
















































































Which comes first—the hardware or the software? You need both, of course,
to create new products with microcomputers. The tougher question is: How do
you assure product profitability? That gets you into questions of hardware avail-

ability, software support, design assistance and confidence

in your supplier. When an electronics publication re-

cently asked readers

to rank their micro-

computer buying

criteria, it came as
no surprise to Intel that
availability, software sup-
po pplier reputation topped the list.
Intel can supply you today with five general-

purpose CPUs, supported by numerous peripher-
al, /O and memory components, software packages
and development manuals, and the industry’s largest
library of users’ applications programs. Our five micro-
computers span a 1000:1 performance range and in-
clude the lowest cost, highest performance and most
popular designs available today. Their applications are
equally broad,
from electronic games
to high speed control-
lers and processors. We
want to make sure that
our customers don'
begin designing with
pieces of the hardware/software
puzzle missing. 1o minimize
development and assembly
cost, each CPU is backed up by
more than a score of performance-
matched system components —
advanced programmable I/O

additional 170 and peripherel devices will be available in 2nd half of 1975,
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Defense Secretary James R. Schles-
inger said in February that the Navy
was free to pick a derivative of ei-
ther plane.

Choices. With its evident support
of the Navy’s controversial choice,
the Pentagon clearly sees the long-
term viability of the U.S. fighter
plane industry as a larger issue over-
riding those of congressional man-
dates, aircraft commonality, and its
short-term economies. Had the
Navy bought the F-16, one Penta-
gon planner notes, “General Dy-
namics and LTV would have a lock
on the market in five years.”

When the existing contracts of
Grumman Corp. for the Navy F-14,
McDonnell Douglas for the USAF
F-15, and Northrop Corp. for the
F-5 international fighter all run
their course some time after 1980,
“we would have been left with Gen-
eral Dynamics,” notes DOD’s man.
“That’s not healthy.”

Malcolm R. Currie, DOD’s re-
search and engineering chief, made
the point somewhat more subtly in
his first justification of the F-18
choice to the Congress. Of the “two
other very significant points to be
made in the development of the
F-16 and F-18,” he said, “one is the
importance of having options in fu-
ture defense planning.” The second,
Currie went on, is “that there is
nothing so effective in holding cost
down as the existence of on-going
competition between manufac-
turers.” Citing the pressure of the
F-16 and F-18 programs on the pro-
ducers of the F-14 and F-15, as well
as the competitive pressures of the
F-16 and F-18 on each other, Currie
called the level of competition “a
situation we have not had for over
20 years.” As a result, he believes,
“the payoff will be substantial.” []

Government

FAA's Dow pushing
new flight recorders

Despite strong opposition from U.S.
airlines and their pilots, the Federal
Aviation Administration’s acting
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chief, James E. Dow, is set to pro-
pose a new and costly flight-data
recording system. The new system’s
concept would include computer
analysis of recorded data to monitor
pilot performance and to provide a
preventive-maintenance program
for aircraft by measuring compo-
nent performance within predeter-
mined parameters. The recorders
were recently recommended by a
Federal task force to upgrade airline
safety [Electronics, May 15, p. 53].

Although Dow agrees with indus-
try estimates of $100,000 per plane
to install the new recorders and the
scores of new sensors that would in-
terface with them, he wants adop-
tion of the new system by 1978.
“We’ll have a new rule-making in
three years” that would require the
recorders, Dow predicted in a recent
interview.

He has invited 10 representatives
of the Air Transport Association,
the Air Line Pilots Association, and
the Allied Pilots Association to a
June planning session to discuss
proposed new sensor points for
transports and a schedule for indus-
try-operated flight tests.

Opposition. Air carriers, who op-
pose the system on economic
grounds, are citing a two-year test,
concluded in 1971, to support their
position. Those test packages, with
as many as 70 sensors per plane,
were on board 30 American Airlines
BAC-111s. Pilots charge that the
system’s monitoring of their per-
formance “is a violation of basic
constitutional rights and is totally
unacceptable” because it would “in-
hibit the free communication and
necessarily relaxed atmosphere in
the cockpit, which is vital.”

Avionics makers, who estimate
the cost of the new recorders at
$10,000 each, say that another
$20,000 would be added for
recorder-avionics interfaces and sig-
nal-sequence controllers, plus up to
$20,000 for sensors and wiring. La-
bor and other materials could ac-
count for another $50,000 per plane.
The system, with its capability of
monitoring hundreds of aircraft pa-
rameters—a maximum of 240 have
been mentioned—would replace

Determined. Dow wants new flight-data
recorders adopted by 1978.

voice units and data recorders that
monitor air speed, heading, altitude,
and abrupt vertical forces. Among
performance functions proposed to
be monitored are aircraft pitch and
roll while turning, trim, engine tem-
perature, oil pressure, and such elec-
tromechanical subsystems as land-
ing gear and flaps.

Tape swamp. If a pilot or other
crew member deviates from safe op-
erating procedures, ground-based
computers envisioned by the FAA
would detect the deviation while
analyzing recorder tapes. However,
avionics makers say the large num-
ber of computer tapes would swamp
airline computers. They expect that
an on-board processor would also
be needed to filter nonessential in-
puts. “But the FAA doesn’t like that.
They want to have all the raw data
to look at,” says a senior marketing
official of a major West Coast avion-
ics company.

Dow says he can provide the eco-
nomic incentive to offset high initial
industry costs, though. “Flight data
recorders will reduce costs to the air-
lines. They will save the cost of fuel
for check flights,” he says, as well as
provide an automatic preventive-
maintenance system. Pilots cur-
rently must fly two proficiency flight
checks each year without passengers
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and under observation by FAA-des-
ignated examiners. Dow would re-
duce the number of check flights for
airlines, substituting instead the
flight-data recorder as a monitor of
pilot performance. O

Consumer electronics

Novus readying
electronic game

Officials at Novus, the consumer-
products division of National Semi-
conductor Corp., are playing games
again, this time with home-tele-
vision sets. Novus, which had pre-
viously announced an electronic
roulette game and a calculator for
juveniles [Electronics, March 6,
p.26), is now challenging Magnavox
Co. and other makers of electronic
games played on home-TV sets. The
Novus entry will make its debut
next week at the IEEE’s Summer
Consumer Electronics Show in Chi-
cago.

The Novus briefcase-sized unit,
which attaches to a TV set’s antenna
leads, will compete in price with the
Magnavox “Odyssey” series, prob-
ably the best-known home TV-based
game, first marketed in September,
1972. Odyssey 100, which retails at
up to $100, depending on the num-
ber of options in the package, em-
ploys a plastic sheet that diagrams
the game and is placed over the TV
screen.

In contrast, according to game
and toy marketing manager Mi-
chael Luckman, the Novus game
will have the playing pattern pro-
gramed into a plug-in module about
the size of a stereo tape cassette. The
plug-in fits into the portable video
unit, which contains a TV trans-
mitter that broadcasts on either
channel 3 or 4.

But Magnavox isn’t standing still.
Last week, the company unveiled
Odyssey 200, priced from $79 to
$100, which also offers on-screen
boundaries for three games, includ-
ing tennis and hockey, and permits
four tennis players. Odyssey 200, to
be marketed in September, features
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a Magnavox-designed integrated
circuit used to control ball speed
and placement. The IC also centers
the game on any TV screen.

Odyssey 200 also offers optional
on-screen scoring and sound effects
to simulate those of hockey pucks or
tennis balls. The third game in Od-
yssey 200 is a combination of hand-
ball and Jai Alai which is called
Smash.

For starters. “The first Novus
units will use discrete components,”
says Stu Weiss, director of engineer-
ing at Novus, “and will, we hope, be
in production at about $100 retail
with four of the simpler plug-in
paddleboard games.

