-200200364-8 2 3 JAN 2002 -1 POWER SUPPLY VO.TAC%ODBI’ZLQ %(@F&UI 18AND
PONER SUPPLY VOLTAGE DETECTI ON METHOD Background of the IdbandAMﬂmﬂ
Field of the Invention The present invention relates to a power supply
vol tage detection circuit and a power supply voltage detection nethod. 2.
Description of the Related Art An application, such as a mcro conputer
driven Dby a battery or a conputer indtalled in acar, in which a power

supply voltage_is changed. is aoperated o ) ' l.ch r supply
Vol Cage 1 chaRGER roEELy NoliRdE Berglatel Fofiiuf JAp Foult®

di sclosed in Japanese La n, P n Hei se

10- 136579), Japanese Lalsdp'ﬁﬁﬁ ?éﬁ?‘% %’#‘gﬁbg “Fg“&p/&ﬁml sei 11-223860)
and the like. In recent years, a function of not only judging an

al | owance or rejection with regard to a voltage at one point, but also

detecting a continuous pove (% s.requyired in detecting a
power supply voltage. For gﬂgBE¥Qt égﬁ tgggﬁ?& % function to
indicate in det&llg%he égﬂdlt*on t?gt a battery is an enpty state, a ful
state, a m e to an exhausted state. A voltage
that can be The present invention relates to a power supply

voltage detection circuit and a power supply voltage

detection method.

2 D Lpti £ the Related Ari
An application,.such as a micro computer driven
by a béttery or a computer installéq in a car, in
which a power sﬁpply voltage is changed, is operated
on a system in which a power supply'voltage is changed
since a battery is used as a power supply., as
disclosed in Japanese Laid Open Patent Application
{(JP-A-Heisel 10-136579), Japanese Laid Open Patenf
Apblication (JP-A-Heisei 11-223860) and the like. 1In
recent years, a funcfion of not only judging an
allowance or rejection with regard to a voltage at one
point, but also detecting a continuous power supply
voltage is reqﬁired in-detecting'a power supply
voltage. For example, it is an essential function to
indicate in detail the condition that a battery is an
.empty state, a full state, a middle state and a state
close to an exhausted state. A voltage that can be

detected by a known constant voltage detection circuit



detected by a known constant voltage detection circuit 2 wused to detect a
power supply voltage is a voltage at only one point. It is difficult to
nonitor the change in the power supply voltage or its shift. In order to
cope with a request of detecting the power supply voltages at a plurality
of points necessary for the nonitoring of ZRke change and the shift in the
power supply voltage, a pIuraIity of detection circuits nust be added and

installed in a m gro coymute case { % own.circuit, Al so, .the
bt eat i on vol (uged S HRACE: apPoRer minAly HoLE RS Hhue YolFassat

ble t fy th d dit :
e ket ."nsﬁéééﬁ%wiqi’r? f“#é;’ﬁ”‘%& ugﬁ R PopLERE” HhmcehalEs: e
shift in the power. sup £gon e%tlon%l det ctlgn of

t he povver supbfly adye%aé“BBgX BH?T r%eedmén Sofi A volté’ge 2t one®
poi nt . IS '%?%S'w%.tehto g%gr cthegggfn ”%Jhteh }gljts‘f_%?&he power

supply voltage apanese ateﬁ% at'ion
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battery. The appar t aus batte
constant vol tﬁ\gﬁ 19918 °6ff9f1e9%!ﬂ éﬁ}é ”%7% ERQSEﬂEffthTrI 4¢fe gﬂ% a

usage limt voltage of a battery; converter recelving an
operational el gghi1sy RAVEfage, a plurality of detection circuits must
be added and installed in a micro computer, in a case
of the known circuit. Also, the detection voltage is
only set at a time of a design. Thus, it is
impossible to satisfy the usage environments and
conditions of all users.

In a market in recent years, it is required to
monitor the change and the shift in the power supply
voltage. However, the conventional detection of the
pbwer supply voltage has been performed only on a
voltage at one point. It is impossible to monitor the
change and the shift in the power supply voltage.

Japanese Laid Open Patent Application (JP-A-
Heisei 9-49868) discloses the following apparatus for
@etecting an exhausted battery. The apparatus for
detecting thé exhausted battery includes: a constant
voltage generator for geﬁerating a constant wvoltage
until a usage limit voltage of a battery; and an A/D
converter for receiving an operational electric power

from an electric power supply line in which it is

dropped on the basis of an electric power exhaustion



_fromanelectric power supply Iine in which it is dropped on the basis of

"an el ectric power exhaustion 3 degree of the battery, and perforning an
Al D conversion on the constant voltage fromthe constant voltage
generator, and it determ nes that the battegy- is exhausted if a digital
data value into which the constant. voltage is converted, on receipt of the
A/ D conversion value obtained fromthis A/D converter, is changed by a
predet er mi ned VAfqreedrofothe baddreose, Land Opadoratisra #wphiPBati on (JP- A
Hei sei 11-51985) discloses the follow ng apparatus for detecting a power
failure. In thiSCHPPEFEPRs ORothejcanstagtt Helpaee frgmutbe gongimnt
converter converts an instantaneous voltage of an alternating power
supply into a dittagevapnerakomgmnddit capermimes thathshei pattiewnl ue
is equal to or greater than a_predetermined threshold, outputs it. An edge
detector detectSs SERpUPRGdedde carti Sl trhi Ankg dddaofinko onhgh thae
form A tinmer and an instantaneous power failure detection processor, if a
period fromthEFMETALeUGetags e I9RVPFHGded e ELSRIREgREIEH® AP 0d)
exceeds a first time ii m t 'Ei, dqqt}ergn’ ng that it is the instantaneous
pover failure, EHYTHEEPPuBEIE AR 4RPEi ECom thife AP t SR VEXFHS TreriBd

exceeds a seconq1 imt T2 (T2>T1 ey_determne that it is the

' h
power failure,%ﬂﬁﬁégﬁrbyoﬁtgge (ﬁﬁﬁﬂgﬂ? eﬂg&HﬁbPr more.

Japanese Laid Open Patent Application (JP-A-
Heisel 11-51985) discloses the following apparatus for
detecting a power failure. In this apparatus for
detecting the power failure, an A/D converter converts
an instantaneous voltage of an alternating power
supply into a digital value. A magnitude comparator,
if the digital value is equal to or greater than a
predefermined threshold, outputs it. An edge detector
detects a rising edge and a trailing edge of an output
wave form. A timer and an instantaneous power failure
detection processor, if a period from the rising edge
to the trailing edge (a voltage drop period) exceeds a
first time limit T1l, determine that it is the
instantaneous power failure, and interrupt a main
service. If the voltage drop period exceeds a second
time limit T2 (T2>T1), they determine that it is the
power failure, and carry out a predetermined power
failure process. When the electric power is recovered
during the instantaneous power failure or the power

failure, the process before the power failure is



_failure process. Wen the electric power is recovered during the
7instant aneous power failure or the power failure, the process before the

power failure is 4 - resuned. Japanese Laid Open Patent Application (JP-A-
Hei sei 11-250940) discloses the follow ng nethod of detecting a full
charge in a battery charging operation. Thegnethod of detecting the full
charge in the battery charging operation is carried out by using al VI
detection nethod of judging, on the basis of a voltage change anount, a
process for detmedumgdthe full charge based on a software. In any
measurenent after a detection of a peak voltage in the charging
operation, when a batt énpaneisteaderid @pepp@adterdmaprligaiitonoltERrby | V
| or nore, it is assuned that the full charge is detected. At this tine, a
time from the Retseli dA -85 09D petks obpeage the tirl tevingi metdfod ta® ful |
charge is no matter. Also, after the detection of the peak voltage, if the
battery vol t agddetectippped fadk iThRugeyia @ Matexy ofhargdad n a
periodi cal measurenment, it is assuned to be the detection of the full,
charge, irrespeReyation;. aTheopethiafl of detestipsgsdhpetatiofpangs in
detection change wdth of the battery voltage is expanded, which leads to
the easy detecti® BpttREYr ghaxgingeOreration i captieph oulo by wsing
accuracy of an A/P copverter for .

a v detection method of judging, on the basis of a

voltage change amount, a process for detecting the

full charge based on a software. In any measurement

after a detection of a peak voltage in the charging

operation, when a battery voltage is dropped from the

peak #oltage by | v | or more, it is assumed that the
full charge is detected. At this time, a time from
the detection of the peak voltage to the detection of
the full charge is no matter. Also, after the

. detection of the peak voltage, if the battery voltage
_is dropped continuously a plurality of times in a
periodical measurement, it is assumed to be the
detection of the full charge, irrespectively of a drop
width. Due to those operations, the detection change
width of the battery voltage is expanded, which leads
to the easy detection of the full charge. Thus, it is
possible to relax am accuracy of an A/D converter for

converting the battery vbltage.

