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ELECTRONIC DEVICE FOR EXTENDING BATTERY LIFE IN MOBILE
APPLICATIONS

RELATED APPLICATION
{0881} This application claims priority under 35 US.Co § 119cy to US. Provisional
Application No. 61/492,03% filed on May 12, 2014, the entire specification of which is

meorporated herein by reference.

BACKGROUND
Field
[0802] Aspects of the present disclosure relate generally to power management systems, and

maore particularly, to electronic devices for extending battery life in mobile applications.

Background

{3863} In order to improve the battery lifetime of a wireless device which is intended to be
wormn {¢.g., as in the case of a medical patch), exirerne low power methods are
necessary. A large percentage of the battery energy {e.g., 97+%;} of a wireless device
may be wasted in a low power state (e.g., idle state) waiting to be activated. A
reduction in power consumpiion {.g., factor of 2 improvement in power consumption)
m this state will allow a reduced battery size and form factor, or a longer shelf life. In
the case where the electronics is the hmiting factor for shelf life, this may be extremely

desirable.

SUMMARY

{0884} The following presents a simplified suramary of one or more embodiments in order to
provide a basic understanding of such embodiments. This sumyoary 18 not an exiensive
overview of all contemplated embodiments, and is mtended to neither identify key or
critical ciements of all ernbodiments nor delineate the scope of any or all embodiments.
Its sole purpose is fo present some concepts of one or more embodiments in a simplified
form as a prelude to the more detailed description that is presented later.

[0085] According to an aspect, an electronic device is described herein. The electronic device
comprises an oscillator configured (o generaie an oscillator signal, and a timing circuit
configured to generate a count value based on the oscillator signal, to conpare the count
value with a first compare value, to determine a first expiry event upon the count value

matching the first compare value, and to generate a first wakeup signal in response to
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the first expiry event. The electronic device also comprises a battery pass circuit
configured to receive the first wakeup signal, and to couple a power source to a main
device in response to the first wakeup signal fo power on the main device. The
elecironic device further comprises a state sequencing circuit configured fo store a state
of the main device, and an mterface circuit configured to communicate the stored state
te the main device.

3806} A second aspect relates to a method for extending battery life in a mobile application.
The method comprises receiving an oscillator signal from an oscillator, generating a
count value based on the oscillator signal, comparing the count value with a first
compare value, and determining a first expiry event upon the count value matching the

first compare value. The method also comprises powering on a device in response fo
the {irst expiry event, and commumicating a state stored in a state sequencing citeuit to
the device while the device is powered on.

{38871 A third aspect relates to an apparatus for extending batiery hife in a mobiie application.
The apparatus comprises means for receiving an oscillator signal from an oscillator,
means [or generating a count value based on the oscillator signal, means for comparing
the count value with a first compare vahlue, and means for determining a first expiry
event upon the count value matching the Hrst compare value. The apparatus also
comprises means for powering on a device m response to the first expivy event, and
means for communicating a state stored in a stale sequencing circuit to the device while
the main device is powered on.

{00681 To the accomplishment of the foregoing and related ends, the one or more embodiments
comprise the features hereinafter {fully deseribed and particolarly pointed out in the
claims. The following description and the ammexed drawings set forth m detail certain
itfustrative aspects of the one or more embodiments. These aspects are indicative,
however, of but a few of the various ways i which the principles of various
embodiments may be employed and the described embodiments are intended to inclade

all such aspecis and their equivalents,

BRIEF DESCRIPTION OF THE DRAWINGS
[0809] FIG. 1 shows an electronic device for extending battery Hie i mobile applications
according to an ernbodiment of the present disclosure.
[3810] FIG. 2 shows an example of a system meluding the electronic device according to an

embodiment of the present disclosure.
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(0611} FIG. 3 shows an example of a system including the electronic device according to
another embodiment of the present disclosure.

{6812} FIG. 4 shows an example of a ripple counter according to an embodiment of the present
disclosure.

[B813] FIG. 5 shows a systern including the electromic device and one or more sensors
according to an erbodiment of the present disclosure

{3814} FIG. 6 is a flowchart illustrating a method for extending battery life in mobile

applications according 1o an embodiment of the present disclosure.

BETAILED DESCRIPTION

[8815] The detatled description set forth below, in connection with the appended drawings, is
mtended as a description of various configurations and is not intended 1o represent the
only configurations in which the concepts described herein may be practiced. The
detatled description includes specific details for the purpose of providing a thorough
understanding of the various concepis. However, it will be apparent to those skilled in
the art that these concepls may be practiced without these specific details. In some
nstances, well-known structures and components are shown in block diagram form 1o
order to aveid obscuring such concepts.

[#816] In order to mmprove the longevity of a wircless device to achieve medical grade

capabilities, significant low power methods are necessary. A comparatively large
pereentage of energy (e.g., 97%) 18 wasted when the device sits in an idle state while
only a small percentage of the energy {e.g., 3%) s used m an active state. In this
respect, a new method is required to further improve battery performance i medical
wirelessly connected patches or other small disposabie therapeutic elecironic devices.

The need to extend battery life for wireless electronic connected paiches is significantly
mportant.

16017} In order to achieve this goal, the main method for improvement over conventional
nethods s to implement a very low power oscillator to keep time for a wireless device
{e.g., wireless patch}). This can be troplemented 1 a main system-on-chip (80C) and/or
another chip in the device to manage power for the device. Embodiments of the present
disclosure provide technigques to deliver order of magnitude improvement over
traditional commercial off-the-shelf clecironics that are used in these devices. in order
to dehiver better performance, a wircless device jncludes a small low power device {e.g.,

application-specific mtegrated circuit {ASICY) and a main device {e.g., SoC). The small
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low power device consumes far less power than the main device {e.g., So(’), which
allows the battery life to be exiended greatly. The low power device may have one
primary task, manage time and keep power at a miniraum during all times except when
the main device needs to act.  This is usuaily at pre-determined times or at
predetermined rates. Typically the duty cycle of activity is quite low so the opportunity
for great improvements in battery life is quite high.

{018} In some aspects, the low power device comprises a low power oscillator and a timing
circutt coupled to the low power oscillator, n which the timing circuit automatically
activates a battery pass circuit {e.g., one or more PFETs) when the main device needs to
be awakened from a sleep state. Activation of the battery pass circuit couples the main
device 1o a battery, thereby powering on the main device,

{06819} In particular, a counter in the tmung circuit receives an osecillator signal {e.g., clock

signal) from the low power oscillator. The counter counts cycles of the oscillator signal
to generate a count value, and the timing circuit compares the count value with a
wakeup compare value in a register. The wakeup compare value moay correspond to a
count value at which the main device is to be awakened from the sleep state. When the
count value matches the wakeup compare value, the thming circuit asserts a signal (o
activate the battery pass cireuit. The signal may remain asserted until the timing cireunit
1s programmed with a new wakeup compare value or until the low power device
receives a signal or instructions from the main device instructing the low power device
to turn off the battery pass circuit.

[0820] FIG. 1 shows an example of a low power electronic device 100 according to ap
embodiment of the present disclosure. The low power device 180 may be part of a
larger device {c.g., wireless patch) that also includes a main device (shown in FIG. 2}
As discussed further below, the low power device 100 manages power for the larger
device to significantly extend battery life.

{3821} The low power device 100 may comprise a low power oscillator 161, a timing circuit
102, an interface controlier 103, 2 state sequencing civcuit 104, and a battery pass circuit
105, The timing cireuit 102 18 coupled to an output of the oscillator 101 and is
configured to receive an oscillator signal 106 from the oscillator 101, The timing cireuit
102 includes a counter 120 and a compare register 125. The counter 120 is configured
to count cycles of the oscillator signal 106 to generate a count value, and the register

125 1s configured to store one or more coropare values, as discussed further below.
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{0622} The tming circuit 102 13 also coupled to the interface controller 103 to receive a control
signal with one or more compare values and send updates related to the count value
maintained by the counter 120. The timing cireuit 102 is also coupled to the battery
pass circuit 105 to send a wakeup signal that causes the battery pass cireuit 105 to turo
on (activate) in order to couple a battery {c.g., coin cell battery) to the mam device to
power ap the main device. The interface controller 103 48 coupled to the state
sequencing circuit 104 for tracking a state of the main device and/or the low power
device 100,

{8023} The osciflator 11 is configured to drive the counter 120 (o generate the count vahie, In
some aspects, the oscillator 101 may be a crysial oscillator, an inductor-capacitor {L.C)
oscillator, or a resistor-capacitor (RC) oscillator that provides a suitable low power and
low cost implementation. The oscillator 101 may generate the oscillator signal at a rate
of 32 kHz or other frequency. Although 32 kHz is mentioned as onc exaraple, various
topologics may lead to other frequencies being optiroal.  In this regard, the oscillator
101 may consumwe current in a range of 100 nA to 250 nA. The oscillator 101 may be
hias controlled so that the oscillator 181 runs at the lowest power possible over voltage
and teroperature variations.

