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ABSTRACT

A switch which is magnetic pole insensitive is described. The switch includes a
Hall effect sensor coupled to a threshold circuit which provides an output signal
indicative of the proximity of magnet, and hence a magnetic field, to the Hall effect

sensor regardless of the orientation of the magnet to the Hall effect sensor.
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MAGNETIC POLE INSENSITIVE SWITCH CIRCUIT

This application 1s a divisional application of Canadian Serial No. 2,343,409 filed

September 3, 1999.
FIELD OF THE INVENTION

The present invention relates to switches and more particularly to switches which are

responsive to magnet fields.

Nt

iy
BACKGROUND OF THE INVENTION

As 1s known 1n the art, there exists a relatively large number of commercially available

devices having a base or stationary portion and a movable cover or door portion which include

a magnet. For example, telephones, cellular telephones, notebook of laptop computers and

refrigerators include magnets in the moveable door or cover portions. The covers are typically

. opened and closed and, in some cases, the magnets provide a magnetic force which maintains

the cover or door 1n a particular position (e.g. a closed position).

Such devices can also include detectors or sensors which indicateé when a door or cover.
1S 1n an open or a closed position. For example, cellular telephones (cell phones) which are
provided as so-called “flip phones,” include a base and a cover or “flip" portion. The cover
has 2 magnet disposed therein. Disposed in the base portion of the cell phone is a sensor.
When the cover is closed, the magnet is disposed over the sensor and the sensor detects the
presence of the magnet's magnetic field. In response to the magnetic field, the sensor provides
a signal which indicates that the cover is closed. Slmxlar]y, when the cover is open the

magnet (and hence the magnetlc freld) 1s removed from the sensor and the Sensor provides a

signal indicating that the cover is open.

In some applications, the sensor is proyided as a Reed switch. The Reed switch 1S a
mechanical type switch comprised of an evacuated glass tube having a series of metal fingers
disposed therein. Ih response to the presence a magnetic field, the metal fingers are in
mechanical contact thus providing a signal path having a short circuit impedance characteristic
between the input and output terminals of the switch. Likewise, in the absence of a magnetic
field, the mechanical fingers are not in contact thus providing a signal path having an open

circuit impedance characteristic between the input and output terminals of the switch.
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Reed swrtches have the advantage that the switch operates regardless of the orientation

of the magnet with respect to the switch. That is the Reed switch need not be oriented in a
particular manner with respect to the poles of the magnet. This allows for easy replacement

of the magnet or the Reed switch since there is no: physical relationship between them.

One problem with the Reed switch approach, however, is that the Reed switch is

- relatively large and expensive when compared with semi-conductor type switches. Also, the

Reed switch is a mechanical type switch and thus is not as reliable as a solid state device.
SUMMARY OF THE INVENTION

In view of the above problems with the prior art approach it has, in accordance with

the present invention, been recognized that it would be desirable to provide a replacement for -

'mechanical type-switches such as Reed switches. |
15

One problem with using a semiconductor switch in place of the Reed switch, however
is that semiconductor devices, ‘which include elements such as a Hall element, must be aligned B
in a particular manner w:th respect to -the‘north and sonth peles of the magnet. If the rnagnet |
and Hall element are not properly oriented (i.e. the appropriate ends of the Hall element are
not ahgned with the anpropriate magnetic poles) then the semiconductor switch will not operate
correctly. This leads to difﬁcutties when it becomes necessary to replace the magnet or the
semiconductor switch. For exatnple; if a magnet must be replaced and neither the magnet nor
the Hall element or switch are somehow coded S0 that it is known which end of the tnagne't

to place at which end of the Hall element, then it is necessary (o proceed by trial and error to

‘determine how to install the replacement parts.’