Summary of the Invention

The present invention is accomplished in view



converting the battery voltage. Summary of the Invention The present
iinvention is acconplished in view J 5 of the above nentioned probl ens.
Therefore, ‘an object of the present invention is to provide a power supply
vol tage detection circuit and a power supply voltage detection nethod that
can nonitor a change and a shift in a power supply voltage by using-an A/D
converter as a circuit for detecting a powsr ~suppl y vol tage. Anot her

obj ect of the present invention is to prOV|de a power supply voltage

ot onti ol of o BbughospsTsE virThBhEe" Br AR S S¥e TEDY o Rl S 2
differently frog at%%n%rfe@le 9'1&98%%}1 %Jggbr DisYike! 4 %ﬁ&t poly

potential is set “when S des 0 achieve an aspec

obj ects of the 9&%%@24 dé%’&?%i&ﬁt o3 rRAWA! SHPPL Yp¥RbLagep i) 6FLiPhge

circuit, i ncl udes: “a const ant vo age generator generatlng a first voltage

of a constant Eek%%&q_m@ b §ORHGR! | %ﬂiﬁ@ffgrghﬁﬁg%n M a shift

conversion on t I rst v tage i nputted throug anal og i nput channel

as a reference ygl agRyir Ssupfe9Ndoitd@dvPiusiRgah AYRPIdoPétage; a%nd
an A/ID conversion résult register storing an A/ D conversion

a circuit for detecting a power supply voltage.

Another object of the present invention is to
provide a power supply voltage detection circuit and a
power supply voltage detection method, in which a
potential of a power supply voltage to be detected can
be freelf set, differently from a constant wvoltage
detection circuit in which the potential is set when
it is designed.

In order to achieve an aspect of the objects of
the present invention, a power supply voltage
detection circuit, includes: a constént voltage
generator generating a first voltage of a constant
voltage; an A/D converting unit performing an A/D
conversion on the first voltage inputted through an
analog input channel as a reference voltage of a
second.voltage of a power supply voltage; and an A/D
conversion result register storing an A/D conversion
result obtained bf the A/D converting unit.

| In this case, the power supply voltage
detection circuit further includes: a selector
selecting the analog input channel of a plurality of

analog input channels.



result obtained by the A/D converting unit. In this case, the power supply
vol tage detection circuit further includes: a selector selecting the
anal og i nput channel of a plurality of analog input channels. L 6 Also in
this case, the power supply voltage detection circuit further includes: a
result conparison register setting an expectation value of a power supply
voltage to be detected; and a judging circuit conparing the A/ D conversion
result with the exbe¥PalPofld® F&8% gbher BP¥eZn SURRYY upPLEAISi gnal if a
detection cgondition of the Qomer SLIéHy volta%e Is satisfied. Further in
this case, RESFHEID sSHHFY $oﬁﬂiﬁﬁ)ﬂe%%E%P8 S¢i BcFi®S¥htt her includes: a
result conparison register ettinqhan expectation val ue of _a pawer supply

vol tage to FE™RATECTHY; “GAG 2 uff gt ng BUPFP&&ﬁiﬁ%?@ Yﬂéuﬁlﬁﬁxﬁwersion
PR R SE R R A R
SRR e L LR J R SR S M e
generating %QBJ&%a#P&ﬁagglﬁ% %o generate an interruption signal

1f a detection condition of the power supply voltage

is satisfied.

Further in this case, the power supply voltage

deteqtiqn circuit further includes: a result

comparison register setting an expectation value of a

power supply voltage to be detected; and a judging

circuit comparing the A/D conversion result with the

expgctation value to generate an interruption signal

if a detection condition of the power supply voltage

is satisfied.

In order to achieve another aspect of the

objects of the present invention, a power supply

voltage detection circuit, includes: a constant

voltage generator generating a first voltage of a

constant voltage; and an A/D converting unit inputting

the first voltage and a second voltage whose voltage

is detected to perform an A/D conversion on the first

voltage based on the~second voltage, and wherein the

power supply voltage detection circuit detects the

second voltage based on an A/D conversion result

obtained by the A/D converfing unit.



. constant voltage; and an A/D converting unit inputting the first voltage
“and a second voltage whose voltage is detected to performan A/D
conversion on the first voltage based on the second voltage, and wherein
the power supply voltage detection circuit detects the second voltage
based on an A/D conversion result obtal ned by the A/D converting unit. 7
In order to achieve still another aspect of the objects of the present

' ti , | t age, detecti circuit, includes: a_constant
Vol £ e genar b or HanBrabFnbon AT of thos arlo%%ec%nmﬁfstvaﬁ e s
first I [ t | : d angl og i nput channe one of the
f: ;:t :23 8§é’|c?n d a?i ?ﬁﬁgi Rﬁ%ﬁ.eiﬁ;%ﬁé‘f%n ﬁﬂgt’![ Fgé")["f?erf?’rlg?lyvol tage from

t he constapt .val ia cator,, a.selecto el ecting an_anal og i nput
channel onﬂ¥§a4?rs?9§%§£§écg% %ﬂﬁﬁbgl?ﬁ%ﬁ?eghaﬁhe 5?35§?gference

voltage | ngys did H2hol DRUL! iU SeERRC.VRLLAGe L d0g, Vakt age | s

det ect ed; conver ormng an onversi on on a

vol tage i npUttAad 10 +& gagga;l %%cfjtqﬁée% p%ﬁv:g?gétﬁ% b&c'\t}%ﬁmeihe sel ect or

based on the second volta age defection

circuit deteedshd h@néf&&”.dnn}ﬁﬁltt Wan b ?doﬁﬁ o A C@ﬂ}l&{sma result .=
obt ai ned by the A/D converfing unit en the first analog Input channel is
sel ected byeld¥h$eA®&185- input channels inputting the first

voltage from the éonstant voltage generator; a

selector selecting an analog input channel of the

first and second analog input channels; a reference

voltage input terminal inputting a second voltage

whose voltage is detected; and an A/D converting unit

performing an A/D conversion on a voltage inputted to

the anaiog input channel selected by the selector

based on the second voltage, and the power supply

voltage detection circuit detects the second voltage

based on an A/D conversion result obtained by the A/D

converting unit when the first analog input channel is

selected by the selector.