“A new system using LSI MOS
rather than discrete circuitry will be
available by mid- or late-1976 for
about $50 to $75, and be made in
four to eight game modules.”

The strategy for capturing a mar-
ket put at “millions of units” in-
cludes the introduction of eight to
10 plug-in modules with new op-
tions each year, Luckman says. “In
terms of the kinds of games that can
be programed onto these modules,
the possibilities are endless,” he
says. “In the time we’ve worked on
this project—about a year—we've
looked at less than 1% of the games
that could be played: not only pad-
dleboard, racing and shooting
games, but all sorts of strategy and
mathematical games as well.”

To avoid patent problems with
other electronic game makers,
Novus has developed its own pro-
prietary circuitry and logic ap-
proach, says Weiss. A patent is also
being considered on the low-cost,
low-power broadcaster it has devel-
oped for the unit, he says.

Luckman says that for the con-
sumer-home market, the portable
video games will be distributed
through the channels it has already
developed for its calculators [Elec-
tronics, Aug. 30, 1973, p. 25], its dig-
ital watches [Electronics, Oct, 3,
1974, p. 52], and its other games.

Novus will also introduce a coin-
operated version for the amusement
arcade and game outlets that are
now served by the $800 to $1,500
video games sold by such companies

New game. Magnavox's Odyssey 200 has
tennis for four, automatic scoring.

as Atari Inc. and Midway Manufac-
turing Co. [Electronics, June 217,
1974, p. 69]. O

Microprocessors

Intersil chooses
12-bit design

Trying to break into the crowded
microprocessor market, Intersil Inc.
spotted a gap—12-bit devices—and is
gambling that its newly developed
complementary-MOS line will give it
a viable market position [Electron-
ics, Oct. 17, 1974, p. 26]. What's
more, the Cupertino, Calif., com-
pany doesn’t look at the 12-bit ap-
proach as much of a gamble. After
all, the widely used PDP-8E is a 12-
bit machine, and the Intersil devices
can run on the same software.

After more than a year of devel-
opment work, Intersil will begin in-
troducing the various elements of its
C-MOS 12-bit microcomputer sys-
tems as they become available in
sample quantities over the next four
or five months. First into production
will be the IM6 100, the system’s 12-
bit, 40-pin CPU, scheduled to be
available by mid-June for $395 each
for up to 24 units and $240 for
100-999 units.

It will be followed in short order,
says Ronald Hammer, director of
C-MOSs product marketing, by the
rest of the system parts: the IM6402,
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a 256-bit universal asynchronous re-
ceiver-transmitter; the IM6312, a
1,024-by-12-bit read-only memory;
the IM6400 family of parallel inter-
face elements; the IM6551, a 256-
by-4-bit random-access memory; as
well as a C-MOS first-in, first-out
memory/buffer for modem-based
systems. Two other parts, the
IM6508, a 1024-bit RAM, and the
IM6523, a 256-bit RAM, are already
available.

No guard rings. Using a silicon-
gate, rather than a metal-gate,
C-MOS process, Intersil engineers
have virtually eliminated the space-
hogging guard ring structures nor-
mally needed to separate n- and p-
channel elements. The resulting 1-k
RAM chip measures 142 by 174 mils,
about the size of a 256-bit RAM us-
ing guard rings.

The CPU chip is not much larger.
about 163 by 178 mils. Yet it holds
six 12-bit registers, a programable
logic array to generate control sig-
nals, an arithmetic-and-logic unit,
and the timing circuitry. “The
IM6100 is a single-address, fixed-
word-length, parallel-transfer mi-
croprocessor using 12-bit, two’s
complement arithmetic,” says Ham-
mer.

There are many applications,
Hammer points out, where double-
precision arithmetic must be used in
8-bit machines. “A 12-bit machine
provides straightforward memory
referencing and sufficient numerical
accuracy without the large memory
overhead associated with 16-bit ar-
chitectures,” he says.

Calculated move. But what makes
Intersil’s 12-bit decision a carefully
calculated marketing move is that
the system will emulate the machine
organization and instruction set of
the TTL-based PDP-8E mini-
computer built by Digital Equip-
ment Corp.

Both the interrupt structure and
the memory-handling capacity of
the IM6100 are compatible with the
PDP-8E. It can address up to 4 kilo-
bits of basic memory directly, and
the memory capacity can be ex-
panded to 32 kilobits by external
hardware. In addition, it has a one-
cycle direct memory access similar
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to other microprocessors. Where the
PDP-8E takes 2.4 microseconds to
add two 12-bit words, the IM6100
takes 5 us at 5 volts and 2 us at 10 v.

The advantages of C-MOS extend
beyond 12-bit minicomputers. and
Intersil does not plan to limit itself,
says Hammer. “We've also been
looking at the PDP-11,” he points
out. “Eighteen months ago we
didn’t see any way of putting a
C-MOs version of the PDP-11 CpU
on one chip. But what we’'ve done
with the 8E, and subsequent work,
indicates it is a definite possibility in
the near future.” |

ECL processor line
comes in blocks

As its third entry into the hot chip-
processor market, Motorola’s Semi-
conductor Products division is read-
ying a family of fast emitter-
coupled-logic devices that can be
configured to form many levels of
computers. The new M 10800 family
is not competing with earlier Moto-
rola units—the M6800 n-channel
'MOs family, now on the market, and
the M5800 emitter-follower family
for military applications, made with
masks from TRW Systems.

The new devices, announced at
the National Computer Conference
in Anaheim [Electronics, May 15, p.
29), are for high-performance appli-
cations. Instead of a single-chip con-
struction, the circuits are divided
into functions Motorola hopes will
give maximum versatility. Jack L.
Burns, manager of bipolar strategic
planning at the Phoenix. Ariz., divi-
sion, says that defining the functions
for wide applicability was a major
problem.

Standardizing. “We need stan-
dard Lsi functions. It didn’t make
sense to have faster gates because
interconnections would have limited
speed. A lot of the arrangement re-
sulted from work with the main-
frame industry, but we’ve made the
functions as flexible as possible.” He
sees application in top-of-the-line
minicomputers, scientific computers,
high-speed test equipment, military

and communications systems.

The first member of the family
will be the basic 4-bit processor
slice, the MC10800, which can be
stacked horizontally to make 8-, 16-,
32-bit or wider computers. Samples
of the part will be available in early
1976. Other members of the family
are the MCI10801 control function,
MC10802 timing function,
MCI10803 slice/memory interface,
and MC10804 slice look-ahead.

This set of parts, plus compatible
MECL 10,000 memory and logic
circuits, forms a small processor. A
minimum 16-bit system contains 10
packages plus memory. Instructions
can be in the hundreds. Speed is de-
pendent on configuration, but can
be three to 10 times that of MOS mi-
croprocessors. The system delivers
55-nanosecond microinstructions.

The MCI0800 arithmetic/logic
unit has full binary and BCD arith-
metic, with two bidirectional ports
and one unidirectional port, permit-
ting it to handle three variables.
Other features are look-ahead carry,
all logic functions for each port,
right and left logic and arithmetic
shifts, a master-slave accumulator
for temporary storage, parity out-
puts, and full masking to a 1 or 0
bit.

The parts use an unusual low-cost
48-pin quad in-line package that fits
in the same area as a standard 24-pin
package, saving space and reducing
propagation delay between chips.
Half the pins on each side are ex-
tended beyond the others before
bending. They are on 50-mil cen-
ters, but with 100 mils between each
pin. Package dissipation is 1.3-watt
typical, with -5.2- and -2-v power
supplies. |

Solid state

IBM puts 8 kilobits
on 1.76-mm?2 chip

It’s still experimental. but an IBM ef-
fort that has produced a dense, fast
8,192-bit n-channel memory device
could show the way to even tighter
packing by combining electron-

Electronics/May 29, 1975






Electronics review

Lay of the land. The vertical light-color fines shown in this scanning electron micrograph are
about 2.3 micrometers wide. Electron beam lithography gives fine geometry.

beam lithography with ion implan-
tation. In fact, IBM scientists foresee
no obstacle to early development of
a 16,384-bit version because of the
fine geometries they’ve achieved.

