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ABSTRACT

A switch which i1s 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 apphcatlon is a divisional apphcatmn of Canadmn 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 magnetic fields. | !

BACKGROUND OF THE INVENTION
As is known in the art, there exists a relatively large number of cornmcfcially available
devices having a base.or stationary portion and a movable cover or door portion which include
2 magnet. For example, telephones, cellular telephones, notebook or laptop computers and
'rcfrigcrators inclnde 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 in.a particular position (e.g. a closed position).

-Such devices can also include detectors or sensors nzhich 'indicaté when a door or coifcr.

1S In an open or closed posmon For example, cellular telephones (cell phones) which are

- pmwded as so-called “fhp phones,” include a base and a cover or “flip" pornon The cover'

‘_ | has a magnet dxsposed therein. Dlsposed in the base portxon of the cell phone iS a 'Sensor.
| When the cover is closed the magnet is dlSpOSed over the sensor and the scnsor detects the
presence of the rnagnet’s magneuC field. In rcsponse to the magnetic field, the scnsor provxdes
a signal which mdlcates that thc cover 1s closed. Similarly, when the cover is open, the
- magnet (and hence the magnettc field) 1s removed from the sensor and the SEnsor provzdcs a

sxgnal 'indicating that the cover is open.

ln some apphcatlons the sensor is provnded as a Reed switch. The Reed switch 1s a

mechanical type swnch compnsed of an evacuated glass tubc hav:mg a series of metal fingers

d1sposed therein. In response to the presence of a magnetlc field, the metal ﬁngers are in

mechanical contact thus providing a signal path havm g a shon circuit 1rnpedance charactenstic

between the xnput and output terminals of the switch, Likewise, in the absence of a magncnc

field, the mcchamcal fingers are not 1n contact thus providing 2 signal path having an open

circuit impedance characteristic between the input and output terminals of the,sthch. .
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Reed switches have the advantage that the switch opexfates regardless of the orientation -

of the magnet with respect to the switch. Thal 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 1s not as reliable as a solid state device.
10 , SUMMARY OF THE INVENTION

In view of the above problems with the prior art approach it has, in accordance with
-~ the present in vention, been recognized that it would be desirable to provide a replécement for

- mechanical type switches such as Reed switches. o

15 .

One problem with using a semiconductor switch in placé of the Reed switch, however
is that semiconductor devices, which include elements such és.a Hall element, must be éligned
In a particular manner with respect to the north and south\pole's' of the magnet. If the magnet
and Hall element are not properly oriented (i.e. the appropriate ends of the Hall element are
20 not aligned with the appropriate magnetic poles) then the semiconductor switch will not operate
- correctly. This leads to difficulties when it becomes necessary to replace the magnet or the
- semiconductor switch. For example, if 2 magnet must be.replaced and neither the magnet nor

the Hall element or switch are somehow coded so that it is known which end of the magnet
to place at which end of the Hall elemént, then it is necessary to proceed by trial and error to

25  determine how to 1nstall 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.
30
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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 iimludcs a magnetic-ﬁeld-tb—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 18

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 is within a first predetermined distance of the magnetic-field-to-voltage

transducer regardless of the polarity of the magnetic field. With this particular arrangement,

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

pole or south pol‘e' 1S being sensed 1S pro'vided.- 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 ma‘gnetic-ﬁeld-to-voltage transducer.

. In accordance with a further aspect of the present inve_ntion, 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- whi_ch.

utilizes a Hall effect device can operate correctly regardless 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
method of switching in a wireless communication device comprising the steps of:

) (a) sensing with a magnetic field sensing element a magnetic field provided by a
magnetic article having 5 first pole region and a second pole regioh wherein said magnetic
article has a ﬁst magnetic field polarity at the first pole region and a secbnd different magnetic .‘
field polarity at the second pole region; - - | -

(b) generating a sensor output signal having a signal level which is proportional to the

10 magnetic field sensed in step (a), wherein the sensor output signal has a first signal' direction
when said first pole region is proximate said magnetic field sensing element and a second
opposite signal direction when said second pole region is proximate said magnetic field
sensing element; |

(¢) comparing the sensor output signal to one of first and second threshold signal

15 levels; and _ | ' ' e

| ' (d) n reSpohse to.the sensor output signal level reaching or éXceeding the one of the

first and -second threshold signal levels, prm)iding an output signal having a first signal level
regardless of the direction of the sensor output signal. -

