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this invention relates to controlling power in electronic equi pnent and,
nore specifically, to maxim zing the use of a battery's energy in a
portabl e el ectronic device. 10 Backgroung%ﬁﬁ ?

I nvention Traditionally, power control aﬂparatus have been Z oped to
control power provided by a battery to a portable electronlc devi ce. These
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di ffered dependi ng upon the type
10 Background of the Invention

Traditionally, power control apparatus have been developed
to control power provided by a battery to a portable electronic
device. These power control apparatuses monitor the voltage of

15 the battery and compare the battery voltage to a hardware
undervoltage threshold. If the battery voltage-falls below the
undervoltage threshold, then the power to the portable
electronic device is powered-oﬁ'. Typically, this threshold is
positioned 200-300 millivolts above the lowest operating voltage

20 of the portable electronic device. In radio communication
devices, the threshold was typically positioned 200-300
millivolts above the operating voltage of voltage regulators in
the radio communication device. The voltage regulators are
used to provide a steady reference to the rest of the radio

25 communication device. By providing such a threshold, the
radio communication device's operation was very reliable,
however, some unused energy remained in the battery. The
amount of the unused energy differed depending upon the type
of battery attached to the radio communication device.

30 FIG. 1 is an illustration of a voltage/drain characteristic
100 of a NiCd (nickel cadmium) battery. As can be seen from
the voltage/drain characteristic, the amount of unused energy
remaining in the battery after reaching the traditional
undervoltage threshold 101 is minimal. FIG. 21is an

35 illustration of a voltage/drain characteristic 200 of a lithium



of battery attached to the radio communication device. 3 0 FIG 1is
ah illustration of a voltage/drain characteristic 100 of a NiCd (nickel
cadm um) battery. As can be seen fromthe voltage/drain characteristic, the
anount of unused energy remaining in the battery after reaching the
traditional undervoltage threshold 101 is,mnimal. FIG 2is an 35
illustration of a voltage/drain characterTstic 200 of a lithium 2 ion
battery. As can be seen fromFIG 2, the lithiumion battery has a |inear
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10 particularly true in the radio communication device market.

The introduction of lithium ion batteries is a significant
advance in battery technology, offering increased operation
time of portable electronic devices. However, the impact of this
advance is not fully exploited with a traditional power control
15 apparatus, as described above. The traditional power control
apparatus powers-off the portable electronic device even though
there is a significant portion of unused energy remaining in
the battery. Thus, it would be advantageous to provide a power
control apparatus to utilize a larger portion of the energy in a
20 battery before powering-off.

Brief Description of the Drawings

FIG. 1 is an illustration of a voltage/drain characteristic of
25 a NiCd battery as is known in the art.
FIG. 2 is an illustration of a voltage/drain characteristic of
a lithium ion battery as is known in the art.
FIG. 3 is an illustration in block diagram form of a radio
communication system including a portable radio
30 communication device which may be used in accordance with
the present invention.
FIG. 4 is an illustration in block diagram form of a power
control circuit of FIG. 3 in accordance with the present
invention.



appar atus powers-off the portable electronic device even though there is a
significant portion of unused energy remaining in the battery. Thus, it
woul d be advant ageous to provide a power control apparatus to utilize a

| arger portion of the energy in a 20 battery before powering-off. Brief
Description of the Drawings FIG 1 is an;’llustration of a voltage/drain
characteristic of 2 5 a NNCd battery & is known in the art. FIG 2 is
an illustration of a voltage/drain characteristic of a lithiumion battery
as is known in the 6FIG ﬂsGan?ﬂlugtﬁmwd J)ﬂétp‘raéés@rﬂdvﬁchhﬁpih di agram f or m of
a radi o comuni cation ste udi n Qortable radio 3 0O
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Detailed Description of a Preferred Embodiment
10 | '

The present embodiment describes a portable radio
communication device for use in a radio communication
system. The radio communication device is powered by a
rechargeable battery. The rechargeable battery is a lithium ion

15 battery. However, other batteries such as NiCd, nickel metal
hydride, and their equivalents could be used. The portable
radio communication device includes power control circuitry
for monitoring the voltage level inéoming from the battery and
provides power to the other electronic components, including

20 radio circuitry, cqntained within the radio communication
device. .

The power control circuitry includes a boost regulator that
provides a constant level output voltage independent of the
input voltage, including input voltages which are less than the

25 output regulated voltage. The boosted regulator output signal
is used to generate an internal reference signal for use
throughout the radio communication device, including an
analog to digital converter (ADC) for digitizing the battery
voltage for use by the power control circuitry. The digitized

30 battery voltage is compared to at least one threshold and in
response to the comparison, the radio communication device is
put into a powered-off state in one of many known manners,
such as that described in U.S. Patent No. 4,642,479, issued on

February 10, 1987 and assigned to the assignee of the present
35 invention. Using the boost regulator output signal as a



power control apparatus in accordance with the present invention. Detailed
Description of a Preferred Enbodi ment 10 The present enbodi ment describes a
portabl e radio communi cati on device for use in a radi o conmuni cation
system The radi o communi cation device is powered by a rechargeabl e
battery. The rechargeable battery is a Ihthiun1ion 15 battery. However,
ot her batteries such as N Cd, nickel netal hydride, and their equival ents
coul d be used. The portable radi o conmuni cati on devi ce includes power
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manners, i o R
the battery and radio communication device circuitry.

