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(57) Abstract: Methods and apparatus for an integrated cir-
cuit that includes a supply voltage transient detection mod-
ule (102) to activate a hold output signal (HOLD_OUT) that
causes the output (109) to remain in its present state and to
activate ahold processing signa (HOLD_PROC) that causes
a signa processing module (106) to remain in its present
state. In one embodiment, the output remains in that state
until the supply voltage returns to a normal operating range
and the hold signal transitions to an inactive state.
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METHODS AMD APPARATUS FOR SUPPLY
VOLTAGE TRANSIENT PROTECTION

BACKGROUND

[00317 Asisknown in the at, integrated circuits (ICs) in apackage and/or circuit board
typically require aregulated supply voltage to enable operation. Voltage transients, such
as voltage drops, in aregulator output voltage, for example, can cause outputs and/or
signal processing cirojitry to reset or transition to unksiows processing states and/or
output states. For relatively minor transients, it saay be desirable to prevent areset ivom
occurring. For example, in certain applications, such asvehicle power systems, the
environment isinherently noisy. in addition, test protocols can require testing the
response of asensor and/or IC to supply voltage transients. In such environments, itis

undesirable to reset a sensor and/or IC for relatively minor voltage transients.

SUMMARY

[0002] Embodiments of the present invention provide methods and apparatus for an
integrated circuit that includes a supply voltage transient detection module to activate a
hold signal that causes the output to remain in its present state. In one embodiment, the
output remains in that state'until the supply voltage returnsto anormal operating range
and the hold signal transitions to an inactive state. With this arrangement, transient supply
voltage drops do not reset the output. While sxempiary embodiments of the invention are
shown and described in conjunction with certain types of ICs, it isunderstood that
embodiments of the invention are applicable to circuits in general for which it. Is desirable
to prevent supply voltage transients from resetting output signals and/or interrupthig

internal signal processing.

[0003] In one aspect of the invention, a sensor comprises aregulator voltage monitor
module to receive aregulated output voltage and transition afirst hold signal to an active
state when the regulated output voltage drops below afirst threshold and transition a
second hold signal to an active state when the regulated output voltage drops below a
second threshold, a signal processing module to receive the first hold signal from the
regulator voltage monitor module and hold processing in a state corresponding to atixe
the first hold signal transitions to the active state, and an output module for outpuzni ng a
sensor output signal, the output module to receive the second hold signal from the
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regulator voltage monitor modiie and to maintain a state of the sensor output signal at the

time the second hold signal transitions to an active state.

[0004] The sexxsor can further including one or more of die following features. the
regulator voltage monitor is configured to generate athird hold signal for the output
module to cause the output module to transition the sensor output signal to ahigh
impedance state, the third hold signal to transition to an active state when the regulator
voltage drops below athird threshold lower than the first threshold, the first and. second
thresholds are the same, aregulator to provide die regulated output voltage, the first hoid
signal remains in the active state until the regulated voltage signal rises above the first
threshold, the sensor resets when the regulated output voltage drops below areset
threshold voltage level, amagnetic field sensor, and/or asignal processing module
includes at least one counter that does sot change in value during atime in which the first

hold signal isin die active state,

[0005] In another aspect of the invention, asensor comprises aregulator voltage monitor
means to receive aregulated output voltage and transition afirst hold signal to an active
state when the regulated output voltage drops below afirst threshold and transition a
second hold signal to an active state when the regulated output voltage drops below a
second threshold, asignal processing means to receive the first hold signal from the
regulator voltage monitor means and hold processing in a state corresponding to atime the
first hols signal transitions to the active state, and an output means for outputting a sensor
output signal, the output module to receive the second hold signal .from the regulator
voltage monitor means and to maintain a state of the sensor output signal at the time the
second hold signal transitions to an active state. The sensor can further include an output

switch and/or signal processing means comprising amagnetic field sensor.

[0006] In afurther aspect of the invention, amethod comprises receiving aregulated
output voltage, transitioning afirst hold signal to as active state when the regulated output
voltage drops below a .first threshold, transitioning asecond hold signal to an active state
when the regulated output voltage drops below a second threshold, receiving the first hold
signal and holding signal processing in a state corresponding to atime at which the first

hold signal transitioned to the active state, receiving the second hold signal, and outputting
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asensor output signal for a sensor and maintaining a state of the sensor output signal

present at the time at which the second hold signal transitioned to the active state.

