1.6 SEP 2005 I *166166* A METHOD OF CONTROLLI NG A M CROCOVPUTER AFTER
POWER SHUTDOWN *G00002* BACKGROUND OF THE | NVENTI ON 5 This i nverit 6 &P 2005
relates to a microconputer systemwhich enploys a |imted backup supply
resource when power failure of the main power supply occurs, and which

retains a content of a backup nmenory for a certain peri ) ' 10
DESCRI PTI ON OF THE BACKGROUND ART A ni cdoconput er systeﬁmm@lﬂmﬂlmw’l npl oys
clock counts(i,e, areal-time clock) to show the current E\ET I me.
Such a real-tine clock is also used for operations of functions in the
system which requires to refer to tine information. However, the system
with a real-tine clAMETHOR ORcCONTIROLE NG AIGROCOMPYTER accuracy of
the real-tinme clock when a short power. interruption (e.g. a nonentary
power shutdown) occurs. |n sARFESYBOMWER SHETDOWMrt power shut down

occurs, the real-time clock is inmmediately cleared and dis ﬂ“ m mmmn
resunpti on of power. Causes of nonentary power shutdowns CZI m mmm an
acci-dental unplugging of the systemfromAC to fluctuations in the, AC power
20 line. BASKBROURD OF PHEANMENTION a user since he/she al ways needs to
re-
5 This invention relates to a microcomputer system which employs a
limited backup supply resource when power failure of the main power supply
occurs, and which retains a content of a backup memory for a certain period of

time.

10 DESCRIPTION OF THE BACKGROUND ART
A microcomputer system generally employs clock counts(i,e, a real-time
clock) to show the curreht day and time. Such a real-time clock is also used for
operations of functions in the system which requires to refer to time information.
However, the system with a real-time clock is prone to be affected easily
15 the accuracy of the real-time clock when a short power- interruption (e.g. a
momentary power shutdown) occurs. In some systems, when a short power
shutdown occurs, the real-time clock is immediately cleared and disabled upon
iesumption of power. Causes of momentary power shutdowns can range from
_ an accidental unplugging of the system from AC to fluctuations in the AC power

20  line.

This becomes an annoyance to a user since he/she always needs to re-
enable and adjust the real time clock every time a short power shutdown occurs.
In order to minimize such annoyance in the use of the real-time clock,
whenever power in the system is shutdown and if the shutdown is momentary,

25 the microcomputer of the system should not clear the real-time clock. To



enabl e and adjust the real time clock every tine a short power shutdown
occurs. In order to mnimze such annoyance in the use of the rietlSEPi 085

cl ock, whenever power in the systemis shutdown and if the shutdown is
nonentary, 25 the mcroconputer of ‘the system should not clear the

real -tinme clock. To 16 SEP 2005 2 achi eve such an operation, it is a
probl em how to determ ne whether a shutdown of the system power is
nonentary or not when the shutdown occups. One exanple to solve the problem
.is that a CRtinmer is'provided to neasure how | ong the m croconputer
systemis in power shutdown. If the 5 system shutdowns for nore than, for
exanpl e, 3 seconds, the real tine clock is cleared and initialized. This is

because tachievdeswys tamoperatiiDi @ BX@epPoMBm HoWE tge oppi ng
the real tinme clock resulted froma se?fdi)ng too.a stggﬁéﬁ@ﬁ?g@?tﬂér%

m cr oconpshiddownssf éie gysteRtpHRLET: rﬁBH{efHM? ' i | i ion is
stopped. 10 Fig. 4 is ggci r‘(:):uit dsi agram o drihotWfeh e t%‘?w@bElc‘sﬁ’t\?

an arrangenen ent.i onal

har dwar e- baseOn6Rsxample. toTRBIVGO L BrbIBIBA] i '€R- ffRel |88 ol RlUAeS
m croconputer 1/0 ponr?s 41, a resi sra{ror 42,l g’ﬁé}r’%a@%%% ’%8‘6?’%&%44. The

convent i anaasues Huar lerigated mfftocMputer yaBhe i€ 1A WHIRL: QhutdflnadyApiades-