20 In accordance with a further aspect, the present invention seeks to provide a method of
" switching comprising the steps of: I |

| (a) sensing with a magnetic field sensing element a magnetic field provided by a
magnetic article having a first pole region on a first subsfantially 1flat surface and a second

pole region on said first surface wherein said magnetic article has a first magnetic field polarity
25 at the first pole region and a second different magnetic field polarity at the second pole
region,; '
(b) generaﬁng ét sensor output si gnal having a signal level which is proportional to the
magnetic field sensed 1n step (a), wherein the sensdr output signal has a first signal direction
‘when the first pole region is proximate said magnetic field sensing element and a second

30 0ppoSite signal direction when the second pole region is proximate said magnetic field

sensing element;
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(c) comparing the sensor output signal to at least one of first and second threshold

signal levels; and | .
5 (d) 1 response to the sensor output signal level reaching or exceeding the one of the
first and second threshold signal levels, providing an output signal having the same signal
level when the sensor output signal has the first signal direction as when the sensor output

signal has the opposite signal direction.

10 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. 5 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 is made below to a cellular telephone
(cell phone) application. It should be understood, however, that the present invention finds
use .'in a wide varicty' of applications and devices and is not limited to the exemplary
embodiment described below. For exﬁmple, the invention may' be used in any device or
apparatus which uses a magnetic device m conjunction with a movable portion such as a

movable cover or door including cellular and non-cellular telephones, hotebpok 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.

. Diéposed in the second end of the cover 14 is 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 1n 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 18a and 18b 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 1s proportional to a.magnetic field

having a first polarity and a second opposite signal voltage having an opposite sigria_l 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 ptoiride an output signal having a first value when the article is -

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

20

25

the polarity of the magnetic field. Thus, when the cover 14 1s open the magnet 18 is displaééd |

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 with respect to the switch 20.
Similarly, wheﬁ the cover 14 is closed the mégnet 1§ proximate the switch 20 and the switch‘ |
20 provides a switch signal havin g 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 is 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 provnded by the switch 20 are coupled to a control cu'cult 22 The control -
circuit 22 implements, or causes to be tmplemented certam tunctlons dependmg upon the
position of the cover 14 (1. e. depending upon whether the cover 14 1S open or closed). For,

example, when the cover 14 is closed, switch 20 provides a signal to control circuit 22 so

indicating and control circuit 22 may cause cell phone 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 invention, the Hall effect device
30 functions with the comparator 32 to provide proper operation regardless of the orientation

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

The Hall effect device 30 acts as a magnetic-field-to-voltage transd ucer which generates
at output terminals 31a, 31b a first mgna] voltage having a first signal voltage level which is
'ptoportlonal to a magneuc field having a first polarity and a second si gnal voltage having a
second signal voltage level that is proportional to a magnetic field having a second different -

polarity. The comparator 32 receives the signals on terminals 31a, 3 1b.

It will be appreciated by those of otdinary skill inv the art that other magnetic-'-ﬁeld-to-'
'voltage transducers may be used.  As one example, the Hall effect device 30 may be replaced
with a magneto-resistive bridge, mcludm g a magneto-reszsu ve element and a bridge

.conﬁguratton, such as a Wheatstone brid ge. The magneto-resistive element is a resistive
| device, such as a metallic thin film resistor, having a resistance that changes dep_ending on the
angle between the flux and the device. More particularly, the magneto-resi stive element senses

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

~ The comparator 32 provides an output-signal having a first value when the magnet 18
IS within a first predetermined distance of the transducer 30 regardless of the polarity of the
magnet 18. The 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

the polarity of the magnet 18. Thus, regardless of whether the second pole 18b of magnet 18;

\
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1s a north or a south pole, the switch 20 provides a signal indicating whether the magnet 18 is

proximate the sensor. Thus, the switch 20 provides, for example, an indication of whether the -

cover 14 (FIG. 1) is opened or closed.

5 ' Refen_ing now to FIG. 3, a comparator circuit 35 has a plurality of tefminals,BSa-BSe,
and includes firstand second and comparators 36, 38. The comparator 36 has a first terminal

~ 36a coupled to a first reference voltage VTH at terminal 352, a second input terminal 36b
coupled to an input voltage V,y at terminal 35b and an output terminal 36c coupled to

comparator circuit output terminal 35d where an output voltage Vo is provided. A reference

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

38.

- The comparator 38 mcludes a first mput terminal 38a coupled at mput port 35b to the
" input voltage V,, and a second input terminal, 38b coupled to a threshold voltage Vo, at
15 terminal 35c. An output terminal 38c of comparator 38 is- coupled to provide. the output

- voltage 'Vq,r-at the output termmal 35d.