In order to achieve yet still another aspect of
the objects of the present invention, a power supply
voltage detecting method, includes: (a) performing an
A/D conversion on a constant voltage of an analog
input channel to which the constant voltage generated
by a constant voltage generator is applied; and (b)
determining a value of a power supply voltage as an

inverse operation based on an A/D conversion result



ILn order to achieve yet still another aspect of the objects of the present
invention, a power supply voltage detecting nethod, includes: (a)
perform ng an A/ D conversion on a constant voltage of an anal og i nput
channel- to -which the constant voltage generated by a constant voltage
generator is applied; and (b) deternirifg-a value of a power supply
voltage as an inverse operation based on an A/D conversion result 4 8

obtai ned whegyig (A ifeReLhO! 1Y A% AdAGNLAnR o/ Pttt AfnibeaConstant

vol tage applie e analog 1i1nput c I's constant. In this case, the

pover suppl y yqltags Gal echhaganR! R4 d4dd Nehpi DELULES tH& ) a 881661 1 Ng an

anal og i nput channel to which a constant voltage generated by thé constant

vol tage gene;aboft ichAbki efls ebnatiidtrality of analog input channels of an
AID converting unit; (d) setting an expectation value of a power supply

voltage to be detectgd ¢11a 886t tr@%éfoﬁugﬁg&sthﬁ@ (e) perform ng
an A/D conversion on the constant voltage of the anal og input channel and

conpari ng thgedleld taQly 8istRBAr eatithed tihcih@e 8XPeehaldedbyelhlg kA generate

an interruption signal if a detection condition of the power supply

vol tage i s Sahia3fdgthnih 60chanhlilS teASen1dhea POVAE tSWIP o VoA §age
generated by the constant voltage generator is applied
of a plurality of analog input channelé of an A/D
converting unit; (d) setting an expectation value of a
power supply voltage to_be detected in a result
comparison register; and (e) performing an A/D
conversion on the constant voltage of the analog input
channel and comparing the A/D conversion.result with
the expectation value to generate an interruption
signal if a detection condition of the power supply
voltage is satisfied.

Also in this case, the power supply voltage
detecting method further includes: (f) the expectation
value set for the result comparison register is
updated every time the interruption signal is

: generated to monitor a change and a shift in the power
supply voltage. |

Further in this case, the power supply voltage
detecting method further includes: (g) selecting the
analog input channel to which the constant voltage

generated by the constant voltage generator is applied

of the plurality of analog input channels of the A/D



‘detecting met hod further includes: (f) the expectation value set for the
‘result conparison register is wupdated every time the interruption signal
is generated to nonitor a change and a shift in the power supply voltage.
Further in this case, the power supply voltage detecting nmethod further

i ncludes: (g) selecting the analog input?channel to which the constant
voltage generated by the constant voltage generator is applied of the

plurality of anal og jnput ¢hannel t GVvSsA 1 ReruRl tcnaindd xed
i nterval s toqﬂﬂﬁ?%klagc%%%gegqagiéggﬁu %é%ﬁﬁgﬁe power supEIy volfg%e. I'n

this case, Qg poyiel, srpPLY Yol difsesledabLY0 vEANIGL f ur ther i ncludes: (g)
anne

sel ecting the "anal og T nput c to which the constant voltage

generated by the consfapf ;%0ldaqe oeNer gbRbr Sudply edo1ehgkhe plurality of
anal og i nput channels o? the AD." conve?ting unit é% f?xedgintervals toy

moni tor a Ch%E%%c@fg?amEQhBhifhﬁfﬁéﬁoﬂﬁﬁl%W@ﬂd V9] t sgtechtiny dgiet 0
achi eve anot her aspect of the objects of the present invention, a conputer

readabl e recg{fi g FRPLYMIMAnIECOEdli WHIBhPRMY &b Otantpveidsge
i ncludes: (a) performng an A/D conversion on a constant voltage of an

anal og i nput gdeapgteliopyhithie ddies€anst @dll tald apgengeaedat dcs Bpml tedst ant
voltage generator is applied; and (b) determ ning a value of a
of the plurality of analog input channels of the A/D
converting unit at fixed intervals to monitor a changé
and a shift in the power supply voltage.

In order to achieve another aspect of the
.objects of the present invention, a computer readable
recording medium for recording a program for a process,
includes: (a) performing an A/D conversion on a
constant voltage of an analog input channel to which
the constant voltage generated by a constant voltage
generator is applied; and (b) determining a value of a
power supply voltage as an inverse operation based on
an A/D conversion result obtained when the (a) 1is
perfofmed and a fact that a value of the constant
voltage applied to the analog input channel is
constant.

In this case, the computer readable recording
medium for recordiné.a program for a process, further
includes: (c) selecting an analog input channel to
which a constant voltage generated by the constant
voltage generator is applied of a plurality of analog

input channels of an A/D converting unit; (d) setting



power supply voltage as an inverse operation based on an A/ D conversion
restilt obtained when the (a) is perforned and a fact that a val ue of the
constant voltage applied to the anal og input channel is constant. In this
case, the conputer readable recording- pgdiumfor recording. a programfor
a process, further includes: (c) selecting an anal og i nput channel to

whi ch a constant voltage generated by the constant voltage generator is
appl i ed of anplxrsidtatipénanalyg dfhputPehennenprdy svl¥ageohfePei ng unit;
(d) setting L 10 an expectation value of a power supply voltage to be

det ect ed i ndateedifid HonpaFesudtr agmpavrisapdredistedrf @ningedn A D
conversion on the constant voltage of the anal og i nput channel and
conpari ng t RETAOTMih @R shIR cOMMATSHeMm PRetBepLOnRt Mt vEPLEALS
generate an interruption signal "if a detection condition of_the power
suppl y vol t 88e the AR3LP9 ciNPHts FhapR ] saRdsEOMPRE iddhptier 2/ Badabl e
recordi ng nmedium for recording a program for rocess,. further includes:

a
(f) the expEOPYETTH QR HRSULL Mdrth ¢ r%§BFFtE§ﬁ&£ﬂ¥ﬂﬁP?estter i s

updated every tine the interruption signal_i enerated to nonitor a
change and FOBRTAES (21 hbh EEREHRLA v5 SOReho s S PGS CEHOBN o case the

Conpqter re%%% f%ion of the power supply voltage is satisfied.
Also in this case, the computer readable
recording medium for recording a program for a process,

further includes: (f) the expectation value set for
the result comparison register is updated every time
the interrupfion signal is generated to monitor a
change and a shift in the power supply vdltage.

~Further in this case, the computer readable
recording medium for recording a program for a process,
further includes: (g) selecting the analog input
channel to which the constant voltage generated by the
constant voltage generator is applied of the plurality
of analog input channels of the A/D converting unit at
fixed intervals to monitor a change and a shift in the
power supply voltage.

In this case, the computer readable recording
medium for recording a program for a proceés, further
includes: (g) selecting the analog input channel to
which the constant voltage generated by the constant
voltage generator is applied of the plurality of

analog input channels of the A/D converting unit at



recordi ng nmedium for recording a programfor a process, further includes:
(g)~selecting the anal og i nput channel to which the constant voltage
generated by the constant voltage generator is applied of the plurality
of anal og input channels of the A/D copyerting unit at fixed intervals to
nonitor a change and a shift in the power supply voltage. In this case,

t he conputer readable recording nmediumfor recording a programfor a
process, f@dxledr intrrvelbs: togmodd/tean i agchhnganainsy 4 npuifthanndhe o

whi ch the constant voltage generated by the constant voltage generator is
appl i ed of peWep|aReRlYyvettageal og i nput channels of the A/D converting
unit at - 11 fixed intervals to nonitor a change and a shift in the power
suppl y vol tage. | nhrekferotengmabinectpnmesiiteFidig € ERAnGERANGRI t he
shift in the power supply voltage that is the above-nentioned object, the
power suppP?dvdmeagﬂ‘%lgFeéPi SheciRARE 28BBLYI F§ UtRINetPRESESt HRvent i on
Is characterized in that iit includes a constant vaoltage generator (3) and

it appliesaQQﬁﬂﬁﬂ%ﬁﬁi°989tSgéﬁﬁﬁnn%ﬁ%dPBVthéqﬁﬂkxa 1y88€age generat or
()t 0,20 AUDRLECE  CIATICL L) o8 Prooielist (K gngdcomects 2
converter (1 il SBLELE3a0Yn Ah4Y D EOMEIRaRY £ Wb iE0nR O eS 2

voltage generator (3) and it applies a constant

voltage generated by the constant voltage generator

(3) to an analog input channel (5) of an A/D converter

(1), and connects a power supply voltage to an AVREF

(4) as a reference voltage of the A/D.converter (1)

and carries out an A/D conversion, and then stores a

result of the.A/D éonversion in an A/D conversion

result register (8), and further determines the power

supply voltage as an inverse operation since the

applied voltage of the analog input channel (5) is

constant ffom the A/D conversion result stored in the

A/D conversion result register (8).