Firstly, high quality, that is, expensive conponents are requifte 5 to

-obt & n_awmysterh shbRioWRy Rr RaGeAnSR Fdroﬁratnwg'é,“%eséac%ﬁﬂﬁs h%gfiﬁgocgﬁ&gwar c

based CR timer depends on tol erance conponen ¥ the

componenicieadd st IidIhedoVEnd Is BBLAIIRInA AL SRy 31SH RSkl e

functional value of this circuit does not jus

timer citimg teldySbreeAt BY! stopPihgAR8 teaP iR ISER POLHH FbM &'dTkidd'f 85t e

i s shut down.
stop mode of the microcomputer system during power shutdown in which clock

oscillation is siopped.
10 Fig. 4 is a circuit diagram of an arrangement of a conventional hardware-
based CR timer. The conventional hardware CR timer includes microcomputer
IO ports 41 @ resistor 42, a diode 43, a capacitor 44. '
The conventional hardware-based CR timer presents a number of
disadvantages. Firstly, high quality, that is, expensive components are required
15 to obtain accurate hardware-based CR timer, since accuracy of the hardware-
based CR timer depends on tolerance of the components. Thus, cost of the
components add up to the overall material cost of the systém. Note that the
functional value of this circuit does not justify its cost, since the CR timer circuit
is used only for about a few seconds every time the system is shutdown.
20 Secondly, the number of devices that the microcomputer can directly

control are reduced because of a need to allocate a microcomputer /O port for

the CR timer.

25



20 Secondly, the nunber of devices that the mcroconputer can directly
control are reduced because of a need to allocate a m croconput dr6 SER 208 t
for the CRtimer. 25 16 SEP 2006 2a SUMMARY OF THE | NVENTI ON According to
the invention as clained in the first aspect there is provided a 5 nethod
for controlling a mcroconputer as clainmed in claim1. According to the
invention as clainmed in the second a ct there is provided a nethod for
controlling a m' crocorrputer as claimed in claim4. According to the
inventigon as claimed in the third aspect there is provided a nmethod for
control $UNHV|%RPF| QFO%%UN&NHQNH aimed in claim7. 10 The present invention
overcones primary di sadvantages of the system 16 SEP 2005 3 with the
above-nenti oned hardware-based timng circuit. Thus it is an object of the
present invention to keep a real-tinme clock in the system updated even
after a powkccarlirigdovthe invertiony=d elaintad irkthefirshaspenithdrere pedvidéd a
accurately wupdated with the long-battery backup life even if it stays in

powey Sh@tmrfc@htrélhﬁg@ﬁﬂcrbb@fﬂpuf@?'a% Qamdeinadthingyed because the net hod
of the present invention uses only software to neasure the tinme spent by

the m crocongut et figind | ‘P?ﬁﬁee SR in FR RO o sy St em of the

present | nvention | ncl evi ces count m croconputer IC

and a ¢ r%?/’éeldca mTQﬁocrinfor con rrgﬂmg a microcomputer as claimed in claim 4.

According to the invention as claimed in the third aspect there is provided a
method for controlling a microcomputer as claimed in claim 7.

10 The present invention overcomes primary disadvantages of the system



10 1C and the dock IC stop their functions when power shutdown og@usse 2609
the ot her hand, the counter |IC continues counting by neans of power
supplied from a backup battery. * Wien the. power is recovered, the

m croconput er obtains a count value of the counter IC to update clock
counts. According to the present invention, a method for controlling a 15
m croconputer in mcroconputer systemw3h a high speed operation node and
a | ow speed operation node in which operations of the m croconputer is
slower than in the high speed operation node is provi ded. The

m croconput er system including a clock operable in the high and the | ow
speed oper Withdhe aboue-raenticnedarkiwarebasedimingcifcalt. el ivisnan bBRreebpck
with power for a predetermned 20 tinme. The nethod includes steps of.