{3824} The tming circust 102 is conligured to compare the count value from the counter 120
with a wakeup compare value in the register 125 for a match, which corresponds {o the
cecurrence of an expiry event. The goal for the counter 1290 is to count 32 kHz ticks,
although as mentioned carlier, the frequency may be other than 32 kHz., When the
number of ticks (or count value) reaches the wakeup compare vahie, the tming circuit
102 activaies the battery pass circuit 105 that allows the batlery to power up the main
device. The counter 120 may be a ripple counter, an example of which is discussed
pelow with reference to FIG. 4. The counter 120 may have any length (i.e., number of
bitsy. For example, the length of the counter 120 may depend on the desired duration of
a sleep cycle {(c.g., a longer length if a longer sleep duration is used or s shorter length i
a shorter slecp cycle s used).  Accordingly, it is o be appreciated that the present
disclosure is not Hmited to a particular length..

{B025] When the main device is woken up, the main device may read out the count value from
the counter 120 in the timing circuit 102 via the futerface controller 103, and add a
count corresponding to a desired delay time 1o the read count value to generate a new

wakeup compare value. The desired delay time may correspond to a time delay until
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the next wakeup time for the main device. The main device may then write (program)
the new wakeup compare value to the register 125 in the timing circuit 102 via the
interface controlier 103

{0026} In one aspect, the timing circuit 102 may include a second register (not shown) for
stormg a sleep coropare value. In this aspect, after the main device wakes up, the fiming
circuit 102 may compare the count value from the counter 120 with the sleep compare
value to determine when to place the main device back into the sleep state. When the
count value matches the slecp compare value, the timing cireuit 102 may turn off the
battery pass circoit 105 to power off the main device until the next wakeup {which may
correspond to the now wakeup compare value programamed info the register 125
discussed above). Tn one aspect, the main device may program the sleep compare value
by reading the count value from the counter 120 via the interface controller 103, and
adding a count to the read count value 1o gencrate the sleep compare value, where the
count corresponds to a time duration that the main device is fo be active. The time
duration may be based on an estimate of the amount of time the main device 1s expected
te complete one or more tasks. The main device may then write the sleep compare
value fo the second register (not shown) via the interface controller 103,

{8027¢ Alternatively, when the main device completes one or more tasks in the active state, the
main device may send a sleep signal via the imterface controller 103 instructing the
timing circeit 102 to power off the main device until the next wakeup. In this
embodiment, jnstead of powering off the main device wheu the sicep compare value is
reached, the tming circwt 102 powers off the main device upon receiving the sleep
signal.

{0028} In another embodiment, the timing circuit 102 may reset the counter 120 to zevo each
time the main device goes back to sleep. In this embodiment, the same compare value
may be used over a plurality of sleep cycles if the duration of cach sleep cycle is
approximately the same. This is because the counter 120 is reset to zero at the
beginning of cach sleep cycle. Since the sarge compare value is used over a phurality of
sleep cycles, the compare value n the register 125 does not need to be updated each
time the main device wakes up. Thus, the main device does not need to read and update
the compare value in the register 125 cach time the main device wakes up. This reduces
power consumption by reducing the number of transactions (e.g., read and write

operations} between the main device and the low power device 100, In this
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embodiment, the timing circuit 102 may reset the counter 120 {0 zero and power off the
main device upon recetving a sleep signal {e.g., from the main device). The tuming
circuit 102 may then power the main device back on when the count value of the
counter 120 matches the compare value in the register 125,

[0629] The interface controller 103 may include a register lag to include an indication of the
systern’s power-up status. For example, the register flag may comprise a bit indicating
if the system woke up for the first timoe (e.g., register bit as “0"), or has been running
{e.g., load register bit as “17}.

{0038 The interface controller 103 may be an PC interface that receives a serial clock 114,
serial data 115, and an address 116, o this exanmple, the interface controller 163 may
communicate with the main device over two physical lines: a serial data line and a serial
clock line. The serial data line may be used for transferring data between the main
device and the low power device, and the serial clock hne may carry a clock signal used
to synchronize data transfers between the main device and the low power device 100,
The main device may address data on the data line to the low power device 100 by
transmitting an address of the low power device on the data line. The address of the low
power device may he preprogranuaed info the Jow power device, i which the last one
or two digits of the address may be set by pulling up or pulling down one or more pins.

{0031} In some aspects, the interface controller 103 includes an VO vollage mput to match the
voltage of the mam device (e.g., VO rings) to prevent problerns with synchronization
and power sequencing. This ensures that the voltage of the jnterface controlier 103 1s
compatible with the voltage level used by the main device. For example, when the main
device is communicating with the electronic device 100, the VO voltage input can
indicate what voltage level the main device will be conumunicating to interpret signals
cotrectly. In another aspect, the interface moay use pull-up resistors and an open drain
O, In this aspect, a pull-op resistor may pull the data line high, in which the interface
controller 103 drives the data line low to send a zero and allows the puli-up resistor to
pull up the data line to send a one.

{0832} The interface controller 103 may be configured to have control over a specified number
of registers. The interface controlier 103 may have control over a wakeup timer, which
is a 16-bit register capable of progranuming wakeup delays in units of 10 ms. When the
wakeup timer expires the device will twm on the battery pass circuit 103, The interface

controller 103 may have control over a sequencing register that is a 16 bit register
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capable of read and write (R/W). The mierface controlier 103 may have control over a
sleep control register that is a 16 bil register, which contains a8 control mask for
enabling/disabling the wakeup timer and other features of the chip. In some aspects, the
interface controller 103 has control over an identification register that retums the device
slave address.

{0033 The clectronic device 100, when powered up, causes the batiery pass cirenit 105 1o
mitially turn on.  The electronic device 100 wakes up, for first time, runs an
mitialization sequence, then prograrms the compare register located in the counter 102
with a predetermined time value. In this regard, when the main device tums on, the
main device determines that it needs to turn off (or enter a sleep state), and then the
main device sends a 1°C command to the electronic device 100 to turn off the battery

ass circuit 105, The default state for the progranmmable time is to tam the mwain device

M3

on {e.g., activaic the battery pass circuit 105} all the time. For example, upon initial
power up, the battery pass circuif 103 is enabled and the sleep timer function is disabled.
In this regard, the state sequencing cireuit 104 may be mitially set to 0x00.

{0834} The state sequencing circuit 104 is configured to determine (or at least keep track of}
nwultiple states relating to the mamn device including the sleep state and wakeup state.
At first power up, the state sequencing circuit 104 comes out of a power on resel state.
The state sequencing circuit 104 may mclude logic to initially turn on the battery pass
circuit 105, and to then turn off the main device that reprograms the counter via the
interface controller 103, In some aspects, a path between the state sequencing circuit
104 and the battery pass circuit 105 roay be added. In this regard, the state sequencing
circuit 104 can turn off battery pass circuit 105, and rely upon the timing circuit 102 (o
keep the batiery pass circuit 105 turned on for a duration of time. For example, the
timing circuit 102 may provide an indication of the expiry event to the interface
controller circuit 103,

{083

h
A

The battery pass circuit 1035 is configured to coupie the battery to the main device when
activated. 1o this regard, the main device consumes power when necessary and when
not necessary, the battery pass cireuit 105 does not provide power to the mam device.
The battery pass circuit 105 may be a power swiich {e.g. power head switch) coupled to
the power path 111 fromo the battery and the power path 112 to the main device. In this
exarple, the main device is powered on when the power switch is closed (turned on),

nm

and powered off when the power swilch 18 open (tumed off). The power switch may
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COMPrise one or more power transistors. For example, the power switch may comprise
a p-type field effect transistor (PFET), in which the PFET is turned on (activated} by
inpuiting a fogic zero to the gate of the PFET and turned off by inputting a logic onc to
the gate of the PFET.

[0636] In some aspects, multiple transistors may be meluded to activate the power path from
the baticry to the main device. For example, the batiery pass circuit 105 may comprise
a first transistor located on the same chip as the state sequencing circuit 104 and timing
circuit 102 and a second transistor external to the chip. In this example, the chip may

mclude an mternal connection to enable the stale sequencing circuit 104 and/or timing

<

=

circuit 102 to drive the first fransistor and a pin to enable the state sequencing circui
104 and/or timing circuit 102 to drive the second transistor.  The first and second
fransistors may be coupled in paralie] and may be activated in sequence. For example,
when the main device is to be awakened, the first and second iransistors may be
activated sequential according to @ desired power-up sequence for the main device.

10683

3

1 The low power electronic deviee 100 may be at least a portion of a circuit placed on a
corner of a circuit die for the main device, or may be a standalone device on a circuit dic
that mteracts with the main device. If the low power device 100 is part of the civcuit die
for the main device, then inputs to the interface controller 103 may reach the higher-
fevel imfrastructure of the chip to get connections to the interface controller 103, In
some aspects, the operating voltage of the low power device 100 may range from 2.0V
to 3.3V {optionally 4.25V for Li cell operation). The low power device 100 may exhibit
less than 100 nA current consumption during sleep timer operation, and less than 500
nA current consumption during normal operation.

