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A Recipe for Homebrew ECL

Chuck Hastings

Why Read this Recipe?

Emitter-coupled logic (ECL) is understood by most computer
designers to be the fastest stuff available—which it is—and
as too difficult for anyone but the largest companies to design
with—which it isn’t. If an appropriate recipe is followed, ECL
systems can be developed with very limited resources with
as good, or better, chances of technical success as with
equivalent transistor-transistor logic (TTL) systems. Thus,
homebrew ECL is a viable alternative for applications that
require very high-speed processing. Such applications may
occur in some technical approaches to music synthesis,
speech analysis' or simply fireside number crunching involv-
ing matrices, partial differential equations, or Fast Fourier
Transforms.

Such a recipe isn't written down anywhere—existing ECL
tutorials make ECL design sound formidable. However, a care-
ful amateur can achieve a reliable 100-MHz small system
today. This paper will present a practical recipe, used once
successfully, for designing, building, and troubleshooting a
small ECL system with the level of resources available in a
well-equipped homebrew lab.

This recipe was developed during the course of one task in a
mid-1970’s project at Racal-Milgo, then a medium-sized
Florida company with no previous ECL systems experience.
The circumstances were in many ways quite similar to those
of a homebrew project. The outcome of the task was a 24-
bit general-purpose stored-microprogram computer, capable
of 6 million three-address fixed-point add/subtract/Boolean
instructions or 900,000 fixed-point multiply instructions per
second, which was completed and subsequently was
operated 10 hours a day for several months in a signal-
processing system.

N

N

Why ECL?

Why ECL? For openers, the established industry-standard
10,000 series ECL (hereafter referred to as “10K”) offers at
least twice the net speed of Schottky TTL when actually
designed into typical systems. Its successor line, 10HO00-
series ECL (hereafter, in like manner, “10KH”) is again twice
as fast as 10K, and pin compatible with 10K on a part-by-part
basis. 10K/10KH provide a more natural and less brute-force
approach to high-speed signal transmission than Schottky,
and is in a number of respects actually easier to use.

ECL has probably not been considered for many applica-
tions where it would have been appropriate, both in industry
and more recently in hobby work, because people tend to be
scared to death of it. Frankly, ECL has an image problem—
see Figure 1. Like many image problems, this one has some
basis in truth; but there has been a considerable overlay of
exaggeration, distortion, and mythology, which | will do my
best to dispel based on the results obtained in one medium-
sized computer hardware-development project.

Much of what | have to say concerns a subject euphemisti-
cally called “interconnection practice;,” which means all the
things you have to do to keep your logic from being thor-
oughly confused by its own noise after you turn it on. Except
as occasionally noted, all of my remarks concern 10K in a
wire-wrap environment. Later on, I'll have a little to say about
other ECL families, such as MECL Ill, PECL Il, and Fairchild
100K, and the new 10KH.

A good wire-wrap board, believe it or not, is an excellent
signal environment for high-speed logic. | have met people
who solemnly claimed that one can't wire-wrap ECL, but it
just ain't so. Communications Satellite Corporation, and
the Mayo Clinic® have both done it for years. | have also
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Figure 1. Frankly, ECL has an image problem!
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met people who claimed that wire-wrap fabrication was
something one does only for prototypes and that it is too
expensive to be a manufacturing technique; but Modular
Computer Systems in Florida has been cranking out wire-
wrapped minicomputers since about the beginning of the
1970s. Much of the wire-wrap equipment used in industry is
made by Gardner-Denver, and many hobbyists use Gardner-
Denver rechargeable battery-operated wire-wrap guns. There
is also a company called OK Machine and Tool Corporation
which makes a line of low-cost wire-wrap equipment specific-
ally marketed for use by hobbyists. (See the appendix for a
list of addresses.)

Since most hobbyists probably prefer to have their systems
work without a major initial checkout hassle, my intercon-
nection-practice recipe probably errs on the side of overkill.
If for some underground entrepreneurial reason you are
intensely concerned with the cost of replicating a homebrew
ECL system once it is working, you can do a cost-reduction
job by deleting some of the practices | am advocating one by
one until the system goes bananas. But don't start out doing
an el cheapo job—if the system doesn't work at all, you may
not have the equipment, resources, or patience to find out
why. Big companies do have the luxury of trading off more
product-development engineering hours against lower man-
ufacturing costs, but you probably don't. The first time you do
it, do it right.