Ip this particular embodiment, comparators 36, 38 are provided having a means for
 including .liysieresis sueh that the reference or threshold voltages Vo, Vo can be represented
. 20 ae Vs and Vo, and Vi, and Vo, respectivel y. The values Voy,, Vo Vo Voo represent

~ the comparator. switch points depending upon the value of the output voltage V. As
indicated .in FIG. 3A, once the output voltage V. switches (e.g. from a high leQel to a low .
level), then the switch poin't’ chengee from Vo, to Vi, .. Likewise,‘ once the output veltage
Yourt switchés from a low level to a high level, then the switch point 'chang‘es from V. to

25 Vo

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

1S, once the output voltage V switches then the switch point changes from -V, to -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

5 equal to zero, when the input voltage V,, meets or exceeds the voltage V.., the oufput
voltage switches -fegm a value of Vg to V,,y and the switch point changes from Vo, 10 Vo

. Thus the value of the output voltage V¢ will not switch from V, ,w to V6 until the input

voltage V,, reaches the value V..

10 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,y is generated
15 1inresponse 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 havin g a magnetic article provided therein. .

20 If the magnetic field sensing circuit 1s provided as a Hall device, a signal voltage is
provided. ‘AsSuming the input voltage V, 1s at OF near Zero volté (1.e. Vy = () volts), the
output voltage V,y is at a first predetermined voltage level V. which may correspond for
example to a so-called transistor-;transistor-logic (ITTL) high voltage level. In response to a
magnetic field, the Hall device provides either a positive or a negative input voltage V,y. If

25  the input voltage provided by the Hall device moves in a positive direction from zero volts

toward the threshold Qoltage, V+, when the threshold voltage meets and/or exceeds the
threshold voltage level V., then the output voltage V,r changes from the predetermined
signal level, Vyq, 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



10

15

20

25

CA 02562989 2007-05-17
A o 9
threshold voltage Vo, In a negative-going direction, the output voltage changes from Vyow

back to Vyan.

Likewise, as the input voltage moves in a negative direction from zero volts and
reaches and/or exceeds the threshold voltage -V, the output voltage V,;r changes from the
ﬁrst value V, gy tn..the second value V.. Similarly, as the input voltage V,, moves from -

.‘V,L+ and reaches and/or exceeds the voltage level -V, the voltage level thcn changes from

the output voltage level V oy t0 Vign -

Refen'ing now to FIGs. 4 and 4A, a switching circuit 40 includes a sensing and control

cxrcult 44 which includes a magnetic field detection circuit 46 coupled to 2 comparator circuit

48 Comparator circuit 48 can include the necessary cn'cmtry (e.g. bias c1rcu1ts) {0 provxde

an appropnate control mgnal to the control terminal of a switch 50 in response to st gnals

- provided from the magnetlc field detection circuit 46 In one embodunent the magnetic field

“detection circuit may mclude a Hall element which prowdes an output voltage signal in

response to the presence or absence of a magnenc field. In this. parncular embodiment, the

- output of comparator 48 is fed to the switch 50 through an optional inverter circuit 51. Inverter

circuit 51 is here included to maintain the consistency between the logic implemented by the
circuit of FIG. 4 and the logic lmplemented by the-circuits of FIGs 3 and 5 in an effort to

smlpllfy the corresponding descriptions of each of the figures.

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 i1s shown as a

transistor and in particular is shown as a bi-polar junction transistor (BJT). In this case, the
control terminal 50a corresponds to a base terminal of the switch 50. A second terminal 50b
of the switch 50 1s coupled through a resistor 52 to a power supply 54 and to an output
terminal 40a. A third transistor terminal 50c 1s coupled to a first reference potential, here

corresponding to ground. It should be noted that although the switch 50 is here shown as a
BJT, those of ordinary skill in the art will appreciate that other types of
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transistors may also be used. For example, in some embodimc;nts, it may be preferable to use °
a ﬁeld effect transistor (FET).

Depending upon the proximity of a magnetic article to the magnetic detection circuit,
the output signal provided at the output terminal 40a has one of a first and a second voltage
level. When thé tagnetic field detection circuit 46 senses a strong magnetic field (such as

would be the case, for example, with the cover 14 in FIG. 1 in the closed position), 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
path having a relatively low impedance characteristic between the second and third transistor
terminals 50b and 50c and thus causes the output voltage Voyr at the output terminal 40a to -

be a low voltage.

