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[57] ABSTRACT

An electromagnetic reed relay of polarized and mag-
netic latching configurations adapted for low profile
packaging, having at least one electromagnet, at least
one permanent magnet the polarity of which is unef-
fected by the electromagnet and at least one reed
switch magnetically coupled together by a pair of pole
pieces.

9 Claims, 11 Drawing Figures
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1
FLAT PACK REED RELAYS

This invention relates generally to reed relays and
more particularly to polarized and magnetic latching
types of multi-switch reed relays adapted for low
profile or flat pack packaging.

While relays which have one or more reed switches
and electromagnet switch actuation are generally old,
however, difficulty has here-to-fore been encountered
in providing such reed relays in low profile or flat pack
packages. It might be noted that such encountered dif-
ficulty increases with additional relay parts.

A relay with multiple reed switches made in ac-
cordance with the present invention is particularly
adapted for low profile or flat pack packaging and
further includes a permanent magnet magnetically cou-
pled to the reed contacts of the switches and the polari-

"ty of which is uneffected by energization of the elec-
tromagnet coil.

Accordingly, an object of the present invention is to
provide a relay with a plurality of reed switches which
is particularly adapted for low profile or flat pack
packaging.

Another object of the present invention is to provide
the foregoing relay with all of its component parts
disposed substantially in a single mean plane.

And another object of the present invention is to pro-
vide the foregoing relay having a permanent magnet
means magnetically coupled across the switches and
the polarity of which is uneffected by energization of
the electromagnet coil.

And still another object of the present invention is to
provide the foregoing relay with the electromagnet
core which, when the electromagnet coil is de-ener-
gized after energization, provides sufficient magnetic
remanence which together with the permanent magnet
flux causes latching. '

The present invention contemplates an electromag-
netic reed relay adapted for low profile packaging,
comprising a pair of pole piece means of magnetic
material; permanent magnet means having poles cou-
pled to corresponding ends of the pair of the pole piece
means; electromagnet means adjacent the permanent
magnet means, having at least one core means con-
nected at its ends to the pair of pole piece means
thereby establishing a first flux path short circuiting the
permanent magnet means in absence of opposing elec-
tromagnetic flux, and a coil means wrapped on and
polarizing the core means when energized thereby
providing electromagnetic flux opposing the flux pro-
vided by the permanent magnet means to the first flux
path and establishing a second path for the total flux
provided to operate switch means; switch means in-
cluding a plurality of reed switches supported by cor-
responding ends of the pair of pole piece means op-
posite from the permanent magnet means; and each of
the switches having at least two contact conductors
magnetically coupled to the permanent magnet and
electromagnet means by the pair of pole piece means
and operable by the flux provided to the second flux
path.

The foregoing and other objects and advantages will
appear more fully hereinafter from a consideration of
the detailed description which follows, taken together
with the accompanying drawings wherein several em-
bodiments of the invention are illustrated by way of ex-
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ample. It is to be expressly understood, however, that
the drawings are for illustration purposes only and are
not to be construed as defining the limits of the inven-
tion.

FIG. 1 is a perspective view of a relay in accordance
with the present invention,

FIG. 2 is a sectional view taken of line 2—2 of FIG.
1, .

FIGS. 3 and 4 are plan and end elevational views,
respectively, of the relay of FIG. 1 prior to encapsula-
tion,

FIGS. § and 6 are fragmentary perspective views il-
lustrating other forms of pole piece/permanent magnet
arrangements,

FIGS. 7 and 8 are diagrammatic views of a polarized
and a latching relay, respectively, in accordance with
the construction shown in FIGS. 1 to 4,

FIGS. 9 to 11 are diagrammatic views each illustrat-
ing a different modified relay in accordance with the
present invention.

Referring now to the drawings and particularly to
FIGS. 1 and 2, a novel relay 10 made in accordance
with the present invention may be enclosed in a
fabricated low profile case (not shown), or preferably
is encapsulated or potted in the usual plastic material
11. The resulting package is a cubiform in which the
length and width each substantially exceeds the height
thereby providing what is presently known as a flat
pack or low profile component.