IBM now has in its lab an 8-kilobit
chip measuring 1.1 by 1.6 millime-
ters. That’s equivalent to 5 million
bits per square inch, 10 times denser
than existing memory arrays of
similar size. Line widths are 1 to 1.5
micrometers; optical lithography
typically can produce widths of 4 to
S um.

Still, the researchers claim they
can further reduce their widths to
0.5 pm, which would assist in getting
them to the 16-kilobit device density
in essentially the same area required
for the 8-k unit they have operating.

Sticking with the IBM-invented
memory cell requiring one transistor
per bit, the new design uses a field-
effect transistor to charge a capaci-
tor (actually a surface-inversion
layer) to store one bit of informa-
tion. And, although it wasn’t oper-
ated as a memory in a system, the
fully decoded chip had an access
time of 90 nanoseconds when tested
dynamically at 7 volts.

The FETs are n-channel devices
with channel regions, source, and
drain ion-implanted to increase con-
trol of the profile. No diffusion was
used on the chip except for the
polysilicon gates, which have a gate-
oxide thickness of 350 angstroms.
The silicon around the active de-
vices is doped p-type by ion-im-
planted boron ions to achieve better
1solation. a
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Employment

EE graduates face
tight job market

Graduating electrical engineers are
having a tough time finding jobs
this year, and it’s going to get even
tougher in the future. Surveys con-
ducted by the Engineering Man-
power Commission of the Engineers
Joint Council indicate a steady dete-
rioration of employment prospects
for EEs. In fact, those job prospects
have been declining since October,
1973, when the commission began
taking surveys every six months.

Everett Teal, director of Lehigh
University’s placement office in
Bethlehem, Pa., sees the EE job mar-
ket as “very tight” this year. Of all
the engineering disciplines at Le-
high, Teal says, “This is the first
year that EEs came out on the short
end of the stick in finding jobs.”
Specifically, he says some 30% of
this year’s crop of graduating EEs
have yet to be placed.

At Massachusetts Institute of
Technology, too, placement director
Robert Weatherall agrees that EE
job hunting is “patchy” at the mo-
ment: “there are many companies
we talk with every year which
haven’t decided how many people
they want or when. Several students
have been into my office lamenting
the fact that they haven’t been able
to make contact with any of the

companies they’re interested in.”

Missing recruiters. Two regular
spring visitors to MIT have been re-
cruiters from Bell Laboratories and
Texas Instruments. But Bell Labs,
which is laying off technical staff
members for the first time since the
Depression years, sent its regrets,
and TI notified Weatherall only two
weeks ago that it wouldn’t pay MIT a
visit until July.

Anne Marie Weiner-Sumner,
placement director at the Cooper
Union for the Advancement of-
Science and Art in New York City,
called EE placements “the worst
we've seen in 10 years. It took
longer to place people and we had
to do extra things, like contacting
more alumni, to help.”

And the road ahead is anything
but smooth. The Engineering Man-
power Commission’s most recent
survey of the demand for EEs was
taken last fall and represents the sit-
uation as it appeared to employers
in October and November. But the
commission notes in its recent re-
port that the national economy has
worsened since then and says that
employers have curtailed their hir-
ing plans ‘“even more than was
apparent at that time.”

Where to look. Although immedi-
ate hiring prospects are ‘rather
poor” for EEs in most specialties, the
commission indicates that prospects
for the year ahead are above aver-
age in a few fields, such as instru-
mentation, communications, and
computers. The outlook is ‘“very
poor” in microwave, solid-state, and
management areas. The report does,
however, identify communications,
computers, and solid-state as fields
in which advanced-degree holders
enjoy a high concentration of em-
ployment. O

Computers

Honeywell-Bull
merges with Cl

Eleventh-hour rescues, bank-
ruptcies, and merger schemes are
nothing new for Europe’s battered
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computer industry, but this month’s
merger of the two mainframe manu-
facturers in France to compete with
1BM Corp. is the biggest gamble yet
for independent survival. With an
elaborate exchange of shares de-
signed to calm French nationalistic
passions, French computer maker
Compagnie Internationale pour
'Informatique is being absorbed by
Honeywell-Bull, the main overseas
subsidiary of Honeywell Informa-
tion Systems. Together, they will
form the largest European computer
company and account for 10% of
the world market.

In one swift stroke, the French
government’s approval of the
merger has:

8 Crowned with success two years
of effort by Honeywell-Bull presi-
dent Jean-Pierre Brulé to join his
money-making company with CII.

= Automatically hiked Honeywell-
Bull’s share of the French computer
market from 17% to 37%.

® Virtually sounded the death knell
for Unidata, the struggling associ-
ation that combined the computer
marketing and R&D arms of CII,
Germany's Siemens, and Holland’s
Philips.

Separated. Says Brulé, the ex-I1BM
World Trade executive, “It’s a bi-
zarre accident of history that
France’s computer potential has
been separated in two distinct com-
panies. I always thought it de-
plorable that the two could not be
put together. Now we have achieved
it.”

What had always prevented CII’s
merger with Honeywell-Bull has
been French determination to fight
foreign control. But this merger
skirts that objection by providing
for Honeywell Information Systems
to sell 19% of its 66% ownership in
Honeywell-Bull, cutting its holdings
in the firm to a minority.

Honeywell-Bull thus becomes a
French company that absorbs an-
other French company, Cll. This
tidy arrangement apparently has
satisfied political critics.

Phase 1. For Brulé, whose
strategy is aimed at creating a coun-
terbalance to IBM’s 53% domination
of Europe’s computer markets, the

French consolidation is only phase
1. The two-year-old Unidata is vir-
tually certain to collapse within the
next few months because of the
French fait accompli. But Brulé
hopes to pick up the pieces. “We
have made overtures to Siemens,”
says Brulé. “We want them to join
our partnership in some form. After
Siemens, we will work on Philips.”
Brulé feels his formula, which
calls for a fully integrated pan-Eu-
ropean company rather than a loose
association, is the answer for the
survival of the Europeans. O

U. S., IBM square off
in antitrust trial

Any way you look at it, the Justice
Department’s civil antitrust suit
against IBM Corp. evokes a mass of
superlatives: six years in the mak-
ing, the largest antitrust action ever
undertaken by the Justice Depart-
ment, is bound to be a landmark. It
finally went to trial last week in
Federal Court in New York City.

There were few surprises as the
trial began to unfold before Chief
Judge David N. Edelstein, who will
be the sole arbiter. Justice Depart-
ment attorneys, led by Raymond M.
Carlson, say they will prove that
IBM has monopolized what Carlson
carefully calls the “general-purpose
systems market,” and which he de-
fines as central processing comput-
ers, peripherals, software programs,
and services.

Barriers. In his opening remarks,
Carlson said he will show how IBM
“presented its competitors with ma-
jor barriers to growth” through vari-
ous alleged means—from bundling
its systems into single pricing pack-
ages to keep customers from buying
competitive products and offering
educational discounts to large, pres-
tigious institutions to the use of so-
called “fighting machines.” These
are computers—mainly System/
360s—which Carlson claims IBM an-
nounced well ahead of their read-
iness for the market. He says this
was done to forestall customer con-
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O Trends in logic design make it clear that the digital-
systems engineer will eventually become a high-level
programer. In order to solve most of his system-appli-
cations problems, he’ll probably converse with his sys-
tem in an English-like software design language, and
the interaction will likely take place at the display of a
design automation instrument that is also used to speed
up hardware development.

