.2255846 POVWER SUPPLY PROTECTI ON The present invention relates to paging
receivers, and nore.particularly to power supplies ther@885886Generally, a
pagi,ng receiver i.s called a "pager™, and it has a buzzer, a vibration
notor, a l-anp and a liquid crystal display circuit, ®etc, as devices which
notify a user of received data when the data are received. The pager

recei ves and denodul ates the data when data are applied thereto as radio 10
signals. Then the pager notifies a user of a call by driving the buzzer or
the vibration notor, etc, when the data are confirmed as a call to the
uset..s own paper and sinultaneously produces the received data on the
liquid crystal display circuit. Therefore Iliiguzer or the vibration

)|

notor is driven, the user %Y ng the liquid crystal
display circuit. 15 Further, a paging receiver or systemusually has a
battery as a power supply source and checks whether or not its voltage

mai ntai ns a ref : | -Igal[éc ,{(ﬂ?‘ hyres.

Figure 1 of the acgénﬁgﬁdy#ﬁgnﬁ?ggérlgﬁmg?%gl aw Egbsér%gda F’Sﬁf’%‘ﬁiaér“ tl for
checki ng thgﬁm{:éremp Yiek ithéreofn a prior art pager system The flow chart in
Figure 1 is perforrregin a central processing unit (hereinafter referred to

as CPUS of the pager systemwhich is located in an external nenory. 25 The
CPU perforns a nQrmal_operation in.a ste . Ghecks, the battery voltage in
a step 2b and, -iSeneRallbaR RBEIR sraciver Iscallndle “PRES "2 S0 dins 4 Dger.
reference valWeadti ot Mg ahd% BabiPEXysYA! digay' dirdlif ei.Shs ABvices

generates &
' which notify a user of received data when the data are received. The pager

receives and demodulates the data when data are applied thereto as radio

10  signals. Then the pager notifies a user of a call by driving the buzzer or the
. vibration motor, etc, when the data are confirmed as a call to the user’s own
paper and simultaneously produces the received data on the liquid crystal
display circuit. Therefore, when the buzzer or the vibration motor is driven,

the user notices the call by confirming the liquid crystal display circuit.

15  Further, a paging receiver or system usually has a battery as a power supply
source and checks whether or not its voltage maintains a reference value by

sensing the battery voltage at all times.

Figure 1 of the accompanying diagrammatic drawings is a flow chart
20  for checking the battery voltage in a prior art pager system..

The flow chart in Figure I is performed in a central p_focessing_ unit
(hereinafter referred to as CPU) of the pager system which is lbcate_d: m an
external memory. -
25 _
The CPU performs a normal operation in-a step 2a, checks the battery
voltage in a step 2b and, if the battery voltage is lower than a predetermined
reference value after checking the battery voltage in the step 2b, generates a



- 2 - lowvoltage alert and displays its state on a liquid crystal display
circuit in a step 2c. The CPU checks the battery voltage by periodically
repeating the operation fromstep 2a to step 2c. 5 Meanwhi | e, the
pagi ng receiver has two nodes for notifying a user of received data, when
the data are applied thereto. One is a nornmal node in which the user
notices the received data as an audi bl e signal through a buzzer, and the
other is a nmenory node in which the user notices the received data by
physically sensing a vibration caused by driving of a vibration nmotor. 10
However, if the battery voltage of the2paging receiver is in |ow state,
currents of about 70 mA or 100 mA are typically consuned when the buzzer or

t he vi br alowvoMagealért andadisplayaitsrsiate on atliquideorystal display ciropitiintaed, so
that the battery volt may, drog) reatly, In this, cgse, the paging

recei ver 6P %Wlfecg’ﬁé’b%hs&h bggﬁf)’ voltage by B@'&%‘? lyrepeating the ng
received a evd Qus C d stored to be erased However, a nethod
such as igpg'i'aﬁlqgtﬁ&neffgprﬁf?eg‘?ao%]chart of Figure 1 could not sol ve -
probl ens occurring in the nmenory node or the normal node, 20 because it
detects the | ow voltage state only when data are received. Preferred

enbodfnent s of Méenwhils cthe pagig recziver has twe modedfor. notifyiag 4 aserrsfevent i ng
the loss of received data even if a power source voltage, e.g a battery
vol t age, regeivedodatgy whan thecdatanarscappliedeothenete. v Qneds aenomabrrmdcgm 0 a
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and the other is a memory mode in which the user notices the received data
by physically sensing a vibration caused by driving of a vibration motor.