To electrically connect the relay 10 into a circuit,
two series of spaced terminals 12 and 13 preferably are
provided which extend laterally from opposite ends or
sides of the encapsulation and which may be bent 90
degrees in the usual manner to facilitate a plug-in type
connection to a printed circuit board. The number of
terminals 12 and 13 to be used is determined by the
number of circuit connections to be made. It should be
realized that the terminals 12 and 13 are a matter of
choice and, alternatively, the wire terminals of the reed
switches and coil leads can be provided with sufficient
length to make the required electrical connections.

Considering also FIGS. 3 and 4, the relay 19 is pro-
vided with a electromagnet 14 having a core 15 of mag-
netic material within a winding or coil 16. The free
ends 17 and 18 of the winding 16, which may be are
located, as shown, at opposite ends of the core 15, are
connected to one of each of the terminals 12 and 13,
respectively, as shown in FIG. 2.

A permanent magnet core means 19 is connected at
its ends or poles to corresponding ends of a pair of
parallel spaced pole piece means 23 and 24 thereby
forming a U-shaped magnetic structure. The core
means 19 may be provided by a permanent magnet, a
magnetic material embodying a permanent magnet
member, or any other suitable composite construction.
The electromagnet 14 is positioned substantially paral-
lel to the permanent magnet means 19 with the ends of
the core 15 thereof each connected to a different pole
piece means 23 and 24.

Each of the pole piece means 23 and 24 may be pro-
vided by a pair of plates of magnetic material as shown
in FIGS. 2 and 4 or, alternatively, a U-shaped member
(not shown) with openings through the bight thereof as
may be required to pass conductors and coil ends, With
this type of construction, the poles of the permanent
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magnet means 19 are at its ends which are connected to
the pole piece means 23 and 24.

A modified pole piece/permanent magnet means is
shown in part in FIG. 5§ wherein a pole piece means 25,
corresponding to the pole piece 23, is provided by a
pair of plates 26 and 27 which are connected to op-
posite sides of one end of the core 15. One of the plates
which, in this instance, is plate 26 may terminate as
shown at the core 15. The plate 27 extends past the
core 15 and terminates with an elongated end flange
28. The flange 28 is disposed in a plane parallel to and
offset from the plane of the plate 27 and extends

10

toward a second pole piece means (not shown), cor- .

responding to the pole piece means 24, which has a
corresponding end flange 29 (shown in part) disposed
in the same plane and is spaced from the flange 28. The
planar offset of the flanges 28 and 29 provides a recess
or pocket for the permanent magnet 19 which is con-
nected to the flanges.

Still another modified pole piece/permanent magnet
means is shown in part in FIG. 6 wherein a pole piece
means 30, corresponding to the pole piece 23, is pro-
vided by a pair of plates 31 and 32 which are connected
to opposite sides of one end of the core 15. One of the
platés which, in this instance, is plate 31 terminates at
the core 15. The plate 32 extends past the core 15 and
terminates with an elongated end flange 33. The flange
33 is disposed in a plane normal to the plane of the
plate 32 and extends toward a second pole piece means
(not shown), corresponding to the pole piece means
24, which has a corresponding end flange 34 (shown in
part) disposed in a plane spaced between the elec-
tromagnet 14 and the plane of the flange 33. The
flanges 33 and 34 lap one another and are connected to
opposite sides or poles of a permanent magnet 35
disposed in the space therebetween.

_ Accordingly, the core 15 of the electromagnet 14
provides a flux path substantially parallel to the flux
path of the permanent magnet 19, of FIG. 3, and sub-
stantially. normal to -the flux path of the permanent
magnet 35 of FIG. 5. It should be noted, however, the
ends of the flux paths thus provided, in each instance,
are suitably connected to form a closed loop.

