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Keyboards
are everywhere.
You’'ll find them
in such diverse prod-
ucts as pocket calculators
and computer I/0 terminals;

telephones and communication terminals; and
electronic cash registers and stock-quotation ter-
minals. Their ubiquity almost guarantees that
you’ll use a keyboard product in the near future.
And when you do, our advice is to take a closer
look at the keyboard itself—some day you might
have to specify one.

If you do, you're in for a tough time. Each
keyboard in the wide range of products with
keyboards is unique to its application—in short,
customized. Not only must the designer choose
from among an overabundance of suppliers—at
least 60—but also from among a head-swimming
selection of keyswitches, encoders, buttons,
frames and options.

Which keyswitch is best?

The keyswitch is the heart of a keyboard, and
every major manufacturer seems to feel that his
keyswitch must be different from all others. The
result: over a dozen different types to choose
from. And, naturally, each manufacturer insists
that his type is best. The truth is each type has
advantages and disadvantages; as with most en-
gineering problems, tradeoffs must be made.

Keyswitches can generally be sorted into two
major categories: contacting and noncontacting.
The former includes the reed switch, the most
popular keyswitch until 1968, and a widely di-
verse assortment of physical-contact (alternate
make and break) switches—such as the crossbar,
the elastomeric (elastic diaphragm), the mer-
cury-filled tube, the magnetic-repulsion and the
coil-spring crosspoint switch, to name a few.
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Clare-Pendar’s 16-station numeric keyboard uses gold
crossbar keyswitches and TTL/LSI for ASCIl encoding.

The noncontact switch—sometimes mislabeled
the solid-state switch—includes the Hall-effect
device, the capacitive-coupled switch, the saturat-
ing magnetic core and the photoelectric switch.
Of these, only the Hall-effect and the photosclec-
tric keyswitch are truly solid state in that they
use semiconductor devices to deliver their out-
put signals.

The hard-contact, or mechanical switch, though
the oldest of keyboard switches, remains popular
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today for one simple reason: It’s the least ex-
pensive of all the keyswitches. And while it was,
for a time, eclipsed by the reed and the noncon-
tact switch, it’s making a strong comeback. Many
manufacturers are expanding their mechanical
switch line—and dropping their prices. Improved
manufacturing techniques—plus the use of MOS
circuity, which can easily handle high-impedance
closures—have led to improved mechanical
switches. And they have an added attraction:
multiple contacts, which allow easier coding.

The major objections to the mechanical switch
have been high contact resistance, contact bounce
and relatively short life compared with solid-
state switches. They’re also difficult, and expen-
sive, to seal (for this reason, most enclosures
function as dust covers, not as environmental
seals).

However, manufacturers of mechanical switch-
es dismiss the life/re-
liability and contact-
bounce / high-impedance
arguments as overem-
phasized. For example,
Clare-Pendar, a manu-
facturer of cross-bar and
reed keyswitches, states:
“Since MOS encoders
tolerate switch-contact
enclosures of up to 200
Q, the integrity of the
contact closure has much
less effect on mean cy-
cles before failure than
in the old days, when
the integrity of the con-
tact had direct impact
on keyboard output.
With the gold crossbar
keyswitch and MOS en-
coding, keyboard relia-
bility equals that of
solid state—at approxi-
mately half the cost.”

Bounce, it’s claimed,
can be easily removed with delay or filter cir-
cuitry. As for life, most mechanical switches are
specified at 10-million operations, a figure that
the manufacturers contend is sufficient for most
applications.

But some of the newest mechanical switches
are promoted as having low bounce and long life-
times. Stacoswitch, a recent entry in the key-
board industry, says that its keyswitch has con-
tact bounce of less than 100 us. Maxi-Switch is
offering a bifurcated-contact switch with a
bounce of less than 500 us. And Cherry Electrical
Products has a new crosspoint switch with re-
ported bounce of less than 300 us and life of at
least 100-million operations. Oak Industries, an
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old-line manufacturer, also offers a 100-million
operation switch, one that Oak claims has never
failed in a customer’s test program.