det ect i ng thevpresshiindention thkeep agebhtimentiatk FopRbsyeRST UpdatedBéen bRet he

| ow speed operation node; determning whether the power shutdown iIs

recover ed av pdiver ahgtdean.t i Thisoeystes q%?ﬁke&?t iHeFedltindi 8BcR raRf/ ation
node when the power shutdown is determ ned o0 be recovered. Thus, the

above- ment imdatdd aiiiteible |6AG-batteAE Bak(8 life BveASf BB f | ion,
t he net hod i ncl udes stepg@-of dgtﬁecti ngi%6 SQISD go%ggjﬁ Om%?s?%{t}fo%r\?/\ﬂfb?@

changbng tlbagitingh dpedaniry athieteddéeat e tHE Mo RERe Ip?@@érﬂtih%h €,

periodically determ ning whether the power shutdown is ecovered VSI'[ in a
first givesses orlypssftware seihéadirbhpehiige SPERIbPRRS ThicPdcoriBdRr Mgt he
power shutdown is determ ned to be recovered; and setting the 5

m cr oconpyisvertshutdowap operati on node to stop operations unless the power
shutdown is recovered within the second given tinme period which is |onger

; Eﬁinevte r(;e firstTigd viRitrdesmRpoRr | SfbteriN et tH §rabateirRAbA R threg@n be

devices: a counter IC, a microcomputer IC and a clock IC. The microcomputer
10 IC and the clock IC stop their functions when power shutdown occurs. On the
- other hand, the counter IC continues counting by means of power supplied from
a backup battery. ' When the powe; is recovered, the microcomputer obtains a

count value of the counter IC to update clock counts. |
According to the present invention, a method for controlling a
15 . microcomputer in microcomputer system with a high speed operation mode and
a low speed operation mode in which operations of the microcomputer is slower
than in the high speed operation mode is provided. The microcomputer system
including a clock aperable in the high and the low speed operation mode and a
* backup power _supply for supplying the clock with power for a predetermined
20 time. The method includes steps of: detecting power shutdown; changing the
high speed operation mode to the fow speed operation mode; determining
whether the power shutdown is recovered within a given time period; and
setting the high speed operation mode when the power shutdown is determined

to be recovered. Thus, the above-mentioned object can be achieved.

25 As one aspect of the invention, the method includes steps of detecting




As anot her aspect of the invention, the nethod includes steps of _detecting
power shutdown; checking whether the clock is set; setting the 1H6 SEP 2005
mcroconputer to a stop operation node to stop operations unless the clock
I's set; changing the high speed operation node to the | ow speed operation
node when the clock is set; periodically determ ning whether the power
shutdown is recovered within a first givyen tinme period; setting the high
speed operation node when the power shuﬁdomm is determ ned to be
recovered; and setting the 15 microconmputer to the stop operation node

unl ess the power shutdown is recovered within the second given tinme period

which is | : hepfd i ' iod. A dingly, th
1 T e 0 Al B ASEE O b on

above-nmenti oned object can

pover Suppl e h aadty PelichkaRy Bteriuia “Whetes: e dmer souidowris | ng

power shut deysyepbdt iRO, ly. Therefore, mcroconputer can continue

to execute softvva?e\pl o“? %ﬁg?égﬁ%&eflm&dmm . $eHipgr ther high speedtapenatimde of
to | ow speed node, power

0 ex: - d Mo
Comsummt § e @heh B8 AW SRR B Cotbimipedtorifrecovatad: andstting freous

consunption i s signi

t hat pBresepliad ' lres no.input/output ports of the 25
e/ YRR 51§ ep RhsTRHA Bodsr 1 Riopnekerations coiaisnipet powre

m croconput er,

present in ' ar l.J,ows: The new nmethod elimnates the need for
YFHoan 'gégé%?eéﬁ& W'{%\A?h? sesansd giyendime periedyhicteisloagat tharost

addi ng a hardwar e-

can be br ogghf; : th el.imnates the need to allocate
sEEBn iMPeRTA., TBUS e Anaeansatenekebiophean haschiesed,

m croconput er por
elimnated frompg hgn&%aegg&&?rgp Xhé hi%vention, the method includes steps of

detecting power shutdown; checking whether the clock js set, setting the
10 microcomputer to a stop operation mode to stop operations unless the clock is
set; _changing the high speed operation mode to the low speed operation mode
when the clock is set; periodically determining whether the power shutdown is
recovered within a first given time period; setting the high séeed operation
mode when the power shutdown is determined to be recovered: and setting the
15 microcomputer to the stop operation mode unless the power shutdown is
recovered within the second given time period which is longer. than the first