It would, therefore, be desirable to provide a reliable magnetic pole insensitive switch

which can serve as a "drop-in" replacement for mechanical type switches such as Reed

switches.
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It would also be desirable to use a semiconductor switch including a Hall effect element -

as a drop in replacement for a Reed switch type device, however this requires the Hall element

to be insensitive as to whether a north pole or south pole 1s being sensed.

In accordance with the present invention, a sensor for sensing an article which provides
a magnetic field includes a magnetic-field-to-voltage transducer for generating at an output
thereof a first signal voltage having a signal voltage level which is proportional to a magnetic
field having a first polarity and a second signal voltage having a signal voltage level that is
proportional to a magnetic field having a second different polarity and a window comparator
having an input port coupled to the output port of the magnetic-field-to-voltage transducer to
receive the first and second signal voltages and to provide an output signal having a first value
when the article 1s within a first predetermined distance of the magneticeﬁeldéto-voltage
transducer regardless of the polarity of the magnetic field. With this particular arrangement,

a drop n replacement for a Reed switch type device which is insensitive as to whether a north

' pole or south pole is being sensed is proﬁded. By providing the comparator as a window or

symmetrical comparator (i.e., a comparator having the same switching point for positive and

negative magnetic fields) the sensor operates correctly regardiess of the orientation of the

magnet relative to the magnetic-field-to-voltage transducer.

In accordance with a further aspect of the present invention, a switch includes a Hall
element and a threshold detector circuit having a substantially similar switching point for
positive and negative magnetic fields. With this particular arrangement, a switch which
utilizes a Hall effect device can operate correctly regardiess of the orientation of the magnetic
poles with respect to the Hall device. In one embodiment, the threshold circuit is provided as

a comparator circuit,
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In accordance with a further aspect of the present invention, there is provided a

cellular telephone comprising:

a base;

a cover having a first end movably coupled to said base and a second end;

a magnetic article disposed' in the second end of said cover, said magnetic article
having a first pole and a second pole; and

a switch disposed in said base, said switch comprising:

a sensor for sensing the magnetic field of the magnetic articlé, said sensor for
generating a first signal voltage having a signal voltage level which is proportional to a

magnetic field having a first polarity and a second opposite signal voltage having an opposite

‘ signal voltage level that is proportional to a magnetic field having a second different polarity;

and
a comparator coupled to the sensor to receive the first and second signal voltages and

to provide an output signal having a first value when said magnetic article is within a
predetermined distance of the sensor regardless of the polarity of the magnetic field.

In accordance with a further aspect of the present invention, there is provided a device
comprising any device or apparatus which uses a magnetic device in conjunction with a

movable portion:

a base;

~ an element movably coupled to said base;

a magnetic article disposed in a selected one of said base and said element; and

a switch disposed in the other one of said base and said element, said switch
comprising:

a sensor for sensing the magnetic field of the magnetic article and for generating a first
signal having a signal level proportional to a magnetic field of a first polarity and a second

signal having an opposite signal level proportional to a magnetic field of a second different -

polanty; and
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a comparator coupled to the sensor to receive the first and second signals and to
provide an oufput signal having the same value when said magnetic article is within a
predetermined distance of the sensor and the magnetic field of the magnetic article has the
first polarity as when the magnetic article 1s within a predetermined distance of the sensor and
the magnetic field of the magnetic article has the second different polarity.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing features of this invention as well as the invention itself may be more

fully understood from the following detailed description of the drawings, in which:
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FIG. 1 is a block diagram of a cellular telephone including a magnetic pole insensitive

switch in accordance with the present invention;

FIG. 2 is a block diagram of a magnetic pole insensitive switch;

FIG. 3 is a schematic diagram of a comparator,

FIG. 3A is a plot of window comparator input voltage versus output voltage;

FIG. 4 is‘asschematic diagram of a switch circuit utilizing a comparator;

FIG. 4A is a plot of voltage versus magnetic field; and

FIG. S is a schematic diagram of a switch circuit including a magnetic-field-to-voltage

transducer.