10
However, if the battery voltage of the paging receiver is in low state,
currents of about 70 mA or 100 mA are typically consumed when the buzzer
or the vibration motor in the normal mode or the memory mode is operated,
so that the battery voltage may drop greatly. In this case, the paging receiver
15 may be disabled or reset, thereby causing messages being received and
previously received and stored to be erased.

However, a method such as is illustrated in the flow chart of Figure 1
could not solve problems occurring in the memory mode or the normal mode,
20  because it detects the low voltage state only when data are received.

Preferred embodiments of the present invention aim to provide a
method for preventing the loss of received data even if a power source
voltage, e.g, a battery voltage, falls below a predetermined reference value.

According to a first aspect of the present invention, there is provided
a method for protecting message data in a paging receiver in case of a low
power supply state, the method comprising the steps of:



- power supply state, the nmethod conprising the steps of: . - 3 - checking
whet her a power supply is in a |l-ow power supply state, during a normal
state of operati.on; de-energizing a buzzer, a vibration notor and a | anp
included in said 5 pagi ng receiver during said | ow power supply state,
thereby to reduce current flowin the receiver; and displaying said | ow
power supply state on display neans and then returning to said power supply
checking step. 10 According to a second aspect of the present invention,
there is provided a nmethod for protecting nmessage data in a paging receiver
hayng normal and nenory nodes of oper-ag3ion, in case of |ow power supply
state, the nethod conprising the steps of: 15 checking whether a power
supply is in a bmmwm powepsepplgs ima low powetlsuppht starf dapimgat i on;
de-energi zing first alarmneans or second al arm neans included in said 20
pagi ng r ecainormal state of @peratian;sai d respecti ve nodes, during said | ow power
supply state, thereby to reduce current flowin the receiver; and
di spl aying said | ow power supply state on di splay nmeans, and then returning
to said power s LCK] o SAl ' means
comri ses a vi bﬂg{%ﬁg@%@é B2 vibrafibif higteP ad & RAntp fAdifdedt 54l

5 paging receiver during said low power supply state, thereby to reduce current

~ flow in the receiver; and

W, displaying said low power supply state on display means and then

returning to said power supply checking step.

10
According to a second aspect of the present invention, there is provided
a method for protecting message data in a paging receiver having normal and
memory modes of operation, in case of low power supply state, the method
comprising the steps of: ' '
15

checking whether a power supply is in a low power supply state, during

a normal state of operation;
de-energizing first alarm means or second alarm means included in said
20  paging receiver in response to said respective modes, during said low power

supply state, thereby to reduce current flow in the receiver; and

displaying said low power supply state on display means, and then

" returning to said power supply checking step.
Preferably, said first alarm means comprises a vibration motor.

Preferably, said second alarm comprises a buzzer and a lamp.



Preferably, said second alarmconprises a buzzer and a | anp. - 4 -
Preferably, said de-energizing step conprises the steps of: checking said
nodes of operation: 5 generating a buzzer and | anp di sable signals.
when said paging receiver is in said normal node of operation, thereby to
de-energi ze said buzzer and | anp; and generating a notor disable signal
when said paging receiver is in said 10 menory node, thereby to
de-energi ze said vibration notor. The invention also extends to a pagi ng
recei ver provided with power supply checking and control means adapted to
operate in accordance with a nethod acdording to any of the preceding ~,
aspects of the invention. 15 For a better understanding of the invention -
and to show hovPrieferablyiesaid dekenergizing stepncampfises:the stepeofnce wil | now be
made, by way of exanple, to Figures 2 to 4 of the acconpanying di agramatic

drawi ngs, in which: 20 Figure 2 is a bl ock diagram of one exanple
of a paging receivgr enhqdyi the present invention, Figure 3 is a flow
chart for illuﬁﬁeﬁﬁ%sﬂa ré?‘i%pPEOB&agi%Prrst met hod according to the
present invention, and 25 Figure 4 is a flow chart for illustrating an
exanpl e of a second nmethod according to the present invention.