{3638] For the example in which the low power device 100 and the main device are on

different dies, the low power device 100 may be {abricated on the respective die using a

larger size {abrication process than the main device. For example, the low power device

100 may be fabricated using 2 65 nm process and the main device may be fabricated

using a 16 mm process or smaller. Using a larger size process for the low power device

100 reduces the leakage carrent of the low power device 100, thereby redueimg power

consumption and extending the hife of the battery. In this example, the low power

device 100 may comprise much fewer logic gates than the main device, and may
therefore be implemented with larger dimensioned devices (e.g., transistors} to reduce

the leakage current of the low power device.
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{00391 As discussed above, the low power device 101 may use the low power oscillator 181 o
keep track of time. The low power oscillator 101 may comprise a low power erystal
oscillator {¢.g., 32 KHz crystal oscillator}, a low power L oscillator, a low power RC
oscillator, ete. In this example, the oscillator signal 106 from the low power oscillator
101 may vot provide timing with sufficient accuracy for certain apphications. For
example, the frequency of the oscillator signal may deviate from an expected frequency
and/or drift (e.g., due to changes in temperature), which reduces the ability of the main
device 1o accurately control the wakeup times of the main device. This 18 because the
main device needs to accurately know the frequency of the oscillator signal in order to
accurately compute a wakeup compare value corresponding to a desired wakeop lime.

10848} To woprove the timing of wakeups, the main device may periodically calibrate the low
power oscillator 101, Calibration of the low power oscillator 101 may mvolve
determining the frequency of the low power oscillator 101 using a signal having a
known frequency as a refevence, and calibrating a count value from the low power
oscillator 101 based on the determined frequency, as discussed further below. The

signal may be from another oscillator having an accurate frequency compared to the low
power oscillator 101, Accordingly, it is to be appreciated that calibration of the low
power oscillator 101 does not require adjusting the frequency of the low power
oscillator 101,

{3841} In this regard, FIG. 2 shows an example of a systemn 200 cormprising the low power
device 100, the main device 210 and the battery 204. The system 200 may be part of a
wireless device {c.g., wireless patch), in which the low power device 100 manages
power for the wireless device to extend the battery hife of the wireless device.

{0042} In the example shown in FIG. 2, the main device 210 comprises a second oscillator 220,
a processor 212 and a second imterface controller 215, The processor 212 may be
implemented with a microprocessor, a digital signal processor (DSP), an application
specific integrated circuit (ASIC), a field programmable gate array {FPGA) or other
programmable logic device, discrete gate or transistor logic, or any combination thereof
to perform the functions described berein. The processor 212 may commumnicate with
the low power device 100 via the interface controfler 215 {e.g., according to an T'C
protocol).  Although one communication link 216 is shown between the low power

device 100 and the main device 210 for ease of llustration, it is to be appreciated that
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the hink 216 may comprise multiple Iinks (e.g., 4 serial clock link and a serial data hink
according to the 1°C protocol).

18043} In some aspects, the second oscillator 220 consumes more power than the low power
oscillator 101, but provides a more accurate oscillator signal {e.g., clock signal}. The
second oscillator 220 may be used for other purpeses in addition to calibration. For
example, the second oscillator 220 may provide a clock signal to the processor 212 for
timing operations in the processor 212, In apother example, the second oscillator 220
may provide an oscillator signal to a radio-frequency (RF) transceiver (shown in FIG. §)
used for wireless communication between the main device 210 and an external device
{e.g., mobile device}. Thus, calibration may be performed using a preexisting oscillator
on the main device, This may reduce power consumption and arca compared with using
a dedicated oscillator for calibration, although it s appreciated that a dedicated
oscillator may be used for calibration,

10844] As discussed above, the main device 210 may be periodically tumed on by the low
power device 100 to perform one or more tasks during each wakeup cycle, and may
spend most of the time in the sleep state to conserve power. Thus, the second ascillator
220 may be twumed on only a small fraction of the time to converse power. In confrast,
the low power oscillator 101, which requires less power and is less accurate than the
second oscillator 220, may remain turned on without inierruption to maintain
continuous tirming for the low power device 100

[8845] In some aspects, the low power oscillator 101 may be calibrated on a periodic basia.
For example, the low power oscillator 101 may be calibrated cach time the main device
210 wakes up. In ancther example, the low power oscillator 101 may be calibrated
every Nih wakeup of the matn device 210, where N is an integer greater than one, as
discussed further below.

{6846} Methods for calibrating the iow power oscillator 101 using the sccond oscillator 220
will now be described according to various emboduments of the present disclosure. The
low power oscillator 101 s referred 1o as the first oseillator tn the discussion below.

18047} During calibration, a number of cycles of the first oscillator 181 and a number of cveles
of the second oscillator 220 are counted over approximately the same time period to
generate a {irst count value and a second count value, respectively. In one example, the
time period corresponds to a predetermined mumber of cycles of the second oscillator

220, In this example, cycles of the first oscilaior 101 are counted over the
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predetermined mumber of cyeles of the second oscillator 220, In another example, the
time period corresponds to a predetermined number of cycles of the first oscillator 101
In this example, cyeles of the second oscillator 220 are counted over the predetermined
number of cveles of the first osciflator 101, Since the frequency of the second
oscillator 220 is accurately known (velative to the first oscillator 101}, the frequeney of
the first oscillator 161 may be estimated as:

Countl

F. =

is

F, H

Count?2
where Fy is the estimated frequency of the first oscillator 101, Fy is the known frequency
of the second oscillator 220, countl is the count value of the first oscillator 101, and
count? is the count value of the second oscillator 220,

{6048

[P

In this aspect, the cstimated frequency of the first oscillator 101 may be compared to an
expected frequency of the first oscillator 101 1o determine whether the oscillator 101 18
rummmng fast or slow with respect to the expected frequency and to adjust the wakeup
compare vahie for the next wakeup accordingly. For example, if the oscillator 101 18
running faster than expected, then the wakeup compare value for the next wakeup may
be mercased, and, if the oscillator 101 s running slower than expected, then the wakeup
compare value for the next wakeup may be decreased. The calibration procedure
discussed above may be performed by the timing circait 102 and/or the processor 212,
as discussed further below.

{8049 In one aspect, when the man device 210 wakes up, the processor 212 may perform a
calibration of the first oscillator 101 as follows. The processor 212 may count a
predetermined number of cyeles of the second osciliator 220, At the start of the count,
the processor 212 may read the count value of the counter 120 via the interface
controlers 103 and 215 or a dedicated link (not shown}. When the count {or the second
oscillator 220 reaches the predetermined number, the processor 212 may read the count
value of the counter 120 agam, and subtract the previously read count valie from the
most recently read count value to determine a count value for the first oseillator 104
corresponding to the predetermined count of the second oscillator 220, The processor
212 may then estimate the frequency of the first oscillator 101 according o equation {1},
in which the predetermined count for the second oscillator 220 corresponds to count?
and the determined count value for the first oscillator 101 corresponds to countl. The

processor 212 may then adjust the wakeup compare value for the next wakeup time
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accordingly {c.g., increase the wakeup compare value if the {irst oscillator 101 is
ranmng {aster than expected).

18050 To facilitate calibration of the first oscillator 101, the processor 212 may receive the
oscillation signal 106 from the first oscillator 101, and use the oscillation signal 106 to
count cycles of the first oscillator 101 directly. In this regard, FIG. 3 shows an example
of a system 305 comprising the low power device 300, the main device 210 and the
pattery 204. In this example, the oscillator signal 106 of the first oscillator 101 15
selectively coupled to the processor 212 of the main deviee 210 using a switch 315,
which may reside on the low power device 360. When the switch 315 is closed (turned
ony, the processor 212 is coupled to the first oscilator 101, and when the switch is
opened (turned off), the processor 212 is decoupled from the first osciliator 101,

{38581} In one embodiment, the processor 212 may control the switch 315 via the interface
controllers 103 and 215 or a direct control ink {not shown) between the main device
210 and the switch 315, To this embodiment, when the processor 212 veeds to calibrate
the first oscillator 10, the processor 212 wmay turn on the switch 315 1o couple the
oscillator signal 106 1o the processor 212,

100521 During calibration, the processor 212 may count cycles of the first oscillator 101 to
determine the count value count! for the first oscillator 101, For example, the processor
212 may count a number of cycles of the first oscillator 101 over a predetermined
number of cycies of the second oscillator 220, In this example, the count value count2
for the second oscillator 220 1s equal to the predetermuned number of cyeles, and the
count value countl for the first oscillator 101 1s equal to the number of cycles of the
oscillation signal 106 counted over the predetermined number of cycles of the second
oscillator 220, In ancther example, the processor 212 may count a number of cycles of
the second oscillator 220 over a predetermined number of cycles of the first oscillator
101, In this example, the count value countl for the first oscillator 101 is equal to the
predetermined number of ¢ycles, and the count vahue count? for the second oscillator
220 is equal to the number of cycles of the second oscitiator 220 counted over the
predetermuned number of cycles of the first oscillator 101,

{0853} After calibrating the first oscillator 101, the processor 212 may turn off the switch 315
to decouple the first osciliator 101 from the processor 212, Thus, the first oscillator 101

may be coupled to the processor 212 during calibration, and decoupled from the
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processor 212 the rest of the time, mcluding when the main device 210 is in the sleep
state.

3854} In some embodiments, the processor 212 may compute a scaling factor based on the
calibration of the first oscillator 101 as follows:

¥y

SF = (2)

Fexpec{ed
where Fy is the estimated frequency of the first oscillator 101 in equation (1}, Fespeoted 18
the expected frequency of the first oscillator 101, and SF is the scaling factor. In this
aspect, the processor 212 may determine a count value corresponding to a time delay
until the next wakeup fime based on the expected frequency of the first oscillator 101,
and multiply the determined count value by the scaling factor SF. The scaled count
vatue may then be added to the cwrrent count value of the counter 120 to generate the
wakeup compare value for the next wakeup cycle.