DETAILED DESCRIPTION OF THE INVENTION
The following description sets forth an exemplary embodiment in which the present
invention may be used. Specifically, certain reference 1s made below to a cellular telephone
(cell phone) application. It should be understood, however, that the present invention finds
use in a wide variety' of applications and devices and 1s not hmited to the exemplary
embodiment described below. For example, the invention may be used in any device or
apparatus which uses a magnetic device in conjunction with a movable portion such as a

movable cover or door including cellular and non-cellular telepheones, notebook or laptop

computers and refrigerators.

Referring now to FIG. 1, a cellular telephone (cell phone) 10 includes a base portion
12 having a first end of a cover 14 movably coupled thereto. In this particular example, the
first end of the cover 14 is movably coupled to the base 12 through a rotatable joint 16. Those

of ordinary skill in the art will recognize of course that any coupling device or means which

allows the cover 14 to move with respect to base 12 maybe used in place of rotatable joint 16.

Disposéd In the second end of the cover 14 1s a magnetic article 18 such as a magnet.
The magnet 18 has a first pole 18a and a second pole 18b. Depending upon how the magnet
18 1s disposed in the cover 14 the first pole 18a may correspond to a north or south pole of the

magnet and the second pole 18b will correspond to the other pole of the magnet.
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‘Disposed in the base 12 is a semiconductor switch 20 ’which_ operates regardless of the
orientation of the magnetic poles of magnet 18. One possible embodiment of the switch is
described in detail below in conjunction with FIGs. 2-5. Suffice it here to say that switch 20

includes a sensor for sensing the magnetic field of the magnet 18 and a threshold detection

circuit or comparator.

The transducer provides a transducer output signal having a signal level which varies
depending upon the orientation of the magnet 18 to the sensor. Thus, the transducer generates
a first signal voltage having a signal voltage level which is proportional to a .magnetic field
having a first polarity and a second opposite signal voltage having an opposite signal voltage
level that is proportional to a magnetic field having a second different polarity. In one

embodiment, the transducer may be provided as a magnetic-field-to-voltage transducer.

- Switch 20 also includes a comparator coupled to the transducer to receive the first and

second signal voltages and to provide an output signal having a first value when the article is

~ within a first predetermined distance of the magnetic-field-to-voltage transducer regardiess of

the polarity of the magnetic field. Thus, when the cover 14 1s open the magnet 18 is displaced
from the switch 20 and the switch 20 provides a switch signal having a first predetermined
signal level regardless of the orientation of the magnet 18 wath respect to the switch 20.

Simila.rl,y, when the cover 14 is closed the magnet is proximate the switch 20 and the switch. |
20 provides a switch sx;gnal having a second predetermined signal level regardless of the

orientation of the magnet 18 with respect to the switch 20,

The signal provided by switch 20 merely indicates whether the cover 14 1s open or
closed. Thus, when the cover is open, the switch provides a first signal having a first value

and when the cover 14 is closed, the switch 20 provides a second signal having a second

different value.
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The signals provided by the switch 20 are coupled to a control circuit 22. The control
circuit 22 implements, or causes to be implementéd‘,” certain functions depending upon the
position of the cerr 14 (i.c; depending upon whether the cover 14 is open or closed). For,‘
example, when the cover is closed, switch 20 provides a signal. to control circuit 22 so

5 indicating and control circuit 22 may cause cell phbne 10 to operate in a power saver mode.

‘ Referring now to FIG. 2, the switch 20 1s shown to include a Hall effect device 30
coupled to a comparator 32. In accordance with the present in v\.entio'n, the Hall effect device

30 functions with the comparator 32 to provide proper operation regardless of the orientation

10  of the magnet 18 with respect to the Hall effect device 30.