Referring again to FIGS. 1 to 4, the relay 10 is pro-
vided with a plurality of reed switches 20 disposed in
spaced parallel series on the side of the electromagnet
14 opposite from the permanent magnet 19. Although
four reed switches 20 are shown and described herein,
the number of such switches is not to be construed as
defining the limits of the present invention and may be
changed in accordance with requirements of the en-
vironment of a particular relay. Each of the reed
switches 20 is provided with the usual tubular case
closed at its ends and at least a pair of reed contact
members 21 and 22 each extending from a different
end of the case and conductively connected to one of
each of the terminals 12 and 13, respectively. The tu-
bular cases of the switches 20 are supported at their
ends with the reed members 21 and 22 magnetically
coupled to and conductively insulated from the pole
piece means 23 and 24, respectively. It should be obvi-
ous to one skilled in the art that by proper selection of
switch contact material and flux orientation, switches
20 could be normally open or normally closed switches
or of the type which *“breaks” one connection and *-
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makes” another. To facilitate disclosure of the present
invention, the reed switches 20 are considered as being
normally open switches.

Referring to FIG. 7, it will be seen that the relay 10
includes the electromagnet 14 which when energized
provides flux in a predetermined direction, the per-
manent magnet 19 which provides a constant flux in a
predetermined direction, and two flux paths F1 and F2
which are shown with arrowheads indicating the
direction of the flux. The state of energization of the
coil 16, in effect, alternately establishes the flux paths
F1 and F2 both of which include the core 15 of the
electromagnet 14 and the permanent magnet 19. It
should be understood either flux path F1 (considered
as the reset flux path) or flux path F2 (considered as
the set flux path) will be established or predominant.
Although in many instances there may be some flux in
either of the flux paths whichever is not established, for
practical purposes and to facilitate the description of
the present invention such flux will not be considered.

The reset flux path F1 is a closed loop provided by
the non-polarized core 16, the permanent magnet 19
and the intervening portions of the pole pieces 23 and
24. The flux path F1 is established only when the coil
16 is de-energized and the direction of flux at the core
15 is opposite to the direction of the flux at the per-
manent magnet 19. The set flux path F2 is considered
as having two parallel paths at one end provided by the
polarized core 16 and the permanent magnet 19, a plu-
rality of parallel paths at the other end provided by the
reed switches 20, and pole piece means 23 and 24
which magnetically couple the parallel paths at the two
ends together to form a magnetic loop.

More specifically, when the relay 10 is in the reset
condition with the coil 16 of the electromagnet 14 de-
energized, the reset flux path F1 is established as a
closed loop or low reluctance path in which the elec-
tromagnet core 15 short circuits or shunts the per-
manent magnet 19. Therefore, in the absence of
operating flux across the reed switches 20 the relay 10
remains in the reset condition and the switch contacts
21 and 22 remain open. The flux path F2, which in-
cludes the reed switches 20, has a high or maximum
reluctance state when the contacts 21 and 22 of the
reed switches are open and a low or minimum
reluctance state when the switch contacts are closed.
However, the reluctance of the flux path F2 always ex-
ceeds the reluctance of path F1. Upon energization of
the coil 16, the core 15 is polarized and the electromag-
net 14 develops flux which opposes or bucks the flux
provided to the closed loop flux path F1 by the per-
manent magnet 19. Accordingly, the closed loop flux
path F1 only appears as a high reluctance flux path and
therefore, the flux path F2 is established. Thus, the
total or combined flux provided by the electromagnet
14 and the permanent magnet 19 provides a working
flux across the reed switches 20 sufficient to pull in or
cause the contacts 21 and 22 thereof to close thereby
closing the working air gap of the set flux path F2
which is considered as being the air gaps between the
open contacts of all of the switches 20. The relay 10
now is in its set or operated condition with the switches
20 closed or conducting, and the flux path F2 is in its
low or minimum reluctance state and will remain so
until the coil 16 is de-energized.



3,711,798

5

Upon de-energization of the coil 16, no electromag-
netic flux is available to the relay 10. The core 15
therefore, again provides a lower reluctance path
which shunts or short circuits the permanent magnet 19
to re-establish the flux path Fi. The flux path F2, now
being of relatively higher reluctance than path FI,
becomes insufficient to keep the contacts 21 and 22 of
the switches 20 closed and, consequently they reopen.
Accordingly, the relay 10 returns to its unoperated or
reset condition.