[0007] The method can flirther include ome or more of the following features. generating a
third hold signal to transition the sensor output signal to ahigh impedance state, tirethird
hofd signal to transition to an active state when the regulator voltage drops below athird
threshold lower than the first threshold, the first and second thresholds are the same, the
first hold signal ren.ai.ns in the active state until the regulated voltage signal rises above

the first threshold, the sensor resets whes the regulated. output voltage drops below areset
threshold voltage level, processing information from amagnetic field sensor; and/or the
signal processing includes at least one counter that does not change in value during atime

izt which the first hold signal isin the active state,

BRIEF DESCRIPTION OF THE DRAWINGS
[0008] The foregoing features of this invention, aswell asthe invention itself, may be

more fully understood from: the following description of the drawings in which:

[0009] FIG. 1 shows an exemplary integrated circuit having voltage supply monitoring in

accordance with exemplary embodiments of the invention;

[0010] FIG. 1A shows an aternative integrated circuit having voltage supply monitoring

in accordance with exemplary embodiments of di¢ invention;

[001%] FIG. 1B shows afurther alternative integrated circuit having voltage supply

monitoring in accordance with exemplary embodiments of the invention;

[0012] FIG. 2isatiming diagram of signals to provide voltage supply monitoring in

accordance with cxc.rn.pMy embodiments of the invention;

[00i3] FIG. 3isa schematic representation of an exemplary embodiment to generate hold
signals for voltage supply monitoring in accordance with exemplary erxibodinients of the

invention;

Lo
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[0314] FIG. 4 isan exemplary schematic representation of voltage supply monitoring in

accordance with exemplary embodiments of the invention; and

[0015] FIG, 5isan exemplary schematic implementation of voltage supply monitoring in

accordance with exemplary embodiments of the invention.

DETAILED DESCRIPTION

[0016] FIG.I shows an exemplary integrated circuit (IC) 100 having aregulator voltage
monitor module 12 coupled to aregulator 104 in accordance with exemplary
embodiments of the invention. The regulator 1{4 is coupled to a supply voltage signal,
such asa4V VCC signal, to provide aregulated voltage 105 b the regulator voltage
monitoring -nodule 132, asignal processing module 106, an output module 108, and other

circuitry requiring aregulated voltage.

[0G17] The regulator voltage monitor module 1{2 generates ahold processing signal 103
for the signal processing module 1{}6 and ahold output signa 1.07 for the output module
108, which provides the IC output signal 109. It isthe understood that the hold processing
signal 103 and the hold output signal 1{7 can be generated asdistinct signals having
different thresholds and/or timing, or can be essentially the same signal. In one
embodiment, the regulator voltage monitoring module 1{}2 generates an optiona high out
signal {11 for the output module 108. When the high out signal 1i1 goes active, the
output signal 109 goes to ahigh impedance state. In an aternative embodiment shown in
FIG. i A, the signal processing module 106" generates ahold output signal 112 and/or &

high out signal 11’ for the output module 1.08'.

[00i&] Itisunderstood that the regulator can be externa to the IC, as shown in FIG. IB.
in addition, it should be understood that some supplies, such asa battery, are sufficiently
stable without any explicit regulator circuitry.

[00i8] In general, exemplary embodiments of the present invention prevent atransient
drop in the voltage regulator output 1{}5from causing output errors. It Isunderstood that &
full reset may cause an output error ix many situations, hut preventing the reset doesn't
necessarily prevent output errors. It isfurther understood that apartial reset does not

always cause an error.
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[0020] If the voltage regulator output i05 drops below ahold threshold the regulator
voltage monitor module }{}2 transitions the hold output signal 1{}7 to an active state so that
the current output state of the output module 138 ismaintained until the voltage regulator
output 105 rises above the hold threshold or other threshold, as deterzniined by the
regulator voltage monitor module 1#2. The regulator voltage monitor module {}2 also
transitions the hold processing signal 103 sent to the signal processing module (6.
Processing in the signal processing module 16, which can include a state .machine, can be
maintained at the present state instead of resetting,, asin conventional sensors. By
preventing areset of the device due to arelatively minor voltage transient, signal
processing cas continue when the voltage regulator output 1{35 returnsto norma voltage
levels. If the voltage regulator output 135 drops further to below an optiona high
impedance threshold the high out signal 111 becomes active and the output module 18
transitions the output signal 109 to a high Impedance state.