The Hall effect device 30 acts as a magnetic-field-to-voltage transducer which generates
at outpui terminals 31a, 31b a first signal voltage having a first signal voltage level which .is
promrtiona] to a maghétic field having a first polarity and a second signal voltage having a

15 second Signal voltage 1eve1 that is proportional to a magnetic field having a second different |

polarity. The comparator 32 receives the signals on terminals 31a, 31b.

It will be appreciated by those of ofdinary skill in., ihe art that other magnetic-field-to- -
~vbltage transducers may be used ' As one example, the Hall effe’ct device 30 may be replaced
20 with a magneto-resistive bndge, inclpdin_g a magnetd—rcsiStive 'elemént and a bnidge
‘ configuration, such as a Wheatstone bridge. The magneto-resistive elem:ant 1S a resistive
device, such as a metallic thin film resistor, having a resistance that changes depehdin g on the
angle between the flux and the device. More particularly, the magneto-resistive element senses

flux parallel to the plane of the device and normal to current flow.
25 ' | '

The comparator 32 provides an output signal having a first value when the magnet 18
\ is within a first predetémlined distance of fhe Hall effect device 30 regardless of the polarity of the
magnet 18 vThé comparator 32 provides an output signal having a second different value when
the magnet 18 is not within the first predetermined distance of the transducer 30 .regardless of

30 the polarity of the magnet 18. Thus, regardless of whether the second end 18b of magnet 18
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is a north or a south pole, the switch 20 pro'vides a signal indicating whether the magnet 18 -

1S proximate the sensor 14, Thus, the switch 20 provides, for example an mdicatlon of

whether the cover 14 (FIG. 1) 1s opened or closed.

5 Referring now to FIG. 3, a comparator circuit 35 has a plura]ity of terminals, 35a-35e,

and includes first and second comparators 36, 38. The comparator 36 has a first terminal
- 36a coupled to a first reference voltage Vqy at terminal 35a, a second input terminal 36b

coupled to an input volltage Vi at terminal 35b and an output terminal 36¢ coupled to
comparator circuit output terminai 35d where an output voltage Vg is provided." A reference

10  voltage, Vg is coupled to terminal 35e and provides a reference voltage to comparators 36,

38.

A\

- The comparator 38-includes a first input terminlal 38a coupled at input port 35b to the
. iriput voltage V,y and a sec.ond- input terminal, 38b, coupled to a threshold voltage Vg, at
‘, 15 terminal 35¢. An output'terminal 38c of comparator 38 is coupled to provide the output
voltage Vg, at the output termina] 35d. | '

In this paiucular embodlment comparators 36, 38 are provided having a means for
including hysterems such that the reference or threshold voltages Vo, Vo can be represented '
20 as Vqu, and Vg and Vo, and Vo, respectively. The values Viias Y, Ve Voo represent

the comparator sWi_tch*poin_ts depending upon the value of the output voltage Vgyr. As
“indicated in FIG. 3A, once the output voltage V1 switches (e.g. fr_om a high'level to o low .
level), then the switch point changes from Vo, to V.,-,.,_.' Likewise, onoe the ootput' voltage
Vour SWitches from a low level to a high level, then the switch point ehanges from Vg to

25  Voga

As can be seen in FIG. 3A, the same holds true as the input volmge. V,y assumes
negative voltages (i.e. voltage values on the left hand side of the Y-axis in FIG. 3A). That

is, once the output voltage Vour SWitches then the switch point changes from -V, 0 -V, and
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vice-versa depending upon whether the output is switching from low to high or from high to -

low.

If the output voltage V,,, is high and the input voltage V| has a value greater than or
equal to zero, when the input voltage V), meets or exceeds the voltage V., the output
voltage switches feqm a value of Viygy to V4w and the switch point changes from Vay, to Vi,
. Thus the value of the output voltage Vg r will not switch from Vg, to Va4 until the input

voltage V,, reaches the value Vp,..

It should be appreciated that in other embodiments and applications it may be

preferable to utilize comparators which do not have hysteresis and thus switching occurs at a

single voltage level, namely V.