given time period. Accordingly, the above-mentioned object can be achieved.
According to the present invention, microcomputer is supplied with power
by a backup capacitor as a backup power supply- with small amount of current
20 for a short period during power shutdown of the power supply. Therefore,
microcomputer can continue to execute software for a given period. By
transferring operation mode of the microcomputer from High Speed Mode to low
Speed mode, power consumption is significantly reduced. It is further costly

advantageous that present invention requires no input/output ports of the

25 microcomputer.,



system does not need to use the microconputer /O ports. Thereforfeg gepeams
present invention is costly advantageous. The present invention utilizes

m croconputer's crystal oscillator as a tine reference so that timng
accuracy can be consistent. 10 BRI EF DESCRI PTI ON OF THE DRAW NGS These and
ot her objects and features of the present invention will beconme clear from
- the follow ng description taken in conj gnction with the preferred

enbodi ments thereof with reference to the“acconpanying drawings, 15 in
which: Fig. 1 is atimng chart of the operation of a m croconputer
according to the present invention. Fig. 2 is a flowhart of operating

sequence of the g uter, according to.the present invention. 20 Fig.
3 is a diagram o;ﬂ dyag'g% bﬁ the r@ﬁ@‘@&%ﬁg@@m#@ﬁae Résenhinventionr angi as 30
for supplyi e T signal and a voltage (VDD). Fig. 4 is a circuit
di agr am of g%'c}éh%r ﬁ&eﬁ%\ﬁtm%&c’a %!BWVE%S e%&lf fding lsalardware biased .CR5

DETAI LED DE RTI OF . THE, PREFE D EMBODI MENTS 16 SEP 2005 6 Sone
embodi ment s%@ il etgélr%yssé?mﬁhﬁ%% hshoxPrall gestoran: beterdugbt downngThemdwe

acconpanyin | functjqnal,k conponents are denoted by same
nuneral s t h&o%%ﬁ%mu%]%ﬂgé}% r{besed &/@'Md@&ﬁ%ﬂr@@@t%df@umﬂ‘s earcep ther
as opesal i NE3REGE-Wsed CR timer has been eliminated from the system thereby the

system does not need to use the microcomputer I/0O ports. Therefore, the
present invention is costly advantageous.

The present invention utilizes microcomputer's crystal oscillator as a time

reference so that timing accuracy can be consistent.
10

-BRIEF DESCRIPTION OF THE DRAWINGS

These' and other objects and features of the present invention will
become clear from'the following description taken in conjunction with the

preferred embodiments thereof with reference to the accompanying drawings,
15 in which:

Fig. 1 is a timing chart of the operation of a microcomputer according to

the present invention.

Fig. 2 is a flowchart of operating sequence of the microcomputer
according to the present invention. '

20 Fig. 3 is a diagram of a specific arrangements of signal generation circuit
30 for supplying the AC DET signal and a voltage (VDD).
Fig. 4 is a circuit diagram of an arrangement of a conventional hardware-

based CR timer,

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS



5'therh beconmes sl ower. For exanple, power current spec of Mtsubishi 3819

m croconputers is shown in table 1. Tablet: Operating .
Condi ti (r)nr::Typi cal Maxi mum H gh Speed Mdde: 7 15mA 5mA 8. 4MHz. Execut |1rpgSEP 2005
I nstructions Low Speed Mdde: 6CuA200uA 32KHz Executing Instructions Low
Speed Mbde: 32KHz 20uA406A WAI'T state (wait for INT) Stop Mbde:9 uA 1 uA O
Al'l Gscillations Stopped. [waiting for ingerrupt M3819 series Power Source
Current(lcc) Taken from page 56, 3819 famly user's nanual

Some embodiments of the present invention will be described referring
tq the accompanying drawings. Same functional components are denoted_by
same numerals throughout the drawings. |

CMOS microcomputers consume less power, as operating speed of

5 them becomes slower. For example, power current spec of Mitsubishi 3819

microcomputers is shown in table 1.