It includes a plurality of analog input
channels (7) and % selector (6) for selecting one
analog input channel from the plurality of analog
input channels (7). The selector (6) selects the
analog input channel (5), to which the constant
voltage generated by the constant voltage generator
(3) is applied, of the plurality of analog input

channels (7). Then, the A/D conversion is carried out



result of the AID conversion in an A/D conversion result register (8), and
further determ nes the power supply voltage as an inverse operation since
the . applied voltage of the analog input channel (5) is constant fromthe
A/ D conversion result stored in the A/D conversion result register (8). It
includes a plurality of analog input ~ckamels (7) and a selector (6) for
sel ecting one analog input channel fromthe plurality of anal og i nput

cnanrel (o FRERRSH Yd UoTBkeihny i e lEha, ToU, pUINELLD). (o

whi ch the cofs 4] t he"con t “vol tage gener at or

() i applhedung! 08 B Widhit YoREaAAA! 9% ) TR 6D20RS! Sdrdordhen. i he

A/ D conversion 1'S carfri OWEr supply Vol tage.

T i ool D826, Eaeanadn 1 PoUb-CURN Y Wy (RTeERBY hRu3E e (0) 1

peri odi cal | rri hus, the ecution of the

conversi on &é@h%ﬁg&h%fp%é%nzaiﬂpeglﬁtv‘#gjstsihi té:’i’a@ie‘éo‘me“:j%{ié:}’ det er m ned,

and thereby enables the e an I n the powe upply vol tage

to be noni tQﬁﬁp-lyAvroqssaée COIPRLI SRR IGH ALy (QothOhid@ld | gh@n
expectation value of a power supply voltage to be detected, and a judgi ng

circuit (113nkPebqO Rk (fRe ShRNGRNE @I O " 8RYEL Wn Reddigpewaect ation
val ue, and generating an interruption signal (10) if a detection
supply voltage to be monitored.

A result comparison register (9) for setting an
expectation value of a power supply voltage to be
detected, and a judging circuit (11) for comparing the
A/D conversion result with the expectation value, and
generating an interruption signal (10) if a detection
condition of the power supply volfage is satisfied are
added. Since the result comparison register (9) is
installed, it is possible to freely set the
expectation value of the power supply voltage to be
detected. It is also possible to perform a
prédefermined process, such as an information escape
and the like, on the power supply voltage detected
from the generation of the interruption signal (10).
After the completion of the predetermined process to
the detected power supply voltage, an expectation
value is newly set for the result comparison register
(9), and.a power supply Yoltage to the new expectation
value is détected. An expectation wvalue set for the

result comparison register (9) is updated after each

completion of the predetermined process to the



condition of the power supply voltage is satisfied are added. Since the
result conparison register (9) is installed, it is possible to freely set
the expectation value of the power supply voltage to be detected. It is
al so possible to performa predet ermﬂfd_ process, such as an information
escape and the like, on the power supply voltage detected fromthe
generation of the interruption signal (10). After the conpletion of the
predet er m dedeprtecegower shppdgt eotldch gowerTisemppl yheoldedpe;t bom ewfect at i on
value is newy set for the result conparison register (9), and a power
suppl y vol thge poweheswpplexpedttageoris e peateddet dcceddidrgxpettati on
val ue set for the result conparison register (9) is updated after each
conpl eti onisf possigrlkeleter mpnddopr ddesschangheabdlThejeilettf bdipoddve suppl y
vol tage. Then, the detection of - the power supply voltage is repeated.
Accor di ngl povietr gupmpbysvdl&age .nonitor the change and the shift in the
power supply voltage. Brief Description of the Drawings Fig. 1 is a circuit
bl ock di agram showi ng an enbodi mrent of a power supply voltage detection
circuit according to the present invention; Fig. 2 is a circuit block

di agram showi ng anot r@i%EbBﬁFﬁEﬁPtd-f‘mt RE peher DEap3mMgs, ol t age

Fig. 1 is a circuit block diagram showing an
embodiment of a power supply voltage detection circuit
according to the present invention:

Fig. 2 is a circuit block diagram showing
another embodiment of the power supply voltage
detection circuit according to the present in#ention;

Fig. 3 is a flowchart showing a power supply
voltage detection method according to the present
invention; |

Fig. 4 is a circuit block diagram showing still
another embodiment of the power supply voltage
detection circuit according to the present invention;

Fig. 5 is a flowchart showing another
embodiment of the power supply voltage detection
method according to the present invention;:

Fig. 6 is a flowchart showing an interruption
routine of the embodiment of the power supply voltage
detection method according to the present invention;
and - |

Fig. 7 1s a graph showihg a temporal change of

a power supply voltage in the power supply voltage



detection circuit according to the present invention; Fig. 3 is a flowhart
"~ showi ng a power supply voltage detection method according to the present
invention; Fig. 4 is a circuit block diagramshowing still another

embodi ment of the power supply voltage, detection circuit according to the
present invention; Fig. 5is a flowhart show ng another enbodi nent of the
power supply voltage detection nethod according to the present invention;
Fig. 6 isdatklcvchame shodi agcaxrdintertapthenpresdnnelwfehbeoanbodi nent of
t he power supply voltage detection method according to the present

i nvention; and Fig. 7 is a graph showing a tenporal change of a power
supply voltage in the power supply voltage 14 detection nmethod according
to the present i rescrdptiobeand ithe oPrefeirive dPrExilesdimeitisodi nent s

Enbodi ments of the present invention will be described below with reference
to the attached Embkedimentpenof ¢hel prepentr inweptlomlwahd tet ection
circuit according to the present invention includes a constant voltage
gener at or 4dgscpibfshihekow wikbht aefenaneagbogsher atdhdlyed he const ant

vol tage generator 3 _to an analog input channel 5 of an A/D converter 1,
and conneff&vingsiver Igptg- vbi t 8gROWeT RN Y ¥hatgge detection

circuit according to the present invention includes a
constant voltage generator 3. It applies a constant
voltage generated by the constant voltage generator 3
to an analog input channel 5 of an A/D converter 1,
and connects a power supply voltage, in which a change
and a shift in a voltage is desired to be detected, to
an AVREF 4. The A/D converter 1 performs an A/D
conversion on the wvoltage appliéd to the analog input
channel 5 as a reference voltage of the A/D converter
'l with regard to the AVREF 4, and stores a result of
the A/D conversion in an A/D conversion result
register 8.

The result of the A/D conversion is the
conversion result of the voltage applied to the analog
input channel 5. However,:the power supply voltage
connected to the AVREF 4 can be determined as an
inverse operation since the voltage applied to the
gnalog input channel 5 is constant.