[0655] It is to be appreciated that other scaling factors mway be generated based on the
calibration procedore discussed above, and therefore that the present disclosure is not
hirnited to the exemplary scaling factor in equation {2}. For example, the scaling factor
may be computied as follows:

Countl

SF' = 3)

Count2

{8056] where count! and couni? are the count values of the first and second oscillators,
respectively, over the same period of time, and SF” is the scaling factor. In this aspect,
the processor 212 may determine a count value corresponding o a time delay until the
next wakeup tire based on the frequency of the second oscillator 220. The processor
212 may then determine the count value for the first osciliator 161 corresponding to the
time delay by multiplying the count value based on the frequency of the second
oscillator 212 by the scaling factor SF’. The processor 212 may then determine the
wakeup compare vatue for the next wakeup time by adding the scaled count value to the
current count valoe of the counter 120 (which the processor 212 may read from the
timing circuit 102}, The processor 212 may then write (program) the wakeup compare
value fo the compare register 125 via the interface controllers 103 and 215,

{3887} In another example, the scaling factor may be computed as follows:

Countl

SF =
Countt’

{4
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where countl is the actual the count value of the first osciflator 101, countl’ the
expected count value based on the expected frequency of the first oscillator 101, and
SF”’ is the scaling factor. The cxpected count value countl’ represents the nurmber of
cycles of the first oscillator 101 that would bave been counted over a predetermined
number of cycles of the sccond oscillator 220 if the first oscillator 101 were running at
the expected frequency. In this aspect, the processor 212 may determine a count value
corresponding o a time delay until the next wakeup time based on the expecied
frequency of the first escillator 101, and multiply the deterroined count value by the
scaling factor SF*’. The scaled count value may then be added to the curvent count
vatue of the counter 120 to gencrate the wakeup compare value for the next wakeup
cvele,

[0638] In one embodiment, the processor 212 may send the scaled count value corresponding
to the time delay until the next wakeup to the timing circuit 102 instead of generating
the corresponding wakeup compare value. In this erobodiment, the timing circuit 102
may add the received count value to the current count value of the counter 120 to
generate the corresponding wakeap compare value. The timing cireuit 102 may then
write the wakeup compare value {o the compare register 125,

{8058 As discussed above, the frst oscillator 101 may be calibrated each time the main device
210 wakes up. In another aspect, the first oscillator 101 may be calibrated less

frequently to reduce power consumption. For example, the first oscillator 101 may be
calibrated every Nth wakeup of the main device 210, where N is an integer greater than
one. In this example, the low power device 100 may include a wakeup register that
keeps track of the mumber of times the main device 210 has been woken up. Each time
the main device 210 wakes up, the processor 212 may increment the wakeup register by
one. Kach time the count in the wakeup register reaches N, the processor 212 may
calibrate the first oscillator 101 and reset the wakeup register to zero. Alternatively, the
processor 212 may calibrate the first oscillalor 101 each time the count in the wakeup
register 1S a multiple of N. In either case, the processor 212 may read the wakeup
register each time the main device 210 wakes up to determune whether the first
oscillator 101 needs 1o be cahibrated.

{00601 In this example, cach time the processor 212 calibrates the first oscillator 101, the
processor 212 may write the corresponding scaling factor to a calibration register {not

shown} in the low power device 100 or the main device 210, When the processor 212
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turns on during a wakeup cycle in which the first oscillator 101 is not calibrated, the
processor 212 may read the scaling factor from the calibration register. The processor
212 may then use the read scaling factor o adjust the count value corresponding to the
time delay until the next wakeup cycle (e.g., multiply the count value by the scaling
factor). If the main device 210 wakeups at predetermined mtervals, then the count value
corresponding to the time delay until the next wakeup cycle may be predetermined and
stored in a memory {¢.g., regisier),

[0861] Thus, i this example, the processor 212 may calibrate the first oscillator 101 during
every Nth wakeup of the main device 210 to update the scaling {factor in the cahbration
register. During walkeup cycles in which the first oscillator 101 is not calibrated, the
processor 212 may read the most-recently updated scaling factor from the calibration
register and use the read scaling factor to determine the wakeup compare value for the

next wakeup cycle, as discussed above.

108621 It is to be appreciated that the present disclosure is not Hmited to calibrating the first
oscillator 101 at predetermined intervals (e.g., every Nth wakeup). For example, the
main device 210 may comprise a temperature sensor 225 coupled to the processor 212.
o this example, when the processor 212 calibrates the first oscillator 101 for the first
timne, the processor 212 may reecive a temperature reading from the temperature sensor
225, and write the temperature reading (o a temperature register {not shown) in the low
power device 100 or main device 210, On the next wakeup cycle, the processor 212
may receive a current temperature reading from the temperature sensor 223, retrieve the
temperature reading from the temperature register, and compare the two temperature
readings. [If the difference between the temperature readings is below a temperature
threshold, then the processor 212 may use the scaling factor in the calibration register to
determine the wakeup compare value for the next wakeup cycle. If the difference 1is
equal t¢ or above the temperatare threshold, then the processor 212 may calibrate the
first oscillator 101 to update the scaling factor in the calibration register, and use the
updated scaling factor to determine the wakeup compare value for the next wakeup
cycle. The scaling factor may be updated according to this embodiment, for example,
when the frequency of the first oscillator 101 is sensitive to changes in terperature.

108631 It is to be appreciated that the femperature sensor 225 may be integrated on the low
power device 100 instead of the main device 210. For example, the temperature sensor

225 may be located near the first oscillator 101 to get an accurate temperature reading
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for the first oscillator 101, o this embodiment, teroperature veadings from the
temperature sensor 2235 may be communicated to the processor 212 via communication
hink 216 or another link.

10064} As discussed above, tnstead of sending the wake compare value for the next wakeup
cycle to the timing circuit 102, the processor 212 may send a scaled count value
corresponding to the time delay until the next wakeup cycle to the timing circuit 102, In
this embodiment, the timing circuit 102 may add the received count value to the current
count value of the counter 120 to generate the wakeup compare value for the next
wakeup cycle, and write the wakeup compare value to the compare register 125,

[0865] Tn some aspects, the calibration register may include an offset value. The offset vahue
may be used fo adjust the wakeup compare value to account for delays in
communicating signals between the low power device 100 and the main device 210.
For example, in the embodiment in which the processor 212 reads the count value of the
counter 120 1o generate the wakeup compare value, the offset value may correspond to
the time delay between reading the count value from the counter 120 and the read count
vafue reaching the processor 212, In this exampie, the processor 212 may adjust the
read count vatue by the offset value to account for the delay. In another example, in the
embodiment in which the processor 212 generates a count value corresponding to the
time delay until the next wakeup cycle and sends the count value to the low power
circuit 100, the offset may correspond to the time delay between sending the count value
from the processor 212 and the corresponding wakeup compare value being wrilten to
the compare register 125, In this example, the offsct value may adjust the count value
to account for the delay. In some aspeets, the offset vahie may be in the form of an
offset count value and may be scaled by the scaling factor. For example, for the scaling

factor SF in equation (2), the offset count value before scaling may be computed by
multiplying the expected frequency of the first oscillator 1831 by the corresponding time
delay (c.g., delay of writing from the processor 212 to the compare register 125).

{80661 As discussed above, in one embodiment, the timing circuit 102 may reset the counter
120 to zero each time the main device goes back to sleep. In this embodiment, the
wakeup compare value in the register 123 may siay the same between calibrations.
When the main device is awoken in a wakeup cycle in which the oscillator 101 is not
calibrated, the main device may leave the wakeup compare value in the register 125

alone. In this case, the main device does not read and update the wakeup compare
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value, thereby reducing power consumption. When the main device is awoken n a
wakeup cycle in which the oscillator 101 s cahbrated, the main device may compuie a
new wakeup compare value based on the calibration. For example, the main device
may compute the new wakeup compare value based on a desired duration for a sleep
cycle and the estimated frequency of the oscillator 101 determined during the
calibration. The main device may then write the new wakeup compare value to the
register 125, In this case, when the main device goes back 1o sleep, the timing circuit

102 may reset the counter 120 to zero and power the main device back on when the

count value of the counter 120 matches the new wakeup compare value in the register

[

25,

100671 In the example shown 1o FIG. 2, the interface controller 2135, the processor 212 and the
second oscillator 220 of the mam device 210 are coupled to the battery 204 when the
battery pass circuit 105 is turned on {activated) and decoupled from the battery 204
when the battery pass circuit 105 is turned off.  In conirast, the low power device 100
may be contmmuously powered on by the battery 204. For example, the first oscillator
101 may be contimiously powered on by the battery 204 o maintain timing for the low
power device 100, For easc of iflustration, the power paths between the various
components of the low power device 100 and the battery 204 are not explicitly shown,

{3868} As discussed above, the counter 120 may be implemented using a ripple counter. In this
regard, F13. 4 shows an exarapie of a ripple counter 420 that may be used to imoplement
the counter 120. The ripple counter 420 comprises a phurahty of flip-flops 422(1) to
422(N), m which each flip-tlop has a clock jnput (devnoted “clk™), a data input {denoted
“D™), a first output (denoted “Q”) and a second output (denoted “Q™). Each flip-flop is
configured to latch the lngic state at the respective data input D on a rising edge of the
respective clock clk, and to output the latched logic state at the respective first output 3
and the inverse of the latched logic state at the respective second output Q. As shown in
FIG. 4, the data input D and second output § of each {Hp-flop are tied together. This
causes the first output Q3 of cach flip-flip to toggle {change logic states) on each rising
edge of the respective clock clk,

[6869] The clock input clk of the first ip-flop 422(1} s driven by the oscillator signal 106
from the first oscillator 101, The clock input clk of each of the other flip-flops 422{(2} 1o
422(IN} is driven by the first output Q of the previous flip-flop in the ripple counter 420.
As a result, the output frequency of the first fip-lop 422(1) s half the frequency of the
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oscillator signal 106, and the output frequency of cach of the other ip-flops 422(2) to
422(N) 1s half the output frequency of the previcus flip-flop in the ripple counter 420
In other words, cach flip-flop divides the input frequency (i.e., frequency at the
espective clock input ik} by two at the respective first output Q.