An Astounding Claim

The fear of ECL in the industry is so great that it requires
some chutzpah on my part to state straight out that you too
can successfully build, debug, and operate ECL systems in
your spare bedroom, garage, or rumpus room—just like TTL
and metal oxide semiconductor (MOS). You don't have to
have the vast resources of a company like Control Data,
Univac, IBM, Gould or Burroughs behind you to succeed—
or even those of a rather unusual small company such as
Cray Research or Denelcor to name two with some obvious
ECL expertise.

| make this statement on the basis of successfully develop-
ing a medium-sized, high-performance ECL midicomputer
under what might be called primitive industrial conditions at
a company (Racal-Milgo) having no prior experience build-
ing either ECL systems or digital computers. Up until that
time, the company management had not particularly under-
stood digital computers, although they did have some exper-
tise in analog computers. The backup resources which one
expects to find in place in even a small computer mainframe
house simply weren't there.

To top it all off, | myself am a computer systems type—ones
and zeroes, architecture, logic design, machine-level
software, microprogramming—with very little expertise in,
say, linear circuit design or electromagnetic field theory. All
the same, with one sharp technician working with me full-
time plus part-time help from a few other people, | was able
to get a high-performance digital system of about 900 ECL
10K chips developed and operating in about 15 months. (Of
course, if | were to design the system today, | would use 10KH
chips, which were not available then, wherever possible.)
Thereafter, for several months, it was operated many hours a
day, five or six days a week, as part of a larger signal-
processing system, with very few maintenance problems. If
I can do something like that, probably you can too.

Monolithic E.[F.ﬂ Memories

The Miami Number Cruncher

The architecture of this midicomputer is not the main point of
my presentation, so I'll say just enough about it to put it in per-

- spective. It had a three-address format, with a 48-bit instruc-

tion word and a 12-bit data word. Instructions and data came
from separate memories with separate addressing spaces
(“Harvard architecture”). Arithmetic was generally 24-bit
twos-complement, with some 12-bit operations also avail-
able. The minor cycle (clock interval) was about 10.17 nano-
seconds, which is the reciprocal of the 98.304-MHz basic
frequency. One microprogram step required a major cycle,
consisting of 5 to 12 minor cycles according to a 3-bit micro-
programmed field. '

Normal execution time for a 24-bit add or subtract instruction
was 163 nanoseconds, and a Boolean instruction required one
minor cycle less; instructions of both these types required
two major cycles. The time of 163 nanoseconds was for a
memory-to-memory operation, not merely register-to-
register, since the main data memory (4K 12-bit words) was
comprised of 20-nanosecond-access 1K-by-1-bit ECL mem-
ory chips (type 10415A/10146). Two copies of all main
memory words were implemented, in order to avoid the
penalty of an extra major cycle on each execution of one of
these instructions.

The approximate times for some other 24-bit three-address
operations were: 1.1 microseconds for multiplication, 3.5
microseconds for division, and 13 microseconds for the
square root of a sum. There were both single-word and
block-oriented input and output instructions, and an external
command instruction, with a fully asynchronous handshake
control philosophy. All instruction sequences were controlled
entirely by stored-microprogram techniques.

The computer itself, including both data and instruction
memories, occupied three large [418 dual in-line package
(DIP) locations] wire-wrap boards mounted in aluminum
frames, and drew a little more than 300 watts. It was part of a
larger experimental signal-processing system for a propri-
etary real-time application, and was never intended to be a
product in its own right.

Test Equipment

Probably the scale of this machine is larger than should be
attempted under home lab conditions. Nevertheless, the only
important resources | had that would be difficult to match in
a well-equipped homebrew lab were a much larger test equip-
ment budget, and other people to do some of the work.

By far the two most important pieces of test equipment were
a Tektronix type 485 portable 350-MHz oscilloscope, and a
Data 1/0 model VI programmable read-only memory (PROM)
programmer. The 485 is a marvelous scope, but is much
higher in performance than needed for routine measure-
ments, even in ECL work, and is priced (even as used equipment)
out of the reach of most hobbyists. | had previously used a
Tektronix 150-MHz type 454 scope for TTL work, and this model
should be quite adequate for ECL. A 50-MHz or 60-MHz scope
such as a Tektronix type 547 or type 453 could be used effectively
as long as its limitations were understood and conservative
design practices were followed (more on this later).

As for the PROM programmer, this was needed because at
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ning, or trying unsuccessfully to run, at full speed; any logic
point can be tied to a logic “1” source with impunity in order
to change what is happening so that you can study it. This is
a very powerful troubleshooting technique. (It is normally
forbidden in TTL troubleshooting because of an unfortunate
tendency to melt IC output transistors in totem-pole devices.)

Second, since virtually any ECL IC output stage will drive a
50-ohm line, it will also drive two properly terminated
100-ohm lines going to different places, which is very useful,
for instance, when driving a lot of memory address lines. By
way of comparison, there are only a few TTL devices—the
745140 dual NAND buffer and the 74128 quad NOR buffer,
for instance—that will drive such low-impedance lines.