The polarized relay 16 can be modified to provide a
latching relay 40, as shown in FIG. 8, which includes
the permanent magnet 19, the reed switches 20 with
their contacts 21 and 22, and the pole piece means 23
and 24. Instead of the electromagnet 14, an elec-
tromagnet 41 is provided having a core 42 and a coil
44. However, in this instance, the core 42 has
remanence characteristics which in the drawings is dia-
grammatically shown as being provided by the center
portion 43 disposed between two core end portions of
magnetic material. It should be understood that the
composite core construction 4243 is merely to dia-
grammatically differentiate, shown in simplest form,
between the core 15 of magnetic material and the
remanent core 42, and is not to be construed as defin-
ing the limits of the present invention. The core 42 may
be of any suitable remanent material, a permanent
magnet, or a composite structure of any suitable con-
struction with a permanent magnet or remanent
material portion of any suitable configuration.

Considering the relay 40 first in the absence of
remanence of the core 42, its operation would be
similar to the operation of the relay 16. Accordingly,
the reset flux path F1 would be established when the
coil 44 is de-energized and core 42 short circuits or
shunts the permanent magnet 19, and the set flux path
F2 would be established when the coil 44 is energized
and the combined flux provided by the permanent mag-
net 19 and the polarized core 42 is applied across the
working air gap or the total air gap between the open
contacts 21 and 22 of all of the switches 20.

While the polarity of the permanent magnet 19 is not
effected by energization of the coil 16 of relay 10 or the
coil 44 of relay 40, energization and the direction of
energization of the coil 44 determines the degree and
orientation of polarization of the remanent core or
magnet 42. It should be realized that the coil 44 may
have a single multi-turn winding which is reversely con-
nectable to a source of current or may have two multi-
turn winding each, when energized, polarizing the core
42 oppositely to the polarization resulting from ener-
gization of the other coil. ‘ _

Now considering the relay 40 as actually shown in
FIG. 8 with the core 42 having remanence, when the
coil 44 is sufficiently and directionally energized to
operate or set the relay 40, the remanent core 42 is
polarized and electromagnetic flux is produced which
opposes or bucks the flux provided by the permanent
magnet 19 to the reset flux path F1. The resulting elec-
tromagnetic flux, while coil 44 is energized, is in the
same direction as and combines with the flux by the
permanent magnet 19 to provide a working flux. The
total or working flux, as provided, establishes the set
flux path, F2, and is sufficient and properly oriented
across the working air gap to pull in or cause the con-
tacts 21 and 22 of the switches 20 to close. -
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In a relay with magnetic latch characteristics, such as
relay 40 of FIG. 8, the set flux path F2 is also the mag-
netic latch flux path as will now be discussed. When the
coil 44 is de-energized, the total electromagnetic flux is
no longer available. However, because of its
remanence characteristics, the remanent core 42 pro-
vides sufficient remanent flux to continue to success-
fully block the flux provided by the permanent magnet
19 to the reset flux path F1. The blocking effect of the
remanent flux causes the reset flux path F1 to appear to
have a higher reluctance than the set flux path F2 with
the contacts 21 and 22 of the switches 20 closed. The
resulting permanent magnet flux and remanent flux
provided by the magnet 19 and core 42, respectively, to
the set flux path F2 combine to form a latching flux suf-
ficient to maintain the flux path established and to keep
the contacts 21 and 22 of the switches 20 closed
thereby effecting magnetic latching of the relay 40.

To reset or cause the latched relay 40 to reassume its
unoperated state, the coil 44 reversely energized by
reverse current or a oppositely wound coil to reduce or
reverse the polarity. of the remanent core 42 so that
upon de-energization of the coil 44 the resulting flux is
insufficient to maintain the flux path F2 established or
core magnet provides insufficient remanent flux or flux
sufficient flux provided by the permanent magnet 19 is
shunted opposite to its initial direction when the relay
49 was by the reset flux path F1. The reset flux path F1
is, initially set. Therefore, re-established and the closed
contacts of the switches 20 reopen. The relay 40 is
again in its reset condition.