5 generating a buzzer and lamp disable signals when said paging receiver

is in said normal mode of operation, thereby to de-energize said buzzer and

lamp; and

generating a motor disable signal when said paging receiver is in said

10 memory mode, thereby to de-energize said vibration motor.

The invention also extends to a paging receiver provided with power
supply checking and control means adapted to operate in accordance with a
method according to any of the preceding aspects of the invention.
15
For a better understanding of the invention and to show how the same
may be carried into effect, reference will now be made, by way of example,

to Figures 2 to 4 of the accompanying diagrammatic drawings, in which:

20 Figure 2 is a block diagram of one example of a paging receiver

embodying the present invention;

Figure 3 is a flow chart for illustrating an example of a first method

according to the present invention; and

Figure 4 is a flow chart for illustrating an example of a second method

according to the present invention.



- - 5 - Referring to Figure 2, a |ow voltage detection and radio frequency
circuit 10 receives a radio frequency signal through an antenna 1, and
restores data by anplifying, filtering, denodul ating and
frequency-converting the received signal, and then detects whether a power
supply source is in alowb5 voltage state. An auxiliary control circuit
20 receiving the received data 6 and a | ow voltage detection signal 7,
output fromthe | ow voltage detection and radio frequency circuit 10,
perf.ornms preanbl e detection and word synchroni zati on detection, etc, and
gengrates a |lanp control signal 5, a bgzzer control signal 4 and a notor
control signal 3. The reference numerals 8 and 10 9 indicate a battery
save control sigul amgukelo ct : i A
ariving o roul feTpmAE o FIRNEL 2, S IOW vERARE BetetiiSftand FAREREMBENEY (ot o
signal 4 iftuitk réekives axaticfrequeney signabihpbugh an antenna't, andfrestorés
control signals to supply a lanp 33, a buzzer 32 and a vibration nmotor 31,
respecti velaga b amiplifying; rfltering c demodulating | ands frequency-converting thewry 15
control section 20, aLs s(gg)p.li d with data therefrom, and controls each of a
nanrber of recsived signabnan hﬁa&»tyc@owge F & BAWERSUPRIYSUIERds Mbaclol of the

Ctored, avhleRs sfate; Al 4k EiteglEireflin P piine Thf oS S o

the main t ) bt i al Wdlﬁﬂht“ﬂ fil fHelidw Adlage! dEtéctioror Mal
nmode or a%gg g%n‘gcryod}?gﬁodgg%uooﬁ ﬁ%ﬁmai n contr_o? ci rcuiv%, 40, ggnd a power
source st andl radio fréqaemsy ichrcuithd Ogaperforms r preamible udétedfiomnahd heordixi | i ary
control circuit 20 with operation voltage by controlling a battery 90
wabtage i synehrenizatiopsistection; etc, andgensratesd p lampsontral signaliS: aduzasy | i ary
cont 1ol Clibl stanan A BrePEAtor SOa Sgnl 3™ nd SelelBh Tiththid's! dhd*C 7601