‘Specifically, when the radio communication device isin a
powered-up state, the battery voltage is compared to a first
hardware undervoltage threshold that is less than the software
undervoltage threshold. When the radio communication

15 device is in a powered-off state, the battery voltage is compared
to a second hardware undervoltage threshold that is greater
than the software undervoltage threshold. The first hardware
undervoltage threshold protects the battery from harm when
the software power control circuitry fails. The second

20 hardware undervoltage threshold ensures proper operation of
the radio communication device during advancement to the
powered-up state. Upon arrival at the powered-up state, the
hardware undervoltage threshold switches to the first
hardware undervoltage threshold. g

25 FIG. 3 is an illustration in block diagram form of a radio
communication system 300. The radio communication system
300 includes a fixed site transceiver 301. The fixed site
transceiver 301 sends and receives radio fré'quency (RF) signals
to and from multiple radio communication devices within a

30 fixed geographic area. One such radio communication device
is radio communication device 303 of FIG. 3. The RF signals

transmitted between the fized site transceiver 301 and the radio
communication device 303 provide radio communication
services such as radio telephone service, electronic mail

35 service, wireless fax service, and short message service. Other



such as that described in U S Patent No. 4,642,479, issued on February 10,
3987 and assigned to the assignee of the present 3 5 I nvention. Using

t he boost regul ator output signal as a 4 reference to the ADC all ows the
battery voltage to fall below the voltage of the internal reference signa
and shutoff at a | ower undervoltage threghold than the traditional

undervol tage threshol d described in the background of the invention. Using
5 this | ower undervoltage threshold neximzes the anpbunt of battery
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the battery fronpbaefcoiol hpparstis \Ba5caRqiEbhatter} 3P1. TheGadidy fails. The
second communication device 303 receives the RF signals through the
10 antenna 305. The antenna 305 converts the received RF signals
into electrical RF signals for use by the receiver 309. The
receiver 309 demodulates the electrical RF sighals and recovers
the data transmitted using the RF signals. Additionally, the
radio receiver 309 outputs the data to the processor 311. ‘The
15 processoi' 311 includes at least a main microprocessor, such as
an MC 68040 available from Motorola, Inc., and associated
memory, as well as, other control circuits including integrated
circuits and other known technologies. The processor 311

formats the received data output from the radio receiver 309

20 into recognizable voice or messaging information for use by
other parts of the radio device circuitry including the user
interface 313. The user interface 313 communicates the
formatted data output to the user via a speaker, display, and
any other medium of communication. -

25 Upon transmission of RF signals from the radio
communication device 303 to the fixed site transceiver 301, the
user interface 313 transmits user input data to the processor
311. Such data may include voice data and or messaging
information. The processor 311 formats the information

30 obtained from the user interface 313 and transmits the
formatted information to the radio transmitter 307. The radio
transmitter 307 converts the formatted information into
electrical RF-modulated signals and outputs these to the
antenna 305 for transmission to the fixed site transceiver 301.



20 - hardware undervoltage threshold ensures proper operation of the radio
communi cati on devi ce during advancenent to the powered-up state. Upon
arrival at the powered-up state, the hardware undervol tage threshold

switches to the first hardware undervoltage threshold. 25 FIG 3is
an illustration in block diagramform ofga radi o communi cati on system 300.
The radi o comruni cati on system 300 i ncludes a fixed site transceiver 301.

The fixed site transceiver 301 sends and receives radio frequency (RF)
signals to and frompmghel e‘feﬁ@d'e%lfd?liméﬁtcﬁié BakteRy BER$s OF hNithid@m30

f d h d dev di

comunt cat on héﬁéime@@rﬁ oSSR R 2 AL B AbBBRT: Cecn e
fixed site t_ranscmid/nrckaDmaahhy@ndeam&nmpothenlavanrbaditnrydngOS provi de
radio_communi cat igf, $elhGaR SC ERLINE i gt%gi@{a%a@fowlg% g ectronic

mai | 35 service,” WwWreless Serv ssage servi ce. Q her

5 equal |y suffi cihemefigialdaithose @Wﬁﬂbﬂtﬁé qstmdevmemhzsh uagylineatt ude ot her

conbi nations of (digdfare Q'Hﬁ%%ér?é’s %ﬁE:H'aféel%}ﬁﬁni/‘fdd bagefice TdIOWN radi o
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monitored by the power control circuitry 315. In the preferred

10 embodiment, the power control circuitry 315 monitors or
compares the voltage' of the B+ signal to three independent
threshold signals. The first threshold is a software shutdown
voltage threshold. In order to be compared, the B+ signal is
digitized using an ADC that uses an internal reference