The microcomputer development system described in
the next article would seem to guarantee such a future.
With it, an engineer can integrate software and hard-
ware at the very start of system development. He can
quickly compose and edit programs, try them out in
protoypes operating in real time and in the real system
environment. He can diagnose operations, do most of
his debugging with program modifications, and docu-
ment the changes—all with only occasional use of tradi-
tional diagnostic instruments and debugging tools.
Therefore, this microcomputer-based instrument is
serving notice on the engineering profession that design
methods are still changing, but even more swiftly than
in the past.

Already the industry at large is making a transition
from hardware to software design, and, by integrating
software and hardware development to an extent not
seen in the past, the new approach is, for the average
engineer, making an involvement in programing more
imperative.

Economic dicta

Few companies in the past could enjoy the benefits of
a computer-aided digital design center at the system
level. Only large companies, working on large contin-
uing projects could justify the cost. But now program-
able large-scale integration shifts most of the prelimi-
nary design work to software, and software is readily
automated.

Programable Lsi has also drastically simplified the
phases of the design cycle that generally have defied au-
tomation because of the amount of manual engineering
work traditionally demanded, namely, detailed devel-
opment and laborious, time-consuming debugging.
Even these phases can now be largely automated by a
software design approach—an approach, moreover, that
can be implemented with a microcomputer as the devel-
opment tool. Thus the smallest companies can share in
the benefits of design automation.

By the same token, automation for many companies
will become mandatory, at least to the extent that the
profitability of new designs depends on keeping devel-
opment costs down and on penetrating new markets as
soon as possible. More engineers will become involved
in programing because the time has arrived when pro-
gramable LsI is high enough in performance for most
digital systems. Compared to the earliest MOS micro-
processors, the new microcomputer systems have 100 to
1,000 times the capabilities.

The use of design automation systems in the develop-
ment of microcomputer applications is becoming in-
creasingly practical for a number of reasons. As com-
puter designers have long known, programed logic
techniques in general can rationalize system design.
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SYSTEM
DESIGN
HARDWARE DEBUCGING: SOFTWARE
DESIGN oESIaN DESIGN
SOFTWARE
PLEMENTATION
BUILD
PROTOTYPE
HARDWARE WITH
INTEGRATED
DEBUGGING AIDS
HECK OUT
FTWARE IN
SIMULATED
SYSTEM
NVIRONMENT
PROTOTYPE
SYSTEM
TEST
BUILD FINAL
SYSTEM
CHECK OUT
FINAL
SYSTEM

1. The blender. In microcomputer development (a), hardware and
software are usually developed and debugged separately before
being merged in the prototype. With the Intellec MDS (b), they can
be developed and debugged simultaneously, avoiding subtie faults
that can appear when the two are combined in the system,
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Also, LsI adds a high degree of hardware standard-
ization, which facilitates shortcuts in development work.
And because the semiconductor manufacturer produces
programable LSI in high-volume, standardized compo-
nents, he has been able to underwrite the high cost of
developing automation aids for the industry at large.

The cumulative effects of microprogramed logic stan-
dardization through Lsl on the design process is often
overlooked in the fascination with day-to-day develop-
ments in “computer on a chip” technology. But this
standardization, probably more than any other trend to
date, has changed system engineering techniques.

Programed logic design

M.V. Wilkes, back in 1951, described the concept of
programed logic design and argued that, if such logic
were used, system design could be approached in a
more organized fashion. Wilkes’ concepts became popu-
lar with computer designers, and many of today’s com-
puters have microprogramed control subsystems rather
than hardwired logic.

However, the great majority of other system designers
continued to use hardwired logic, even though pro-
gramed logic would probably have been more cost ef-
fective in the long run. At the time, most engineers ei-
ther lacked a clear understanding of programed logic
techniques or decided they could not justify the much
greater effort required for initial development of a pro-
gramed logic assembly.

These obstacles were removed almost overnight with
the advent of microprocessors in 1971. Engineers could
now implement new designs with programable LSI.
They could utilize standard program instruction sets
and standardized components instead of laboriously de-
veloping microprogramable bipolar-logic assemblies. A
few years later, microprogramable bipolar LsI also be-
came available.

In the relatively brief period since then, hundreds of
companies, and lately thousands, have committed
themselves to a software design approach. Semicon-
ductor companies began to supply software design aids,
such as assembler, simulators and high-level program-
ing languages (the most powerful of which have re-
duced the manual work required for program develop-
ment to only 1/25th to 1/50th of that required by early
machine-language codes). These aids furthermore have
become oriented toward design purposes because mi-
crocomputers are utilized to create new system designs,
whereas in conventional computer programing, compa-
rable aids are confined largely to the development of
scientific and data-processing programs. For example,
an extensible microassembler—one that can be adapted
to different microinstruction sets for solving different
problems—has been developed for use with micropro-
gramable bipolar LSI.

All this is not to say that hardware development tech-
niques have lagged over the past 25 years. Indeed, they
too have improved dramatically.

Throughout the 1950s, of course, logic designers
spent much of their time doing traditional analog work;
analog oscilloscopes, voltmeters, and other traditional
tools were used to determine whether discrete-compo-
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nent gates and flip-flops would work properly. Then in
the 1960s, monolithic functions arrived and grew larger
and larger, giving the engineer increasing confidence
that his logic-circuit elements would work as specified.
He could concentrate more of his time on logic organi-
zation.

Nevertheless, the engineer still spent a great deal of
time on the prototype, devising test fixtures, installing
indicator lamps and other extraneous hardware, and
then gathering the information required to diagnose
logic faults, and debug. While necessary, these chores
detracted from the ultimate objective of getting a re-
liably working design into production as soon as pos-
sible,

Tedium of debugging

Gathering debugging information is usually tedious
and time-consuming. The engineer may have to set
many flip-flops to initial states, and then, after going
through a brief operating sequence, determine the states
of the storage elements in the system. He also needs in-
formation on state sequences. An historical record of
these sequences is very valuable for locating logic er-
rors, which explains the instant popularity of digital in-
struments that record events and show present and
previous states.

Still, because the prototype usually had extraneous
hardware and was tested in a lab environment, the engi-
neer could not be confident that the production model
would not have serious faults. A breadboard might
shrink down to a single card installed in a data terminal,
where it would encounter a new electrical noise, ther-
mal and mechanical environment. Or bits might drop
out of the data stream because of control timing errors
that were not discernible until the terminal was placed in
its actual operating environment.

Such timing errors can require extensive redesign of
hardwired logic (or of programed logic software). Thus,
some method of packaging and debugging prototypes
in their final environment has always been high on the
engineer’s “wish list.”

Programable LSt goes a long way toward fulfilling the
wish, A large portion of the circuitry is prefabricated
and has known characteristics. Through software modi-
fications, such major operating faults as timing errors
can frequently be corrected. And, as often noted, the
amount of extra circuitry added to the microcomputer is
often trivial, making it relatively easy to design and de-
bug and less subject to change than conventional as-
semblies.

Most ancillary circuitry is timed and controlled
through the microcomputer. Consequently, the logic
subsystem prototype can be packaged like the produc-
tion system if the extraneous circuitry required for diag-
nostics and debugging is eliminated. The prototype it-
self can thus be used to check out software and
hardware in real time and in the actual system environ-
ment. In other words, the prototype can become the ve-
hicle for development and debugging of an integrated
hardware/software design.

With early-generation microprocessor development
aids, like simulator boards, the typical system went
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through the devlopment paths shown in Fig. 1(a), usu-
ally with iterations. Hardware and software could be
fully integrated only at the end. Then second generation
prototyping aids, such as the Intellec systems, [ Electron-
ics, May 24, 1913, p. 130], accelerated the work by pro-
viding new development capabilities. But, typically, sys-
tem integration still remained the final step.