Table1:

Operating Condition | Typical | Maximum
High Spesd Mode:

8.4MHz 7.5mA 15mA
Executing Instructions
Low Speed Mode:

32KHz GQUA 200uA
Executing Instructions
Low Speed Mode: :
32KHz Ar
WAIT state 20uA 40uA
(wait for INT)

Stop Mode:
All Oscillations Stopped 0.1uA 1uA

Waiting for interrupt

M3819 series Power Source Current(lcc)
Taken from page 56, 3819 family user's manual

As seen from the table above, there is a great difference in
consumption current of the microcomputer_. More specifically,. the current
10- consumption of the microcomputer operating at high speed mode is about 100
times as large as that of the microcomputer operating at low speed mode. It
can also be seen from the table that there is only a smalil difference in current
consumption when the microcomputer operates in low speed mode or stop

mode as compared to high speed mode.

15 In the present invention, CR timer hardware is not used in a circuit, thus



As seen fromthe table above, there is a great difference in cog%uggg iZEUB
current of the mcroconputer. Mire specifically,. the current 1
consunption of the mcroconmputer operating at high speed node is about 100
times as large as that of the microconputer operating at | ow speed node. It
can al so be seen fromthe table that there is only a small difference in
current consunption when the mcroconpuler operates in | ow speed node or
stop node as conpared to high speed node. 15 In the present invention, CR
timer hardware is not used in a circuit, thus 16 SEP 2005 7 the

m croconputer is responsible for neasuring how long the systemis

unpl ugged. thaimiorecpmpetert ise responsikiepiore maasuciogt hawe iangdhe odystgmais | east
about 3 seconds after a power shutdown is detected: Systenms with a

m cr oconputuspluggedl | Fhisntequires the- minrocompltar toecentinele funckicsingt atalgasbf t he
5 current tine in a day.” Fig. | is a timng chart of the operation of a
m cr oconput@pouhd secdndg) after a powsapsbutdawn isvdetected. Systemg nor wdlh operaati on,’
the m croconputer detects the rising or falling edge of the signal at AC
DET as showniciatoRiputerl ustidliynempiime ai 24-hdet #eakiiméatiodio te kekpriracicot the es of
50Hz (50n5), it is confirnmed that the AC 10 power supply was renoved from
t he syst emcarmenbtimeviara ddnut down sequence nust be executed. I n other words,
the m croconputer in normal operation node with high speed oscillation
transfers to an Ejgraisitimingdehart of thee bpematioh of a mipnecorsputed assordingto 50 ns
has passed since | ast edge of an AC DET signal has detected. 15 In the

operation el eresent ivvention. duning\norrsaluspsirationtthe misroddnaputen detects the
rising or falling edge of the signal at AC DET as shown in Fig. 1. If no edge is
detected for more than 2.5 cycles of 50Hz (50mS), it is confirmed that the AC

10 power supply was removed from tﬁe system and a power shutdown sequence
must be executed. In other words, the microcomputer in normal operation
mode with high speed oscillation transfers to an operation mode at the time of a
power shutdown after 50 ms has passed since last edge of an AC DET signal
has detected,

15 In the operation mode at the time of power shutdown, the oscillation is
slower than in the normal operation mode. A voltage applied to the
micracomputer is gradually lowered after no edge of the AC DET signal has
detected. [n addition, the microcomputer stops oscillating after 3000 ms (i.e. 3
seconds) has passed since the microcomputer transferred to low speed mode,

20 at the time of which the voltage applied to the microcomputer becomes the
lowest.

Following are the exemplary sequence of the operation. Fig. 2 is a
flowchart of operating sequence of the microcomputer according to the present
invention. At the normal operation, the microcomputer operates in high speed

25 mode (step S11). At the same time, whether possibility of power shutdown



stower than in the nornmal operation node. A voltage applied to the

m croconputer is gradually |lowered after no edge of the AC DET si glngl Etﬁ’a§005
detected. In addition, the m croconputer stops oscillating after 30 Os s
(i.e. 3 seconds) has passed since the mcroconputer transferred to | ow

speed node, 20 at the tinme of which the \\I/\A%Itage applied to the

m croconput er becones the |owest. Followng are the exenplary sequence of
the operation. Fig. 2 is a flowhart of operating sequence of the