15 generated by a boost regulator. Using the boost regulator
allows the software undervoltage threshold to be at the lowest
operating point of the radio communication device and lower
than the traditional hardware undervoltage threshold. As
previously discussed, the traditional hardware undervoltage

20 was set 200-300 millivolts above the regulator operating point.
This traditional threshold was required because once the
battery fell below the voltage of the regulated output the voltage
of a non-boosted reference would fall with the voltage of the
battery. Thus, in the traditional system, if this lower software

25 undervoltage threshold shutdown was employed, the
traditional system would never indicate a shut off condition.
Lowering the threshold for shutoff when the radio
communication device is in the powered-up state allows use of
the unused energy in the battery that could not be used with the

30 traditional hardware undervoltage circuit. This allows the

' radio communication device 303 to increase its operation time
significantly over those phones available in the prior art.

Additionally, the power control circuitry 315 includes a

hardware comparison with two additional hardware

35 undervoltage thresholds. While the radio communication



interface 313, a power control circuit, also referred to as a power contro
apparatus 315, and a battery 317. The radi o comuni cati on device 303
receives the RF signals through the 1 0 antenna 305. The antenna 305
converts the received RF signals into electrical RF signals for use by the
recei ver 309. The receiver 309 denodul at the electrical RF signals and
recovers the data transmtted using the signals. Additionally, the radio
recei ver 309 outputs the data to the processor 311. The 1 5 processor

311 includes at lgegk @gﬁgllﬂ tﬁb?ﬁ?r@ﬂﬁ%f&rate %%Wo?@ag@'b 48040 avail abl e
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threshold is set to a level that prevents the radio
communication device 303 from powering up in an illegal state
and ensures operation in the powered-up state of the radio

15 communication device for a reasonable amount of time.

| Details of the power control circuitry 315 are illustrated in FIG.
4. |

FIG. 4 is an illustration in block didgram form of the power
control circuitry 315 of FIG. 3. In the preferred embodiment,

20 the power control circuitry 315 includes a scaler 401, an
analog-to-digital converter 403 (ADC), a processor 405, a boost
regulator 407, a reference generator 409, a linear regulator
411, a hardware comparator 413, a threshold generator 415,
and a hardware shutoff circuitry 417.

25 While the radio communication device 303 is in the
powered-up state, the voltage on the B+ signal 321 is input into
scaler 401. The scaler 401 is not a necessary part of the present
invention, but it is preferred. Scaler 401 scales the voltage on
the B+ signal 321 to optimally fit an input voltage range of the

30  ADC403. Additionally, the B+ signal 321 is input into the boost
regulator 407, the linear regulator 411, and the hardware
comparator 413. The boost regulator 407 may be a boost
regulator model MAX 631 available from Maxim Integrated
Products. The function of the boost is to provide an output

35 - voltage that is higher than its input voltage. Although the



el ectrical RF-npdul ated signals and outputs these to the antenna 305 for
transm ssion to the fixed site transceiver 301. 6 In the preferred
enbodi ment, the battery 317 is of a lithiumion type. Al though other
batteries such as nickel cadm um and ni ckel netal hydride and any ot her
known battery type may be substituted, itgis believed that this invention
IS nost 5 _beneficial to those portable el ectronic devices which use

| i near di scharge-type batteries, such as lithiumion batteries. The battery
317 outputs a gr omekrsdoubrd] cirvhit 35 rly includet ong ldnéquregulgtoal (B+). The
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10 linear regulator 411.

The regulator output signal 423 of the boost regulator 407
carries a boosted regulator voltage and is input into the
reference generator 409. In the preferred embodiment the
reference generator 409 is used to control variations in the

15 boosted regulator output signal 423 and provide a steady
internal reference signal 425 to the ADC 403 as well as other
circuitry within the radio communication device 303. The
reference generator 409 is not an essential element of the
present invention. It is merely a tool by which a smooth

20 reference is provided in the preferred embodiment. Other
equally sufficient means, including an improved boost
regulator, may be substituted for the reference generator 409.

The ADC 403 utilizes the reference signal to sample the

voltage of the B+ signal and generate a digitized battery voltage

25 signal 427. The digitized battery voltage signal 427 is input into
the processor 405. The processor 405 méy share circuitry with
the processor 311 of FIG. 3, or it may be a stand alone
processing circuit, depending upon the implementation of the
invention. In the préferfed embodiment the processor 405

30 includes a memory device for providing storage of a computer |
program as well as a microprocessor for executing the steps of
the computer program. Details concerning the computer
program stored on the computer memory device are illustrated
in process flow chart form in FIG. 5. Generally, the digitized