[0021j FIG. 2,in conjunction with the diagram of FIG, 1, shows ar exemplary signal
diagram including aregulator output voltage signal Vregout (105) having atransient drop
TD. in an exemplary embodiment, when the regulator output voltage Vregout (105) fails
below afirst down threshold THH, the hold output signal HOLD__OUT (1{}7), which is
coupled to the output module 18, transitionsto an active state. The hold processing
signal H{QI D _PR{3IC (103), which can have the same or different threshold asthe hoid
output signal HOLD OUT, aso transitions to an active state. In response to the transition
of the hold output signa HOLD _OUT, the output module 1{}8 holds the output signal
OUT (1899) in its present state. While afurther and/or sustained drop ixn the voltage
regulator output Vregout (i105) below areset threshold THR will reset the device, which is
desired, transient voltage drops will not reset the device to allow continued operation as

the transient dissipates,

[0022] If the regulator voltage Vregout falls helsw asecond down threshold TH I, the
optional high out signal HI {3UT (111) isactivated to cause the output module 108 to
transition the output 139 to ahigh impedance state. Itisunderstood that without the

second down threshold TEY, the output signal OUT ‘would not go to a high impedance
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state, but rather, would remain in the state at the time the voltage regulator output Vregout
goes below the first down threshold THH.

[0023] A power valid POK signal isaso shown to indicate that the transient drop iz the
voltage regulator output 1{}5 should not reset the device. i the illustrated embodiment,
the POK signal does ot transition since the transient isnot significant enough to reset the
device. Ingeneral, avoltage drop below THE. wili reset the device. The threshold for
THE. should he set for avoltage drop of alevel and duration such that the internal circuit
states, e.g., avalue held in. a flip-flop, cannot hetrusted. This level and duration depends
on details of process and circuit implementation, aswill hereadily appreciated by one of

ordinary skill in the art,

[0024] Aiy exemplary DIFF signa, whick isdescribed below, isaso shown having adip

during the regulator output transient.

[0025] Itisunderstood that avariety of circuits well known to one of ordinary skill in the
art can be used to monitor and detect the voltage regulator output dropping below one or

more thresholds.

[0026] FIG. 3 shows an exemnpiary circuit to detect avoltage drop of dieregulator output
voltage Vregout below agiven threshold. A first comparator 300 receives the voltage
regulator output Vregout and avoltage VOLT THH set b the first down threshold 1'HH
(see FIG. 2), which defines the voltage below which the hold output signal HOLD _OUT
(187) should become active. The output of the first comparator 300 provides the hold
output signal HOLD OUT (}07) to the output module 1{i8.

[0027] Similarly, if the voltage regulator output Vregout drops below ahigh impedance
threshold VOLT __THL the output of a second comparator 302 transitions to activate ahigh
out signal HI {¥JT (111) causing the output module 188 to transition the output signal
109 to ahigh impedance state

[0028] A further comparator 304 can heused to generate aHOLD PROC signa (143)
that has adifferent threshold VOLT_THP than for the H{G3LD_C3UT signal. Asshown in

&
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FIG, 1, ahold output signal 1$7 isprovided to the output module 108 axd a boid

processing signa 13 isprovided to the signal processing module 16,

[0029] In other embodiments, transient voltage dropsin the regulator output voltage are
handled in & variety of ways. For example, ahold signal can he active for apredetermined
duration, an event, such asteeth counts, or the like. In another embodiment, further
processing of input signals, such as from magnetic sensor elements, e.g., Ha1 eements,
can be prevented. h: afurther embodiment, an oscillator in the signal processing module
can be held or ignored to hold a given logic state. Other embodiments can latch and hold
the output state, reduce the bandwidth Of an analog chain to filter transients, trigger a
recalibration to facilitate recovery from atransient event, perform afoil chip reset under
certain conditions, patialy reset the device, such asrecalibrating only the data potentially
affected, e.g., move thethreshold to asafer place until afew switches have past, return the
device to apreviously saved state, enable a watchdog-type feature that has no effect in
normal operation but recalibrates the sensor if aproblem condition isdetected, reduce Ice
b mitigate the severity of the regulator output transient, stop theoscillator to eiminate
digital currents, place analog circuitsin low power 'Sleep’ state, inform auser of low Vec
condition, change output levels, generate output pulses with predetermined error pulse

widths, modulates lee, and/or provide a specific error condition signal on the test pin,