Fig. 2 is the power supply voltage detection
circuit according to the present invention that

includes: a plurality of analog input channels 7 to



.and a shift in a voltage is desired to be detected, to an AVREF 4. The A/D
“converter 1 perforns an A/ID conversion on the voltage applied to the
anal og input channel 5 as a reference voltage of the A/D converter 1 with
regard to the AVREF 4, and stores a result of the A/D conversion in an A/D
conversion result register 8 The resukg of the A/D conversion is the
conversion result of the voltage applied to the analog input channel 5.
However, the power supply voltage connected to the AVREF 4 can be
det er mi ned ¥high Qrﬁig%@léﬁﬁraﬁi@dgﬂak% ahe vebpagd iapply etinputties

anal og input channel 5 is constant. Fig. 2 is the power supply voltage
detection &Pr &y emRefimantt oft d Dr ebemnfneeselecttdmté focrl udes: a
plurality of analog input channels 7 to 15 which a plurality of signals
are respect FEEOFHIMAIRE apAlPNe IO seaenel Frgm theyrplaradisat or 6
for selecting one anajgg | nput channel fromthe plurality of anal og input
channel s 7. °¥h@n&iat 1R P Bt sEPaRrels e afivoSehpatoshsnm@lert® which t he

const ant v%kta e fromthe Elurality of anal og input channels 7 of the AD
converter 1-P& %ﬁ‘pﬁ]i%%l. RRRA, chamnel m tauekEch Ehens@nstantthe powver

supply volta t he_reference voltagg, the A/ D conversion can be

[ d
carri ed Outv?it@%gfs 'ﬂgfﬁ?npﬁgr ok pppPg input channels

of the A/D converter 1 is applied. Then, while the
AVREF 4 connected to the power supply voltage is used
as the reference voltage, the A/D conversion can be
carried out to thereby determine the power supply
voltage from the result of the A/D conversion.

In this embodiment, the selector 6 periodically
selects the analog input channel 5, on the basis of a
control of a CPU, from the plurality of analog input
channels 7 of the A/D converter installed to carry out
the A/D conversion in an application. The A/D
conversion 1s periodically performed on the voltage
applied to the selected analog input channel 5, by
using as the reference voltage the AVREF 4 to which
the power supply voltage is applied. The power supply
voltage can be determined as the inverse operation
from the conversion result periodically obtained as
mentioned above. As a result, it is possible to
monitor the change in the power supply voltage. The
plurality of analog input channels 7 besides the
analog input channel to which the constant voltage is

applied is the analog input channel to be used when



~voltage fromthe result of the A/D conversion. In this enbodi nent, the

" seléctor 6 periodically selects the anal og i nput channel 5, on the basis
of a control of a CPU, fromthe plurality of analog input channels 7 of
the A/D converter installed to carry out the A/D conversion in an
application. The A/D conversion is perigdically perfornmed on the voltage
applied to the selected anal og i nput channel 5, by using as the reference
voltage the AVREF 4 to which the power supply voltage is applied. The
power supplthe vy Pagenyer i dbs ek fetAedradhehcaaPpdéeaéigperation fromthe
conversion result geriodically obtai ned as nentioned above. As a result,
it is possible to Fidni torighe Ehangsant tHcthoregasdpsey thst t age. The
plurality of analog input channels 7 besides the analog input channel to
whi ch the comRedimend ofgdi1g- Appl TEdthe AHO dnRytinpat dRaff® to be
used when 16 the A/D converter is used in the application. Fig. 3 is a
flowchart VAPRILEgEAI™ AHIRT BnBbarfet & HRHR DOULfDEne YPFHLT ot used

in the application after a start of a main routine, angther application

process (SiIPPLiEaAtACRy RARCCEBuETE?, i catlﬁ"ej_'?ﬂ’lf_’]ﬂéri oHPY¥EVEF setects the

ATRARR Sy T g B U

gener at or Bsa?gz?gp%%%jﬁfbtggngg%gg%n is carried out (S3) by
using the constant voltage, which is generated by the
constant voltage generator 3 and applied to the analog
input channel 5, and the AVREF 4 connected to the
power supply voltage, as the reference voltage of the
A/D converter 1. From the A/D conversion result,
since the voltage applied to the analog input channel
5 is constant, it is possible to determine the power
supply voltage cénnected to the AVREF 4 as the inverse
operation (S4). If it is the power supply voltage to
be detected (S5), a predetermined process is performed
on the detected power supply voltage (S6). Then,
another application process (S7) 1is carried out, and
the operational flow returns back to §1. If it is not
the value of the power supply voltage to be detected
aftef the A/D cdnversion, the predetermined process
(Ss6) is not done, and another application pfocess (87)
is carried out. Then, the operational flow returns
back to Sl. | |

Fig. 4 is the power supply voltage detection-

circuit according to the present invention, which



I nput channel 5, and the AVREF 4 connected to the power supply voltage, as
the reference voltage of the A/D converter 1. Fromthe A/ D conversion
result, since the voltage applied to the anal og i nput channel 5 is
constant, it is possible to determ ne the power supply voltage connected
to the AVREF 4 as the inverse operafi&ﬁ (S$4). If it is the power supply
voltage to be detected (S5), a predeterm ned process is perfornmed on the

det ect ed p%ﬁ¥tﬁ%5m£¥cgghg%ge4}¥QSTT?eeomp@F¥§EH @@gigeaglgnﬂgpcess (S7)

is carried out, and e operationa |l ow returns back to Si. If it is not

the val ue ofe{ien PONRT oxiRbcL 100d 208108 BE GO RAIEA sabbey WRR &

conver si on, e predeterm ned process (S6) is not done, and another

appl i cati Orhcprt?&eéété@%kd ' %rﬁf‘ré | pdag¥hg Thebuithel PPE62t corparti Oy
returns back to S1. Fig. 4 is the power supply voltage detection <circuit

accordi ng tyhd he/Pr 868tk risiviNitOfu1¥hvenl £hd Wipeethfgbndesiwe [ esul t
conparison register 9 for setting an expectation value of a power supply

vol tage taquhe ?’ﬁé_ﬁhﬁdhga@h aij véleagteonCWitgrldl foo eenmparing the A/D
conversion result with the expectation value, and generating an

interrupti (resé@babnllonfdixidiet&Et the powdirt isuppiyt holpawer iwipply

voltage is satisfied. The A/D conversion result register 8 and the result

conpari son gs£gisfeed?9 arhecaArmecicayérsibe result register 8 and
the result comparison register 9 are connected to the
judging circuidt 11. The judging circuit 11 compares
the A/D conversion result stored in the A/D conversion
result'regisfer 8 with the expectation value set for
the result comparison register 9, and generates the
interruption signal 10 if the detection condition of
the power supply volfége is satisfied.

The selector 6 selects the analog input channel

5 to which the constant voltage generated by the
constant voltage generator 3 is applied, from the
plurality of analog input channels 7 of the A/D
converter 1. Then, the A/D conversion is done by an
A/D converting unit 2 by using the AVREF 4 connected
to the power supply voltage as the referencg voltage
of the A/D convérter 1. The_A/D.conversion result
stored in the A/D conversion result register 8 is
compared with the expectation value set for the result
comparison register 9. If the detection condition of

the power supply voltage is satisfied, the

interruption signal 10 is generated so as to perform



judging circuit 11. The judging circuit 11 conpares the AID conversion
result stored in the A/D conversion result'register 8 with the expectation
value set for the result conparison register 9, and generates the
interruption signal 10 if the detection condition of the power supply
voltage is satisfied. The selector 6 -salgests the anal og i nput channel 5 to
whi ch the constant voltage generated by the constant voltage generator 3

is applied, fromthe plurality of analog input channels 7 of the A/D
converter FherppedererBipedomirRctdh PR §bfe dRtemtedy POVEENFARR Y unit 2
by using the AVREF 4 connected to the gomer supply voltage as the