35 battery voltage signal 427 is compared to a predetermined



This:traditional threshold was required because once the battery fell bel ow
the voltage of the regul ated output the voltage of a non-boosted reference
would fall with the voltage of the battery. Thus, in the traditiona

system if this |ower software 25 undervol tage t hreshol d shut down was
enpl oyed, the traditional system would neger indicate a shut off condition.
Lowering the threshold for shutoff when the radi o communi cation device is
in the powered-up state allows use of the unused energy in the battery that

coul d not be usedsoftiwhré In@dér(aoltagé tl@eashbwaﬂméaﬁfé/\@ddaoundervoltage
circuit. This allows the rﬁ cormuructlon de gStﬁ ncrease its
operation tine siGHPPIEEAE S1C6 T ?1‘@? sigtee he prior art.
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equal to 2.7 voI 58% ppYsh a!% E%%%Pfgw BERSEBE s in the
power ed- of f st at exmtdmmml Ome the softevdde shiutdewni iz coaiplated] the a
processor 405 outputs a power-off signal 429 that is input to the ™
10 hardware shutoff circuitry 417. The hardware shutoff
circuitry removes power to the remaining radio
commumcatlon device circuitry.
* If the software shutdown procedure falls to execute due to
an unforeseen event, a backup hardware shutdown is provided
15 in the preferred embodiment of the power control circuitry 315.
Specifically, the threshold generator 415 outputs a first
hardware undervoltage threshold to the comparator 413. The
battery voltage, B+, is input to the comparator 418 and
compared to the first hardware undervoltage threshold. If the
20 battery voltage B+ falls below the first hardware undervoltage
threshold, then the comparator'413 outputs a power-off signal
to the hardware shutoff circuitry 417. The hardware shutoff
circuitry 417 removes power to the remaining radio
communication device circuitry. In the preferred
25 embodiment, the first hardware undervoltage threshold is set
equal to 2.7 volts, which is lower than the software
undervoltage threshold. Using a hardware shut down circuit
as a fail safe or secondary method of power shut down
increases the reliability of the power control circuitry 315.
30 Becauseé the hardware used to shut down the radio
communication device c_é.n operate at significantly lower
voltages than the software controlled shut down, the hardware
shut down circuitry ensures that the battery and the radio
communication device 303 will be shut down properly.




second hardware undervoltage threshold that is higher than the software
undervol tage threshold. In the preferred 1 0 enbodi nent, the second

har dwar e undervoltage threshold is set equal to 3.1 volts. The second _
hardwar e undervoltage threshold is set to a level, that prevents the radio
comuni cati on device 303 from powering up, in an illegal state and ensures
operation in the powered-up state of the ?adi o 15 conmuni cati on device
for a reasonabl e amount of tinme. Details of the power control circuitry 315
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na s inpu t ear ul at or
Zlng t he ‘har dwar e8¢ '?‘r"ﬁ?gﬁgtb i, %18%88%8%{%0833%%?‘?%% Bﬁgg € boost

regul at or édel Bﬁ-)(emda\tbelsalobndﬂrardwmmmdemreb:age ¢hreshold, then
the remaining radio communication device circuitry is

powered-up in a known manner. After normal power-up
procedures are completed, the threshold generator 415 outputs
the first hardware undervoltage threshold to the comparator

15 413. The battery voltage B+ continues to be compared at
comparator 413 to one of the thresholds generated by the
threshold generator 415, as described above. In the preferred
embodiment, the first hardware undervoltage threshold is less
than the second hardware undervoltage threshold.

20 Specifically, the second hardware undervoltage threshold is set
equal to 3.1 volts and the first hardware undervoltage threshold
is set equal to 2.7 volts. Setting the second hardware
undervoltage threshold equal to 3.1 volts prevents the radio
communication device from powering-up in an illegal state.

25 This ensures that upon power-up of the radio communication
device 303, all the components contained within the radio
communication device 303 will properly operate for a sufficient
length of time so as not to be a nuisance to the user of the radio
communication device 303.

30 FIG. 5 is an illustration of a process flow chart of the
program contained in a memory within the processor 405 in

- FIG. 5. At block 501, the program provides a digital battery
voltage and a software undervoltage threshold. At decision
block 503, the program compares the digitized battery voltage

35 B+ to the software undervoltage threshold. If the battery



Products. The function of the boost is to provi de an.output 3 5 vol t age
that is higher than its input voltage. Al though the 8 power control
circuit 315 only includes one |linear regulator 411, the actual nunber of

| inear regulators used in a radio comunication device will vary dependi ng
upon the specific needs of the design of ythe particular radi o conmuni cation
5 device. The linear regulator 411 is used to provide a regul ated

voltage to a portion of the radio conmunication device circuitry included

in the radio corrm:ult el isOFredtett ﬂm@@ﬁe sOR®aRé Wer Pe1EASS tl@fés%ld he Iinear
regul ator 411 re a voIt he, B+ si. anal at legs 2.\olts hi gher

than the out put B;ogr E‘”Btmue§ b, BLevifle Rawar o ren?ﬁ’énpggul at or
out put si gnal 423c1nd1ntﬂ3mxbdt5radlegnhahumom%nc®emcesoa, bbbhickcﬁﬂﬁegul at or