Third, once you have bitten the bullet and terminated a sig-
nal line in its characteristic impedance, you can stop worry-
ing about how long that line is, at least as long as it doesn't
go off the board away from the ground plane. The boards |
used were roughly a foot wide and almost two feet long, and
some signal lines were longer than two feet, which would be
rather unacceptable using TTL gates since the usually quoted
line length limit is ten inches (For TTL three-state buffers it is
much longer.) ECL signals that go off the board should be
differential, but even that turns out to be less frightening
than it sounds, as will be discussed later on.

Fourth, in ECL the only limitation on fanout that matters is
that each additional input connected to a line adds a few
picofarads of capacitance, just as additional TTL or MOS
inputs do in other systems; and as the number of inputs
increases, the rise and fall times lengthen a bit. But instead
of a fanout of 10 as for garden-variety gold-doped TTL or
high-speed Schottky TTL, or of 21 as for low-power-Schottky
TTL, the fanout limit imposed by driving capability is some-
thing like 92, which is as good as infinity for most purposes.
I never really had to test this proposition out: it usually was
not necessary to go beyond driving 10 to 12 loads with one
output, except in special situations like driving memory IC
address inputs with buffer gates; and even there | stayed
conservative.

Voltage Planes and “Positive Earth”

ECL, even the easier-to-use 10K/10KH, should still be built
on a good board for best results. “Good” here means that the
voltage plane or planes occupy at least 50% of the available
area of the board as it is viewed from above, say by Superman
with X-ray vision if the board is multilayer with internal voltage
planes. | knew where to get really deluxe boards, from a
successor company (Kleffman Electronics, Minnetonka,
Minnesota) to one | once worked for, with four complete vol-
tage planes, but up until now these boards have not been
offered for public sale. However, the designer of these
boards, Gary McPherson went into business for himself, so
you can try contacting him. (See the appendix at the end of
this chapter.) A number of circuit-board companies do now
offer wire-wrap breadboards that look satisfactory for ECL,
and in some cases state such a design objective (see the list
in the appendix). Augat pioneered in this area, with a three-
layer board, and boards with a similar design philosophy are
now also available from Excel, Garry, Mupac, and SAE.
Interdyne has a rather different type of board, which also
looks plausible. These boards do, of course, cost more than
vector board—probably $200-$300 for one to accommodate

150 or so DIPs. In most cases the DIPs plug directly into the
holes in the round pins on the board, and no additional IC
sockets are needed. Figure 2 shows an Augat board in local
cross-section. Reference 3 is a useful technical note availa-
ble from Augat on wire-wrapping ECL logic using their boards.

One of the disconcerting facts about ECL that seems to baffle
every person newly introduced to the stuff is that Voo —vyes,
| did say Vgc—is normally specified as +0.0 volts, or “positive
earth; as British car aficionados say. After all, everyone who
has designed TTL or MOS systems knows that V¢ has to be
+5.0 volts and that it is the other voltage supply that is at
+0.0 volts—why; it is even called ground. What, then, is this
Ve that is specified as -5.2 volts? Why isn't V¢ specified
as +5.2 volts and Vg as ground? Certainly the logic doesn't
care what the dc potential of various circuit points is relative
to Mother Earth, does it? For that matter, why can't ECL run
on a 5.0-volt spread between the two main supply voltages
as TTLdoes?

It turns out that when Motorola originally instituted this now-
universal +0.0/-5.2 specification, the goal that they were in
a subtle way trying to achieve was to get their customers to
use the best plane on the board for V¢ rather than for Vg,
in case there was any difference in the extent of the planes.
The circuit properties of ECL are such that the system perfor-
mance is affected much more by inadequacy of the Vg
plane than by, say, a Vgg plane that only covers part of the
board and shares the same surface with the V¢t plane. To
keep the internal workings of ECL ICs from being confused
by electrical transients due to their own output stages, most
of them (except the ones with particularly serendipitous inter-
nal layout) have two or even three separate V¢ pins. Do not,
however, draw the conclusion that you must actually connect
these different pins to different Vo planes—they don’t want
you to do that, but rather to connect them separately to the
same Vgc plane. It makes sense if you think about it; you
don't want the potentials at different Vg pins to diverge—
you only want to convey the output switching noise to ground
without it going through the tender internal gates.

The Kleffman boards | used had two complete ground planes
and two other voltage planes, having been designed to
accommodate a mixture of Schottky MSI devices with lin-
ears that often required a —5.0-volt supply in addition to the
normal TTL supply voltages. | adapted these boards for ECL
by using the ground planes for Vo (after all, it is at ground),
the TTL V¢ planes for Vgg, and the -5.0 plane for V.
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Figure 2. Cross-Section of Augat Wire-Wrap Board
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