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[57] ABSTRACT

A low profile keyswitch for electrical keyboards is
disclosed which has the capability of being operated
either as a contactless analog type of keyswitch, or as a
mechanical contact type of keyswitch. The keyswitch
may include a pair of normally-closed contacts that are
opened when a separator bar that is integrally formed in
the interior of the plunger passes between the contacts
as the plunger is depressed. Alternately, a permanent
magnet may be carried on one side of the plunger to
control the magnetic saturation state of a closed-loop
magnetic core which, along with a pair of U-shaped
conductive lines that thread through the core, is in-
serted into-a retaining well formed by a pair of walls
that project upwardly from a horizontal surface of the
base at a location adjacent the side of the plunger that
carries the magnet.

4 Claims, 3 Drawing Figures
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1
ELECTRICAL KEYSWITCH

BACKGROUND OF THE INVENTION -

Keyswitches for electrical keyboards may be either
of the mechanical contact type or of the analog contact-
less type, wherein a magnet controls the actuation state
of the switch by determining the saturation state of a
closed-loop magnetic core that is threaded by drlve and
sense lines.

The mechanical type of keysw1tch has the advantage
of being relatively low in cost, and for many applica-
tions this factor makes it desirable to employ such a
mechanical keyswitch. However, mechanical keyswit-
ches have a number of disadvantages that make them
undesirable for use in applications where high reliability
is required and the added cost of a analog switch is,
therefore, considered to be warranted. These disadvan-
tages include contact bounce, the possibility of arcing,
lower life times due to pitting and corrosion and possi-
ble deformation of the contact' members.

Analog switches, such as the magnetic saturable core,
offer greatly improved reliability, but at a higher cost.
In addition, such switches generally require some sort
of circuit modification to supply “hysteresis,” or a re-
duced sensitivity of the sensing circuit after a keyswitch
has been actuated to prevent electrical noise from pro-
ducing false output signals. In applications where high
reliability is necessary, however, analog switches pro-
vide the utmost in dependability and endurance.

It would be desirable for keyboard manufacturers to
have the capability of making keyboards with either
type of keyswitch, in accordance with their customer’s
wishes. However, previously this has required the man-
ufacture and stocking of two separate types of keyswit-
ches, with added cost and complications.

The electrical keyswitch of the present invention
provides a simple electrical keyswitch that is capable of
being operated’ either as an analog magnetic type of
contactless keyswitch or as a mechanical type of keys-
witch with only minor modifications being necessary to
convert from one to the other, due to the improved
design provisions that are provided for the keyswitch.
In addition, for special applications, both types of keys-
witches could be simultaneously incorporated into one
keyswitch component if desired.

The keyswitch of the present invention is designed to
accept flat drive and sense line conductors, wherein
these conductors could be inserted into the switch with
automatic machinery. The magnetic sensing core is
positioned onto one leg of a U-shaped drive line and
onto one leg of a U-shaped sense line and the core with
the two linking lines is then inserted into a retaining
well formed on the base of the keyswitch from the top
of the switch. The retaining well is formed by a walled
configuration that consists of a pair of vertically extend-
ing walls that project upwardly from the horizontal
surface on the base of the keyswitch. Each of the retain-
ing walls has a groove in it and the horizontal surface
has a slot through it which runs beneath the grooves
and the walls so that the drive and sense line conductors
may be positioned through the horizontal surface in the
upstanding walls as the magnetic core is positioned in
the retaining well. The magnetic core and the drive and
sense lines are retained in the base of the keyswitch only
by closeness of the fit between'the drive lines and the
receiving portions of the base. Thus, a defective mag-
netic core may be easily removed merely by pressing
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upwardly on the leads so that the leads and the core are
removed from the keyswitch without disassembly of
any portion of the device. This improved design allows
for rapid replacement of defective sensing cores while
at the same time, by confining the analog switching
components to the exterior of the plunger and to one
side of the base of the keyswitch, allows the interior of
the keyswitch to be used to retain the mechamcal
switching components therein.

DESCRIPTION OF THE DRAWINGS

The present invention is described by reference to the
drawings in which:

FIG. 1 is an exploded perspective view of the keys-
witch when it is employed as a magnetic analog con-
tactless type of keyswitch utilizing a magnetic core;

FIG. 2 is a top view of the base of the keyswitch,

‘which is shown at twice the size of the exploded view of

FIG. 1,

FIG. 3 is-an exploded perspective view of the keys-
witch when it is employed as a mechanical type of
keyswitch.