[0678] The fhip-flops 422(1) to 422(N) output N output signals, where N is the number of {lip-
flops and the output of cach flip-flop is taken at the respective first ouiput Q. The N
output signals provide the count value for the counter 420, in which the count value
comprises N bits with a maxinum count value of 2% The output signal of the first flip-
flop 422(1) provides the least significant bit (denoted “Bit 07) of the count vahie and the
cuiput signal of the last flip-flop 422(N) provides the most significant bit {denoted “Bit
N-17Y of the count value. For the embodiment in which the counter is reset to zero, the
counter 420 may be reset to zero by resefting one or more of the fhp-flops 422(1) to
422(N).

106711 FIG. 4 also shows an example of a register 425 that may be used to implerent the
compare register 125, The register 425 1s configured to store an N-bit compare value,
and comprises N bit cells 427(1) to 427(N), where cach bit cell is configured to store
one bit of the compare value. The bit cells may be toplemented with flip-flops or other
type of storage cells. To the example shown m FIG. 4, bit cell 427(1) stores the least

significant bit of the compare value and bit cell 427(N) stores the most significant bit of
the compare value.

{8872} In the example in FIG. 4, the tming circuit 102 also comprises a compare circuit 424
configured to compare the count value of the ripple counter 420 with the compare value
in the register 425. For the exampie in which the compare value is used to wake up the
main device 210, the compare circuit 424 may activate the battery pass circuit 165 to
power on the maim device 210 when the compare value matches the count value. The

compare circuit 424 may be configured to compare the compare value in the register
425 with the count value of the ripple counter 420 by comparing cach bit of the count
value with the correspounding bit of the compare value n the register 425, For example,
the compare circuit 424 may compare Bit 0 of the count value with the bit stored i bit
cell 427(1) of the register 425, compare Bit | of the count value with the bit stored in bit
cell 427(2) of the register 425, and so forth. o this exanple, the compare circuit 424
may determine that the count value and compare value match when each bit of the count

vatue matches the corresponding bit of the compare value. In another example, the
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compare circuif 424 may compare only a subset of the bits of the count value with a
subset of the bits of the compare value to determine whether there is a match. In this
example, the compare circuit 424 determines a match when the subset of the bits of the
count value matches the subset of the bits of the compare value.

[0873] As discussed, the oscillation signal 106 may be coupled to the processor 212 during
calibration to enable the processor 212 to directly count cycles of the first oscillator 101,
In another embodiment, the output signal of one of the flip-flops of the ripple counter
420 may be coupled to the processor 212 instead. For example, the ouiput signal of the
first hip-tlop 4221 may be coupled to the processor 212, In this example, the output

requency of the first flip-flop 422(1) 1s half the frequency of the oscillator signal 106,

e

Therefore, when the processor 212 counts a number of cycles of the ouiput signal of the

first fhp-flop 422(1}, the processor 212 may double the resulting count vahie to
determine the equivalent count value for the oscillation signal 106.

10874] As discussed above, the tow power electronic device 100 may be used to manage power
in a wircless medical device or other type of wireless device to improve battery
performance. In this regard, FIG. 5 shows an exarpic of a system 360 which may be
incorporated into a wireless medical device or type of device. The system 500
comprises the low power device 100, the main device 510 and the battery 204, The
systemi 500 may further comprise an antenna 530 {or wireless communication with
another device (e.g., mobile device, cellular device, laptop, tablet, etc.}), and one or more
sersors 511 fo 515 configured to measure one or more physiological conditions of a
patient. In one example, the wireless device may be worn by the patient {e.g., placed on
the skin of the patient).

1068751 The one or more sensors 511 to 515 may include a temperature sensor for measuring the
patient’s temperature, a pulse oximeter for measuring the patient’s (O, saturation, a
pressure sensor for measuring the patient’s blood pressure, an accelerometer for
measuring movement of the patient, a blood sugar sensor for measuring the patient’s
blood sugar level, ete. #tis 1o be appreciated that the one or more sensors 511 to 515 are
not himited to the examples given above. The one or more sensors 511 and 515 may
also include a contact sensor to determine whether the wireless device has been placed
on a patient, as discussed further below,

{8676{ In the example in FIG. 5, the main device 510 further comprises a transceiver 525 and a

sensor interface 520. The transceiver 325 is configured fo convert signals {(e.g.,
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baseband signals) from the processor 212 into radio-frequency (RF} signals for
transmission to the other device (e.g., mobile device) via the antenna 530, and (o
convert RY signals received by the antenna 530 into signals {(¢.g., bascband signals) for
processing by the processor 212, Thus, the transceiver 525 and the anteona 530
facihitate wircless communication between the other device and the processor 212, The
sensor mterface 520 1s configured to interface the processor 212 with the one or more
sensors 511 to 515, For example, the sensor interface 520 may convert a signal (e.g.,
analog signal) from one of the sensors into a digital sensor reading that can be processed
by the processor 212, Also, the processor 212 may provide power o a sensor that
regquires power to operate {(e.g., active sensor) via the sensor interface 520.

100771 As shown m FIG. 5, the second oscillator 220 may be coupled to the transceiver 525 o
provide an oscillator signal o the transceiver 525, The transceiver 525 may use the
oscillator signal for frequency up-conversion, frequency down-conversion, etc. Thus, in
this example, the second oscillator 220 may be used for both calibration of the fivst
oscillator 101 (as discussed above) and radio communication.

[0078] As discussed above, the main device 510 may spend most of the time in the sleep state,
in which the low power device 100 periodically wakes up the main device 510 1o
perform one or more task during cach wakeup cycle. More particularly, the Tow power
device 100 may wake up the main device S10 when an expiry event scours {e.g., the
count value of the counter 120 matches the wakeup compare value in the compare
register 125) by activating the battery pass circuit 105, After waking up, the processor
212 yoay program the wakeup compare value for the next wakeup cycle into the low
power device 100, as discussed above. The processor 212 may also perform one or
maore tasks, and upon completion of the one or more tasks, send a sleep signal to the low
power device 100 to turn off the main device 510 until the next wakeup cycele. The one
or more tasks may include receiving sensor data from one or more of the sensors Sil to
515 via the sensor interface 520 and transmitting the sensor data to the other device
{c.g., mobile device) via the transceiver 525 and antenna 530,

[0679] Thus, in this example, the tow power device 100 may periodically wake up the main
device 510 to take one or more sensor readings and transmit corresponding sensor data
to the other device {e.g., mobile device). The duty cycle of activity of the main device
510 may be made very small to extend the battery hife of the wireless device (e.g.

wireless medical device).
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{B080} It s to be appreciated that the main device 510 is not limited o transmitting sensor data
to the other device {e.g., mobile device} during each wakeup cycle. For example, the
processor 212 may transmit sensor data to the other device during every Mih wakeup
cyele, where M is an integer greater than one. o this examople, the processor 212 may
collect sensor data from one or more of the sensors 511 to 515 during each wakeup
cycle and store the sensor data in a memory on the low power device 100 or the main
device 510. The sensor data for cach wakeup cycle may be time stamped to identidy
when the corresponding sensor readings were taken. During each Mth wakeup cycle,
the processor 212 may retrieve the sensor data collected since the last transmission to
the other device, and transmit the sensor data to the other device via the transceiver 325
and the antenna 530. This may further reduce power consuroption by reducing the
frequency at which the transceiver 523 is powered on.

{0881} In this example, the processor 212 may keep frack of the number of times the main
device 210 has been woken up using a wakecup register. Hach time the main device 210
wakes up, the processor 212 yoay increment the wakeup register by one. Each time the
count in the wakeop register reaches M, the processor 212 may transmit sensor data to
the other device and reset the wakeup register to zero. Alternatively, the processor 212
may transmit sensor data to the other device cach time the count in the wakeup register
is a multiple of M. In cither case, the processor 212 may read the wakeup register each
time the main device 510 wakes up to determine whether to transmit sensor data to the
other device.