ref erence VALLRRE - of TRRCEAPPCLG AR eFaueTRE AL ST IR rEP BRI esul t
xpect at | P THAELERE FERIEHST chLkt SBORSAY SHYEor EPBr SOMBIr
't or rupti G sFihap= 0ot LA R B=Hs R0 3tk rAFHEaEod REYSdet er m ned
For the rodiPTErBLrrest r Boeiorthe | SotBHELaR BrE SHiG ePv BBl et i on of
detect i on GFONREY pGBraos iR FORFELea | APBS TR Y arhaty, (T T

possible t QDN §PL +Be RO e t BRafilel tadd 1€ shift in the

power subply voltage.
| Fig. 5 is a flowchart with regard to the
embodiment of Fig. 4. If the A/D is not used in the
application after the start of the main routine,
another application process (S11) is carried out.
However, if the CPU selects the analog input channel '5
from the plurality of analog input channels 7 of the
A/D converter 1 (S12), the A/D conversion is carried
out (S13) by using the constant voltage, which is
generated by the constant voltage generator 3 and
applied to the analog input channel 5, and the AVREF 4
connected to the power supply voltage, as the
reference voltage of the A/D converter 1. The A/D
conversion and the expectation value set for the
result comparison register 9 are compared with each
other (814). If the detection condition of the power
- supply voltage is satisfied, an interruption is
generated by the judging circuit 11 (S15). In this

case, there are two detection conditions of a case of

the A/D conversion result 2 the expectation value and



power supply voltage. Fig. 5is a flowhart with regard to the enbodi nent
of '-Fig. 4. If the ADis not used in the application after the start of
the main routine, another application process (Sil).is carried out.
‘However, if the CPU selects the anal og '@pyt channel'5 fromthe plurality
of anal og i nput channels 7 of the A/ D converter 1 (S12), the A/D
conversion is carried out (S13) by using the constant voltage, which is

generat ed by theeCeFStaiyd ¥obt38RvELRAGEH GesduBBUS o | 8dpbe tlata cinal og
i nput channel 5, and the AVREF 4 connected to the power supply voltage, as

the referepatueal t #gesel ddmii¥ibroneent dre kelldetddDbycameer si on and t he
expectation value set for the result conparison register 9 are conpared
with each opebestesldand |the hkiklet.ection condition of the power supply
voltage is satisfied, an interruption is generated by the judging circuit
11 (S15). In this Migpe, 6 tdizowsane twtedstwption comdimens Iof thease of
the A/D conversion result Z the expectation value and 19 a case of the AID
conver si on Lesektrup ttiln ekpegeneireteds/d 945 ) Thasprededienmwised@an be
selected by the register and.the like. Fig. 6 shows an interruption
routine. |fprheesisnti&yaubtisnrerfgamedatanl tisesietgaiesicr@®rerned process

(S16) is performed on the detected power
supply voltage. An expectation value is newly set for

the result comparison register 9 (S17). The
operational flow returns back to the main routine.
After the return to the main routine, a power supply
voltage is detected correspondingly to the new
expectation value. After the completion of the
predetermined process performed on the detected power
supply voltage, the expectation valﬁe set for the
result comparison register 9 is updated for each
completion. The operation of the A/D conversion is
repeated, and the detection of the power supply
voltage is repeated. Thus, it is possible to monitor
the change and the shift in the power supply voltage.
The actual example in which the power supply
voltage is detected under the following condition in
an application of a drop in the power supply voltage
will be described below with reference to Fig. 8. Ah
8-bit A/D converter applies a constant voltage of 2.0
v genérated by the constant ﬁoltage generator 3 to the
analog input channel 5. By the way, as the constant

voltage generator, for example, it is possible to use



supply voltage. An expectation value is newy set for the result
“conparison register 9 (S17). The operational flow returns back to the main
routine. After the return to the main routine, a power supply voltage is
detected correspondingly to the new expectation value. After the

conpl etion of the predeternined process2herforned on the detected power
~supply vol tage, the expectation value set for the result conparison

regi ster 9 | a for,. .. compl eti an. .The operati on_of .the D
1§ PRI R or e BER e i H 1L B Sam i

conversion is peat a ction y Yo tage is

repeated. Thysgs %h Biéﬁﬁ?%éﬂéitgﬁﬁgﬁgﬁg&rnt%ﬁi§ﬁﬁgﬁetfﬁg tQﬁéﬂﬂft in the

power supply vol tage. ual e power supply voltage

o det ect ed £ ol . g : : . 0
the Soﬁéresu%%%is%P?aggﬁﬁﬂ?g%%ﬂﬁgé%%%ﬂe%e%%%h°?%??%a‘i%£¥%‘—*8§g'.b 3
An 8-bit A | t 0 enger

the const ant2va L gaorer i Sy e BB e dil 1P O00 Bragel IpUCRIELEL ™

way, as the £ppskgllye MU 40E- SEPREALAE /A SSRFREE1oh! onS H}ASSi bl e to use
20 a regulator circuit provided wth a band gap circuit and an

oper ati onal éHﬂEEEhQrvd%td&&saﬁ%ﬂﬁedtQ% tHRIWRA P6gChnpiid Lfehaies the
constant voltage (here, 2.0 V) Tower than the power supply voltage. The
8-bit A/ D coiOYRIthle RAWEY BuppheyArD1GRIYEHd OPh&NrbRrence voltage.
If an A/D conversion result at é point A becomes at
7FH as the power supply voltage is dropped, it can be
determined that a potential of the analog input
ghannel after the A/D conversion is 2.0 V and constant
and that the reference voltage of the A/D converter,
namely, the power supply voltage is 4.0 V as the
invefse operation from the A/D conversion result of
7FH.
In view of the above explanations, an actual
example in which the power supply voltage is detected
under the following condition is described. In the 8-
bit A/D converter, it is assumed that the constant
voltage generated by the constant voltage generator 3
is 2.0 V, the power_supply voltage to be detected is
2.2 V, and the detection condition of the power supply
voltage is the A/D conversion result = the expectation
value. The A/D conversion value in the detection is
at FOH from the above-mentioned relation between the
A/D conversion result and the power supply voltage.

Thus, the expectation value to the result comparison



constant voltage applied to the anal og input channel 5 wth the power
supply voltage as the reference voltage. |If an A/D conversion result at a
poi nt A becones at 7FH as the power supply voltage is dropped, it can be
determ ned that a potential of the anal @@ i-nput channel after the A/D
conversion is 2.0 V and constant and that the reference voltage of the A/D
converter, nanel t he -power supply voltage is 4.0 V as the inverse-
operation f A} %ew D‘Jcéﬁ\'ielasq Heslinless the CPY \Aeel@dESt e above
expl anations, an actual exanple in which the power supply voltage is

det ect ed urﬁfﬁ‘i‘P‘?‘h"enFoPF‘SﬁrPr’fg AR HAYI %“@é‘§cr‘?‘b’e‘bf‘°fn5t h&bg. %} A'D
converter, I s assuned that the constant voltage generated by the

const ant vmqﬁﬁﬁﬁﬁﬁﬁgPaPSrt§e|§P§9?9VanH§ &ﬁﬂﬂn%hpﬁlﬁsvﬁpﬁﬁﬁ?qo be
detected is ection copdition t.he Power s

vol t age istﬂﬂ?/¢%§%g eﬁg?og? e&ﬁqyﬁfﬁ %nefﬁﬁeﬁﬁt QEPEEGHT &?Q[)
conversion value in t etection i fro t he aboye-nenti oned

rel ation bet'akeene’fﬁﬁcgﬂf:%%‘or’ﬁfe]r%? Iﬁmﬁegﬁlt ofd e f)%%rwsuppl y vol t age.
Thus, the ex (pect L on v Iue t,0 the result_co arlso |ster Is set
at FO—l Unl ess ?%’é Slglc,sttsera‘ c%%on’é%‘f‘p Ceﬁt "tche éﬁ%l eﬁput channel

5, the A/D squfg;%saltg o % AR oot RRUR GRS P, | En&RYbed

conversion result is at 7FH. Since it i1s not the
detection condition, the A/D conversion is done in
succession. Even at a point B, the power supply
voltage is 3.0 V, and the A/D conversion result is at
AAH. 8Since it is not the detection condition, the A/D
conversion is done in succession. If the A/D
conversion result = FOH and the detection conditibﬁ of
the power supply voltage of 2.2 V is satisfied, the
interruption is generated by the judging circuit 11
(Sis).