[0030] FIG. 4 shows an exemplary sensor 400 having supply voltage transient protection
in accordance with exemplary embodiments of the invention. It isunderstood that the
sensor 400 is one particular embodiment  Of amagnetic sensor having transient protection.
Other sensor embodiments  having other signa  processing and output configurations with
inventive transient protection arewell within the scope of the invention.

[0031] A magnetic article detector 400 includes regulator voltage transient protection in
accordance with exemplary embodiments of the invention. A magnetic fi eld sensor 414
provides amagnetic field sensor signal 415 that isproportiona to an ambient magnetic
field. The detector 400 ispositioned in proximity to amagnetic article, for example a gear
12, so that the magnetic field sensor signal 416 isindicative of the profile of the magnetic
article 12. The detector 400 provides a detector output signal 438 indicative of the
magnetic article 1.2 subject to regulator voltage transient processing, as described herein.

Asthe gear 12 passes through the ambient magnetic field apulse train is generated

7
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indicating edges of the gear teeth 1Za-1Zn.

[0032] The detector 400 reduces phase error in the detector owuiput signal 438 occurring a
the transition from a power up detection mode to arunning detection mode and includes a
first circuit 424, herein referred to as the True Power On State (TPOS) detector, that is
responsive to the magnetic field sensor signal 416 to provide afirst output signal 428
indicative of the passing magnetic article {2 and a second circuit 426, herein referred to as
the running mode detector, that isresponsive © the magnetic field sensor signal 416 to
provide a second output signal 430 indicative of the passing magnetic article 12. The first
output signal 428 provides the detector output signal 43§ during afirst time interval and
the second output signal 430 provides the detector output signal 438 doring a second time

interval following the first time interval, aswill be described.

[0033] An Automatic Gain Control (AGC) circuit 420 adjusts the gain of the magnetic
field sensor signal 416 to provide a gain-adjusted version of the signal, referred to herein
asthe DIFF signal 418. Thus, in the illustrative embodiment, the running mode detector
426 ismmaovre directly responsive to the DIFF signal 41&, The TPOS detector 424 is
responsive to the AGC circuit 420 via asignal 422 for use in adjusting the TPOS threshold
signal, as described below.

[0034] A phase comparator, or detector 432 isresponsive to the first and second output
signals 428, 430 to provide aphase detector output signal, or control signal 436 indicative
of achange in the phase relationship between the first and second output signals and. an
output switch. 434 provides the detector output signal 438 in the form of the first output
signal or the second output signal iz response to the control signal 436. More particularly,
the phase detector output signal 436 is at afirst logic level when arising edge of the TPOS
detector output signal 428 leads arising edge of the running mode detector output signal
430 and isa asecond logic level when arising edge of the TPOS detector output signal
428 lags arising edge of the running mode detector output signal 430. The control signal
43¢ isalso coupled to the TPOS detector 424 as shows for use hn adjusting a TPOS
threshold signal, aswill he described.
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[0035] A HOLD_OUT signal ami an optional HI OUT signal are provided to the output
switch. 434 by aregulator voltage monitor module 450, which cas be smilar b the
regulator voitage module 142 of FIG. |, to control the output daring regulator voltage
transients. A regulator 452 can provide aregulated output to the legislator voltage monitor
module 450 and other components. Asshown in FIG. 2, if the HOLD OUT signal output
from the regulator voltage monitor module 450 becomes active, the output switch 434
maintains the state of the switch at the time the HOLD_OUT signa transitions to the
active state. If the HIJQUT signal becomes active, the output switch 434 transitions to a

high impedance stale.