{0682} In some aspects, the processor 212 may process sensor data to determine whether to
transmit the sensor data to the other device. For example, the processor 212 may
process the sensor data to determine whether the sensor data is within a normal range.
If the scnsor data is within the normal range, then the processor 212 may determine not
to transmit the sensor data or to transmit the sensor data during a later wakeup cycle
{e.g., Mith wakeup cycle). I the sensor data is ouiside the normal range, then the
processor 212 may decide to transmit the sensor data to the other device during the

current wakeup cycle {e.g., fo alert the patient, medical personal, etc.}. This may
assume that the other device (e.g., mobile device} has a user mterface {e.g., display) for
communicating with the patient.

{63831 As discussed above, the state sequencing cireuit 104 may keep track of a state of the

wireless device (e.g., wireless medical patch). In one embodiment, the wireless device
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may sequentially transition through a plurality of states (modes) during the Hfetime of
the wireless device. In this embodiment, the one or more tasks performed by the main
device 510 during a wakeup cycic may depend on which state {(mode) the wireless
device 18 . Thus, when the main device 510 wakes up, the main device 510 may need
to determine which state (mode) the wireless device is in m order to determine which
task(s} to perform during the current wakeup cycle. In this regard, the state sequencing
circuit 104 may include a state register configured to store the current state {mode) of
the wireless device. In one example, each state may correspond 1o a different nurgeral
value, and the state register may store the numerical value of the current state. I this
example, when the main device 510 wakes up, the main device 510 may read the
numerical value sfored in the state register and identify the current state (mode) of the
wireless device based on the read numerical value. BExemplary states of the wireless
device {e.g., wircless medical device} are discussed below according to various
embodiments of the present disclosure.

{8884} In one exarople, when the low power device 100 is mitially powered on, the state
sequentially circuit 104 may be initially set to a fivst slate (mode). In this state, the low
power device 100 may automatically turn on the batiery pass circuit 105 by default
without comparing the count value of the counter 120 to a wakeup compare value. This
may be done, for example, by mitially disabling the sleep timer function. Upon waking
up, the processor 212 may read the state m the state register and determme that the
wireless device s in the first state. The processor 212 may then place the wireless
device in a second state (mode) by setting the state m the state register to the secound
state {mode}.

{6885} In one cmbodiment, the second state may involve the main device 510 going back to
slecp for an extended period of time (e.g., one or more days). For example, the low
power device 100 may be mitially powered on in a manufactaring plant, in which the
wireless device is being assemblied. In this example, after the low power device 100 is
inttially powered on, the wircless device may not be expected to be worn by a paticat
for at least a certain period of time. The period of time may include expected shipping
time from the manufacturing plant to a facihly {e.g., hospital, pharmacy, ete.) at which
the wireless device is to be given to the patient.  In this example, when the processor
212 wakes up in the first state, the processor 212 may place the low power device 100 in

the second state, program a wakeup compare valae in the compare register, and send a
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control signal to the low power device 100 to turn off the battery pass circuit 105 to put
the main device S1{ back to sleep. The processor 212 may also enable the sleep timer
function, which may be initially disabled, as discussed above. The wakeup compare
value may be a count vahie corresponding to the period of time that the main device 510
1s to remain oft in the second state. The second state may be referred to as a factory

state or mode.

{8086} In the second state, the timing circuit 102 may turn on the main device 5310 when the
count value of the counter 120 reaches the wakeup compare value in the compare
register 125. After waking up, the processor 212 may read the state in the state register

and determine that the wireless device is in the sccond state {e.g., factory state). After

pe

3

determining that the wircless device is in the second state, the processor 212 may

transition the wireless device to a third state (mode).

/

18087} In another embodiment, the time duration of the second state {e.g., factory state) may
gxceed the maximum count of the counter 120, Thus, in this embodiment, the main
device 510 may need to be woken up multiple times in the second state. For example,
the low power device 100 may nclude a wakeup register that keeps track of the number
of times that the main device 510 has been woken up in the second state.  fn this
example, the ime duration of the second state may be approximately equal to:

T= S At (5)

where T is the time doration of the second state, S is the number of wakeup cycles in the
second state, and At is the sleep time between adjacent wakeup cycles (duration of a
sleep cycle}, in which the sleep time does not ¢xceed the maximum count of the counter
120, In this example, each time the processor 212 wakes up in the second state, the
processor 212 yeads the state in the stage register and deterroines that the wireless
device 1s in the second state. The processor 212 may then check the wakeup register to
determine whether the main device 510 has been wolken up S times in the second state.
If not, then the processor 212 may increment the wakeup regisicr, program a new
wakeup compare value into the compare register corresponding to the next wakeup
cycle, and send a sleep signal to the low power device 100 to tum off the battery pass
circuit 105 to put the main device 519 back to sleep. If the main device 510 has been
woken up S times in the second state (e.g., factory state), then the processor 212 may

transition the wireless device to the third state {mode} by setting the siate in the state
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register to the third state. In this example, the counter 120 may roll over each time the
counter 120 reaches the maximum count of the counter 120.

{3888} In another embodiment, the timing circuit 102 may reset the counter 120 to zero each
time the main device is awoken o the second state (mode). In this embodiment, the
wakeup compare value in the register 125 may stay the saroe in the second state. Hach
time the processor 212 wakes up in the second state, the processor 2172 reads the state in
the state register and deterroines that the wireless device is in the second state. The
processor 212 may then check the wakeup register to determine whether the main
device 510 has been woken up S times in the second state. If not, then the processor
212 may increment the wakeup register and send a sleep signal to the low power device
100 to turn off the battery pass circuit 105 to put the main device 510 back to sleep. In
this emobodiment, the processor 212 does not read and update the compare valie since
the compare value stays the same, thereby reducing power consumption. I the main
device 510 has been woken up S times 1o the second state {c.g., factory state), then the
processor 212 may transition the wireless device to the third state {node) by setting the
state in the state register to the third state.

[0889%] Tn yet another embodiment, the timing circuit 102 may automatically increment the
wakeup register when the count value of the counter 120 reaches the compare value and
reset to the counter to zero without waking up the main device. The timing cireait 102
may wake up the main device when the count in the wakeup register reaches S,
indicating that the low power device has been in the second state (mode) for the desired
duration. This allows the tiroing ciremit 102 to keep track of 2 long period of time
without having to wake up the main device, thereby reducing power consumption.

10690] In the third state, the low power device 100 roay periodically wake up the main device
510 to determine whether the wireless device has been placed on a patient.  For
example, cach time the main device 510 wakes up in the third state, the processor 212
may receive a sensor reading {rom a contact sensor fo delermine whether the wireless
device has been placed on a patient.  In one cmbodiment, the contact sensor may
comprise 4 planar capacitor that is orientated approxamately horizontally with respect to
a patient’s skin when the wireless device {e.g., wireless medical device) is placed on the
patient’s skin. In this embodiment, the capacitance of the capacitor may change

significantly depending on whether the wireless device is placed on the patient’s skin.
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{0051} If the processor 212 determines that the wireless device is not on a patient, then the
processor 212 may program a new wakeop compare value into the compare register 125
corresponding to the next wakeup cycle, and send a sleep signal to the low power device
100 to put the main device 510 back to sleep. Io this case, the timing cireuit 102 wakes

5
H
1

up the mam device 510 when the count value of the counter 120 reaches the new
wakeup compare value. If the processor 212 delermines that the wireless device ison a
patient, then the then the processor 212 may transition the wircless device to a fourth
state {(roode} by setting the state in the state register to the fourth state.

{8092} For the embodiment in which the timing circuit 102 resets the counter 120 o zero each
time the main device goes back to sleep, the compare value may stay the same in the
third state (roode). In this exarople, the processor 212 may write the compare vahie to
the register 125 when the wireless device first enters the third state (roode), in which the
compare valuc corresponds to a desired duration between wakcoups in the third state
{(mode). Afler the compare value is initially written to the register 125, the compare
value may stay the same for the duration of the third state. In this example, each time
the counter 120 reaches the compare value, the timing circuit 102 may wake up the
main device and the processor 212 may determine whether the wircless device has been
placed on a patient. I the wireless device has not been placed on a patient, then the
main device may send a sleep signal to the low power device. The timing circuit 102
may then power off the main device and reset the counter 128 to zero.

{00931 Thus, the wireless device may remain i the third state until the wircless device is
placed on a patient. The third state may be referred to as a shelf state (mode), in which
the wireless device is waiting to be placed on a patient. The wireless device may remain
in the third state (shelf state) for a long period of time (e.g., weeks, months, ctc.). There
may be a tradeof! between the shelf life of the wireless device and how guickly the
wireless device detects that it has been placed on a patient. For instance, increasing the
time duration between wakeup cycles may increase the shelf life while also potentially
increasing the time it takes for the wircless device to detect that it bas been placed on a
patient. This is because, when the wireless device is placed on a patient while the main
device 510 is asleep, the wireless device does not detect the patient ontil the next
wakeup cycle.

{0094} When the wireless device enters the fourth state, the processor 212 may tuon on the

transceiver 525 and perform a discovery proceduore for discovermg nearby devices {e.g.,



WO 2015/175092 PCT/US2015/021325

)

mobile device) via the antenna 530,  For example, when the wweless device
communicates with other devices using a Bluetooth protocol, the processor 212 may
preform discovery according to the Bluetooth protocol. Upon discovering a nearby
device, the processor 212 may exchange persistent keys and/or other information with
the nearby device, and store the keys and/or other information in a memory m the low
power device 100 or the main device 510. When the processor 212 is reawakened, the
processor 212 may reestablish a wireless link with the nearby device using the stored
keys and/or other information without having to perform the discovery procedure again,
The fourth state may be referred 1o as a discovery state (mode).