When a relay as described above includes a relatively
large number of reed switches, it has been found to be
advantageous to divide the switches into two sets and
locate the various flux sources between the sets. In this
way, none of the reed switches will be excessively
remote from the flux sources.

Three modified relays 45, 50 and 55 as shown in
FIGS. 9 to 11 are provided to illustrate relays with two
sets of switches 28 in accordance with the present in-
vention. Again, the number of switches 20 of each
switch set is an arbitrarily chosen quantity and is not to
be construed as defining the limits of the present inven-
tion. It also should be understood that each of the
relays 45, 50 and 85 may be either of a polarized con-
figuration as relay 10 or of a magnetic latching configu-
ration as relay 40 depending upon the electromagnet
core material. To facilitate disclosure relays 45, 50 and
55 will be discussed only as polarized relays.

As shown in FIG. 9, the modified relay 45 has two
sets of reed switches 20 each set being disposed at one
end of a pair of pole piece means 46 and 47 cor-
responding to the pole piece means 23 and 24 of the
relay 10. The electromagnet 14 and permanent magnet
19, disposed between the two sets of reed switches 20,
are magnetically coupled at their ends to the pole piece
means 46 and 47.

When the coil 16 of the electromagnet 14 is deener-
gized, the core 15 short circuits or shunts the per-
manent magnet 19 and the reset flux path F1 which is
the established is similar to the reset flux path F1 of
relay 18. When the coil 16 is energized, the set flux
path F2 is established which now has two loops both in-
cluding the core 15 and the permanent magnet 19
while each includes, a different set of switches 20. in
the relay 45, the electromagnet .14 and the permanent



3,711,798

7

magnet 19 are each closer to a different one of the sets
of switches 20 than the other. Although the unequal
spacing of the flux sources from the different switch

sets has been found normally to have little effect upon

relay operation, such - spacing differences can be

eliminated as taught by the relays 50 and 55 each of

which is a modification of the relay 45.

Referring now to FIG. 10, the relay 50 again includes
two sets of reed switches 20 retained, as previously
described; between corresponding ends of the pole
piece means 46 and 47. In this instance, the permanent
magnet 19 is disposed between two electromagnets 14
which replace the single electromagnet of the relay 45
and have their coils 16 conductively connected in se-
ries.

When the coils 16 are de-energized, both of the cores
15 short circuit or shunt the permanent magnet 19
thereby establishing the reset flux path F1 which, in this
instance, is a double loop with a common leg formed by
the permanent magnet. When the coils 16 are ener-
gized, both cores 15 are polarized in the same direction
thereby establishing the double loop set flux path F2
(not shown) which is similar to the flux path F2 of the
relay 45 except for the addmonal core 15 which also is
¢ommon to both loops

Alternatively, as in the relay 55 of FIG. 11 the elec-
tromagnet 14 is disposed between two permanent mag-
netsor permanent magnet means 19 which replace the
single permanent magnet or permanent magnet means
of the relay 45. When the coil 16 is de-energized the
core 15 short circuits or shunts both permanent mag-
nets 19 thereby establishing the double loop reset flux
path Fl as in the relay 50. However, in the relay 55 the
leg common to both loops is the shunt or core 15.
When the coil 16 is energlzed thereby establishing the
double loop set flux path F2 of relay 55 which cor-

responds to the set flux path F2 of the relay 45 or 50,

except. that there are the two permanent magnets 19

and the single core 15 which are common to both loops

in this instance.

Although but several embodlments of the invention
have been illustrated and described in detail, it is to be
expressly understood that the invention is not limited
thereto. Various changes may also be made in the
design and arrangement of the parts without departing
from  the spirit and scope of the invention as the same
will now be understood by those skilled in the art.