[0036] In an exemplary embodiment, &« HOLD_PROC signal, which cas be similar to that
shown in FIG. 2, can be coupled to the TPOS detector 424 and/or rurizing mode detector
426 to hait further signal processing.

[0037] FIG. 5 shows ar exemplary implementation 500 of the block diagram 400 of FIG.
4. A regulator voltage monitor module 550 receives an external regulated voltage supply
signal Veg reg and generates aHGLD_PR{OC signal, aHOLD DUT sigad, and a
HI_OUT signal, which are described above in FIG. 2, for example. These signals control
output states and hold processing during transients drops in the regulated voltage signal

Vregout,

[0038] A.magnetic field sensor 514 includes amagnetic field sensing element 540, The
sensing element 540 may take various forgazs known in the art, including but not limited to
aHall effect element, avertica Hall effect element, a Giant Magnetoresistive (GMR)
element, an Anisotropic Magnetoresistive (AMR) element, axd a Tunnel Magnetoresistive
(TMR) element. Also, the magnetic field sensing element 540 may comprise asingle
magnetically responsive element or, alternatively, may comprise aplurality of elements
arranged in various configurations. In the illustrative embodiment, the magnetic field

sensing element 540 isasingle Hall effect element.

[0039] Warious circuits and. techniques may he used to process the signal provided by the
magnetic field sensing element 540. In the illustrative embodiment, the signal from the

Hall effect element 540 is amplified by aHall amplifier 542 and provided to a summing

2
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node 544 for DC offset cancellation. Various conventional techniques foy DC offset
cancellation are possible. In the illustrative embodiment, a5 hit offket ti mm and a 3 bit
temperature compensation trim 548 are provided, asmay beimplemented with fuses and
trimmed during manufacture in order to center the signal from the Hail amplifier 540
within the voltage raiig of the detector 5, A low pass filter 552 {s coupled to the

summing node 544 o provide the magnetic field sensor signal 516, as shows,

[0040] The AGC circuit 520 adjusts the gain of tive magnetic field sensor signal 516 to
provide the D1FF signal 5i8. In larger airgap installations, the magnetic field sensor signal
316 has alower magnitude than in smaller airgap installations. It isgenerally
advantageous to "normalize" the size of the magnetic field sensor signal 5i6 for further
processing and detection. To this end, the AGC circuit 520 includes adual differentia
amplifier (DDA) 560 that isresponsive to the differential magnetic field sensor signal 516
and to an adjustable resistive feedback element 564, as shown. The feedback element 564
is adjustable in response to an auto gain adjust circuit 570.

[0041] Various schemes are possible to provide the auto gain adjust circuit 570 and more
generally, to provide automatic gain control. In the illustrated embodiment, the circuit 570
includes acomparator 572 for comparing the DIFF signal 518 to an AGC threshold signdl,
TOOJBIG, and for providing an output signal to aone shot 576. The one shot 576 controls
acounter 574 that isincremented every time the DIFF signal 518 exceeds the level of the
AGC threshold signal. The counter output 522 is used to control the resistance of elexent
564 via aresistor control circuit 578.

[0042] In operation, the resistance of element 564 isinitialy set to provide amaximum
gain to the magnetic field signal s5i&. If theresulting DIFF signal $1% isgreater than the
TOOJBIG signal, indicating clipping, then the output of the comparator 572 transitions
and the one shot. 576 provides apulse to increment the counter 574, The incremented
counter output 522 is provided to the resistor control circuit 578 for adjustment of the
resistor 564 in amanner that causes the magnitude of the magnetic field signal 5i& to be
reduced. This comparison of the DIFF signal to the TOOJBIG signal occurs until a
predetermined number of gear teeth have passed following power up, areset of the

detector 510, or an initial gear rotation (i.e., zero speed). In the illustrative embodiment,
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the AGC circuit 520 is active until three gear teeth, or six gear tooth edges pass the

detector 310, alter which the value of resistor 564 remains constant.