Similarly, with the cover open, magnetic field detect: on-circuit 46 senses a relatively

weak magnetic field and the comparator 48 provides a low signal voltage at the control

terminal 50a and thus biases switch 50 into its non-conductive state. In its non-conductive
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 output |

voltage Vouyr at output terminal 40a to be a high voltage.

Referring bnefly to FIG. 4A, the output voltage Vqoyr vS. the magnetic ﬁeld strength

B 1s shown: As can be seen from the plot of FIG. 4A, when the strength of the magnenc field

B reaches an operating point level, B, the output voltage V,; maintains a low signal level

and when the maghctic field level reaches a release point level, By, the output voltage Vo

reaches a high signal level. It should thus be noted that the sensing and control circuit 42 in
combination w.ith' transistor 50 provide the appropriate signal levels regardless of whether the -
magnetic field is a positivc field 6r a negative field (i.e., a' north or a south pole). Thus, as
shown in Tables I and II below, the switching circuit 40 provides the correct signal to the

control circuit 22 (FIG. 1).
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TABLE |

' COVER COMPARATOR TRANSISTOR N

CLOSED . LOW . ON - LOW
'y .

OPEN - ~ HIGH ~ OFF HIGH

Table I shows that when a magnetic field 1s detected, the comparator 48 provides a

'31gna1 which bidses the transistor 50 into its conductwe state (i.e. the transistor is ON). This
| results in the mgnal‘ level of the signal Vom,bemg low. Similarly, when no magnet;c field is
detected, the cornparator 48 provides a signal which biases the transistor 50 into its non-
10 -conductive state (i.e. the transistor is OFF). This results in the Signa] le\}ei of the signal Vou-r‘
being high. It should be noted that column of Table I labe]ed “Comparator Output” refers to |

the output of thc comparator 48 pnor to the inverter cn'cmt 51.

Referring now to FIG. 35, 2 switch circuit 58 includes a magnetic-field-to-voltage
15 transducer provxded from : a Hall element cxrcmt 60 and a comparator 62. In this partxcular o

embodiment, the Hall element CII'Cl.llt 60 has a pair of outputs connected dlfferentxa]ly to a pair

of mput .tennmals 62a, 62b of-a window comparator 62,

~ The Hali element 60 is mounted such that the Hall voltage increases or decreases ‘ba'sed '

20 upon the pI‘Olelty of a magnet (not shown) to the Hall e]ement 60. Alternatively, the-'

detector circuit of FIG, 4 may be used to detect artlcles that themselves are magnettzed

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

produce an output signal Vom which provides an indication of whether any magnetic particle

25 is-within a predetermined distance of the Hall element 60,
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* The differential input signal is coupled through a filter and level shifter circuit 64, It °
should Se appreciated that in an alterngtive embodiment the filter ahd level shifter circuit 64
couid be provided as part -of the Hall element circuit 60 rather than as pért of the comparator
circuit 62. The appropriately filtered ahd level shifted signals are coupled from the filter and

5 level shifter circuit 64 to respective ones of differential pair circuits 66a, 66b.

o N

k3
Each of the differential pair circuits 66a or 66b, are provided to accept signals

generated by the interaction of Hall circuit 60 with a respective one of the north or south poles

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 magnét poles with respect to the Hall device)

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

The output signals provided by the differential pair circuits 66a, 66b‘ are fed. to
' respective ones of output amplifier stages 68a, 68b. The output amplifier
15 states 68a‘ aﬁd 68b convert the differential voltage provided from differential pair circuits 664,
" 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 prcferablé to drive an
inverter circuit with differential lines rather than a single line.
20 ‘

The signals are then fed to an inverter circuit 70 which is coupled to the output port

62c of the comparator 62. Comparator circuit 62 also includes a circuit 76 which includes a

plurality of current sources which provide control signals to differential pair circuits 66a, 66b

and to output amplifier stages 68a, 68b.
25
A temperature and voltage compensation circuit 80 includes a plurality of current sinks

72a - 72c which allow the comparator 62 to operate properly while withstanding a rela'tively‘

wide range of voltage and temperature changes.
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. This is particclarly important in devices, such as cell phones for exampie, In which the °
normal Operatihg 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
"combined with varying terhpcrature ranges and variations due to standard manufacturing

5  processes used to fabricate circuits, makes it rclatively- difficult to maintain.switch points of
comparator 62. P overcome difficulties, a comparator bias circuit 80 allows the comparator

62 to withstand low voltages which change by plus and minus 20%. To maintain the switch -
points of comparator 62 fixed over this rclatively wide range of voltages, the comparator bias
~circuit 80 provides compensation sigﬁals to comparator 62 to allow the comparator 62 to

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

' The dashed line 81 between the cun'ent source 72¢ and the output termmal 62c indicates
that the output controls the current source 72c A first output level causes current source 72¢
to produce a relatively low current and a second different output Jevel causes mgnal source 72¢ .