voltage and is i eid}é&zteﬁ%a{t,&&rsﬁ)g@a%egﬁﬂ Eés thﬁg | RGP eferred

enbodi nent the referenc ener a 0 con ro varlatlons in the
15 boost e r egmd@wplf@appt@mesh@dathmshamommmmvea'ssimjz ent er nal

reference signal ﬁ%ﬁo SmintEnRt 2o ARevic 863 at FenQidEblddd 0 try within the
radi o communi cat i 303. Th ference gener at.or 409, |s not an

essential el enent® 1° X’ @PEWEr 0 F’Gﬁaﬁ’cn ga 16‘1%’“‘& Boblogk which a
snmoot h 20 r ef e5@Nsends apigvaldeom the Rrlip ceimehtigitatichaddvien803 € her

the fixed site transceiver 301 indicating that it is ending any
10 communication including communications now in progress

with the fixed site transceiver and requests an acknowledge to
be returned to the radio communication device 303. Next, the
radio communication device 303 waits a predetermined
amount of time until an acknowledge signal is returned from
15 - the fixed site transceiver 301. After receiving the acknowledge
' signal, the function block 507 sends the power-off signal 429
from the processor 405 to the hardware shutoff circuitry 417.
The hardware shutoff circuitry 417 provides a mechanism for
diséontinuing power to the remaining circuitry in the radio
20 communication device 303.
Part 1 of FIG. 6 is an illustration of various undervoltage
thresholds and related thresholds available in the prior art.
An axis-601 is the indication of battery voltage of a battery
available in the prior art with volts varying between 0 and 6
25 volts. The following thresholds are indicated in part 1 of FIG.
6: a software undervoltage threshold is equal to 5.15 volts as
indicated at 603; a hardware undervoltage threshold in the
prior art is set equal to 5.05 volts as indicated at 605; and the
voltage regulator thresholds within the radio communication
30 device are at 4.75 volts as indicated at 607. Thus, in the prior
art the software undervoltage threshold and the hardware
undervoltage threshold were both set significantly higher than
the operating voltage of the voltage regulators of the radio
communication device, as illustrated in Part 1 of FIG. 6.



equal ly sufficient neans, including an inproved boost regul ator, may be
substituted for the reference generator 409. The ADC 403 utilizes the

ref erence signal to sanple the voltage of the B+ signal and generate a
digitized battery voltage 25 signal 427. The digitized battery vol tage
signal 427 is input into the processor . The processor 405 may share
circuitry with the processor 311 of FIG"“3, or it may be a stand al one
processing circuit, depending upon the inplenentation of the invention. In

]ghe-pr ef _e(rj_red etrrbodpamz df*ﬁ@r@fseﬁ%uéﬁﬁtian%fvalrfﬂiﬁ'ﬁiﬂf&vﬁltﬁ@éﬂfy devi fce_
or providing stara a co r. prqgram.as, wel-1 .as m cr oprocessor for
executing the st&b@egﬁpf)‘{sn%n‘gé'%grthg?ég}lg n ghe preferredcerning the
conput erf Ior ogr ﬁne?ﬂo?dhﬂegn Eleeewmkeﬂog?rm indieuﬂémpﬂbatﬂéf%u;t rat gdt |t n
process flow char gry RS Y [.gi attery
vol t age si gnal 4’29“‘?% @%a?@%@gﬂamtéér'mléggtterggstgéggmre

under vol t agé t hr belichtedvini 609 vamies hetweerobamd T atoltsn The fallowingi n t he
power ed- up st at e?hllefshBﬂE%‘ 'qi%gcelqtﬁt Y %vf@gg: faa%?if&% ow t he

predet ermi ned software _undervo resho then the radi o_comunication

device 5 i s pondestpltage thyesheldds sphagualiom 8 wotisasindigated @th manner is
described in U Sreféaérgdtl nliherdl 648; 4 Abmirfel Uit apid fopdlatdirthieshald87 and

assigned to the geshinCSitore HgmBEcsWhtained within the radio

10 communication device 303 operates safely at 2.75 volts as
indicated at reference numeral 615; a first hardware
undervoltage threshold is set equal to 2.7 volts as indicated at

~ 617; and a second hardware undervoltage threshold is set equal
to 3.1 volts as indicated at reference numeral 611. The internal

15 reference signal_genérated at the output of the reference
generator 409 is set equal to 2.65 volts as indicated by reference
numeral 619. Thus, the present invention, as indicated in Part
2 of FIG. 6, allows the battery voltage, B+, to discharge as low

"as 2.7 volts before shutting off the radio communication device

20 = 303. 2.7 volts is chosen to ensure that the hardware shutoff,
including any tolerances, does not encroach upon the software
shutoff, thus, ensuring an orderly shutdown sequence.
Consequently, the power control circuitry 315 extends the

~ operation time of the radio communication device 303 by

25 allowing the battery voltage to discharge further than the

' power control circuitry previously available. Additionally, the
second hardware undervoltage threshold as indicated at 611

insures proper power-up of the radio communication device
303.