Reeds are still popular

Until 1968, when the Micro Switch Div. of
Honeywell introduced its Hall-effect keyswitch,
the reed switch dominated the keyboard indus-
try. The hermetically-sealed contacts—actuated
by a moving permanent magnet—eliminated the
corrosion and contamination problems of me-
chanical contacts.

The popularity of the reed stems not only from
the sealed contacts, but also from the type’s
known characteristics: its long life—about an
order of magnitude greater than that of non-
sealed switches—its ease of replacement and its
ability to handle fairly high loads.

Micro Switch’s line is represented by these MOS and TTL-encoded data-preparation
and communications keyboards. Each uses the Hall-effect keyswitch.

The major disadvantage of reeds is contact
bounce. However, mercury-wetted types are
available to reduce the bounce and improve dry-
load (low voltage, low current) switching. One
problem that’s rarely mentioned, however, is that
reeds can resonate when excited by vibrations
of the correct frequency.

While reed switches have a longer life, they
cost approximately twice as much as mechanical
types, so tradeoffs must be made. Also, reed
keyswitches—and reliability—vary considerably
from manufacturer to manufacturer, depending
on their mechanical design, such as magnet ori-
entation and path of travel. Depending on de-
sign, reeds also can have either Form A or Form
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B contacts and both tactile and audible feedback.

Reed keyswitch vendors include Key Tronic,
Cherry, Controls Research, Maxi-Switch, Clare-
Pendar, Alco and Dialight.

Unusual designs offered

In their quest for originality, keyswitch manu-
facturers have come up with some unusual de-
signs. Stackpole Magsat, for example, markets a
unique magnetic-repulsion keyswitch that pro-
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vides a 1-ms pulse output and has tactile feed-
back and an audible click. Controls Research
manufactures the BI-PAC, a switch that uses
as contacts two coaxial compression springs,
which are integral with the pin terminals. And
Mechanical Enterprises offers its Mercutronic
switch, in which a mercury-filled, flexible tube
gives bounceless closures. When the key is in the
up position, the tube is pinched, breaking the
continuity. Depressing the key releases the tube,
allowing the mercury to flow together. The de-




vice can operate in any position.

Still another type of contacting keyswitch is
the elastomeric, or elastic-diaphragm, switch.
Versions are offered by at least four manufac-
turers—Datanetics, Flex Key, Donnelly Mirrors,
and Chomerics—but the basic principle of each
is similar. Depressing a key forces a conductive
or plated elastomeric membrane against a con-
tact grid or band on a PC board. The advantages
claimed include sealed construction, little or no
bounce, high reliability and life, and—because
of batch fabrication—low price.

The major objections to this switch are rela-
tively high contact resistance and a spongy
touch, unfamiliar to those used to typewriter
keys, which have tactile and audible feedback.
However, contact resistance has been reduced by
the use of a silver-filled elastomer (Chomerics).
And the explosion of the market for mini-calcu-
lators has led to increased acceptance of the dia-
phragm switch: Its wafer-thin profile is ideal
for the application.

The Control Products Div. of Texas Instru-
ments markets its Klixon, a snap-action disc that
acts as a combination contact, return spring and
tactile-audio indicator. The technique allows TI
to make 0.15-inch-thick keyboards.

Another company, Wild Rover, manufactures
a low-profile keyboard that uses an entirely dif-
ferent principle. In this switch, a flexible, multi-
element electrical grating is pushed against a
rigid bottom contact. The multipoint contact is
said to distribute the transient energy evenly
over the multiple elements, thereby decreasing
contact resistance and dissipation.

The Hall-effect: a new trend

Of the mnoncontacting keyswitches, Micro
Switch’s Hall-effect type is by far the most pop-
ular. Introduced in 1968, the Hall-effect switch—
a true solid-state type—revolutionized the key-
board industry. The switching element, consist-
ing of a Hall generator, trigger circuit and am-
plifier, is integrated on a 0.04-square-inch chip.
When the key is depressed, a magnet moves past
the Hall element, generating an analog voltage.
The voltage is converted to a digital output and
then amplified to produce a 1-ms pulse output.

The advantages of this switch include no mov-
ing contacts, no bounce, high reliability and long
life, no EMI, no variations in contact resistance
and, finally, no misses. The tradeoffs? Higher
initial cost and the need for some standby power.
However, four price reductions in four years
have kept Micro Switch competitive with other
manufacturers. And the company states that the
quality and reliability of its keyswitch actually
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reduces costs by eliminating the need for incom-
ing inspection and by reducing service calls.