15 to Ibroduce.a relatively high_cu_rrent. -

As discussed above in coﬁjimcti‘on with ‘FIGs; 3 and '%A and as implemented in the
| circuit of FIG. 5, if an input voltage from the Hall circuit 60 1s equal to zero volts and is
mcrcasmg in a positive direction, then the output voltage Voyr sthches oncc the voltage level
a 20 reaches and/or exceeds the threshold voltage V4 thereby causing the output voltage V1 to
‘ go low (i.e. assume a voltage level of Viow). 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, controllm g the current source 72 changcs the va]ue
whxch causes the differential voltage drop across either resistor R3 or R4 and causes the switch

25 point to be changed from Vg to V. or vice-versa (and similarly causes the switch points to be
chan ged from —Vp4+ to ~V1L).

Table II below shows thcoutput sigrial value V,r and the operation of the diffefentiai

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

- PAIR #1  PAIR #2 '

RELATIVE V,y POLARITY 72 OUTPUT — Vour
STRENGTH

STRONG SOUTH  POSITIVE ON OFF 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 ‘

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

magnetic pole insensitive.

Having described préferred 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
illustrative of the principles of the invention and that various modifications can be made by

those skilled 1n 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:

1. A method of switching in a wireless communication device comprising the steps of:

(a) sensing with a magnetic field sensing element a magnetic field provided by a
magnetic article having a first pole region and a second pole region wherein said magnetic
article has a first magnetic field polarity at the first pole region and a second different magnetic
field polarity at the second pole region;

(b) generating a sensor output signal having a signal level which is proportional to the

magnetic field sensed in step (a), wherein the sensor output signal has a first signal direction
when first pole region is proximate said magnetic field sensing element and a second opposite
signal direction when said second pole region is proximate said magnetic field sensing
element;

(c) comparing the sensor output signal to one of a first and a second threshold signal

level: and

(d) in response to the sensor output signal level reaching or exceeding the one of the
first and second threshold signal levels, providing an-output signal having a first signal level -

- regardless of the direction of the sensor output signal.

2. The method of claim 1 further comprising the step of:

(e) in response to the sensor output signal having a first signal level which is less than
the one of the first and second threshold signal levels, -providing an output signal having a
second different signal level regardless of the direction of the sensor output signal.

3. The method of claim 2 wherein, in response to the output signal changing from the ﬁrst
signal level to the second different signal level the method further comprises the steps of
changing a switch point of a threshold circuit from a first predetermined threshold level to a

second predetermined threshold level.

4. The method of claim 3 wherein the absolute value of the first predetermined threshold level

is greater than the absolute value of the second predetermined threshold level.
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5. A method of switching comprising the steps of; '
(a) sensing with a magnetic field sensing element a magnetic field provided by a

magnetic article having a first pole region on a first substantially flat surface and a second

pole region on said first surface wherein said magnetic article has a first magnetic field polarity

at the first pole region and a second different magnetic field polarity at the second pole
region; . - _

(b) generating a sensor output signal having a signal level which is proportional to the
magnetic field sensed in step (a), wherein the sensor output signal has a first signal direction
when the first pole region is proximate said magnetic field sensing element and a second
opposite st gﬁal direction when the second pole region 1s proximate said magnetic field
sensing element;

. (¢) comparing the sensor output signal to at least one of a first and a second threshold
signal level; and

(d) in response to the sensor output signal level reaching or exceeding one of the first and
second threshold signal levels, providing an output signal having the same signal level when the
sensor output signal has the first signal direction as when the sensor output signal has opposite

signal direction.

6. The. method of claim 5 further comprising the step of:

(e) in response to the sensor output signal having a first signal levél which 15 less than
one of the first and second threshold signal levels, providing an output si gnal having a

second different si gnal level regardless of the direction of the sensor outplit signal.

7. The method of claim 6 wherein, in response to the output signal changing from the first
signal level to the second different signal level the method further comprises the steps of -
changing a switch point of a threshold circut from a first predetermined threshold level to a

second predetermined threshold level.

8. The method of claim 7 wherein the absolute value of the first predetermined threshold

level is greater than the absolute value of the second predetermined threshold level. -
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