Figure 1(b) shows the new approach. Hardware and
software development converge as soon as the initial
software and hardware are designed. The most critical
parts of each are usually checked prior to the conver-
gence, of course. At this stage, it desired, the memory
and other resources of the development system can be
used to explore system configurations without the need
to build several prototypes. A lone prototype is then
fabricated that is very similar to the production model,
and is used for final development and debugging.

The software can still be designed with a high-level
language, if desired, using a time-shared computer for
compiling. A computer need not be used for simulation
because real-time diagnostics can now be done with the
prototype. The next logical enhancement would be to
provide the development with high-level language ca-
pability, as well as edit and assembly capability. This
approach is currently applicable to both MOs and bipo-
lar microcomputers. Relatively straightforward state-
ments of desired logic operations can now be used to
develop software with the development system’s micro-
computer. The next generation of software-design aids
will probably be implemented with English-like lan-
guages so that the engineer can use them in highly in-
teractive manner at a development system’s display ter-
minal.

Hardware-software convergence

The interface betwen the engineer and his prototype
will probably be a very sophisticated monitor program
residing in the development system. It would enable the
engineer to use simple commands to establish system
states, monitor them, and force the system through in-
creasingly appropriate execution sequences until sys-
tem-applications problems are solved. At that point the
development system would incorporate solutions into
the prototype’s programs and accelerate final develop-
ment, as now.

I am confident in my prediction that today’s digital
designer will become tomorrow’s software designer. The
experienced system designer will worry less and less
about electrical problems, give up his probes and sol-
dering iron, have more time to talk with potential sys-
tems users about their applications problems, and solve
these problems through software engineering. Hard-
ware design will become very simple, even for those un-
familiar with the fine points of Schottky gates, ECL, and
transmission-line phenomena.

Even now, engineering labs at hundreds of com-
panies are taking on the appearance of the software labs
that once were found only at computer companies. Our
industry is in a period of great change in technology. It
faces an exciting prospect. But the immediate challenge
to the engineers and educators in our industry is to uti-
lize today’s new technology today. O
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RAMS or ROMs serve as “slaves,” which are the sources
or destinations of data.

The bus motherboard handles systems with words as
long as 16 bits. Bus resources also include control and
power-supply lines, variable and fixed-frequency clocks,
and 18 plug-in connectors with provisions for auxiliary
connectors.

When the bus handles data transfers between mod-
ules (Fig. 5), the master and slave go through a hand-
shake procedure that, combined with other control op-
erations, ensures that the master has unequivocal
control of the bus until the transfer is completed. The
rate of transfers, which are asynchronous, varies at
speeds governed by the needs of the communications
between master and slave. The highest rate is 5 mega-
hertz, the maximum bus bandwidth,

The bus also communicates interrupt requests from
one module to another. Interrupts, which may be gener-
ated by front-panel switches or by sources such as exter-
nal request lines connected to general-purpose 1/0 or
DMA modules, are processed by the system’s CPU. The
user needs only to define system responses to interrupts
and assign priorities to ensure that contentions for inter-
rupt service are handled unambiguously.

An inhibit is included in the bus-transfer functions to
allow one slave to override another’s ability to respond
to a transfer request by disabling the other’s address
decoders and output drivers. This function allows RAMs
and PROMs to be mixed in main memory.

Expanding memory and 1/0 capacities

Memory capacity in a mix of read/write and read-
only memory can be combined in the MDS’s standard
chassis for a total of 65,536 8-bit bytes. RAM cards are
organized in 16-kilobyte blocks, but they can be paired
by simple jumper wires to operate in 16-kiloword
blocks. The standard PROM cards contain erasable and
reprogramable ROMs storing either 6 kilobytes or 4 kilo-
words per card. Only 2 kilobytes of address space are
required for the basic Intellec MDS internal operations,
leaving the remainder as prototyping or programing re-
sources.

The system’s 170 module and the resident monitor,
which is firmware in a ROM array, operate six types of
peripherals—interactive CRT display/keyboard console,
teletypewriter, high-speed printer, high-speed paper-
tape punch and reader, and a universal PROM progra-
mer, which itself is a microcomputer system (see “An
intelligent PROM programer.” p. 98).

The general-purpose 1/0 subsystem is modularly ex-
pandable to 44 input and 44 output ports. Each module
provides four 8-bit input and four 8-bit output ports.
Besides the usual latched outputs and multiplexed in-
puts, the prototyping resources include adjustable out-
put strobes, latched inputs, selectable termination net-
works, open-collector interrupt drivers, high-current
output drivers, and eight system-interrupt lines.

Deveioping prototypes

The appropriate ICE module and software enable the
engineer and programer to work with automated hard-
ware and diagnostic facilities in the actual system envi-
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ronment as soon as the system-design concept, pro-
gram-flow charts, specifications, and initial software and
hardware designs are ready. The major steps will typi-
cally proceed in this order:

® Initial program generation (an MCS-80 program can
be generated without an ICE module, since an 8080
CPU is available in the basic Intellec MDS).

® After an ICE module is installed, the programer emu-
lates the system being developed and does his initial
real-time emulations and debugging.

» Simultaneously, the engineer constructs the most crit-
ical portion of the logic system, typically the CPU’s an-
cillary logic.

s The ICE module’s umbilical cable is plugged into this
portion of the prototype, and the rest of the prototype
system is emulated by the ICE module, together with
the Intellec MDS memory and 1/0 resources.

s The prototype is excercised with the software, allow-
ing the team to use Intellec MDS/ICE diagnostic facil-
ities to thoroughly check out and debug the hardware
and related software.

® The critical hardware portions—memory, 170, other
subsystems, and standard peripherals—are added suc-
cessively in order of importance, to the prototype. As
each is added, the corresponding Intellec MDS re-
sources may be “disconnected” and each portion of the
hardware/software system debugged.

= By this stage, the prototype should be identical to the
production model when the ICE umbilical cable is re-
placed by the actual master circuitry.

= The prototype is released to production where the In-
tellec MDS/ICE configuration can be used for produc-
tion-testing. What is important is that never does it be-
come necessary for the user to install extraneous
hardware in the prototype in order for the engineer to
perform diagnostics.

Humanizing the interface

In the past, programers have had the lion's share of
design automation and diagnostic aids. Both engineers
and programers have had good reason to grumble
about this situation, since it hampered their ability to
work together as a team. But now they can join to
achieve the mutual goal—delivery of a bug-free design
in production. This was Intel’s primary objective in de-
veloping the Intellec MDS.

Other major objectives were to avoid the expense to
supplier and customer alike of developing dead-end fa-
cilities appropriate for only one class of microcomputer
and to minimize the number of options that had to be
specified to arrive at a system with optimum configura-
tion for a specific project. Now, as new microcomputers
emerge, the development team can enhance the basic
Intellec MDS system to personalize it to a particular
class of microcomputer.

Best of all, the new prototyping and diagnostic tech-
niques simplify and humanize the entire designer/
machine interface. Previous debugging tools were de-
signed for the machine’s convenience—not the de-
signer’s. Now a programer and engineer or a single soft-
ware engineer seated at an interactive display has all
the required design tools within arm’s reach. ]
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Part 1. Automating
the machine shop

Smarter machine tools reduce users’ needs

for skilled labor, increase makers' demand

for sophisticated but rugged electronics

by Margaret A. Maas, inaustrial Editor

O In the last three years, machine tools have started
tackling tasks that they never did—or could do—before.
The change is not in the tools themselves, which have
remained much the same for perhaps 50 years, but in
their controls, which, thanks to the falling prices of
solid-state equipment, in particular the minicomputer,
contain a larger-than-ever proportion of electronics.