In operation, and with reference now to FIG. 3A, the input voltage V,, 1s generated
In response to a magnetic field being provided to and removed from a magnetic field sensing
device which senses the magnetic field and provides a corresponding signal in response
thereto.  As discussed above in conjunction with FIG. 1, such a magnetic field could be

provided from the opening and closing of a cover having a magnetic article provided therein.

If the magnetic field sensing circuit is provided as a Hall device, a signal voltage is

provided. Assuming the input voltage V, is at or near zero volts (i.e. V. = 0 volts), the
output voltage V- 1s at a first predetermined voltage level V,;., which may correspond for
example to a so-called transistor-;transistor-logic (TTL) high voltage level. In response to a
magnetic field, the Hall device provides either a positive or a negative input voltage V. If

the 1nput voltage provided by the Hall device moves in a positive direction from zero volts

toward the threshold voitage, V., when the threshold voltage meets and/or exceeds the
threshold voltage level Vq,,, then the output voltage V, changes from the predetermined
signal level, Vyqy to a second predetermined voltage level V,,,, which may correspond for

example to a so-called TTL low voltage level. When the input volﬁge moves past the
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threshold Qolta_ge Vo in a negative-going direction, the output voltage changes from Viow

- back to Vian.

| Like;wise, as the input voltage moves in & negative direction from zero volts and
5 reaches and/or exceeds the threshold voltage -V ., the output vpltage Vgt changes from the

ﬁrst value Vyou tovthe second value V oy, Similarly, as the input voltage Vin moves from -

Vn.+ and reaches and/or exceeds the voltage ievel -V, the voltage level then changes from

the output voltage level V oy 10 Vigan .

10 Refen-ihg now to FIGs. 4 and 4A, a switching circuit 40 includes a sensing and‘ control

| circuit 44 which includes 2 magnetic field detection ClI‘CLllt 46 COUpled to a comparator circuit
48. Comparator cn'cmt 48 can include the necessary c1rcu1try (e.g. bias cu'cuxts) to prov:de
an appropriate control signal to the control terminal of a switch 50 in response to signals

R provided from the magﬁctic field détection circuit 46. In one cmcodiment, the magnetic field

15 detection circuit 46 may include a Hall element which provides an output voltage signal in
response to the presence or absence of a magnetic ﬁeld In this.-particular embodiment, the

- output of comp arator 48 is fed to the sw1tch 50 through an’ optional inverter czrcmt 51..Inverter
circuit 51 is here mcluded to maintain the consistency between the logic implemented by the

| ~ circuit of FIG. 4 and the logic implemented by the cxrcuxts of FIGs. 3. and 5 In an effort to -
20 sxmpley the correspondmg descriptions of each of the fij gures. |

The sensing and control circuit 44 provides a comparator output signal at terminal 44a
to a control terminal 50a of a.switch 50. In this embodiment, the switch 50 is shown as a

transistor and in particular is shown as & bi-polar junction transistor (BJT). In this case, the
25 control terminal 50a corresponds to a base terminal of the switch 50. A second terminal '
. 50b of the switch 50 is coupled through a resistor 52 to a power supply 54 and to an output
terminal 40a. A third transistor terminal 50c is coupled to a first reference potential here

con'espondm g to ground. It should be noted that although the switch 50 is here shown
as a BJT those of ordmary skill 1n the art will appreciate that other types of
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traﬂs:stors may also be used, For example, In some embodxments it may be preferable to use °
a ﬁeld effect transistor (FET). '

Depending ‘Upon the proximity of a magnetic article to the magnetic detection circuit,

S the output signal provided.at the output terminal 40a has one of a first and a second voltage
level. When thé magnetic field detection circuit 46 senses a strong magnetic field (such as
‘would be the case, for example, with the cover 14 in FIG. ! in the closed positibn), the

comparator 48 provides a first or high signal voltage at control terminal 50a and thus biases
the switch 50 into its conductive state. In its conductive state, the switch 50 provides a signal