In succession, another detection method is
described in which the power supply voltage is
detected under the following condition. In the 8-bit
A/D converter, it is assumed that the constant voltage
generated by thg constant voltage generator 3 is 2.0 V,
the detection condition of the power supply voltage is
the A/D conversion result = the éxpectation value, and
as the power supply voltage to be detected, a point A
is at 4.0V, a'point B is at 3.0 V, and a point C is

2.2 V. Thus, as the expectation values at the



out (S13). The A/D conversion result is conpared with the expectation
val‘ue FOH set for the result . conparison register. For exanple, since the
power' supply voltage at the point Ais 4.0V, the AAD conversion result
is at 7FH. Since it is not the detection condition, the A/D conversion is
done in succession. Even at a point B, the power supply voltage is 3.0V,
and the A/D conversion result is at AAH2%iTce it is not the detection
condition, the A/D conversion is done in succession. If the AAD

conversion r ege'l\;/{aeﬁ@'*vaen%ﬂ@téiet £hb1 BB 10N t{ Ona of 7rlNe o§H9pby

vol tage of 2 I's Satisfied, the interruption iIs genérat ed by the

judging circuif A A@§ﬂ5hndrkﬁgc §32ik0R sanQfderofet egti @R 3R hogeg s
described in which the ‘power supply voltage is detected under the

fol owing conditk@Rr. £lot tife Srdihit ACBMPAUS I8 rebliskerassunegthdhpt the

constant voltage generated by the constant voltage generator 3 is 2.0V,

the detectiontgendi/b PdifetdfoROVBEuIHPHacomes age 7o H,t th A & ceneer si on
result Z the expectation value, and as the power supply voltage to be

detected, a peppt sBledctsAtte QompoRehtt dxdépattBeladalry tnpetnt Cis
2.2 V. Thus, as the expectation values at the 22 respective points, the

point A is atcihihbineihs paihé &B/Di soaredd omnslE t bRepanalldg iFnpatFOH At
first, 7FH

channel 5 is carried out (S13). If the A/D conversion
result = 7FH, the interruption is generated (S15). 1In
the interruption routine, a predetermined process is
performed on the power supply voltage of 4.0 V (Slé6).
A new expectation wvalue AAH is set for the result
comparison register 9 (S817). The operational Fflow
returns back to the main routine. Hereafter, the
operations'similar to those of the method of detécting
the power supply voltage of 4.0 V are repeated to then
detect the power supply voltages of 3.0 V and 2.2 V.
This repetition of the detection of the power supply
voltage enables the change and the shift in the power
supply voltage to be monitored.

According to the power supply voltage detection
circuit and the power supply voltage detection methbd
of the present.invention, it is possible to monitor

the change and the shift in the power supply voltage.



is set for the result conparison register 9. Until the A/D conversion

- result becones at 7FH, unless the CPU selects the conponent except the
anal og i nput channel 5, the A/D conversion of the analog input channel 5
is carried out (S13). If the A/ID converzszon result Z 7FH, the interruption
is generated (S15). In the interruption routine, a predeternined.process.
is perforned on the power supply voltage of 4.0 V (S16). A

new
expectation value AAH is set for the result conparison m‘mrl“mmmm
The operatCoRa¥MSl:ow returns back to the main routine. o o ”
operations simlar to those of the nmethod of detecting the power supply
voltage of 4.0 V are repeated to then detect the power supply vol tages of
3.0 Vand 2.2 V. This repetition of the detection of the power supply

vol tage endbl es tHe BR¥Mfe SHPRIE M itaige t e temkl O%suppmrWdktage to be
nonitored. According to the power supply voltage detection circuit and the
power suppFPRRFE&Jerdét ection nethod of the present invention, it is

possible to nonitor the change and the shift in the power supply voltage.
r - 23 | (h u hl 31EPRSERBE WeLtage generatdgs €3 I\ﬂf.ne%Pﬁé\?vé’rgsupply

vol tage detection circuit,
a first voltage of a constant voltage:

an- A/D converting unit (2) performing an
A/D conversion on said first voitage inputted
through an analog input channel (5) as a reference
voltage of a second voltage of a power supply
voltage: and

an A/D conversion result register (8)
storing an A/D conversion result obtained by said

A/D converting unit (2).

2. A power supply voltage detection circuit
according to Claim 1, further comprising:

a selector (6) selecting said analog input
channel (5) of a Plurality of.analog input

channels (7).

3. A power supply voltage detection circuit
according to Claim 1, further comprising:
a result comparison register (9) setting an

expectation value of a power supply voltage to be



conprising: a constant voltage generator (3) generating a first voltage of
" a constant voltage; an-A/D converting unit (2) performng an A/D
conversion on said first voltage inputted through an anal og i nput channel
(5) as a reference voltage of. a second voltage of a power suj

ppl y
vol tage; and an A/ D conversion result Té&dfi ster (8) stﬂ“ﬂﬂ"ﬂﬂl“}l[ﬂ"l“ﬂll
conversion result obtained by said A/D converting uni tlik ). o
supply voltage detection circuit according to daim1, furfthér Lonbri’sing:

a selector {8} 3£l g4t aid anal og input channel (5) of a plurality of
anal og i nput channel's (7). 3. A power supply voltage detection circuit

according to O aimyl,yfgglihed E?W“itnq:l9)rmgﬁﬁ'{;g@3[i§s§£d§j‘gﬁﬁter (9)

setting an expectation val ue of a power supply v EEREN

T34 bbb = boMie! galead: o ath 2iidol pgGig £Ua (D) GoMPar i ng

said /D conversion result with said expectation value to generate an
interrupti oflefled@te( BN LhtAehedti o8 SONghhion £b)sai # Rower supply
voltage 1is satisfied.

detection condition of said power supply voltage

is satisfied.

4. A power supply voltage detection circuit
according to Claim 2, further comprising:

a result comparison register (9) setting an
expectation value of a power suppiy voltage to be
detected; and

a judging circuit (11) comparing said A/D
conversion result with said expectation vélue to
generate an interruption signal (10) if a
detection condition of said power supply voltage

1s satisfied.

5. A power supply voltage detecting method,
comprising:

(a) performing an A/D conversion on a
constant voltage of an analog input channel (5) to
which said conétaﬁt voltage generated by a
constant vbltage generator (3) is applied; and

(b) determining a value of a power supply



4. A power supply voltage detection circuit according to Caim2, further
) conpr|3|ng'ma~fesult conparison register (9) setting an expectation val ue
of a power @ﬁﬂi voltage tobe detected; and a judging circuit (11)

conparing sai result v%h sai d expectation value to
generate an i m/; (10) if detection condition of said power
ﬁﬂe

supply vol tage |s\ 5. A power supply vol t age detecting method,
conprising: (a) perforn1ng(hh A/ D conversion on a constant voltage of an

anal og i npyh 167@g8elad Sant @ n YWEIrGe SaFéﬁéﬂiwtb&@é@gengﬁ;ﬂﬁr atesl by a
constant voltage generator (3) is applied; and (b) determ ning a value of a

power suppé¥n'vexbildd | telsul 250wt 4 89 @SwhRn nyaiAse QROrai son based on an
Al D conversion result obtained when said (a) is perfornmed and a fact that

a val ue ofpsaifib emest aahd ! faga apphitedat oadaid @l 9g idipoomdaand (5)
I's constant. 6. A power supply voltage detecting nethod according to Claim
5, furtherveawydge rapplde detoctsaidammanbey inpuit charrehelS5)(590 which
a constant voltage generated by said

is constant.