m croconputer according to the present invention. At the normal operation,
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by detecting intermittent pulses coming from the AC power line (for example,
10 50Hz). Intermittent pulses are detected based on the AC DET signal which is
"supplied to one input port (AC DET), after rectifying and reducing the amplitude
-of the lpov{/er. supply line to a predetermined level, thus magnitude of the AC
DET signal becomes suitable to input to the microcomputer. A spec.iﬁc
arrangement of a circuit for generating the AC DET signal is mentioned later
15 with reference to Fig. 3,
During normal operation, the microcomputer detects a rising or a falling .
edge of the AC DET signal. If no edge is detscted for more than 2.5 cycles of
S0Hz (50mS), it is confirmed that the AC power supply is removed from the
system and a power shutdown sequence must be executed ("YES" of step
20 S14). If an edge is detected within 50mS again, the .microcomputer retL-Jms to
normal operation mode ("NO" of step S14).
In the case that the real time clock has not been set-up for operation
prior to a power shutdown ("NO" of step 815), the microcomputer is set to stop

mode to set the port for power shutdown (step 817), since processing

25 Operations such as counting clocks described later is not needed. According to



arrangenment of a circuit for generating the AC DET signal is nentioned
|ater 15 with reference to Fig. 3. During normal operation, t hel § SEP 2005
nm croconputer detects a rising or a failing edge of the AC DET signal. If
no edge is detected for nore than 2.5 cycles of 50Hz (50n5), it is
confirmed that the AC power supply is renmoved fromthe systemand a power
shut down sequence nust be executed ("YESS of step 20 S14). If an edge is
detected within 50nS again, the mcroconputer returns to normal operation
node ("NO' of step S14). In the case that the real tinme clock has not been
set-up for operation prior to a power shutdown ("NO' of step S15), the.

m cr oconpukath igpesatioris? tixdedfor raesiginganeriory tontenttbyf &baeRUE 'capBditétovgh (st ep
S17), since processing 25 operations such as counting cl ocks described

later is noe e)@sdsd. However ng the caSe Sl RBGRaPtimE DlodBaS bR SetupTBr f Or

retaining nmenory content by a backup capacitor can be extended. wever,

in the casepbhaion peicr el o ipdve?! BRlitdoan Heenssest ehep C815(}9I0@héﬁi SwefF 1 or
to a power shutdown (' YES" of step S15), when power shutdown (AC off) is

det ect ed, eRGidow (AT oﬁg is' deteblell DSONBUGIE LS itfe MtrbeORBudr e switBhad fraReed
node to | ow speed node to result in a significant reduction in power

consumpt | ORidrpéaedhdle tdTbw spBadmddeto Fé&ltﬁpgﬁgﬂﬁ%ﬁ%dﬁéﬁbﬁm #)W;[leer ate

by neans of supply fromthe backup capacitor short time wthou

conpl et el y cghsGHptich (‘étfab'ﬁé)?‘cwfé RRURS thalHe MG oSIMpERErican! dtilll disera@V

speed node, an internal timér is set to 10 generate an interrupt In every

oS00 ") BB BY 15,1000 BB e B "l 1
completely discharging the backup power.

Once the system is in the low speed mode, an internal timer is set to

10 generate an interrupt in every second (step $18). By executing a WAIT
instruction after setting. up the. 1-second timer, the microcomputer is kept in
sleep state while waiting for a 1-second interrupt to be génerated. Cdrrent
consumption of the microcomputer 'during waiting for the interruption is reduced
to be maximum 60 pA. During in WAIT Mode, whether the power supply is

15 recovered or not is monitored (step S19).

When the system power supply is recovered during the microcomputer
is waiting for the interruption ("YES" of step $19), the microcomputer quickly
changes low speed mode to high speed mode and returns to the normal
oberation after resetting. On the other. hand, when the system power supply is

20 not recovered, whether the 1-second timer generates the interrupt or not is
further determined (step S20). When the 1-second timer generates the
interrupt, the microcomputer is activated to operate in low speed mode. Note
that even if the 1-second timer generates the interrupt, in the case 3 seconds
has not passed, the microcomputer is again set to wait for the interrupt from the