The machine-tool industry, despite its $2.5 billion an-
nual sales, is populated by relatively small companies
with relatively limited development programs. So the
search for new and improved applications of electronics
has till now been pretty much left either to the more in-
novative firms that build their own controls (for in-
stance, Cincinnati Milacron, Kearney & Trecker, and
Sundstrand) or to the traditional control suppliers
(General Electric, Sperry Vickers UMAC, Bendix, Allen-
Bradley) and more recently to computer companies like
General Automation.

But other machine-tool builders are starting to follow
the leaders more closely, as users clamor for the advan-
tages electronics can offer—basically, improved effi-
ciency, and a reduced need for skilled manpower.

A machine tool may cost a quarter million dollars or
more, which is much too expensive for inefficient use.
So setup time, time spent flailing air instead of cutting
metal, and down time is all lost time that needs to be re-
duced or eliminated. Here, electronics has made strides
through automatic tool gaging, optimization of cutting
speeds, and remote diagnostics.

Then there is the shortage of skilled machinists. Ma-
chine-shop owners are being forced to hire unskilled
people, and the rising cost of labor is making even them
expensive. So machines must become smarter—electron-
ically—so they can do more for themselves without the
operator’s intervention.

Consequently, shop owners are turning to numeri-
cally controlled (NC) machines, where a quarter of the
selling price goes into electronics. The numerical control
receives digital data, usually from a tape, disk, core, or
semiconductor memory, then performs some logical
function on it, and finally outputs the result as a signal
that controls the machine. The entire process is auto-
matic. If the control. instead of being performed by a
hardwired, special-purpose circuit, is performed by a
general-purpose computer, it is referred to as computer
numerical control (CNC). And the trend towards more
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CNC is perhaps the most significant one for electronics
(see “A market view of machine tools,” p. 117)

For large machines with multiple tools, valuable time
is spent just loading the tools. Not only must the correct
one be selected and inserted into the tool drum, but its
length must also be accurately determined, since other-
wise there is no economical way to know what depth of
cut will result from a fixed tool advance.

More efficient setup

Cincinnati Milacron, Cincinnati, Ohio, has worked
on this problem and has introduced a modular tool-
management system for machining centers. A typical
system might include a computer, a remote tool readout
control panel (located near the tool storage matrix), and
a portable electronic gage, which can be wheeled from
machine to machine.

Initially, the tool room makes a punched tape that
contains the basic tool information needed for that ma-
chining job. Each tool is identified by an 8-digit nu-
meric code and may also be assigned several other per-
tinent pieces of data, such as a tool usage factor to
indicate how many minutes the tool may be used before
sharpening. In addition to storing this information in
the computer, the tape also sets up a file in memory for
the locations and lengths of the tools.

To use the system, an operator rolls his tool cart over
to the machine and advances the tool matrix on the ma-
chine until an empty pocket is in the ready position. An
encoder on the tool matrix indicates to the computer
which pocket is in this position. From a table in
memory, which has been established by the parts
programer, the number of the tool assigned to this
pocket is determined and registered on the display.

Next, the operator removes the tool from the cart and
inserts it into the electronic tool gage. The gage, which
contains an optical encoder, measures the tool to within
0.001 inch and displays that measurement on its digital
display. The operator pushes a button on the gage
panel, and the 8-bit reading in the gage registers is
transmitted serially to the computer memory and stored
along with the tool pocket location. He then loads the
tool into the pocket and repeats the procedure.

Cincinnati estimates that the automatic gaging oper-
ation alone saves close to two hours per day on a 15-tool
machining center averaging four setups per day. Pre-
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2. Diagnosing problems. When a Kearney & Trecker customer encounters a mechanical or electrical problem with his machine, he phones
K & T's Diagnostic Center and connects his machine’s CNC system to the Center’s computer by means of a Data Phone modem. A diagnostic
program is run on the machine, and the results are printed out and analyzed at the Center. Often the customer can do his own repairs.

offered by Threshold Technology, Cinnaminson, N.J,,
allows an operator to program his machine right on the
floor by “telling” it what to do. Basically, the system ac-
cepts simple commands (like drill, cut, and the X and Y
coordinates for these operations), formats them auto-
matically into either ASCII or EIA codes, and outputs
them on punched paper tape.

The system can be used by several operators, but
must be trained for each. This is done by pushing the
training-mode button on the speech-recognition system
panel, and having each operator repeat, 10 times, every
command in the computer’s vocabulary. He can use
English, Spanish, or mix languages, so long as he con-
sistently uses the same sounds for the same command.

As he speaks, his words are processed by the speech-
recognition system, which removes any dependency on
the time taken to say a word and also averages the sig-
nificant speech features in each word. This average
word representation is stored either in computer
memory or on magnetic tape for later processing into a
numerical control tape.

When the operator is ready to use the system, he
pushes a recognition key on the panel of the speech-rec-
ognition system and speaks into the system. The com-
puter analyzes his words, compares them with the pre-
viously stored vocabulary, and selects the best fit. The
selected word or dimension is then punched on paper
tape in a machine-compatible format.

Cadds-3 is still a third way to reduce programing time
and eliminate the trial-and-error approach to parts pro-
graming. Cadds-3 is a program developed by Comput-
ervision, Bedford, Mass., for its interactive graphic sys-
tem. The system allows the user to create his design in
three dimensions on a CRT screen. In addition he can
define the path for each cutting tool required and check
the path by watching a representation of the cutter ac-
tion on the screen. When he is satisfied that the machin-
ing procedure is correct, the information is punched
onto a paper tape that is used to run the NC machine.
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General Electric Co., Lynn, Mass., is using the system
to machine aircraft engine parts. Initially, the operator
defines the cross-sectional geometry of his part either by
drawing it with an electronic stylus or by defining points
along the outline. If a similar part is already stored in
the computer memory, it is displayed and modified
through the CRT terminal.

Next the operator indicates each tool to be used and
defines each cutter path by specifying critical points
along the part outline. Once sufficient points have been
defined, the system automatically develops a spline
curve between these points. Simultaneously, a graphic
representation of the cutter appears on the screen and,
if the curve has been properly defined. the operator will
see the cutter trace the outline of the part.

After all tools and cutting paths have been deter-
mined, the data is processed once more by the mini-
computer to modify it for the particular machine that
will be used, and a paper tape is punched out.

Optimizing cutting speed

Surface finish and tool wear depend largely on ma-
chining speed and tool pressure. Excessive speed pro-
duces rough finishes, while excessive pressures accele-
rate tool wear—and some tools cost as much as $1,500.
On the other hand, too slow a speed wastes time.

On manual machines the operator watches the color
and shape of chips or the sounds of the cutting tool and
adjusts the machine feed rates and spindle speeds ac-
cordingly. But knowing exactly what to look for and
how to correct for it takes years of experience, and even
the most skilled operator cannot make adjustments fast
enough if conditions change constantly.

Adaptive control is one answer. Theoretically. adapt-
ive control monitors parameters such as cutter deflec-
tion and spindle torque and regulates the speed of the
machine accordingly. The aim is for the tool to cut at
the fastest rate consistent with the desired surface finish
and low tool wear.
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4. Automatic tool gaging. Operator electronically gages tool length
for a 90-tool Cincinnati Milacron NC machining center. The length is
registered on the LED display. After gaging, tool is inserted in which-
ever of the tool pockets, visible at the upper left, is appropriate.

num can be machined 30% faster, and steel and tita-
nium 50% faster or more. “One customer working with
titanium reduced cutting time from eight hours to two
and a half hours,” claims Carlise.