10 path having a relatively low impedance characteristic between the second and third transistor
terminals 50b and 50c and thus causes the output voltage V our at the output terminal 40a to be a

. low voltage.

| Similaf_ly, with the cover open, magnetic field df;tgction.circhit 46 senses a relatively
15 weak magnetic field and the comparator 48 provides a low_ signal voltape at the control
| tcrminz;l 502 and thns biases switch 50 into its non-conductive state. In its non-éonductixie
state, the switch 50 provides a signal path having a relatively high impedance characteristic '
between the second and third transistor terminals 50b and 50c and thus causes the 6ufput volage .
Vour at ouput terminal 40a to be a high Voltage. |
Referring briéﬂy to FIG. 4A, the output voltage Vqyy vs. the magnetic ﬁeld. strength
B is shown: As can be seen from the pl'ot of FIG. 4A, when the streﬁgth of the magnetic field
B reaches an operatm g point level, Bo,. the output voltage err maintains a low sxgnal level
| and when the magnetic field level reaches a relcase point level, Bgp, the output voltage Vour
‘25 reaches a high signal leyel- It should thus be noted that the sensing and control circuit 44 in
| combination with switch 50 provide the appropriate signal levels regardless of whether the
magnetic field 1s a posi;i\?e field or a negative field-(i.e., a‘ north or a south pole). Thus, as
shown 1n Tables 1 and II below, the switching circuit 40 provides the correct siénal to the

coatrol circuit 22 (FIG. 1).
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TABLE I

COVER COMPARATOR TRANSISTOR -
POSITION OUTPUT STATE - Vo
CLOSED LOW | ON LOW
OPEN HIGH - OFF HIGH

Table I shows that when a magnetic field is detected, the comparator 48 provides a
signal which biases the transistor 50 into its conductive state (i.e. the transistor is ON). This
results in the signal level of the signal V,,r being low. Similarly, when no magnetic field is
detected, the comparator 48 provides a signal which biases the transistor 50 into its non-
conductive state (1.e. the transistor is OFF). This results in the signal level of the signal V.
being high. It should be noted that column of Table I labeled “Comparator Qutput” refers to

the output of the comparator 48 prior to the inverter circuit.

Referring now to FIG. 5 ,' a switch circuit 58 includes a magnetic-field-to-voltage
transducer provided from a Hall element circuit 60 and a comparator 62. In this particular

embodiment, the Hall element circuit 60 has a pair of outputs connected differentially to a pair

of input terminals 62a, 62b of a window comparator 62.

The Hall element 60 is mounted such that the Hall voltage increases or decreases based

upon the proximity of a magnet (not shown) to the Hall element 60. Alternatively, the

detector circuit of FIG. 4 may be used to detect articles that themselves are magnetized.

The Hall voltage signal is manipulated by the window comparator circuitry 62 to

produce an output signal V., which provides an indication of whether any magnetic particle

1s within a predetermined distance of the Hall element 60.
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The differential input signal is cohplcd through a filter and level shifter circuil 64, It
should be appreciated that in an alternative emquimént the filter and level shifter circuit 64

could be b’rovidéd as part of the Hall element circuit 60 rather than as part of the comparator

circuit 62, The appropriately filtered and jevel shifted signals are coupled from the filter and

5 level shifter circuit 64 to respective anes of differential pair dirjcuits 66a, 66b.

15

20

2D

Each of the-differential pair circuits 66a ‘61‘ 66b, are provided to accept signals
genératﬁd by the interaction of Hall circuit 60 with a respective one of the north or south pblcs -

‘of a magnet. 'As shown in Table II, the relationship of the magnet polarity to the Hall effect

10 device (i.e. the orientation of the north and south magnet poles with Tespect to the Hall device) -

determines the output values provided by each the two differential pair circuits.