6. A power supply voltage detecting method
according to.Claim 5, further comprising:

(c) selecfing an analog input channel (5)
to which a constant voltage generated by said
constant voltage generator (3) is applied of a
pluralify of analog input channels of an A/D
converting unit (2);

(d) setting an expectation valﬁe of a power
supply voltage to be detected in a result
comparison register (9); and

(e) performing am A/D conversion on said
constant voltage of said analog input channel (5)
and comparing said A/D conversion result with said
expectation value to generate an interruption
signal (10) if a detection condition of said power

supply voltage is satisfied.

7. A power supply voltage detecting method

.according to Claiﬁ 6, further comprising:



constant voltage generator (3) is applied of a plurality of-—anal og-tnput

- channels of an A/AD converting unit (2); (d) setting an ' e
of a power supply voltage to be detected in a result- fﬂﬂﬁ@!ﬂﬂﬁﬂﬂéﬂwer
(9); and (e) performing an A/D converspgn.on.said constallcV sof xoai d
anal og i nput channel (5) and conparing said A/D convérsion-result with
said expectation value to generate an interruption signal (10) if a
detection condition of said power supply voltage is satisfied. 7. A power
supply vol t age de¢£gt iumwd attihogl sadotoeciprectet@anmvalter tset ESMri sing:
.1al1~111211212121111121212121111 - 26 - - '"* ¢ L MS (f) updating said
expect ati e val we sel tf grompaimi sesultegomwge rsd? ¥ egivary tIHmevery tine
said interruption signal (10) is generated to nonitor a change and a shift
in sai d pewstdsuppt grrng thge 8igazbwed OSluppey geneadget g6t & i ng net hod
according to Claim6, further conprising:' (g) selecting said anal og input
channel (Wonitoshiahcdenigeomsnane ohifde HBnérant @d RV SEI FURBASE ant
vol tage generator (3) is applied of said plurality of anal og input
channel s ofokhiageyN D

8. A power supply voltage detécting method
according to Claim 6, further comprising:s

(g) selecting said analog input channel (5)
to which said constant vol?age generated by said
constant voltage generator (3) is applied of said
plurality of analog input channels of said A/D
converting unit (2) at fixed intervals to monitor

a change and a shift in said power supply voltage.

9. A power supply voltage detecting method
according to Claim 7, further comprising:

(g) selecting said analog input channel (5)
to which said constant voltage génerated by said
constant v&ltagé generator (3) is applied of saiad
plurality of analog input channels of said A/D
converting unit (2) at fixéd intervals to monitor

a change and a shift in said power supply voltage.



converting unit (2) at fixed |ntervals to monitor a change and a shift in
. said power supply vol tage. 9. A power supply voltage detecting nethod

according to.d nmuu' r|S|ng (g) selecting said anal og i nput
channel (5) aN“]I !@ nt voltzge generated by said constant
vol t age generator (3) F3Mpplisk \of said plurality of anal og input
channel s of said A/D converting unit (2) at fixed intervals to monitor a
change and a shift in said power supply voltage. 11111111 1112111 | I1I, IT
~\ - 27 10. 1A .conput e¢ompatiedre nezbpdi iRy med ARiisd F‘@(?O‘f‘éﬁ“ﬂ&%rprogram
for a process, conprising: (a) performng an A/D conversion on a constant
vol tage of zecamid®d npuPThBAEl fSY tB PHRICES Sai £ TBRGLHE NI t age
generated by a constant voltage generator (3) is applied; and (b)
determining a val ud ®) 2 9Rhermshippl po v%}’Pag’eO’Aged?ls%H\?er%’é Gper ati on
based on an A/D conversion result obtained when sai dé perforrred and
afacttrmlGaﬂﬁﬁééﬁﬁvgéﬁf%ﬁnﬁﬁnﬁn PRahge dprindd E?ﬁﬂﬁla&ﬂbngmut

channel (5) is constant. nguter medi um f or
a

r eadabl e reco(i U;g
recordi ng a¥BrlogRamhdbe &%%E@?st E’c}rtcﬁ%@ FER ¥R YR Y0P (7t her
conpri si ng: cgﬁs%gu¥n$gg€gbgn§é)era Q%W“ﬁ (@pplied and

(b) determining a value of a power supply
voltage as an inverse operation.based on an A/D
conversion result obtained when said (a) is
performed and a fact that a value of said constant
voltage applied to said analog input channgl (5)

is constant.

11. A compﬁter readable recording medium for
recording a program'fof a process according to
Claim 10, further comprising:

(c) selecting an analog input channel (55
to which a constant voltage generated by said
constant voltage generator (3) is applied of a
plurality of analog input'channels of an A/D
converting unit (2);

(4d) setting an expectation value of a power
supply voltage to be detected in a result
comparison register (92): and

(e) performing an A/D conversion on said

constant voltage of said analog input channel (5)



to which a constant voltage generated by said constant voltage generator
- is applied.of--a--plurality of analog input channels of an A/D

(3)°
converting,u
vol t age to'

perform ng a
channel

M S e 2

nver st on® on said- @8nstant voltage of said anal og i nput

(BN \~ 1 FtalC it il it 1111 illl ¢ E. Ms - 28 and

conparing said A/ D conversion result with said expectation value to
generate an interruption signal (10) if a detection condition of said

power

medi um for recor

further ccﬁFbPFé’ltrﬁ;tl

conpari son [ egi st
(10) is getkf

vol t age.

f or

a pro

13. A
AURPAY

supth§ FORREE ing s8ELd | Bd D 120 1K &R Qier T PERbbBI & F R ofd hg

din an1for rocess according to. daiml1ll,
%ﬁ g %xb&ﬂ%ﬁ?EHQEﬁuéqxﬁnF SUPFL19Bsul t

era%%)mh?t pdit S%a?%i b SRBATE OPn <61 8 hoP BRIy

rea rLeco medi um f or recordlng a program
gpﬂaﬁﬁi afﬁffl £gﬁﬂfh conprising: (g) selecting

sai d anal og i nput channel (5)

12.

A computer readable recording medium for

recording a program for a process according to

Claim 11, further comprising:

result

(f) said expectation value set for said

comparison register (9) is updated e#ery

time said interruption signal (10) is generated to

monitor a change and a shift in said power supply

voltage.

13.

A computer readable recording medium for

recording a program for a process according to

Claim 11, further comprising:

{g) selecting said analog input channel (5)

to which said constant voltage generated by said

constant voltage generator. (3) is applied of said
plurality of analog input channels of said A/D
converting unit (2) at fixed intervals to monitor

a change and a shift in said power supply voltage.

14. A computer readable recording medium for



to which said constant voltage generated by said  constant. voltage

generator (3) is applied of said plurality of anaIOﬁEinput channel s of
C

said AAD converting unit (2) at fixed intervals L“ “ nge and a
shift in said power supply voltage.._ .. A conput *I, mmué"malt di ng
mediumfor. - 2 9 c Lros I"l recording a programfor a gr odesd accordi ng

to Claim 12, further conprising: (g) selecting said anal og i nput channel
(5) to which said constant voltage generated by said constant voltage
gener at ofecHrdsnappai pdofram dfopl W ap roy € samd @gridipg ehannel s of
said A/D converting unit (2) at fixed intervals to nonitor a change and a
shift inClaiit pawrer Suppheroldagpriding:
(g) selecting said analog input channel (5)

to which said constant voltage generated by said

constant voltage generator (3) is applied of said

plurality of analog input channels of said A/D

converting unit (2) at fixed intervals to monitor

a change and a shift in said power supply voltage.