.10 9 indicate a battery save control signal and a quick charge control signal

respectively. A driving circuit 30, receiving the lamp control signal 5, the
buzzer control signal 4 and the motor control signal 3, amplifies currents of
these control signals to supply a lamp 33, a buzzer 32 and a vibration motor
31, respectively. A main control circuit 40 supplies data to the auxiliary
15  control section 20, is supplied with data therefrom, and controls each of a
number of circuits, and a memory 50 generates data under the control of the
‘main control circuit 40 in a state that a cap code, etc, is previously stored.
U A display circuit 60 displays received data under the control of the main
control circuit 40. A mode switching circuit 70 assigns a normal mode or a
20 memory mode to the main control circuit 40, and a power source stabilizer
80 supplies the main control circuit 40 and the auxiliary control circuit 20
with operalzion voltage by controlling a battery 90 voltage in order to operate
the main control circuit 40 and the auxiliary control circuit 20. The power
regulator 80 may be implemented with SCI7661, single chip, available from

25  Seiko Epson Co. | S o

Referring to Figure 3, the flow chart includes the steps of checking

whether or not the battery voltage is low state in a state of a normal operation



25 Sei ko Epson Co. Referring to Figure 3, the flow chart includes the
steps of checking whether or not the battery voltage is low state in a
state of a normal operation - 6 - performance, reducing current )
consunption by cutting off the control signals of the buzzer, the vibration
notor and the lanp if the battery voltage state is |low state as a result of
checking the voltage state, displaying |ow voltage state on the displ ay
circuit after performng the current consunption reduction 5 process, and
then returning to the voltage checking step. This enbodi nent of the present
invention will become nore apparent f#ém the follow ng description given~,
with reference to the Figures 2 and 3. 10 The main control circuit

40 oper at performancg| seducing current consumption by cuttipg off thedcqntrolsignals | y
checks whet her or not the voJtage of the b tterég 90 is low,state in a step

3b. 1f theofubebugsenithe vibrationamptarand; the, the batterywoltagestateiis ci r cui t

40 ad t tep 3¢, and,if the wolt i 5. net .| t t i

control cipwmatie s 4 Brsiftf Hscking beypitge Y, Aisbllving o \Biidee st ™ C |,
L \ . . ST

D ate. "t nithd idtlay et aHBF piptdchtiihg, the"ChrrefilicOniriptiot redhction, ° | 00

not or 531, pro6essyand then requrhfng ® thecvoltagd chéckifigstep(OmA or 100mA, in order
not to consune excessive current. In other words, the main control circuit"

40 provides the auxiliary control circuit 20 with predeterm ned data, 20
and the auxili A ral cirguit 20 disables the,huzzer control signal 4,

the notor contr ‘scﬁqﬁ '“!F,“t:%cf he present inyention, will hecome, more apparenf o
vi bration quotOfh e ¥b11dWing UeBEriPish Fivéh with reference to the Figures 2 and 3.

10 The main control circuit 40 operates the paging receiver norrﬁally in
a step 3a and periodically checks whether or not the voltage of the battery 90
is low state in a step 3b. If the voltage of the battery 90 is low state, the
main control circuit 40 advances to a step 3c, and, if the voltage is not low
state, the main control circuit 40 returns to the step 3a. In the step 3b, there

15 is no problem when the voltage of the battery is not low state, but if it is low
state, the main control circuit 40 disables the buzzer 32 and the vibration
motor 31, etc, which may consume a current of about 70mA or 100mA, in
order not to consume excessive current. In other words, the main control
circuit 40 provides the auxiliary control circuit 20 with predetermined data,

20  and the auxiliary control circuit 20 disables the buzzer control signal 4, the
motor control signal 3, etc, thereby causing the buzzer 32 and the vibration

motor 31 not to be operated.

On the other hand, generally, the selection mode switch of a paging
25  receiver includes a normal mode producing a buzzer tone to notify a user
when data are received; a memory mode in which a user senses vibration by

the vibration of a vibration motor; and an off mode which turns power off.