TECHNICAL DESCRIPTION OF THE
INVENTION

The keyswitch of the present invention is shown in its
analog version in FIG. 1, and in its mechanical version
in FIG. 3. FIG. 2 shows a top view .of the base of the
keyswitch, which is formed of an electrically insulating
plastic material. The base 10 of the keyswitch is formed
with an integrated, hollow, generally rectangular-
shaped guide chamber 12 that extends upwardly from
the base and has a slot 14 formed in the side 16 of the
chamber. A coiled return spring 18 is inserted into the
guide chamber 12 with the lower end 20 of the spring
receiving the projection 21 that extends upwardly from
the bottom surface 23 of the base. The upper end 22 is
inserted into the hollow, generally rectangular-shaped
plunger 24 in order to bias it upwardly so as to return it
to its initial position after the plunger has been de-
pressed and pressure on the plunger has been released.

The plunger 24 has a pair of resilient looking feet 26
on the opposite sides 28, 30 of the plunger to hold it in
the guide chamber 12. When the feet 26 are pressed
inwardly, the plunger is inserted into the guide chamber
and then the inward pressure on the feet is released so
that they will spring outwardly and engage the surfaces
31 in the interior of the guide chamber so as to prevent
the plunger from being inadvertently removed from the
guide chamber. Two elongated generally rectangular
shaped grooves 32, 34, on opposite interior surfaces of
the guide chamber 12, are provided so that a tool may
be inserted into the guide chamber that can depress the
feet 26 inwardly when the plunger is to be removed.

A key cap 36 is provided which will indicate the
identifying indicia for a particular key and which snaps
on the top of the plunger. The base 10 of the keyswitch
has a pair of resilient arms 38 on opposite sides of the
base. The arms have a projection 40 that allows the
keyswitch to be locked into an aperture in a printed
circuit board, or other suitable support member, for the
keyswitch.

The plunger 24 of the keyswitch is adaptable to pro-
vide an analog type of contactless switch when a small
magnet 42 is inserted into the container 44 that is carried
on the side 46 of the plunger, and held in place by a
resilient locking foot 47. The side 46 of the plunger
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faces the side 16 of the guide chamber so that as the
plunger moves up and down the magnet 42 and con-
tainer 44 will correspondingly move up and down in the
slot 14. By carrying the magnet on the side 46 of the
plunger and by making the plunger hollow, the keys-
witch is also adaptable for alternate, or simultaneous,
use as a mechanical keyswitch.

The mechanical contacts 48, 50 are of the normally-
closed type, and they are formed of two elongated con-
ductive members that have C-shaped contact portions
52, 54 at their upper ends. Each of the contact portions
52, 54 are preferably formed of a multitude of individual
contact fingers in order to achieve a high reliability
contact. The lower ends 56, 58 of the contacts 48, 50 are
reduced in size and project through the slots 60, 62 in
the upstanding projection 21. The contacts also have
outwardly projecting wings 63 that fit into correspond-
ing horizontal grooves 65 in the projection 21 to retain
the contacts 48, 50 in their proper positions in the
switch.

The plunger 24 is made hollow so that the contact
portions 52, 54 of the mechanical contacts extend up
into the lower interior portion of the plunger. A separa-
tor bar 68, for separating the normally-closed contacts
48, 50 when the plunger is depressed, is integrally
formed across the hollow of the plunger, preferably at a
position vertically removed from the bottom of the
plunger so as to provide for a low-profile keyswitch,
which is desired by many keyboard users.

The analog type of keyswitch illustrated in FIG. 1
utilizes a closed loop, preferably a toroidal-shaped mag-
netically saturable magnetic core 70. In this type of
switch the magnet 42 is located adjacent the core 70
when the plunger is not depressed. A U-shaped, flat
drive line 72 and a U-shaped, flat sense line 74 are
threaded through the core so that the sense line may

. pick up an electromagnetic signal when a pulse of cur-

rent is supplied through the drive line, providing the
core 70 is not magnetically saturated. When the plunger
is in its undepressed position, the core 70 will be mag-
netically saturated and thus pulses of current on the
drive line will not produce output signals on the sense
line. However, when the plunger is depressed the mag-
net will move away from the core thereby allowing the
core to come out of magnetic saturation so that the
drive line signals will now be transformed to the sense
line.

Although U-shaped drive and sense lines have previ-
ously been used in this type of keyswitch, they were
generally formed of round wires and thus previous

drive and sense line configurations did not lend them-

selves readily to automatic manufacture where a large
number of such lines could be formed merely by stamp-
ing out a single sheet of conductive metal. Such
stamped conductors provide for low-cost components
that are suitable for automated handling. The drive and
sense lines that are formed in this manner each have a
pair of parallel straight legs, such as the legs 76, 78, 80
and 82, and sections between the legs, such as the sec-
tions 84, 86, that are located above the core 70 when the
core is positioned so that its axis 88 is oriented in a
vertical direction, as shown in FIG. 1.