" What is claimed is:

1; In an electromagnetic reed relay adapted for low
profile packaging, a combination comprising

© a pair of magnetic material means each spaced from

- ‘the other, -

permanent magnet means magnetically coupled to

- said pair of magnetic material means and con-

stantly.. providing flux in a predetermined

. direction,

" said permanent magnet means being a permanent
magnet with its poles at its ends which are each
magnetically coupled to a different one of said pair
of magnetic material means,

electromagnet means magnetically coupled to said

pair of magnetic material means and short circuit-
ing said permanent magnet means in the absence

" of flux opposing the shunting of the permanent

magnet flux by the short circuit,
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said electromagnet means when energized providing
flux in the same direction as said permanent mag-
riet means and which is sufficient to oppose the
shunting of the permanent magnet flux,

said electromagnetic means comprising a pair of

electromagnets each being disposed between said
permanent magnet and a different one of said sets
of switches,
each of said electromagnets having a coil and a core
of magnetic material extending through said coil
substantially parallel to said permanent magnet,
said cores each being magnetically coupled at each
end to a different one of said pair of magnetic
material means, ’
said coils being adapted for energization thereby
polarizing said cores and providing flux substan-
tially parallel to and in the same direction as the
flux provided by said permanent magnet,
magnetically operable switch means including two
sets of switches each being disposed at a different
end of said pair of magnetic material means, and
said permanent magnet and electromagnet means
being disposed between said two sets of switches,
each of said sets of switches including at least one
reed switch with at least two reed contact conduc-
tors magnetically coupled each to a different one
of said pair of magnetic material means, and
each of said reed switches being unoperated when
said permanent magnet means is short. circuited,
and operated by the total flux provided by said
permanent . magnet and electromagnet means
when the flux provided by said electromagnet
means opposes the shunting of the flux provided
by said permanent magnet means.
2. The electromagnetic relay in accordance with
claim 1, and said coils being connected for simultane-
ous energization.
3. In an electromagnetic reed relay adapted for low
profile packaging, a combination comprising
a pair of magnetic material means each spaced from
the other,
permanent magnet means magnetically coupled to
said pair of magnetic material means andcon-
stantly providing flux in a predetermined
direction,

said permanent magnet means being a pair of per-
manent magnets each with its poles at its ends
which are each magnetically coupled to a different
one of said pair of magnetic material means,

electromagnet means magnetically coupled to said
pair of magnetic material means and short circuit-
ing said permanent magnet means in the absence
of flux opposing the shunting of the permanent
magnet flux by the short circuit,

said electromagnet means when energized provrdmg_
flux in the same direction as said permanent mag-
net means and which is sufficient to oppose. the
shunting of the permanent magnet flux,

said electromagnetic means being disposed between

said pair of permanent magnets and comprising a

coil and a core of magnetic material extending

through said coil substantially parallel to said per-
manent magnet,

said core being magnetically coupled at each end to a
different one of said pair of magnetic material
means,
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said coil being adapted for energization thereby
polarizing said core and providing flux substan-
tidlly parallel to and in the same direction as the
flux provided by said permanent magnets,

magnetically operable switch means including two
sets of switches each being disposed at a different
end of said pair of magnetic material means, and
said permanent magnet and electromagnet means
being disposed between said two sets of switches,

each of said sets of switches including at least one
reed switch with at least two reed contact conduc-
tors magnetically coupled each to a different one
of said pair of magnetic material means, and

each of said reed switches being unoperated when
said permanent magnet means is short circuited,
and operated by the total flux provided by said
permanent magnet and electromagnet means
when the flux provided by said electromagnet
means opposes the shunting of the flux provided
by said permanent magnet means.