- On the other hand, generally, the selectlon mode switch of a paging 25
recei ver includes a normal node producing a buzzer tone to notify a user
when data are received; a menory node in which a user senses vibration by
the vibration of a vibration notor; and an off node which turns power off.
- 7 - Figure 4 shows anot her enbodi nent which checks the battery vol tage
state and differentiates subsequent control to take into account the above-
descri bed nodes. 5 In Figure 4, the sane steps as those shown in
Figure 3 are designated by 1'ike reference nuner al s ‘and ot her wi se they are
degisgnat ed by different reference nunerhts. The steps having different
reference nunerals will be mainly described because the steps having the
same reference Figoreal shdws another embpodiment iwhich chbcksothe. baltteryfvoltagevol tage

of the battery 90| determned as a | ow voltage state in the s it
i's fol | onestatsy and g‘srem%.sebﬁqupyt &REE‘PE £ HBO 3FCORAL ﬁWe Yf‘é swi t ch
circuit 70 aSSJ S a normal nmode to the main control circuit 40. If the
nor nal m)dgq g to main control circuit 40, the nain control 15
circuit 40 cuts off the buzzer control signal 4 and the | anp control signal

5'tn a step 4c. |If the normal node is not assigned to the main control

circui§ 40 in theFigue 4jahetsamesteps asthosd siowr in Figirea3lurndesighatetihe step
4b"to disable the vibration motor control signal 3. After performng the
steps 4b ahyi like, refneencanpumsrals rad bgﬂmwxspz thaydaren desigpatedi by differents1 are

Sgﬁaﬁ'ote do g{r‘egkggtlr{fmzolsdr (;ﬁ'lrg)steps havmg uéz&.e ren? Ie erxlgnéehrelul\{\'e%lgt\;vﬁp brmt or 31

" mainly described because the steps havmg the same reference numerals have
the same function as before.
10
If the voltage oi the battery 90 is determined as a low voltage state in
the step 3b, it is followed by a step 4a where it is checked whether or not the
mode switch circuit 70 assigns a normal mode to the main control circuit 40.
If the normal mode is assigned to main control circuit 40, the main control
15  circuit 40 cuts off the buzzer control signal 4 and the lémp control signal 5 in
" a step 4c. If the normal mode is not assigned to the main control circuit 40
in the step 4a, the main control circuit 40 advances to the step 4b to disable
‘the vibration motor control signal 3. After performing the steps 4b and 4c,
the lamp 33, the buzzer 32 and the vibration motor 31 are disabled so that the
20  lamp 33, the buzzer 32 and the vibration motor 31 can not operate as they are
not supplied with driving current from the driving circuit 30. Accordingly,
even though data is received when the voltage of the battery 90 is a low state,
there is no sudden power consumption due to activation of the alarms.
- Therefore, -it does not occur that the main control circuit 40 is reset. After
25  performing the steps 4b or 4c, the main control circuit 40 notifies the liquid
crystal display circuit 60 that data have been received and also displays a low-
voltage state message in the step 3d as shown in Figure 3, and then returns

to the step 3a.



not supplied with driving current fromthe driving circuit 30. Accordingly,
even though data is received when the voltage of the battery 90 is a | ow
state, there is no sudden power consunption due to activation of 't he
alarnms. Therefore, it does not occur that the main control circuit 40 is
reset. After 25 perform ng the steps 4b or 4c, the main control circuit
40 notifies the liquid crystal display circuit 60 that data have been
received and al so displays a |low voltage state nessage in the step 3d as
shown in Figure 3, and then returns ta gbe step 3a. Thus, in the
above-described exanple of a method of the present invention, the main

control circuitThas) ifl thet Above-destribedn examplelofon method afcthe _
havi ng significant current consunption in response to the node sel ection

swi tch, eviavenfionathe mainrcontrolccirauit controlsothe: buzzers)ithe: vibrationsinotor
power source, is jn a_low valt t hereb ,greventing t hei r operation

tate,
Thus, the 3l thelamp baving signt q%a?cﬁggpteq R i Tesnonse te the mode;
dd d f.th t I f t .b ted-
oven 11 ¢ EEtidr Svieh, Bvén 16 pAle iedkividiwnel He Banes) Riiefing mafn " °)
hodk f > . . . s e *
pover Supdavel 3utcROisTRE A% YBldes dedtel Bibeeby AERLBG heif BpRritiof. | O
Thus, the main control circuit may be prevented from being reset by a sudden )

drop of the battery voltage.