The magnetic core switch, manufactured by
Licon, works by keeping a ferrite core saturated
initially with a magnetic field. When the key is
depressed, the field is removed and the core
unsaturates and transformer-couples an ac sig-
nal to the output. The ac voltage is then recti-
fied and used to drive IC logic. The chief ad-
vantage is the reliability associated with the fer-
rite core. :

Both Control Devices and Raytheon offer ca-
pacitively coupled switches. In the Control De-
vices unit, depressing the key capacitively-cou-
ples an ac signal into signal-shaping circuitry,
which converts the signal to a logic level. The
Raytheon unit combines capacitive switching
with a scanning technique to encode the keys.

At least three companies—Western Digital
Systems, TEC and Symbolic Displays—make

Oak Industries’ low-profile contacting keyswitch is in-
tended for calculator applications.

photoelectric keyswitches in which photodetectors
sense the various light patterns produced when
the keys are struck. The technique yields a unique
code for each key.

Watch those switching specs

System restrictions, such as physical size,
available power and coding requirements should
help the designer narrow the number of key-
switches to be investigated. According to manu-
facturers, engineers make two major mistakes in
specifying a keyboard: First, they bring in the
manufacturer late in the design process; second,
they don’t familiarize themselves with keyboards
adequately. As a result, they tend to either un-
derspecify, or overspecify.

Important specs include force, travel, bounce,
load-handling capacity, electrical noise, contact
resistance, reliability, human factors and envi-
ronmental factors—such as operating-tempera-
ture range, vibration and humidity. Any of these
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Donnelly Mirrors evaluates the lifetimes of its flexible-
diaphragm keyswitch on this test rig.

may be important, depending on the application.
~ For commercial keyboards, force and travel
have become standardized at about 3 ounces and
3/16 of an inch, respectively—at least for type-
writer and high-speed entry applications. How-
ever, for miniature calculators with low-profile
keyboards, travel may be negligible.

As for bounce, the makers of contactless
switches argue that little or none is desirable for
two reasons: First, the keyboard electronics will
be considerably simplified; second, if you start
out with marginal bounce specs, you may run
into reliability trouble later—despite compensat-
ing electronics.

Is there a reliable reliability spec?

Life and reliability specs, together with cost,
form a major battle line between keyswitch mak-
ers—and especially between the makers of con-
tacting and noncontacting switches. Every manu-
facturer claims long life and high reliability for
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his product. But for the engineer—who is caught
in the middle—there are no standards for failure
or for keyswitch life testing. As a result, manu-
facturers tend to define and test for life in a
way that makes their product look good.

Thus an engineer is presented with pages of
statistical data that ostensibly demonstrate hun-
dreds of millions—or even billions—of opera-
tions, cycles, etc. But these specifications are
meaningless unless the manufacturer defines the
failure criteria and the actual test conditions—
for example, loading, environment, power levels
and other factors.

When failure criteria are given, an engineer
must still decide on their validity as applied to
his own equipment. Thus failure can be defined
as either missing or erroneous outputs, as cata-
strophic failure, as an arbitrary level of contact
resistance or contact bounce, or by other factors.

Except for catastrophic failure, none of these
constitutes absolute failure; they are relative
terms that may be important to a particular
application.

Micro Switch, the largest supplier of key-
boards, says: “Reliability concerns the ‘miss’
characteristics of the keyswitch, where a ‘miss’
is the failure of a switch to open and close once
during one complete cycle of the actuator. Me-
chanical contacts, regardless of the packaging or
operating mechanisms, can miss from time to
time.”

Controls Research, a mechanical-switch maker,
counters with this argument: “An occasional in-
termittent output may be critical in a key-to-
storage device, but not to a teletypewriter com-
munications terminal. A keyboard can fail in
many ways, and even the best life-test data can’t
predict when or how it might fail in a customer’s
situation.”

Running around in cycles?

The figure of 10-million operations has been
generally used as an acceptable keyswitch life-
time. Of course, as Datanetics points out, it com-
pletely ignores the rest of the keyboard, which
can involve considerable hardware.