[0043] Once AGC operation ends, the output signal 522 of the AGC counter 574 remains
a afixed value representative of how many gain reductions, or decrements occurred
during the AGC process (i.e., how many one shot pulses occurred). For example, in the
case of alarge airgap, no gain decrements may occur, thereby causing the counter output
522 to rernain at avalue of 0000 in the illustrative 4 bit counter embodiment Whereas, in
the case of a small airgap, several gain decrements may occur, thereby causing the counter
output 522 toremain a the value corresponding to the number of gain decrements
occurring during AGC. The AGC counter output signal 522 is coupled to the TPOS
detector 524 for use in adjusting the TPOS threshold signal, aswill be described.

[0044] Asisknown, the use of differential elements and differential signals can be
advantageous for common mode noise reduction reasons. In the illustrative embodiment,
the elements and signals before the AGC circuit 520 are differential and, after the gain
stage, the elements and signals, such asthe BIFF signal 518, are single ended, as shown. It
will be appreciated by those of ordinary skill in the art however that such design choices
are based on particular circuit specifications and can bereadily varied to meet different

reguirements.

[0045] The TPOS detector output signal 528 provides the detector output signal 538 for a
first tizneinterval, for example following power up or reset of the detector 510 because, as
will become apparent, the running mode detector output signal 530 (referred © herein
aternatively asthe POSCOMP signal 530) may not provide accurate target detection, at
least until the AGC process has been completed.

[0046] The TPOS detector 524 includes a comparator 580 having afirst input (or pair of
differential inputs in the case of the illustrative embodiment) responsive to the magnetic
field sensor signal 516 and a second input (again, here apair of differential inputs)
responsive to athreshold signal 584. The TPOS threshold signal. 584 isinitialy set b a
predetersnined level and Is adjusted from the predetermined level in order to reduce phase

error once it isdetermined mat the running mode detector output signal 530 is accurate.

11
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More particularly, the TPOS threshold signal $84 isat the predetsriuined level during a
first portion of the first time interval and isadjusted during a second portion of the first
time interval so asb minimize the phase error between edge detection by the TPOS

detector and edge detection by the running mode detector.

[0047] The predetermined level to which the TPOS threshold signal 584 isinitially setis
selected to ensure switching on each gear tooth 512a-12n, regardless of airgap and other
tolerances. Tins may ke achieved with a TPOS trim 592 coupled to adigital-to-analog
converter (DAC) 594, as shown. During manufacture, the detector 51t} istested with a
target, or gear 512 positioned at the maximum specified airgaps and the TPOS detector
output signal 528 ismonitored to ensure switching on each gear tooth. Puses in aresistor
network are then selectively blown in order to provide a voltage level for the TPOS
threshold signal 584 that ensures switching on each gear tooth regardless of airgap. In. one
illustrative embodiment, the TPOS threshold signal 584 isinitially set to avalue on fee

order of 50 millivolts.

[0048] The TPOS threshold signal 584 remains at the predetmnined level for afirst
portion of the first time interval, until the running mode detector output signal 530 is
accurate, following which the TPOS threshold signal isadjusted during a second portion
of the first time interval. Various schemes are possible in order to determine that the
running mode detector output signal 530 is accurate and thus, that the TPOS threshold
sigual 584 should he adjusted so asto minimize the phase error between detection by the
TPOS detector and detection by the running mode detector. In one illustrative
embodiment, the first portion of the first time interval ends after a predetermined number
of gear tooth detections (i.e.. after apredetermined number of transitions occur in. the
TPOS detector output signal 528). For example, in one embodiment, the predetermined
number of TPOS detector output signal transitions isten, corresponding to six transitions
(i.e., three gear teeth) during which AGC is active and four transitions (i.e., two gear teeth)

thereafter to ensure that the ranning mode detector output signal 530 is accurate.

[0049] Referring to FIG. 5in conjunction with FIG. 2, if the regulated voltage signal
Vregout decreases below afirst voltage thireshold THH, the HOLD _PR.QC and the
H{OLD OUT dignas trangition to active states. It isunderstood that in other

i3
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embodiments, the H{EL.D_ PROC and HOLE OUT signals are controlled with separate
thresholds and/or timing, in an exemplary embodiment, when the HOLD_PROC goes
active, the counter 588 and resistor control 578 hold their respective values dining the time
that the HOLD_PR{C signal isactive. With this arrangement, the state of signal
processing isheld until the supply voltage transient dissipates. Similarly, while the
HOLD QUT signal is active, the output switch 534 maintains the same output usitil the
HOLD__OUT signal isno longer active. If the regulated voltage Vregout drops below a
second threshold Tiil, the HI__GUT signal transitions to an active state and the output
switch 534 goes to ahigh impedance state until the HI__OUT signal goes inactive.