Further, loss of data can be prevented even if there exists previously
10  received data.



. 5 checki ng whether a power supply is in a | ow power supply state, during a
nor mal. st'at e of operation; de-energizing a buzzer, a vi bration notor and a
| anp includéd in said 10 pagi ng ‘recei ver during said | ow power supply
state, thereby to reduce current flowin the receiver; and displaying said
| ow power supply state on display neans and then returning to said power

supply checking step. 15 2. A nethod for protecting nessage data in a
pagi ng recei ver having normal and nenory nodes of operation, in case of |ow
power supply state, the nmethod conprisiga the steps of: 20 checki ng

whei:her a power supply is in a |low power supply state, during a nornal
state of o Al , de-energizing first alarmneans or second al arm neans
i ncl uded i %Lagl ng receiver in response to said respective nodes,
during said | ow power 25 supply state, thereby to reduce current flow in
the receiver; and displaying said | ow power supply state on display neans,
and then rdturnmgnemoda‘onppmnngup@sggeldawnmgmrecewcrmpasqwfs *
-10 - 3. A met hod as clalned in iim 2, wherejn said first alarm neans
corrprl ses 8 lowhpawes supplyostateq th emc IFOIPESIRgG ﬁéEFRsno laim2 or 3,

V\,herelg said second al arm

checking whether a power supply is in a low power supply state, during

a normal state of operation;

de-energizing a buzzer, a vibration motor and a lamp included in said
10  paging receiver during said low power supply state, thereby to reduce current

- flow in the receiver; and

displaying said low power supply state on display means and then
returning to said power supply checking step.
15
2. A method for protecting message data in a paging receiver havixig
‘normal and memory modes of operation, in case of low power supply state,

the method comprising the steps of:

20 checking whether a power supply is in a low power supply state, during
a normal state of operation; |

de-energizing first alarm means or second alarm means included in said
paging receiver in response to said respective modes, during said low power
25 supply state, thereby to reduce current flow in the receiver; and

displaying said low power supply state on display means, and then
returning to said power supply checking step.

Hllllll mm lllH Hlll I



5 conprises a buzzer and a |anp. 5. A nmethod as clainmed in claim2, 3
or 4, wherein said de-energizing step conprises the steps.of: 10 .
checki ng said nodes of operation; generating a buzzer and | anp di'sabl e
signals when said paging receiver is in said normal node of operation,
thereby to de-energi ze said buzzer and | anp; and 15 generating a notor

di sabl e signal when said paging receiver is in said nenory node, thereby to
de-energi ze said vibration notor. 6. A et hod of checki ng power supply
state in a paging receiver and 20 copprol ling operation of the receiver

I n response to such checking, the nethod being substantially as

herei nbef o3e deaci, étgedvust b.mﬁiear il (laf® p3 M&éﬁgﬁﬂﬁ%t?m#%%ggmgpd 4

of the acconpanyin rawm ngs. 7. A paging receiv

supply Checbthpdswd wbn!tlmdmbﬁor. means adapted to operate in accordance
with a nethod according to any of the preceding clains. * C L M S
*

4, A method as claimed in claim 2 or 3, wherein said second alarm
5  comprises a buzzer and a lamp.

5. A method as claimed in claim 2, 3 or 4, wherein said de-energizing
step comprises the steps of:

10 checking said modes of operation;

generating a buzzer and lamp disable signals when said paging receiver
is in said normal mode of operation, thereby to de-energize said buzzer and
lamp; and
15
generating a motor disable signal when said paging receiver is in said
memory mode, thereby to de-energize said vibration motor.

6. A method of checking power supply state in a paging receiver and

20  controlling operation of the receiver in response to such checking, the method
being substantially as hereinbefore described with reference to Figures 2 and
3 or Figures 2 and 4 of the accompanying drawings.

7. A paging received provided with power supply checking and control
25  means adapted to operate in accordance with a method according to any of the
preceding claims.
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