However, increasing competition has led to
gpiraling claims for keyswitch lifetimes that
leave the 10-million figure far behind.

“Many switches,” says Clare-Pendar, “are
rated at a hundred-million cycles; yet the proba-
bility of ever seeing a hundred-million cycles is
practically nil. Reliability in meantime-before-
failure or mean-cycles-before-failure—at a speci-
fied confidence level—is the most meaningful
criteria.”

Maxi-Switch has published statistical data for
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keystroke usage ratios. Using the text of the
Gettysburg Address as an example, the data show
that the space bar, with 17% of the total strokes,
is the key used most often. The space bar, to-
gether with the five vowels, make up 49.5% of
the total strokes, Maxi-Switch says. Thus if a
keyboard were operated continuously at 40 words
a minute, 24 hours a day for one year, the space
bar would accumulate a total of 17,870,400 op-
erations (based on five-letter words). This, says
Maxi-Switch, demonstrates that a keyboard is un-
likely to have a requirement for 50-million to
100-million operations.

Don't forget the keyboard itself

With mountains of claims and counterclaims
of superior switching techniques and reliability
to climb over, it’s easy to forget the rest of the
keyboard. As Micro Switch points out, many
systems are completely designed before the key-
board is considered.

Taking that approach will no doubt lead to
higher costs, a marginal design, or both. This is
because keyboards are not as simple as they ap-
pear but require a host of decisions. Questions
that should be asked include:

Do I want a direct-wired matrix (array), a
self-coded board or a fully-decoded keyboard?
What physical size do I need? Does my applica-
tion call for a thin keyboard or can I use a
medium or high profile? Should I specify PC-
board or steel-frame construction? Is weight a
problem ? Does the keyboard environment require
oil or splash-proofing? Is mono-mode or multi-
mode the way to go? What about buttons: styles,
colors, arrangements? What about the human
elements? Do I need tactile or audible feedback?
Is N-key rollover called for, or can I use two-key
rollover? Which special features, if any, are im-
portant to my application: Strobe? Data-key
idle? Enable input? These, as well as other ques-
tions, can’t be ignored.

Probably the first decision to be made con-
cerns the keyboard/electronics interface. Three
options are generally available: You can buy a
collection of uncoded switches and build your
own coding electronics; you can buy a collection
of self-coded switches—such as the ferrite core,
capacitor-coupled and photo-optical types—and
build your own interface; or you can opt for a
full keyboard system containing the keyswitch
array, all coding electronics, plus circuitry for
buffering, keyboard modes and other elected
features. Which way to go depends on your tech-
nical expertise and the economics of building
your own keyboard (as a percent of total sys-
tem cost) versus buying one commercially.
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The Bi-Pac, Controls Research’s coaxial-spring keyswitch,
is used in the company’s calculator keyboard.

Actually, most requirements don’t allow selec-
tion of an off-the-shelf keyboard. Variations in
mounting, output codes, key configurations and
other factors usually necessitate some custom-
izing. This is why, as Clare-Pendar points out,
major keyboard manufacturers have a “boiler-
plate” specification, which can be used as a point
of departure for a particular application. Specs
can be as tight or as loose as a designer wants—
but tight specs tend to increase prices.

Which code is best?

A few keyboard types have become fairly
standard, at least as far as output codes and
character assignments are concerned. These in-
clude the so-called data-preparation keyboard,
which uses the eight-bit (plus parity) Extended
Binary Coded Decimal Interchange Code (EBC-
DIC), and the so-called communications or data-
entry keyboard, which uses the seven-bit (plus
parity) American National Standard Code for
Information Interchange (known as ANSI,
ASCII, or USASCII).

These two types are sometimes confused: The
data preparation board is used mostly for key-
to-storage (tape, disc, cassette) and other key-
punch applications, while the communications
keyboard is popular for graphic and computer
I/0 terminals. As such, the key assignments for
the two vary considerably—the basic communica-
tions (ANSI) keyboard separates the alpha sec-
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tion from the numerals and symbols, while the
data-preparation (EBCDIC) keyboard assigns
numerals and symbols to the same keys as the
alpha characters.