The keyswitch of the present invention is designed to
facilitate insertion of the flat drive and sense lines and
the core into their final position in the assembled keys-
witch. The core 70 is retained in a retaining well 90
which is formed of a pair of upstanding walls 92, 94 that
extend vertically from the horizontal surface 96 on the
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base 10. When the core 70 is held in the retaining well
90, the bottom, or lowermost -portion of the core rests
on the horizontal surface 97 and the top, or uppermost
portion, of the core is uncovered and the axis 88 of the
core is then vertically oriented. The walls 92, 94 have
the grooves 98, 100 respectively formed in them so that
the outer legs 76 and 82 of the drive and sense lines,
respectively pass through these grooves when the core
and the sense lines are inserted into the switch. An
elongated slot 102, as'seen in FIG. 2 passes through the
surface 97 and extends below the grooves 98, 100 so that
all of the legs 76-82 of the drive and sense lines may pass
through the slot 102. The walls 92, 94 are spaced to
provide an opening 104 adjacent the side 46 of the
plunger so as to reduce the clearance between the core
and the magnet. Another opening 106 is provided on
the opposite side of the walls to allow for visual inspec-
tion of the switch to see if it is carrying a core.

In assembling, the magnetic core 70 may first be in-
serted from the bottom of the drive and sense lines, to
the position shown in FIG. 1. The drive and sense lines

" and the core may then be pressed downwardly as a unit
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so that the legs 76, 78, 80 and 82 pass through the corre-
sponding receiving passageways 108, 110, 112, and 114,
respectively, that are formed in the interior of the base
by the outer walls 116, 118 of the base and the three
elongated, generally parallel, electrically insulating
dividers 120, 122, 124.

The described retaining and assembly provisions for
core 70 and the drive and sense lines 72, 74 allow for
easy insertion of these elements into the keyswitch, The
passageways provided for the leads are dimensions so
that they are tight fitting with respect to the drive and
sense lines. The leads, however, may be additionally
bent as represented by the dotted lines 130 on the legs
76, 82 if a tighter fit is desired. In such a case, the swit-
ches may even be turned upside down without the core
and the drive lines dropping out; but they can still be

-easily removed by pressure on the bottom of the leads.

The core and drive line assembly thus may be very
easily removed without disassembly of any other part of
the keyswitch if replacement of a defective core
becomes necessary. This easy removal of defective
sensing elements gives the keyswitch of the present
invention a decided advantage over prior analog types
of contactless switches. .

What is claimed is:

1. In an electrical keyswitch comprising a base having
a vertically extending guide chamber and a horizontal
surface, a depressible plunger mounted for up and down
movement within said guide chamber, a return bias
spring positioned in said guide chamber so as to bias said
plunger upwardly toward its undepressed position, a
permanent magnet carried externally on one side of said
plunger so as to move up and down therewith, a closed-
saturable magnetic core, a U-shaped drive line having
two substantially straight parallel legs that has one of
said legs located in the loop of said core with an adjoin-
ing strip of said drive line running between its two legs
and being located above said core and a U-shaped, sense
line having two substantially straight parallel legs that
has one of said legs located in the loop of said core so as
to run parallel to the leg of said drive line that is located
in said loop with a joining strip of said sense line run-
ning beétween its two legs and being located above said
core, wherein said permanent magnet is positioned adja-
cent said core when said plunger is not depressed so that
said core is substantially magnetically saturated, and so
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that said permanent magnet moves away from said core
when said plunger is depressed, thereby allowing said
core to come out of magnetic saturation; the movement
comprising a plurality of electrically insulating, elon-
gated, parallel dividers that are integrally formed on
said base and are located below said horizontal surface
in the interior of said base adjacent the side of said base
that is adjacent said permanent magnet so that said
dividers - in conjunction with said base provide four
separate elongated passageways and a pair of walls that
extend vertically upward from said horizontal surface
that are shaped to form a retaining well for said core so
that the bottom of said core rests on said horizontal
surface and the top of said-core is uncovered and the
axis of said core is vertically oriented, said walls each
having a groove therein, one of said grooves positioned
to allow said drive line to_pass therethrough and the
other of said grooves positioned to allow said sense line

to pass therethrough, said horizontal surface having a -

slot therein which allows both of said drive and sense

6

that the lower ends of said legs extend out of the bottom
of in said-base at different, electrically insulated loca-
tions, said passageways.

2. In an electrical keyswitch, as claimed in claim 1,a
further improvement comprising substantially flat,
stamped drive and sense lines.

3. In an electrical keyswitch, as claimed in claim 2,
the further improvement comprising an integral protru-
sion that extends vertically from a second horizontal
surface of the base into the interior of the base which
has two electrically insulated passageways that run
therethrough, a pair of normally closed elongated con-
tacts that have terminal ends that extend through said
slots out of the bottom of said base at different electri-
cally insulated locations and an operator bar that is

.- mounted interiorly in the hollow portion of said plunger

which is constructed and positioned.to pass between

" said contacts’and’ thereby open the electrical circuit

“lines to pass therethrough, with each of said legs of said
drive and sense lines being confined to operate in one of

said passageways that are provided by said dividers so
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4. In an electrical keyswitch, as claimed in claim 3, a
further improvement comprising substantially flat,

stamped-drive and sense lines.
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