'i nvention. Once the software shutdown is conpleted, the processor 405
out puts a power-off signal 429 that is input to tthtoff

circuitry 417. The hardware shutoff circuitry renoves power \Wu‘“
. own
a

remai ning radi o conmuni-cati on device circuitry. If tm‘\“‘)ml
procedure fails to execute due to an unff eseen even rdwar e

shutdown is provided 1 5 in the prefefred enbodi nert (5f t he power
control circuitry 315. Specifically, the threshold generator 415 outputs a
first hardware undervoltage threshold t(?lftigf's conparator 413. The battery
voltage, B+, is input to the conparator 413 and conpared to the first

har dwar e undervol tage threshold. If the 20 battery voltage B+ falls

bel ow the first Har Anpewer Betetrobhpparatulfos kehtrollile Polvep suppbiegat or 413
“outputs a power-qff signal t? t he r-d %\&Eshut f{ mécwtr% 417.  The

har dwar e shut of f ?Ipcﬁjﬁ?‘%ryzl War@ﬁ%ﬁ% Qg devige, FReRPHER §oRtrel o

conmmuni cat i én devpparatus womprising:t he preferred 25 enbodi nent \’/th hﬁ .
first hardware undery ' v ichis

| ower than the softma}air?d’e(_;sggggél\%ﬁ%bg@?%?%E%%?gﬁg&ﬁgecgi‘%eaar%g?ﬂéyshut down
circuit as a fai loulpnksignal comprising mebatsersovoltage thethoostivegulaber eases t he

reliability of thetpadhg a0Rigdator! dltput sYgrd>. 30 Because the hardware
used to shut down the r %i 0 comuni cali on device can operate_at .

significantly | ower &/EHEERRLE goRFT LRI SenpIALIng AR 1Bfera §ﬁfﬁre§6‘_9m, t he
hardware sH@ dowigmalrfroid tlhe eeguiaesr blitgut! signhBttery and the radio

an analog-to-digital converter (ADC) coupled to the battery
output signal and using the internal reference signal to
generate a digitized battery voltage signal wherein the battery
voltage of the battery output signal may have a value less than

15 the internal reference signal; and
a processor coupled to the ADC for comparing digitized
battery voltage signal to a software undervoltage threshold, the
- processor, responsive to comparing, selectively generating a

power-off signal. o

20

2. The power control apparatus of claim 1 further comprising
a hardware comparator coupled to receive the battery output
signal for comparing the battery voltage to a hardware
undervoltage threshold, wherein the hardware undervoltage
25 threshold is less than the software undervoltage threshold. |

3. The power control apparatus of claim 1 further comprising
a hardware comparator coupled to receive the battery output
signal for comparing the battery voltage to a first hardware
30 undervoltage threshold when the portable electronic device is
- in a powered-up state and a second hardware undervoltage
threshold when the portable electronic device is in a powered-
off state. ' '



.cormfuni-cat i on device 303 will be shut down properly. - |onal I y,

t'he preferred enbodi nent includes a second hardware un

for conparing the battery voltage B+ thereto when the |
device is in a powered-off state. Specifically, when a power L fﬂ
radio 5 communi cation device, |ocatedyyn the user interface 313s

3, is depressed by a user to power-on thé radi o conmuni cati on devi ce 303,
the battery voltage, B+, is conpared, at the conparator 413, to a second
har dwar e under vol4,a@%et v@é!hédﬂtrgbﬂppﬁa&ds bf cldim 8 wlesein the et at or 415.

threshol d, ¢ hen CHEEHEE WRASrvoLiaes onmnifcadry e tne SBRFAtRL ry s o
powered-up in a Iqmﬂwrvnhlagerthrééhcﬂd amd b spmmi_hapd\pamandewlbage
Cindor vol t age. t hr CLRERE I SR il e Wit iRV Re ANBLR, | o

continues todbe conpared at conparator 413 to one of the threshol ds

gener at eg b?/rb t ge 5. Tee vdeﬂ@ditﬁ:&'ﬁlt fppdrbus agcmﬁp%m%ifﬁbmﬁﬁlrgﬂ t hle
preferred enbodi nen ar eryv, e threshold.is |ess
than the second [E%(m \9&3533%6?%038%% 2@9 d§6’é”c‘?‘¥°1°€‘§l ly, the
second har dwar e 'Unaielwalet agdervioltagedihttesisolddl ehwaltst o 3.1 volts and the
first hardware undervoltage threshold
10 6. The power control apparatus of claim 1 further comprising
a voltage scaler coupled between the battery output signal and
the ADC, the voltage scaler for scaling the battery voltage.

7. The power control apparatus of claim 1 wherein the power
15 control apparatus is disposed within a radio communication
device.

