber optics work and how
we can use them, we have to learn a little bit of optics. A
more lengthy and rigorous explanation can be found in a
high school physics book, but I think we can expiain light
wave propagation well enough here to get on with fiber
optics and their applications.

We all know that the shortest distance between two
points is a straight line... or is it? Let’s say you were
standing on a beach and someone in the water was yelling
for help. To save them from drowning you would want to
get to them quickly. Now, for the sake of this scenario and
the later disclosure of the fundamental equation of fiber
optics, we will assume that you can run faster on dry sand
than you can swim in the water. The question then is: How
do you get to the person in the least amount of time? Now
let's look at the actual geometry of the situation at the
moment you decide to take action (see Figure 10). You could
actually run and swim all in a straight line. Or you could run
to the shore directly opposite the person and then start to
swim. If you actually take these two paths and calculate
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Fermat's Principle. !f you search sin By sin 8L

long enough you will find an x VW VL
value such that any other path

will take longer to reach the victim.

your elapsed time depending upon distance traveled and at
what speed, you will come up with two different numbers. If
you choose some path in between these two, you will come
up with a smaller elapsed time. Now if you start an
exhaustive mathematical search for the elapsed times for
paths every millimeter further along the shore, you will
eventually find the minimum time. You have just discovered
Fermat's Principle. This is a very powerful tool in lightwave
propagation, yet was discovered thousands of years ago.

So we find that the fastest path between two points is not
a straight line, but one which takes the least time to travel.
Going back to Figure 10, you would find, after some study
and observation, that a geometrical relationship exists
between your running and swimming speeds, and angles to
the shoreline. What you would find is:
sinBy,

sin®
Vx.n: = (see Figure 10b)

water

This is powerful. We can predict the shortest time between
two points by knowing velocities and angles. In optics,
nothing travels faster than light in air or in vacuum. We
assign such a transmission medium a number called an
index. We assign both air and vacuum an index of 1. Water
is about 1.33 and glass is about 1.5. Diamond is 1.8. By
dividing the speed of light, ¢, by the index, we can calculate
how fast light travels in that medium. In optics we always
use indices rather than the absolute values of these
velocities —it's just easier. Also, we never really use actual
distances like we did in the beach example. We always use
the angles measured from the perpendicular of the interface
between the two materials. We then get a corresponding
equation called Snell's Law. It states:

n,sin@, =nsind®, (see Figure 11)
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This is also called the refraction equation and it totally
describes how light travels in any medium. This is the
fundamental equation of optics and also of fiber optics. The
two angles 8; and Og are usually called the angle of
incidence and angle of refraction respectively.

Armed with this equation, we can generate another
important one. Let's say that our light started out in the
higher index medium, in this case, water. Well, Snell's Law
doesn't care which direction the light comes from and we
would find that the light gets bent away from the
perpendicualr as it emerges from the water. This is
sometimes called “optical reciprocity” which is a fancy way
of saying that light obeys the same equations traveling in
either direction.

But now let's take a flashlight we have submerged in
water and increase its angle of incidence. Pretty soon we
will have the emerging refracted rays of light bent at 90
degrees. What happens if we increase the angle of incidence
just a little bit more? Mathematically we can’t have the sine
of an angle greater than one. What we observe is that the
light gets reflected off the surface of the water back into the
water. This is known as total internal reflection. It is what
keeps the rays of light bundled in the fiber as they
propagate down the fiber. The critical angle, at which total
internal reflection (TIR) occurs, is found by setting the
refracted angle to 90 degrees. We then have:

6.=sin"!n,/n,)

TIR can only happen when light goes from an optically
higher index to an optically lower index. TIR will then occur
at the interface, if the angle of incidence is greater than the
critical angle.

Let's calculate the critical angle for TIR of a glass fiber in
air. The index of air is 1 and glass is 1.5. So we have as the
critical angle:

6= sin ~{1/1.5)
ec= 41.810

Light is refracted at the
interface between the two
surfaces. The angles of

Binc ot 1 incidence and refraction are

i) measured with respect to

surtace the surface perpindicular.
™o’ We can tell here that med-

ium 2 has a higher index
value than medium 1 be-
cause the angle of refraction
is less than the angle of
incidence.

surtace parpindicuia‘

Ny SinBing = N2 SINBR

Figure 11: Snell’'s Law of Refraction.
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In use, the fibers of cables are polished or cleaved smooth.
Light is launched in the fiber end by a small lens, a nearby
LED, or the end of another fiber. In any event, because of
TIR only a cone of rays will be accepted. Figure 12 shows
how this cone angle is calculated. A common fiber optic
figure of merit is the so-called numeric aperture(NA) of the
fiber. The NA of a fiber is defined as the sine of the
acceptance angle. The higher the NA, the more light it can

ateept from a source.
The problem

with high NA fibers
90° is that they permit
A a lot of rays to

passnats . propagate down
y AN the fiber. The ones
Lo \ \\ traveling close to
; e A the critical angle
take longer to reach

the end than do
the ones which are
traveling at large
angles of incidence.
This is simply due
to the length of
their paths. The
fact that some of
the rays have a
longer trave! time
than others results
in signal dispersion and is the reason that repeaters have
to be installed every so often in fiber optics communications
links. As Figure 13 shows, an uncoated or unclad fiber's
‘NA can be calculated by setting ng=nj in the general
equation which is derived in that figure. When this
substitution is done, we find that the NA of a single index
fiber is 1. This means that it accepts all light launched into
it. In some instances this is good, but in communications
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Figure 12: Total Internal Refiection. lllustration
of critical angle in an air-glass interface.
Ray A gets refracted at 90°. Ray B has a
launch angle a tiny bit larger than A and
undergoes total internal reflection (TIR) This
shows how light is propagated down a fiber.
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Figure 13: Modes and NA of Fibers.

technology using fiber optics, it has