A second generation of the system, called MAC XX,
is now undergoing field test. Available as a micro-
processor—Intel’s 8080 and 1,200 bytes of storage—or as
a software program for a CNC minicomputer, MAC XX
allows the same NC tape to be used on different size ma-
chines. This is because individual machine character-
istics are resident in the memory of the MAC XX at the
machine instead of being in the mainframe computer
that generates the tape program, as is required with
MAC L. In addition, the new system allows editing at
the machine tool with a feature called React (Remote
Editor for Adaptive Control Tapes). If the user wants to
change the force code. feed rate or spindle rpm while
cutting is in process. he can. In effect, he produces an
updated tape without rerunning it on the computer: the
system overrides the original instructions without ac-
tually modifying the integrity of the original tape.

“The microprocessor makes this flexibility possible at
a low cost,” says Macotech vice president. Richard
Mathias. “And for the size program we have, we can’t
justify a minicomputer just for this purpose.”

Reducing down time

Diagnostic software can reduce the task of trouble-
shooting a sick CNC machine to a minimum. For the
most part, diagnostics track control malfunctions down
to the board level so that the faulty unit can be quickly
located and replaced. But Kearney & Trecker has ex-
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tended this to include diagnosis of the machine itself.

K&T reports that 95% of the downtime recorded in
CNC machining centers, the company’s prime product,
is spent just trying to locate the malfunction. A full day
may be lost in just getting a serviceman out to a distant
customer. Worse yet, very few service people under-
stand both the machine and computer control.

K&T has therefore established a Diagnostic Commu-
nications System that connects the customer’s machine
and computer output via a Data Phone modem and
telephone line to the K&T computer facility in Mil-
waukee. Before a machine leaves the K&T facility, it is
“fingerprinted,” so to speak. Tests are run under dy-
namic conditions on items such as axis drive torque and
the time it takes for tool changes and index table posi-
tioning. Information is stored both as hard copy and on
magnetic tape or disk, from which it can be retrieved by
entering the machine’s serial number.

When a customer calls in about a problem. the ser-
viceman reviews the difficulty with him and also checks
the “fingerprints” on file. Then he selects the proper
diagnostic program stored on magnetic tape, and using
this program, the K&T computer puts the remote ma-
chine through its paces. Inputs to the system can be
made via teletype, CRT or magnetic tape.

The communication system operates in full duplex
mode. An interface card inserted in the customer’s com-
puter converts incoming (10 bit) serial test signals into
parallel inputs to the customer’s computer and, con-
versely, converts outgoing signals back into serial form
for transmission via the modem.

Tests, which are performed over WATS lines to keep
phone bills down, typically take one to five minutes and
detect such problems as ball screws out of alignment,
malfunctioning position locks and limit switches out of
adjustment. The customer’s data, which can output onto
a high-speed printer for diagnostic purposes, is also col-
lected on magnetic tape as part of a data bank on com-
ponent life and mean time between failures. This infor-
mation is then used to design potential problems out of
machines that are still on the drawing board.

Successful diagnosis

In a typical case, a K&T customer phoned that one of
his axis drives had gone out of control. Initially, the ser-
viceman suspected the problem was a parts program er-
ror. So he asked the customer to load his tape onto the
reader and transmit its contents over the telephone for
printout at the K&T facility. There it became immedi-
ately evident that the printout did not agree with the
tape. The problem was not the tape but the tape reader.

In another instance, during a periodic check of a ma-
chine tool, K&T found that the torque was abnormally
high near the end of one axis’ excursion. The problem
was traced to misalignment of the guide way bearings
which would have resulted in serious bearing damage. if
left uncorrected.

Cathode-ray-tube terminals are primarily used for
maintenance diagnostics and also for on-the-floor edit-
ing of the parts program, as already noted. In addition,
these terminals can be used to signal the operator that
he must perform certain tasks, such as loading a tool
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5. Deflection sensor. Sensor ring mounted on tool spindle detects spindle deflection, compares it with the maximum allowable value, and
regulates machine speed accordingly. Adaptive control electronics are contained inside unit sitting on top of the NC controller.

perhaps we would use one of the microprocessors.”

Juris Vikmanis, director of engineering at Bendix
Corp., Detroit, Mich., agrees and, in fact, wishes exist-
ing minicomputers could do more and do it faster.
“Some micros have fast cycle times, but take many in-
structions to implement a math function,” he observes.
“In NC operations some calculations result in very large
numbers. A micro handling superprecision multiplica-
tions would need lots of instructions and memory.”

In some applications the limited computing power of
the microprocessor is actually an advantage. “Being a
hybrid between software and hardware, the micro
seems to have a perfect niche in low-quantity special-
ized circuits, where only a few users want certain editing
features or have loading and unloading fixtures that re-
quire special control,” claims Charles Dalzell, Jones &
Lamson, division of Waterbury Farrel, Springfield, Vt.

“In that case,” continues Dalzell, “the trend will be to
switch to micros because of the commonality of hard-
ware, and leave the flexibility in the programs instead
of having to design new circuit boards each time. With a
micro you can get the hardware in a little lower com-
mon denominator than you can with a mini.”

This ability to tailor a system is why General Electric
introduced a microprocessor in its NC system, the Mark
Century 1050. Rather than use a general-purpose off-
the-shelf minicomputer, the company feels that it was
able to process data more efficiently by building some
special hardwired arithmetic capability around a Na-
tional Semiconductor 16-bit microprocessor chip set.
The hardwired electronics performs the special func-
tions required for NC at high speed, taking a relatively
few steps compared to a general-purpose mini. The mi-
croprocessor, which would be too slow if it performed
all the data processing, instead shuffles data, handles in-
put/output functions, and is the system housekeeper.

Originally Bendix developed a microprocessor-based
system but dropped it in favor of tailoring the control
through a combination of a minicomputer and a pro-
gramable interface controller (PIC). PIC handles the se-
quential control plus much of the digital control. For in-
stance, it solves Boolean equations for relay ladder
diagrams, so that the minicomputer operating program,
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need never be touched. The user needs only enough
knowledge to program PIC and does not need to under-
stand assembly language or learn computer program-
ing. “In the past, every time a change was made, you
had to reassemble or recompile the program,” com-
ments Juris Vikmanis, “and when you patched the pro-
gram, there was always the danger that you-might
change something you didn’t want to and suddenly the
control wouldn’t work.”

In the Bendix control system, the breakpoint between
what goes into the programable controller and what
goes into the CNC depends on the application. Gener-
ally what used to be in the relay panel is now in the PIC
and what used to be in the NC—reading the tape, offset,
cutter compensation, interpolation, formatting of the
controller data input—is all in CNC. The computer reads
all the inputs and hands them to the PIC, which solves
the repetitive Boolean equations controlling tool se-
quencing and hands the output back to the computer
which uses it for control.

DNC: the uitimate

Computer-controlled machine tools can be carried a
step beyond the CNC concept to the hierarchical system
of direct numerical control (DNC). Originally DNC
meant one large computer handling all the control func-
tions for several machines. But big computers are not
necessarily an efficient way to control a bank of tools.

The DNC philosophy, introduced by Sundstrand Ma-
chine Tools in 1968, has since evolved from one master
computer controlling several tools to a master computer
supervising perhaps 10 minicomputers, with each mini,
in turn, dedicated to a separate machine.

“Our new philosophy,” says Tom Schifo, “is to allo-
cate to each level computer the task best done by it.
When it comes to running a machine, that machine
needs the constant attention of a mini. The DNC com-
puter [master processor] stores the programs, edits
them, and sends them to the local computers as needed.
Since some companies have up to 20,000 programs,
tape storage requires a lot of space, and every time a
change is made, a new tape is needed. Master storage of
programs can eliminate tapes.”
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One of the important features of DNC is the accumu-
lation of machine utilization data: how much time is a
machine down? Is it down because of breakage or is it
out of material? Is it being used below its capacity?
While this log could be kept at each machine by the
CNC computer, the DNC can tie the information for all
the machines together. As a result, management can di-
rect both the flow of material and job assignments much
more effectively.