4. In an electromagnetic reed relay adapted for low

profile packaging, a combination comprising

a pair of magnetic material means each spaced from
the other,

permanent magnet means magnetically coupled to
said pair of magnetic material means and con-
stantly providing flux in a predetermined
direction,

said permanent magnet means being a permanent
magnet with its poles at its ends which are each
magnetically coupled to a different one of said pair
of magnetic material means,

electromagnet means magnetically coupled to said
pair of magnetic material means and short circuit-
ing said permanent magnet means in the absence
of flux opposing the shunting of the permanent
magnet flux by the short circuit,

said electromagnet means when energized providing
flux in the same direction as said permanent mag-
net means and which is sufficient to oppose the
shunting of the permanent magnet flux,

said electromagnetic means comprising a pair of
electromagnets each being disposed between said
permanent magnet and a different one of said sets
of switches,

each of said electromagnets having coil means and a
core of magnetic material with remanent charac-
teristics extending through said coil means sub-
stantially parallel to said permanent magnet,

said cores each being magnetically coupled at each
end to a different one of said pair of magnetic
material means,

said coil means being adapted for energization
thereby polarizing said cores and providing flux
substantially parallel to and in the same direction
as the flux provided by said permanent magnet,
and for reverse energization thereby reversing
their polarizing effect when said cores are provid-
ing remanent flux,

magnetically operable switch means including at
least one reed switch with at least two reed contact
conductors magnetically coupled each to a dif-
ferent one of said pair of magnetic material means,
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permanent magnet and electromagnet means
when the flux provided by said electromagnet
means opposes the shunting of the flux provided
by said permanent magnet means,

said electromagnetic means upon deenergization
when said switches are operated providing a
remanent flux sufficient to oppose the shunting of
the permanent magnet flux and with the per-
manent magnet flux to magnetically latch said
operated switches, and being adapted for reverse
energization to at least sufficiently reduce the
remanent flux and upon de-energization to short
circuit the permanent magnet means and permit
said switches to again become unoperated,

said switch means having two sets of switches each
including at least one of said reed switches and
being disposed at a different end of said pair of
magnetic material means, and

said permanent magnet and electromagnet means
being disposed between said two sets of switches.

5. In an electromagnetic reed relay adapted for low

profile packaging, 2 combination comprising

a pair of magnetic material means each spaced from
the other,

permanent magnet means magnetically coupled to
said pair of magnetic material means and con-
stantly providing flux in a predetermined
direction,

said permanent magnet means being a pair of per-
manent magnets each with its poles at its ends
which are each magnetically coupled to a different
one of said pair of magnetic material means,

electromagnet means magnetically coupled to said
pair of magnetic material means and short circuit-
ing said permanent magnet means in the absence
of flux opposing the shunting of the permanent
magnet flux by the short circuit,

said electromagnet means when energized providing
flux in the same direction as said permanent mag-
net means and which is sufficient to oppose the
shunting of the permanent magnet flux,

said electromagnetic means being disposed between
said pair of permanent magnets and comprising
coil means and a core of magnetic material with
remanent characteristics extending through said
coil means substantially parallel to said permanent
magnets,

said core being magnetically coupled at each end to a
different one of said pair of magnetic material
means,

said coil means being adapted for energization
thereby polarizing said core and providing flux
substantially parallel to and in the same direction
as. the flux provided by said permanent magnets,
and for reverse energization thereby reversing its
polarizing effect when said core is providing
remanent flux,

magnetically operable switch means including at
least one reed switch with'at least two reed contact
conductors magnetically coupled each to a dif-
ferent one of said pair of magnetic material means,

each of said reed switches being unoperated when
said permanent magnet means is short circuited,
and operated by the total flux provided by said
permanent magnet and electromagnet means