[3895] Afier device discovery, the processor the processor 212 may transition the wircless
device to a fifth state (mode) by setting the state in the state register to the fifth state. In

the fifth state, the low power device 100 roay periodically wake up the mam device 510

o collect sensor data from one or more of the sensors 511 to 515, as discussed above.

(ﬁ

More particularly, each time the main device 510 wakes up, the processor 212 may

receive sensor readings from one or more of the sensor 511 to 515 and transmit

corresponding sensor data to the nearby device via the transceiver 525 and 530, The

processor 212 may also program a new wakeup compare value into the compare register

125 for the next wakeup cycle, and send a sleep signal to the low power device 100 to
turn off the main device 510, As discussed above, the processor 212 may transmut
sensor data to the nearby device every Mth wakeup cycle instead of every wakeup cycle
and/or transit sensor data to the nearby device when the sensor data is outside a normal
range. The fitth state may be referred to as a mission state {mode).

{0056} In the Gfih state (mode}, the wakeup times of the main device 510 may be synchronized
with the nearby device. In this example, the nearby device may tum on a transceiver (o
receive sensor data from the wireless device during every wakeup cycle or every Mih
wakeup cycle of the main device 510, To maintain time synchronization with the
nearby device, the processor 212 may periodically calibrate the first oscillator 101 (e.g.,

to compensate for frequency drift of the first oscillator 101).

{8097 In one embodiment, the wireless device may remain in the {ifth state {(mode} for a
predetermined period of time. For example, the wireless device may remain in the fifth
state over W wakeup cycles, where W is an integer greater than one.  In this example,

the low power device 100 may mclude a wakeup register that tracks the number of time

that the main device 510 has been woken up n the {ifth state (mission state}. Each time
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the processor 212 wakes up, the processor 2172 reads the state m the stage register and
determines that the wireless device is in the fifth stale. The processor 212 may then
check the wakeup register to determine whether the main device 510 has been woken up
W times in the fifth state. If pot, then the processor 212 may merement the wakeup
register and perform one or more of the tasks discussed above.

{0098} I the main device 510 has been woken up W times in the ifth state, then the processor
212 may quickly drain the batiery 204 to terminate operation of the wireless device.
The processor 212 may do this, for example, by continmuously powering on a high-power
component (e.g., the transceiver 525} of the wireless device. Before the battery is
drained to terminate operation, the processor 212 may transmit a message to the nearby
device mdicating that the wireless device bas reached the end of its useful hife and/or
perform one or more other tasks.

3899} In one embodiment, the low power device 100 may include a wakeup register that keeps
track of the time duration that the low power device 100 is the third state {c.g., shelf
mode). In this emwbodiment, each time the main device 510 is awoken to determine
whether the wircless device has been placed on a patient, the count in the wakeup
register may be incremented by the toing circuit 102 or the main device 510, When
the main device transitions to the fourth state, the processor 212 may read the count in
the wakeup register to determumne how long the wireless device has been in the third state
{e.g., by multiplying the count by the duration of a sleep cycle in the third state). The
main device may then transmit this nformation to the nearby device {e.g., via 2 wircless
hnk}). The nearby device may display this mformation to the patient to mform the
patient how long the wireless device has been in the third sate (e.g., on the shelf). For
example, if the wirciess device has been on the shelf too long, the then the paticnt may
try another wireless device.

[0108] In one aspect, the processor 212 may determine power drain on the battery 204 from the
third state {c.g., shelf state) based on the count 1n the wakeup register. For example, the
processor 212 roay estimate the power drain by multiplying the count by the power
drain for cach wakeup cycle in the third state. Based on the estimated power drain from
the third state, the processor 212 may cstimate the remaining power in the battery 204.
The processor 212 may then estimate a time duration that the wireless device may
operate in the fifth stale (mission state) with the remaining battery power. The

srocessor 212 may do this by dividing the remaining batiery power by an estimated
o o o RANS
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power drain for each wakeup cycle in the fifth state 1o estimate a number of wakeup
cycles in the fifth state, and moltiplying the namber of wakeup cycles by the duration
between adjacent wakeup cycles.  After determining the durstion that the wircless
device may operate in the fifth state with the remaining battery power, the main device
515 may transot the duration to the nearby device for display to the patient. This may
allow the patient (o determine how long the wirecless device will last. The patient may
use this mformation, for example, to determine whether to order another wirgless device
hetfore the current device stops functioning.

(3181} As discussed above, the processor 212 may estimate a number of wakeup cyeles in the
fifth state with the remaining battery power. In this example, the processor 212 may set
the number of tirnes W that the main device is to be awcken in the fifth state based on
the estimated number, and store the number W in the state seguencing circuit 104, As
discussed above, the number of times that the main device is awoken in the {ifth state
may be tracked by mncromenting a wakeup register each time the maim device is awoken
m the fifth state. When the main device has been woken up W times in the fifth state,
the processor 212 may quickly drain the battery 204 to terminate operation of the
wireless device.

{3182} The low power device 100 may comprise a phirahity of wakeup registers {e.g., one for
tracking the number of wakeups in the second state, one for tracking the number of
wakecups in the third state, and one for iracking the number of wakeups in the {ifth
state}. ko avnother aspect, the low power device 100 may use the same wakeup register
for different states. For example, the low power device 100 may use the same wakeup
register for the third and fifth states, in which the wakeup register may be reset to zero
when the low power device enters the fifth state. In this example, the wakeup register
may be read by the processor 212 before the wakeup register is reset so the processor
212 can determine how long the wireless device has been in the third state.

{0183} In one aspect, the low power device 100 may comprise volatile memory, which may
include one or more of the registers discussed above. In this aspect, the volatile
memory may reroain continvously powered on from the time the low power deviee is
mitially powered on (e.g. in a manufactaring facility) to the time that operation of the
wireless device is terminated. As a result, the information stored in the memory may be
lost when operation of the wireless device s ternunated.  This may be desirable, for

example, when the information includes sensitive patient information (e.e., sensor data
bJ >
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for the patient). The loss of the sensitive information prevents an unauthorized person

from later retrieving the mformation from the wireless device.

{104} It is to be appreciated that the states discussed above are exemplary only, and that the
present disclosure is not mited to these states or any particular order of these states.
One or more of the exemplary states discussed above may be omitted.  Further, the
wireless device may have ong or more intermediate states between the exemplary states
discussed above.

[0105] It 15 to be appreciated that, although the low power device 100 18 useful for extending
the battery life of a medical device (e.g., medical patch), the low power device 100 is
not hmited to this cxample. In general, the low power device 100 may be used to

Fag
£
)

mprove battery life for any mobile application in which a main device has a low duty of
activity {spends most of the time in a sleep state).

{3186] The low device 100 and the main device 510 may be fabricated on the same die. In
another example, the low power device 100 and the main device 510 may be fabricated
on separate dies and packaged in a same circuit package (e.g., multi-chip package). In
vet another example, the low power device 100 and the main device 510 may be
fabricated on separate dics and packaged in separate circuit packages.

(3187} In one example, the liming circuit 102, the interface controller 103 and the state
sequencing circuit 104 may be implemented on the same die with the oscillator 101
(e.g., crystal oscillator) implemented on a separate die. To still another exaraple, the
timing civcuit 102, the mterface controller 103, the state sequencing circutt 104 and the
oscillator {e.g., low power RC oscillator) may be implemented on the same die with the
battery pass circuit 105 implemented on a separate die.

{008} It is to be appreciated that the counter 120 may roll over one or more times during the
hfetime of the wireless time depending on the maximum count of the counter (20, the

frequency of the first oscillator 161, and the duration of the hifetime. In this case, the
processor 212 may bave knowledge of the maximum count of the counter 120, and
therefore know when the counter rolls over. The processor 212 may use this knowledge
to adjust the wakeup compare value accordingly. For example, the processor 212 may
roll over a wakeup compare value when the wakeup compare value reaches the
maximum count of the coumter 120

[3109] FIG. 6 18 a low diagram of a method 600 operable on an electromic device for extending

battery life in mobile applications according to an embodiment of the present disclosure.
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{0118 In step 610, the oscillator signal is received from an oscillator. The oscillator may be a
low power oscillator (e.g., oscillator 101} such as a crystal oscillator, an LC oscillator,
am RC oscillator, etc.

{0111 Tn step 620, a count value is generated based on the oscillator signal. For example, the
count vahie may be generated by driving a counter (e.g., counter 120} with the oscillator
signal.

(6112

[

In step 630, the counter value is compared with a first compare value. For example, the
first compare value {e.g., wakeup compare value) may correspond to 2 wakeup time of a
device (e.g., main device 210 or S10).

(0113

ot

In step 640, a first expiry event 1s determined apon the count value maiching the first
compare value. To step 650, a device is powered on in response 1o the first expiry event.
For example, the device (e.g., main device 210 or 510) may be powered on by turning

on a power switch {e.g., batiery pass circuit 135) between a battery {e.g., battery 204}

and the device.