The problem with DNC systems is that they are ex-
pensive. One installed by K&T at the Allis Chalmers
Corp.’s Agricultural Tractor division carried a $9 mil-
lion tab. This system machines eight different tractor
power train parts, which enter the system randomly as
rough castings and leave ready for assembly.

The system is a little different from DNC as just de-
fined in that the two computers operate in parallel. Two
Interdata Model 70 computers control the system; one
supervises machining, the other material handling.

At the beginning of the day, the foreman informs the
material-handling computer how many rough castings
are available, the product mix desired, the machines re-
quired to make each part, and the sequence in which
these machines must be used. Then the computer de-
cides in what order the parts should be made to achieve
the desired mix and signals the operator via a Bur-
roughs Self-Scan display what the next part will be. The
operator loads a casting onto a fixture/pallet combina-
tion in a cart, and he signals the material-handling com-
puter that the part has entered the system.

The carts, drawn by a towline recessed in the shop
floor, loop around a stand of machine tools. As a cart
passes into a particular machine tool zone, it trips a
limit switch that tells the materials-handling computer
of its arrival. Only one cart is allowed in a zone at a
time.

The material-handling computer searches for an
available machine in the loop and raises stops to halt
the cart when it reaches that tool. Then gripper fingers
grasp the pallet, pull it onto a shuttle, and position it
ready for machining. Meanwhile the empty cart is re-
leased to go on its way so that trailing carts can move
around the loop. The machining computer selects the
part program, directs and monitors machining, and con-
trols delivery of the finished part to the unload station.

The shape of future NC

Although electronics has achieved much in the area
of machine-tool NC, it could achieve more. Some elec-
tronic equipment, like computer peripherals, is still of-
ten not rugged enough for the machine shop environ-
ment. Elements like the tape readers present problems,
too. Finally, not enough is as yet known about the pa-
rameters of metal cutting.

Oil mist in the air, greasy-fingered operators punch-
ing keyboards, and half-inch-thick iron dust on hous-
ings prove particularly hostile to CRTs and limit their
applications in this area. Some machine-tool builders
use them, but K&T has made a switch to Burroughs Self-
Scan displays.

Sundstrand circumvents the problem by repackaging
a commercial CRT terminal inside a molded fiberglass
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6. Automated shop. Tow carts (blurred by motion) deliver castings
at the Allis-Chaimers plant to the appropriate tool. Castings are auto-
matically loaded onto the too!, machined, and unloaded.

cover with a molded-in plastic face. The unit is heavily
sealed, and a cover is provided for the keyboard. The
result is an expensive $5,200, but, says Tom Schifo, “If
we didn’t do this, we'd constantly be replacing them.”

Tape readers are often considered the weakest link in
an NC system. Indeed, some users opt for CNC just so
that they can do away with the inherent problems of
tape breakage and reader failure, as well as the time
spent rewinding and re-reading programs that are exe-
cuted repetitiously.

The mechanics of cutting metal must be studied fur-
ther. While adaptive control has been used successfully,
it is expensive. In addition, simple deflection and torque
measurements are not always sufficient to control cut-
ting. Increases in tool deflection or torque do not always
mean that the machine feed rate should be decreased.
The rules apply only in simple cases where the same
material is used consistently.

A big boost for the future of machine tools may
come, not from a tool builder, but from a tool user.
General Motors is sponsoring a multi-million dollar
R&D program to develop entirely new machine-tool
concepts. If entirely new machining concepts do in fact
emerge from this program, new controls will be needed.
And the effects cannot help but spill over into the gen-
eral machine-tool area. If GM tinds a way to double or
triple productivity, other customers are going to want to
do the same. That means buying new tools. and of
course, new controls.

The future of machine tools looks good right now, but
if electronics can provide a giant leap forward. it will
look even better. O
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Packaging & production

IC probe station
is versatile

Positioning system permits
static and dynamic tests on
wafers, hybrids, LS| devices

Integrated-circuit probing stations
are precise electromechanical/op-
tical systems that position extremely
fine-measurement probes on specific
areas of thick/thin film hybrids, dis-
crete semiconductors or IC wafers.
These stations are also being used
for research and development work
on hybrid and monolithic ICs, for
failure-mode analysis and for qual-
ity control.

In the past, no probe system
could cover all these applications.
However, an analytical probe sta-
tion introduced by Lorlin Industries,
thanks to a modular probe, is flex-
ible enough to statically and dy-
namically test hybrid, discrete, and
Lsi/Msl devices. The P700 can ac-
cept four types of Lorlin-designed
micropositioners or standard probe
cards. The P-700 may be purchased
as a low-cost system for manually
probing large hybrid and thick-film
semiconductor circuits and later ex-
panded to a high-precision system
for testing complex LsI circuits. It
may also be expanded to semiauto-
matic operation for production
probing of wafers. Priced from $3,500
for a basic manual unit to $20,000.

For work on hybrids or for simply
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connecting to an IC pad, the MP-50
micropositioner can be used to
probe 1-mil areas. For IC appli-
cations that require probing of 0.1-
mil areas, two probes are available:
the MP-150, which has joystick X-Y
positioning and thumbscrew Z-axis
adjustment, and the MP-300, with
three-axis thumbscrew adjustment.
Finally, for probing l-micrometer
areas of bipolar and MoS/LSsI, the re-
motely controlled MP-450 is accu-
rate within 0.1 micrometer. A swing-
away 24-position platen supports
the micropositioner types that are
being used.

A cast aluminum base, which
forms the foundation of the probe
system, houses a 3-by-3-inch X-Y
platform controlled by a variable-
speed induction motor; a leveling
stage is included for a precise flat-
ness adjustment and a stage for Z-
motion. Two options are available
for step-and-repeat probing oper-
ations: type Q-101, which indexes in
0.001-inch increments; and Q-102,
which indexes in 0.000l-in. incre-
ments.

For observation of the device un-
der test, two types of stereozoom
systems are offered, as well as two
types of metallurgical research mi-
croscopes and a choice of four light
sources. Closed-circuit television
and various photographic systems
are also offered.

Digital Equipment Corp. is using
a Lorlin P700 (shown in photo at
top of page) to measure the electri-
cal characteristics and to check the
failure modes of LsI wafers and
packaged LsI devices.

Lorin Industries Inc., Precision Rd., Dan-
bury. Conn. 06810 [391]

Tester spots short circuits
caused by solder blobs

Most companies that wave-solder
printed-circuit boards inspect them
visually to remove blobs of solder
that cause shorts, but often one or
two shorts remain undetected, being
either hidden under a component or
too small to see. Teradyne Inc. esti-
mates that about 60% of failures at
board test are caused by soldering
faults. To find these faults before
they reach board test, the company
is introducing the L427 shorts detec-
tor, which requires no programing.

A single electrical contact to each
circuit stripe or pad is made through
a “bed-of-nails” fixture containing
spring-loaded pins, and continuity
checks are made at a rate of 2,000
points a second between each pin
and every other pin. This is done by
forcing 100 millivolts to a current
limit of 10 milliamperes; any mea-
surement less than 10 ohms is con-
sidered a short. Detected shorts in
all their possible combinations are
printed out on a strip-printer. Fix-
tures to hold the pins can be drilled
by using the numerical-control pro-
gram, templates, or the board being
tested.

As a secondary method for de-
tecting shorts in low-volume situ-
ations, an edge-connector fixture
can make contact at the connector
fingers leading to the circuit stripes.
Teradyne says this method will
catch about 40% of shorts.

The L427 is a benchtop system
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