The ANSI code, now a Federal standard, is
used in most of the keyboards sold today. This
is because the code, when used with proper char-
acter-to-key assignments, permits key shifts—
lower case to upper case, for example—by in-
version of a single bit. Thus this logical-bit-pair-
ing technique saves money, since only a simple
inversion is needed to distinguish between shifted
and unshifted modes.

The second most popular code, the EBCDIC,
was developed to avoid nonlogical bit pairing in
keypunch applications, where key assignments
differ from those of the ANSI keyboard.

Other available codes include BCD, Baudot,
hexadecimal and even custom types. But these
are usually more expensive; so stick with the
ASCII and EBCDIC, if you can.

Keyboards that assign one code for each key
are said to operate in mono-mode. With more
than one symbol, the keyboard operates in multi-
mode—with two symbols for each key des-
ignated as dual-mode, three symbols as tri-mode
and so on. For dual-mode, such as lower-case/
upper-case operation, one shift key is required.
For tri-mode both a shift and a control key must
be operated. The shift key usually has alternate
action. It may remain below the level of the un-
operated keys to designate shift mode, or it may
be lighted to designate a shift. Lighted keys are
said to be easier to use since no key-position
judgement is required.

The best operating mode (mono, dual, etc.)
depends on available keyboard space, the number
of characters needed and, as always, on economic
considerations. For example, it may be less ex-
pensive to use a separate block of numeric keys
and to operate in mono-mode than to assign the
numerals to other keys and operate in dual-mode.
Assigning multifunctions will save panel space,
but throughput will be lowered, because an op-
erator must press an additional control key.

As with most other keyboard characteristics,
the method of producing the output code—and
the output logic level as well—varies from man-
ufacturer to manufacturer. Some manufacturers
arrange the switches into an array in which an
actuated switch shorts across a row and column.
High-speed scanning circuitry then spots the
closed switch and delivers a coded output.

Others use interim codes to address bipolar or
MOS ROMs. And still other manufacturers use
self-coded keys with diode matrices to connect
the switches to the various bit lines. Except for
logic levels, the results remain theoretically the
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same for all manufacturers: A unique output
code for each keyswitch. But cost tradeoffs can
be made.

Clare-Pendar offers this analysis: For three
or four-level keyboards, or where non-bit-com-
patible codes are required, the minimum cost en-
coder is MOS. For simple mono or dual-mode
keyboards with bit-compatible shifts, TTL de-
coding frequently offers a cost advantage.

N-key rollover—do you really need it?

The use of MOS has thrown new fuel on a
long-simmering argument over the need for N-
key rollover (NKRO). NKRO, an expression
coined by Micro Switch, is a technique to pre-
vent erroneous signal transmission during burst
speed typing. When a key is struck, correct in-
formation in the proper sequence will be trans-
mitted, even though any number of previously
struck keys are still depressed. The technique is
an extension of 2-key rollover (2KRO) in which
an electronic interlock prevents errors when two
keys are simultaneously depressed.

Some manufacturers say that 2KRO is suffi-
cient for all applications. Others contend that the
10-to-15% price differential for NKRO discour-
ages those who want it. And still others claim
that their NKRO costs nothing.

Controls Research, for example, states: “Since
the cost impact, on large keyboards at least, is
really zero with the right encoder chip, NKRO
should be specified.”

Raytheon says: “NKRO is an excellent feature
in high-speed typing applications, since it sub-
stantially reduces the number of errors. How-
ever, for all other slow-speed and one-finger ap-
plications, 2KRO is quite adequate.”

Studies by the Honeywell System and Re-
search Div. for Micro Switch seem to substanti-
ate the Raytheon statement. The studies show
that about 30% fewer errors were made by high-
speed typists with NKRO than with 2KRO.

Key Tronic proposes still another approach—
selective N-key rollover, a combination of 2KRO
and NKRO. The keyboard becomes locked after
a fixed number of keys have been depressed—and
they are held depressed. Key Tronic claims that
this approach is less expensive than NKRO but
just as advantageous.

We're all human

The NKRO debate is usually coupled with
another highly controversial area—human fac-
tors. Perhaps the least understood of keyboard
characteristics, such factors as tactile and audi-
ble feedback, switch and button feel and key
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