8. A power control apparatus for controlling power supplied
from a battery to a portable electronic device, the battery
20 providing an output signal having a voltage, the power control
apparatus comprising:
a first hardware undervoltage threshold;
a second hardware undervoltage threshold;
a comparator for comparing the voltage of the output signal
25 to the first hardware undervoltage threshold when at least a
portion of the portable electronic device is in a powered-up state
and for comparing the voltage of the output signal to the second
hardware undervoltage threshold when the at least a portion of
the portable electronic device is in a powered-off state; and
30 ~ a circuit for providing power to the at least a portion of the
portable electronic device in response to said comparing.

9. The power control apparatus of claim 8 wherein the first
- hardware undervoltage threshold is less than the second
35 hardware undervoltage threshold.



is set equal to 2.7 volts. Setting the second hardware—undervoltage
threshold equal to 3.1 volts prevents the radio con‘nmwatl on device from

powering-up in an illegal state. 25 Thi s ensures HH Hﬂ r&""up of
the radi o conmuni cati on device 303, all the conpone hin the
radi o communi cati on device 303 w | progggly operate for a su ficient

| ength of tine so as not to be a nuisan to the user of the radio

conmmuni cation device 303. 3 0 FIG 5 is an illustration of a process
flow chart of the progranlcontalned ina nmnmory within the processor 405 in

FIG 5. At bl ock,RO t he rovi bat.t vol tage and a
sof t war e under voﬂﬁaégmt H?@ %ﬁmgpaﬁﬁ%#&% ‘%?"g'bb ‘gbgrelpﬁbgm Tam
conpar es the di geentreHappatatug isalispgsed3withinBy radic éomanirdivation

undervol tage thr [ et Lhan the

sof tware undervo ?ﬁé qtnhr es 41191893% %gao)’-?ﬂ% ;%é%gﬁqa@e gfeﬁﬁté)?l? ew%\“ de
power to thé renis madip Glrﬁblliil'Yer in the radio communi cati on device 303, at
bl ock 505. If the digitized battery voltage B+ is less than the software 5
undervol tage threshold, then the program powers down the radio

communi cation device 303 at function block 507. Typically, the power-off
function as indicated in function bl ock 507 sends a signal fromthe radio
comuni cation device 303 to the fixed site transceiver 301 indicating that
it is ending any



10 - communication including comuni cations now in progress with the fixed
site transceiver and requests an acknow edge to be returned to the radio
conmruni cation device 303. Next, the radio communication device 303 waits a
predet erm ned anmount of time until an acknow edge signal is returned from
15 the fixed site transceiver 301. Afger receiving the-acknow edge
signal, the function bl ock 507 sends the power-off signal 429 fromthe
processor 405 to the hardware shutoff circuitry 417. The hardware shutof f
circuitry 417 provides a nechanismfor discontinuing power to the renaining

circuitry in the IG 6 is
an illustration OW%&Oﬁmpﬁéﬁ%@mﬁg&yf%sql%ﬁ%rﬁes hol ds
avai l abl e in the pri FOBWSEAN d&RABIQ COMMUNICATIONOPENIGE t er y
voltage of a battery available in the prior art with volts varying between
0 and 6 25 volts. The foll ow ng thresh%l ds. are indicated in part 1 of
FIG 6: a sottware undervol tage & lpgureo 5,15 volts as

i ndi cated at 603; a hardware undervoltage threshol dinthe prior art is set
equal to 5.05 volts as indicated at 605; and the voltage regul ator

t hresholds within the radi o communi cation 3 0 device are at 4.75 volts
as indicated at 607. A‘Iﬁurtabllerradmcpmmmnnatmnrdevscn‘ (308) dnchmflesvol t age
threshold and th [

signifi cant & !?%@itg?ﬁée}g%g { f{,ﬁ "mwmfé,ﬁe vo%g%geg}erlegul ators -
of the radi commp@ang&pra@/b%féersa@ I),I%Edpm‘éd% powgr to theresh & 6.

the radio communication device (303). The power control
circuitry (315) includes a boost regulator (407) that is used to
generate an internal reference signal for use throughout the

-

radio communication device including an analog to digital

15 converter (ADC) for digitizing the battery voltage for use by the
power control circuitry (315). The power control circuitry (315)
compares the digitized battery voltage to thresholds to control
power to the remainder of the radio communication device
(303). Additionally, a secondary comparator (413) is provided to

20 prevent damage to the battery and radio communication device
circuitry. The secondary comparator uses multiple
undervoltage thresholds depending upon the power state of the
radio communication device (303). '

Figure 4 accompanies this abstract.