3,711,798

11
when the flux provided: by said electromagnet
means opposes the shunting of the flux provided
by said permanent magnet means,
said electromagnetic means upon deenergization
when said switches are operated providing a
remanent flux sufficient to oppose the shunting of
the permanent magnet flux and with the per-
manent magnet flux to magnetically latch said
operated switches, and being adapted for reverse
energization to. at least sufficiently reduce. the
remanent flux and upon de-energization to short
circuit the permanent magnet means and permit
_said switches to again become unoperated,
said switch means having two sets of switches each
including at least one of said reed switches and
being disposed at a different end of said pair of
magnetic material means, and
said permanent magnet and electromagnet means
being disposed between said two sets of switches.
6. In an electromagnetic reed relay adapted for low
profile packagmg, a combination comprising
a pair of pole pieces of magnetic material each being
parallel to and spaced from the other thereby
forming a gap therebetween,
at least one permanent magnet disposed across the
" gap and having its ends providing opposite poles
magnetically coupled to said pole pieces and flux
across the gap in a predetermined direction,
at least one electromagnet disposed across the gap,
and having coil means and a core of magnetic
material extending through said coil means paral-
lel to said permanent magnet and being magneti-
cally coupled at its ends to said pole pieces,
said permanent magnet, core and pole pieces provid-
- ing a-first flux path wherein said core shunts flux
provided by said permanent magnet in the absence
of flux opposing such shunting,
said coil being adapted for energization thereby
polarizing said core to provide flux across the gap
in the same direction as and opposing the shunting
of the permanent magnet flux,
. a plurality of magnetically operable reed switches
disposed parallel to and spaced from each other
" ‘across the gap and being unoperated when the per-
manent magnét flux is being shunted,
each of said reed switches having at least two reed
contact conductors each magnetically coupled to a
different one of said pole pieces,
said permanent magnet and said core providing with
said pole pieces coupled to said switches a second
flux _path for permanent magnet and electromag-
net flux to operate said switches when the shunting
of the permanent magnet flux is opposed,
said electromagnet being disposed adjacent one of
said switch sets, and another electromagnet
disposed between said spaced switch sets and ad-
* jacent the other of said switch sets,
said permanent magnet being disposed between said
two electromagnets, and
said plurality of reed switches being disposed in two
sets parallel to and spaced from said permanent
magnet and electromagnets each at a different end
of said pair of pole pleces, and with said pole
pieces all being disposed in 'a single common
plane.
7. The relay in accordance with claim 6, and
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12

said cores of said two -electromagnets having
remanent characteristics and providing remanent
flux blocking the shunting of the permanent mag-
net flux for magnetically latching said switches
when said coil means of said two electromagnets
are de-energized while said sthches are operated,
and

said coil means of said two electromagnets being
adapted for reverse energization for causing said
latched switches to become unoperated.

8. In an electromagnetic reed relay adapted for low

profile packaging, a combination comprising

a pair of pole pieces of magnetic material each being
parallel to and spaced from the other thereby
forming a gap therebetween,

at least one permanent magnet disposed across the
gap and having its ends providing opposite poles
magnetically coupled to said pole pieces and flux
across the gap in a predetermined direction,

at least one electromagnet disposed across the gap,
and having coil means and a core .of magnetic
material extending through said coil means paral-
lel to said permanent magnet and being magneti-
cally coupled at its ends to said pole pieces,

said permanent magnet, core and pole pieces provid-
ing a first flux path wherein said core shunts flux
provided by said permanent magnet in the absence
of flux opposing such shunting,

said coil being adapted for energization thereby
polarizing said core to provide flux across the gap
in the same direction as and opposing the shunting
of the permanent magnet flux,

a plurality of magnetically operable reed switches
disposed parallel to and spaced from each other
across the gap and being unoperated when the per-
manent magnet flux is being shunted,

each of said reed switches having at least two reed
contact conductors each magnetically coupled to a
different one of said pole pieces,

said permanent magnet and said core providing with
said pole pieces coupled to said switches a second
flux path for permanent magnet and electromag-
net flux to operate said switches when the shunting
of the permanent magnet flux is opposed,

said permanent magnet being disposed adjacent one
of said switch sets and another permanent magnet
disposed between said switch sets and adjacent the
other of said switch sets,

_said electromagnet being disposed between said two

permanent magnets, and

said plurality of reed switches being disposed in two
sets parallel to and spaced from said permanent
magnets and electromagnet each at a different end
of said pair of pole pieces, and with said pole
pieces all being disposed in a single common
plane.

9. The relay in accordance with claim 8, and

said core having remanent characteristics and
providing remanent flux blocking the shunting of
the permanent magnet flux for magnetically
latching said switches when said coil means is de-
energized while said switches are operated, and

said coil means being adapted for reverse energiza-
tion for causing said latched switches to become
unoperated.