The ;)htput signals provided by the differential pair circuits 66a, 66b are fed to respective
ones of output amplifier stages 68a, 68b. The output amplifier states 68a, 68b convert the
differential voltage provided from differential pair circuits 66a, 66b into a single ended voltage
which drives the inverter circuit 70. Those of ordinary skill in the art appreciate, however, that
inverter circuits can be driven with single or differential lines. Those of ordinary skill in the art
will also appreciate when it is preferable to drive an inverter circuit ﬁith differential lines rather

than a single line.

The si gnals are then fed to an mverter ci:cuit 70 which is coupled to the output port 62¢ )

’ of the comparator 62, Comp arator circuit 62 also includes a circuit 76. which includes a phurality

of current sources which provide control signals to differential pair circuits 66a, 66b and to.
output amplifier stages 68a, 68b. | '

A temperature and voltage compensation circuit 80 includes a plurality of current sinks |

72a — 72¢ which allow the comparator 62 to operate properly while withstanding a relatively =

- wide range of voltage and temperature changes.
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This is particularly important in devices, such as cell phones for example, in which the -
nofmal operating voltage of the device is relatively low (to conserve battery power and to
operate in a power conservation mode, for example). Such low normal operating voltages
cdmbincd with varying temperature ranges and variations due to standard manufacturing
processes used to fabricate circuits, make it relatively difficult to maintain switch points of
comparator 62. ~T0”ovefcome difficulties, a comparator bias circuit 80 allows the comparator

62 to withstand ldw voltagés which chénge by plus and minus 20%. To maintain the switch

points of comparator 62 fixed over this relatively wide range of voltages, the comparator bias

~ circuit 80 provides compensation signals to comparator 62 to allow the. comparator 62 to

operate over a wide range of voltage, temperature and process variations.

The dash line 81 between the current source 72¢ and the output tcrrmnal 62c indicates

that the output controls the current source 72c. A first output level causes cuxrent source 720

to produce a relatively low current and a second different output level causes 31gnal source T2

to produce a relatively hlgh current.

As discussed above 1n conjunctlon with FIGs. 3 and 3A and as implemented in the
circuit of FIG. 5, 1f an input voltage from the Hall circuit 60 is equal to zero volts and is
mcre;asmg in a positive direction, then the output voltage Vour switches once the voltage level

reaches and/or exceeds the threshold voltage Vo, thereby causing the output voltage Voyr to

- go low (i.e. assume a voltage level of Vigy). Depending upon whether the output‘voltage

Vour 18 high or low, a differential voltage drop exists across one of the resistors R3 or R4

which are coupled to source 72c. Thus, controllmg the current source 72c changes the valie

which causes the differential voltage drop across either resistor R3 or R4 and causes the switch

25 point to be changed from Vus to V. or vice-versa (and similarly causes the switch points to be

changed from ~Vps to —Vrr-).

Table I1 below shows the output signal' \;alue Vour and the operation of the differential

pair comparator circuits 66a, 66b with respect to the magnetic field characteristics.
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TABLE II
MAGNETIC FIELD DIFE.  DIFF.  COMP.

PAIR #1 PAIR#2 OUTPUT  Vour

RELATIVE V,, POLARITY

STRENGTH

STRONG SOUTH  POSITIVE ON OFE LOW  LOW
WEAK SOUTH POSITIVE OFF OFF HIGH  HIGH
WEAK NORTH NEGATIVE OFF OFF HIGH  HIGH

STRONG NORTH NEGATIVE OFF ON LOW LOW

As noted above the comparator 62 1s symmetrical and thus (as illustrated in FIG.

3A) there is the same switching point for positive and negative magnetic fields.

The symmetrical comparator 62 of the present invention provides several advantages

10 including: similar operation for both polarities of a magnet and operation which is

independent of power supply voltage.