10114} In step 660, & state stored 1o a state sequencing civcuit 18 conmmunicated to the device
while the device is powered on. For example, the device (e.g., main device 210 or 510)
may read the state from the state sequencing circuit (e.g., state sequencing circuit 104)
vig an interface {(e.g., interface 103). The device may determine which task(s} 1o
perform based on the read state.

8115

[P

Those skilled in the art would appreciate that the circuits described herein may be
realized using a variety of transistor types, and are therefore not Hiited to the particular
fransistor types shown in the figures. For example, transistor fypes such as bipolar
Junction transistors, junction field effect transistor or any other transistor type may be
used. Those skilled in the art would also appreciate that the circuits described herein
may be fabricated with various IC process technologies such as CMOS, bipolar junction
transistor  (BIT), bipolar-CMOS  (BiCMOS), silicon germanium  (5iGe), gallum
arsenide {GaAs), elc.

16216} The various iHustrative logical blocks, modules, and circuits described in connectinn
with the disclosure herein may be mmplemented or performed with a general-purpose
processor, a digital signal processor (DSP}, an apphication specific fntegrated circust
{ASICY, a field programmable gate array (FPGA} or other programmable logic device,
discrete gate or {ransistor logic, discrete hardware components, or any combination
thereof designed to perform the functions described herein. A general-purpose

processor may be a microprocessor, but 1o the aliernative, the processor may be any
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conventional processor, controller, microcontroller, or state machine. A processor may
also be implemented as a combination of computing devices, e.g., a combination of a
DBSP and a microprocessor, a plurality of microprocessors, ong or more microprocessors
in conjunction with a DSP core, or any other such configuration.

{3117} The steps of a roethed or algorithm deseribed in connection with the disclosure herein
may be embodied directly in hardware, in a software module executed by a processor,
or in a combination of the two. A software module may reside in RAM memory, flash
memory, ROM memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known i the art. An
exemplary storage medium is coupled to the processor such that the processor can read
information {from, and write information to, the siorage medium. in the altermative, the
storage mediom may be mitegral to the processor. The processor and the storage
medium may reside in an ASIC. The ASIC may reside in a user terminal. In the
alternative, the processor and the storage medivm may reside as discrete components in
& user terminal,

[0118] The previous description of the disclosure 15 provided to enable any person skilled 1o the
art to make or use the disclosure. Various modifications to the disclosure will be readily
apparent to those skilled in the art, and the geoeric principles defined hercin may be
applhied to other variations without departing from the spirit or scope of the disclosure.
Thus, the disclosure is not intended to be limited to the examples described herein but is
to be accorded the widest scope consistent with the principles and novel features

disclosed herem.
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CLAIMS
WHAT I8 CLAIMED IS:
1. An electronic device comprising:

an oscillator configured to generate an oscillator signal;

a timing circuit configured to generate a count valoe based on the oscillator
signal, to compare the count value with a first compare value, to determine a first expiry
event upon the count value matching the frst compare value, and to generate a first
wakeup signal in response to the frst expiry event;

a battery pass circuit configured to receive the first wakeup signal, and to couple
a power source 1o a main device in response to the first wakeup signal to power on the
mamn device;

a state sequencing circuit configured to store a state of the main device; and

an mterface circuit configured to communicate the stored state to the main

device.

2. The electronic device of claim 1, wherein the interface circuit is
configured to receive a sccond compare value for a next wakeup cycle from the main

deviee, and to prograro the second compare value into the timing cireuit.

3. The clectronic device of claim 2, wheretn the interface circuit is
configured to receive a sleep signal from the main device and to instruct the timing
circutt to turn off the battery pass circuit in response to the sleep signal to power off the

main device.

4, The electronic device of clatm 3, wherem, afier the main device 18
powered off, the timing circutt is configured to compare the count value with the second
compare value, to determine a sccond expiry event upon the count value matching the
second compare value, and to generate a second wakeup signal in response to the
second expiry event, wherem the battery pass circuit powers the main device back on in

response to the second wakeup signal.
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5. The electronic device of claim 1, wherein the timing cireuit comprises 8
counter driven by the oscillator signal, and the counter 1s configured to generate the

count valoe.

5. The electromic device of claim 1, further comprising a switch between
the oscillator and the main device, wherein the switch is configured to couple the

oscillator to the main device in response to a conirol signal from the main device.

7. The electronic device of claim 6, wherein the switch 1s configured to

receive the control signal via the interface circuit.

3. The electromic device of claim 1, wherein interface circuit is configured
to sequentially receive a plurality of state update signals from the main device, each of
the state uvpdate signal corresponding to a different state of the main device, and to
update the state stored in the state sequence circuit in response to each of the state

update signals.

9. The electronic device of claim &, wherein, in a first one of the phurality of
states, the main device is confligured to periodically check a coniract sensor to detect the
presence of a patient, and, in a second one of the phurality of states, the main device 18

configured to periodically collect sensor data from one or more sensors.

10. The electronic device of claim 9, wherein, i the second one of the
plurality of states, the main device is configured to periodically transmit the sensor data

wirelessly to an external device,

1. A method for extending battery life in a mobile apphication, the method
comprising:

receiving an oscillator signal from an oscillator;

generating a count value based on the oscillator signal;

comparing the count value with a first compare vahie;

determining a {irst expiry event upon the count value matching the first compare
valoe;

powering on a device in response to the first expiry event; and
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communicating a state stored i a state sequencing circuit to the device while the

device s powered on.

12. The method of claim 11, further comprising receiving a second compare

value for a next wakeup cycle from the device.

13, The method of claim 12, further comprising:
receiving a sleep signal from the device; and

powering off the device n the response to the sleep signal.

14. The method of claim 13, further comprising:

after the device s powered off, comparing the count value with the second
compare value;

determining a sccond expiry event upon the count value matching the second
compare value; and

powering the device back on in response to the second expiry event.

15. The method of claim 11, further comprising incrementing the count

value at a rate based on a frequency of the oscillator.

16, The method of claim 11, further comprising:
receiving a control signal from the device; and

coupling the oscillator signal to the device in response to the control signal.

17. The method of claim 11, further comprising:

sequentially receiving a plurality of state update signals from the device, each of
the state update signal corresponding to a different state of the device; and

updating the state stored in the state sequence circuit in response to each of the
state update signals.

-
7
I

18, The method of claim 17, wherein, in a first one of the plurality of states,

the device periodically checks a contract sensor to detect the presence of a patient, and,

in a second one of the plurality of states, the device periodically collecis sensor data

from one or More Sensors.



WO 2015/175092 PCT/US2015/021325

19, The method of claim 18, wherein, 1o the second one of the plurality of

states, the device periodically transmits the sensor data wirclessly to an extemal device.

20, An apparatus for extending battery hife in a mobiic application, the
apparatus corprising:

means for receiving an oscillator signal from an oscillator;

means for generating a count value based on the oscillator signal;

means for comparing the count value with a first compare value;

means for determining a first expiry event upon the count vahie matching the
first compare value;

means for powering on a device in response to the first expiry event; and

means for communicating a state stored in a state sequencing circuit to the

device while the device 18 powered on.

21.  The apparatus of claim 20, further comprising means for receiving a

second compare value for a next wakeup cycle from the device.

22, The apparatus of claim 21, further comprising:
means for receiving a sleep signal from the device; and

means for powering off the device in the response to the sleep signal.

23.  The apparatus of claim 22, further comprising

raeans for comparing the count value with the second compare value after the
device is powered off;

means for delermining a second expiry event upon the count value matching the
second comapare value; and

means for powering the device back on i response to the second expiry event.

24, The apparatus of claim 20, further comprising means for incrementing

the count value at a rate based on a frequency of the oscillator.

25.  The apparatos of claim 20, further comprising:

means for receiving a contro] signal from the device; and
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means for coupling the oscillator signal to the device m response to the control

signal.

26.  The apparatus of claim 20, further comprising:

raeans for sequentially receiving a plurality of state update signals from the
deviee, each of the state update signal corresponding to a different state of the device;
and

means for updating the state stored in the state sequence circuit in response to

cach of the state update signals.

27. The apparatus of claim 26, wherein, in a first one of the plurality of
staies, the device periodically checks a coniract sensor to detect the presence of a
patient, and, in a second one of the plurality of states, the device periodically collects

sensor data from one or more Sensors,

28. The apparatus of claim 27, wherein, in the second one of the plurality of

staies, the device periodically transimiis the sensor data wirelessly to an external device.
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-8, 11-17, 20-26

An electronic device comprising an oscillator, a timing
circuit configured to generate a count value based on the
oscillator signal and to generate a first wakeup signal, a
battery pass circuit configured to couple a power source to
a main device in response to the first wakeup signal, a
state sequencing circuit configured to store a state of the
main device and an interface circuit configured to
communicate the stored state to the main device wherein

the interface circuit is configured to receive the value to
configure the wakeup timer.

2. claims: 9, 10, 18, 19, 27, 28

An electronic device comprising an oscillator, a timing
circuit configured to generate a count value based on the
oscillator signal and to generate a first wakeup signal, a
battery pass circuit configured to couple a power source to
a main device in response to the first wakeup signal, a
state sequencing circuit configured to store a state of the
main device and an interface circuit configured to
communicate the stored state to the main device wherein

in a plurality of states the main device is configured to
periodically check contact sensors and to collect sensor
data.
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