12 Part 2 of FIG 6 is an illustration of various undervoltage thresholds
~and related thresholds in the preferred enbodinent. Here an axis 609 is an
i ndi cation of battery voltage of the battery 317 of FIG 3. The battery

vol tage 5 indicated in 609 varies between 0 and ‘7 volts. The follow ng
thresholds are indicated in part 2 of El 6: a software undervoltage
threshold is set equal to 2.8 volts as’bﬁgscated at reference nuneral 613;
a nom nal voltage regul ator threshold for the voltage regul ators contained
within the radio 1 0 comuni cati on device 303 operates safely at 2.75
volts as indicated at reference nuneral 615; a first hardware undervoltage
threshold is set equal to 2.7 volts as indicated at 617; and a second

har dwar e undervgltage threshold is set equal to 3.1 volts as indicated at
reference nunerMl 611. The internal 1 5 reference signal generated at
the output of the reference generator 409 is set equal to 2.65 volts as
indi cated by reference nuneral 619. Thus, jgghe present invention, as
indicated in Pafyt 2 of FIG 6, allows the™battery voltage, B+, to discharge
as lowas 2. § vplts before shutting off the radi o communication device 20
303. 2.7 volt s chosen to ensure that the hardwgrgshutoff, including any
t ol er ances, hut of f, thus, ensuring an
orderly shut control circuitry 315
extends the '
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operation tinme of the radi o communication device 303 by 25 all owi ng the
battery voltage to discharge further than the power control circuitry

previ ously available. Additionally, the second hardware undervoltage
threshold as indicated at 611 i nsures proper power-up of the radio

conmmuni cat i on devi ce 303. Clains 1. A power control apparatus for
control ling power supplied froma battery@ g § portable el ectronic device,
t he power control 5 apparatus conprising: a boost regulator coupled to

the battery to receive a battery output signal conprising a battery

vol tage, the boost regulator outputting a regulator output signal; a
reference generator for generating an internal reference 10 signal from
t he regul at or output signal; an anal og-to-digital converter (ADC) coupl ed
to the battery output signal and pglng_lﬁg_Lnngqu“Leference signal to
generate a digitized battery voltpge signal wherein the battery voltage of
the battery output signal nmay havg a val ue I8 1 the interna

ref erence signal; and a processor, couple fpr conparing
digitized battery voltage signal fo a so%ﬁ : o] tage threshold, the

processor, responsive to conparinp, ing a
' |
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power-off signal. 20 2. The power control apparatus of claim1 further
conprising a hardware conparator coupled to receive the battery out put
signal for conparing the battery voltage to a hardware undervoltage

t hreshol d, wherein the hardware undervol tage 25 threshold is |l ess than
t he software undervol tage threshold. 3, Thg power control apparatus of
claim11 further conprising a hardware'g rator coupled to receive the
battery output signal for conparing the battery voltage to a first hardware
30 undervol tage threshold when the portable electronic device is in a
power ed-up state and a second hardware undervoltage threshold when the
portable electronic device is in a powered- off state. 14 4. The power
control apparatus of claim3 wherein the first hardware undervoltage
threshold is |l ess than the software undervoltage threshold and the second
har dwar e undervolta hreshold is greater 1 an the software undervoltage
threshold. 5 5. Thquﬂger control apparatu f claim4 wherein the first
har dwar e undervol t ag hreshold is 2.7 volts and the second hardware

undervol tage threshekfF +5=3 4+ ¥obtSr ——— = —— —— —— e — . ——— — -
POWER
kY 415
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REGULATOR
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10 - . 6. The power control apparatus of claim1 further conprising a
vol t age scal er coupl ed between the battery output signal and the ADC, the
vol tage scaler for scaling the battery voltage. 7. The power contro
apparatus of claim1 wherein the power 15 control apparatus is disposed
Wi thin a radi o conmuni cati on device. 8 wer control apparatus for
controlling power supplied froma batf@yer 0 a portable electronic device,
the battery 20 provi di ng an out put signal having a voltage, the power
control apparatus conprising: a first hardware undervoltage threshold; a
second hardware undervol tage threshold; a conparator for conparing the

vol tage of the output signal 25 to the first hardware undervoltage
threshol d when at |east a portion of the portable electronic device is in a
power ed-up state and for conparing the voltage of the output signal to the
second hardware undervol tage threshold when the at |east a portion of the
portable electronic device is in a powered-off state; and 3 0 a
circuit for providing power to the at |east a portion of the portable

el ectronic device in response to said conmparing. 9. The power control
apparatus of claim8 wherein the first hardware undervoltage threshold is
| ess than the second 35 har dwar e under vol t age t hreshol d.
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l (505

CONTINUE TO
PROVIDE POWER
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COMMUNICATION DEVICE




15 10. ~#se power control appaﬁatus of claim8 wherein the power control
apparatus is disposed within a radi o communi cation device and the at | east

a portion of the portable electronic device 5 is radio circuitry.
5/6
PART 2
. VOLTS
PART 7 v
= PRIOR ART — '
VOLTS
603 oV
S.W. SHUT OFF 5.15V
HW. SHUT OFF 5.05V
605 REGULATOR 4.75V
607
611
613 HW. TURN ON 3.1V
SM. SHUT OFF 2.85V
615 NOM. REGULATOR VOLTAGE 2.75V
HARDWARE FAILSAFE 2.7V
601 _
617 A/D REFERENCE 2.65V
619
609
ov
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