The comparator 62 and the bias circuit 80 may be implemented as a single
integrated circuit to thus provide a relatively compact semiconductor switch circuit which is

15 magnetic pole insensitive.

Having described preferred embodiments of the invention, one of ordinary skill in
the art will now realize further features and advantages of the invention from the above-
described embodiments. It should be understood, therefore, that the foregoing is only

20 1llustrative of the principles of the invention and that various modifications can be made by

those skilled in the art without departing from the scope and spirit of the invention.
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Accordingly, the invention is not to be limited by what has been particularly shown and

described, except as indicated by the appended claims.
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WE CLAIM:

LA cellular telephone comprising:
- a base; '
‘a cover having a first end movably _coupi ed to said base and a second end;
a magnetic article disposed in the second end of said cover, said magnetic article
- having a first pole and a second pole; and
| a switch disposed in said base, said switch comprising:

a sensor for sensing the magnetic field of the magnetic article, said sensor for
generating a first signal voltage having a éi gnal voltage level which is proportional to a
magnetic field having a first polarity and a second opposite signal voltage having an
opposite signal voltage level that is proportional to a magnetic ; field haviﬁg a second
different polarity; and

a comparator coupled to the sensor to receive the first and second signal voltages
and to provide an output signal having a first value when said magnetic article is within a
pfedeter_mjned distance of the sensor regardless of the polarity of the magnetid field.

‘2. The cellular telephone of claim 1 further comprising a control circuit coupled to said

switch.

. 3. The cellular telephone of claim 1 whe_reih said sensor is provided as a magnetic-field-
to-voltage transducer which generates at output terminals a first si gnal voltage having a
first signal voltage level which is proportional to a magnetic field having a first polarity

:gnd a second signal voltage having a second signal voltage level that is proportional to a

magnetic field having a second different polarity.

- 4, The cellular telephone of claim 3 wherein said magnetic-—ﬁeld-to-voltage transducer is

a Hall element, and said comparator 1s a window comparator.

5. The cellular telephone of claim 4 wherein said comparator receives signals from said

Hall element and provides an output signal having a first value when said magnetic
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article is within the predetermined distance of said Hall -element regardless of the polarity
of said magnetic article with respect to said Hall element and provides an output signal

having a second different value when said magnetic article is not within the
predetermined distance ‘of said Hall element regardless of the polanty of said magnetic
article with respect to sard Hall element.

6. The cellular telephone Qf claim 5 wherein said comparator cempris es:

a first comparator having a first input terminal adapted to receive a first threshold
voltage, a second input terminal adapted to receive an input voltage from said Hall
element, and an output terminal coupled to an-output terminal of said switch; and

' a seeonci comparator heving a first mput terminal adapted to receive the input
voltage from said Hall element, a second input terminal adapted to receive a second

threshold voltage and an output terminal coupled to an output terminal of said switch. '

7. The cellular telephone of claim 6 wherein said first and second comp arators are each

provided with a means for including hystere31s

8. The cellular telephone of claim 6 wherein said switch farther comprises means for

changing a switch point of said first and second comparators.

9. A device comprising any device or apparates :Which uses a _niagnetic device in
- conjunction with a movable poi'tion: ' .

a base; .

an element movably eoup]ed to said base;

a magnetic article disposed in a selected one of said base and said element; and

a switch disposed in the other one of said base and said element, said switch
comprising; . | . ‘

a sensor for sensing'/ a- magnetic field of the magnetic article and for generating a
first signal having a signal level proportional to a magnetic field of a first polarity end a
second signal having an oppoeite signal level preponional to a magnetic field of a second
- different polarity; and | |
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‘a comparator coupléd to the sensor to receive the first and second -signals and to
provide an output signal having the same value when said magnetic article -is within a
predetermined distance of the sensor and the magnetic field of the magnetic article has
the first polarity as when the magnetic article is within a predeteﬁnjned distance of the.

sensor and the magnetic field of the magnetic article has the second different polarity.
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