[0050] Having described exemplary embodiments of the invention, it will now become
apparent to one of ordinary skill in the art that other embodiments incorporating their
concepts may also be used. The embodiments contained herein should not. he limited to
disclosed embodiments but rather should he limited only by the spirit and scope of the
appended claims. All publications and references cited herein are expressly incorporated

herein by reference in their entirety.
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L A sensor, comprising:

a voltage monitor module to receive aregulated output voltage and transition a
first hold signal to an active state when the regel ated output voltage drops below afirst
threshold and transition a second hold signal to an active state when die regulated output
voltage drops below a second threshold;

a.signal processing module b receive the first hold signal from de regulator
voltage monitor module and hold processing in a state corresponding to atime the first
hold signal transitions to the active state; and

an output module for outpntxing a sensor output signal, the output module to
receive the second hold signal from.the regulator voltage monitor module and to maintain
a state of the sensor output signal at tlze time che second hold signal transitions to an active
State,

2. The sensor according to claim 1, wherein the regulator voltage monitor is configured
to generate athird hold signal for the output module to cause the output module to
transition the sensor output signal to ahigh impedance state, the third hold signal to
transition to an active state when tlie regulator voltage drops below athird threshold lower
than the first threshold,

3. The sensor according to claim 1, wherein the first and second thresholds are the same.

4. The sensor according to claim 1, further including aregulator to provide the regulated

output voltage.

§, The sensor according to clam 1, wherein the first hold signal remains in the active
state until cze regulated voltage signal rises above the first threshold.

6. The sensor according to claim i, wherein tlie sensor resets when the regulated output

voltage drops below areset threshold voltage level.

7. The sensor according to claim. i, further including amagnetic field sensor.

14
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8. The sensor according to claim 1, wherein the asigna processing module includes at
bast one coimter that does not change in value during atime in which the first hold signa
isin the active state,

9, A sensor, comprising:

aregulator voltage monitor means to receive aregulated output voltage and
transition afirst hold signal to an active state when the regulated output voltage drops
below afirst threshold and transition a second hold signal to an active state whesn the
regulated output voltage drops below a second threshold;

asignal processing means to receive the first hold signal fros: the regulator voltage
monitor means and hold processing in a state corresponding to atimethe first hold signal
transitionsto the active state; and

an. output means for outpatting a sensor output signal, the output module to receive
the second hols¢ signal from the regulator voltage monitor means and to maintain a state of
the sensor output signal at thet me the second hold signal transitionsto an active state,

1, The sensor according to claim 9, wherein the output means comprises a switch.

1}. The sensor according to clam 9, wherein the signal processing mmeans comprises a

magnetic field sensor.

12. A method, comprising;

receiving aregulated output voltage;

transitioning afirst hold signal to an active state when the regulated output voltage
drops below afirst threshold;

transitioning a second hold signal to an active state when theregulated output
voltage drops below a second threshold;

receiving the first hold signal and holding signal processing in a state
corresponding to atime a which the first hold signal transitioned to the active state;

receiving the second hold signal; and

1§
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outputting a sensor output signa for a sensor and maintaining = state of the sensor
output signal present at the time a which the second hoid signal transitioned to the active
state.

13. The method according to claim 12, further including generating a third hoid signal to
transition the sensor output signal to ahigh impedance state, the third hold signal to
transition to an active state when the regulator voltage drops below athird threshold lower
than the first threshold.

14. The method according to claim 12, wherein the first and second thresholds are the

same.

15. The method according to claim 12, wherein the first hold signal remains in the active
state until the regulated voltage signal rises above the first threshold.

16. The method according to claim 12, wherein the sensor resets when the regulated
output voltage drops below areset threshold voltage level,

17. The method according to claim 12, further including processing information from a

magnetic field sexsor.

18. The method according to claim 1, wherein the signal processing includes at least one
counter that does not change in value during atime in which the first hold signal isin the

active state.

16
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