25 1-second timer during the operation to be in WAIT Mode so as to suppress the




sleep state while waiting for a 1-second interrupt to be generated. Current
consunption of the mcroconputer during waiting for the interrupfﬁ@n$EPsﬂm5
reduced to be maxi mum 60 NA. During in WAIT Mbde, whether the power supply
is 15 recovered or not is nonitored (step S19). Wien the system power
supply is recovered during the mcroconputer is waiting for the
interruption ("YES' of step S19), the m ctOconputer quickly changes |ow
speed nmode to high speed node and returns to the nornal operation after
resetting. On the other hand, when the system power supply is 20 not
recovered, whether the 1-second tinmer generates the interrupt or not is

further detpowenecorisunepticB2f. ththemicrbeorpa@?.oNDring egNeMdRS él!ﬁ??{'lt
e.

interrupt, the mcroconputer is activated to operate in | ow speed np

Note that eomsumptiomés tedwsarhendidtethedsaneaims HAG Sior&d iNRRAM B hbGecase
3 seconds has not passed, the mcroconputer is again set to wait for the -

interrupt faffectedeafonl aepowtrisupply Johags (VE8) ePehahiieh bﬁ\g@?e" T
Mode so as to suppress the 16 SEP 2005 10§%(§Wer)consunﬁtign f t']hfeé Mt

mi cr oconput @boveDthe rajedMeveldb tiate thatrthBtsysER THAP N 8né ¥FWES VHigat the
sanme time, data stored in RAMis never affected as |ong as power supply

vol tagé (Votpmuriashte hold tee tmeuwpeint bl thé elErocdRM el al?rirﬁqafe:g\g(tet QYthPQWPNOt €

that the system may include one or nore volatile 5 nmenor he

time spent by t heWnietrthe ®ysténs bower EOFpW@Jbé&%H%Wﬂ g)ﬁg%?tgfggse%ﬁigq he

power supply has been shutdown yet aftef 3 seconds passe

end (st op S22) - o nee al ] e CEeE BT EIce ST PloRk Qunts Bl FeRRrarl 18 0c
current frcstopanods i the endr(stepP8RT). C 8hdalf WP b8 &b ald 'Stopped in the
stop mode, current from capacitor power supply can be suppressed to the
10 minimum. In such a low power consumption state, data stored in RAM can be
retained for more than 2 weeks by means of electricity only left in the backup
- capacitor. Detection of shutdown time is stopped afterwards.
Fig. 3 is a diagram of a specific arrangements of signal generation
circuit 30 for supplying the AC DET signal and a voltage. Fig. 3 also illustrates
15 Microcomputer 36 as well as signal generation circuit 30. The AC DET (SYNC)
signal is produced by converting a voltage from AC power supply using a
transformer and by adjusting the signal voltage to be constant via rectifier 32
and zener diode 33. The vdltage applied to microcomputer .36 which is also
referred to as microcomputer Vdd is output after a voltage from AC power
20 supply is converted by using a transformer and adjusted via rectifier 32 and
regulator 34.
Backup capacitor 35 is employed to provide microcomputer 36 with
Small amount of current for a short period during power failure of the power
supply. Therefors, in the case the power supply is removed from the system,

25 microcomputer 36 can continue to execute software for a given period. Note



10 mnimum In such a | ow power consunption state, data stored in RAM can
be retained for nore than 2 weeks by nmeans of electricity only {@fSgpi 2008 he
backup capacitor. Detection of shutdown tinme is stopped afterwards. Fig. 3
is a diagramof a specific arrangenents of signal generation circuit 30
for supplying the AC DET signal and a voltage. Fig. 3 also illustrates 15
M croconputer 36 as well as signal generation circuit 30. The AC DET ( SYNC
signal is produced by converting a voltaggesfrom AC power supply using a
transforner and by adjusting the signal vo1tage to be constant via
rectifier 32 and zener diode 33. The voltage applied to m croconputer 36
which is also referred to as mcroconputer Vdd is output after a voltage

U o et 11 ot AAcTIERpUe o8 MUGSS i Kot Sitochildiai™ SONBR "<oR8f fihifes™

o o CoPa ! e A 4 TR sl B 9 €000 B 1,
oxboul e sof f SO pURR IS BBitos T Hidh SpEedRER' ok el BRAEE BeuRpuc o1
speed osci 1T ad WP RpeInblist B Sperktch AoRBRed FhbRy "when o "
Ut i1 520 when i dRoRErativel desteBloRl ltrathiy Pl adHRrS 63 10k SpefmotiBov e
passed si ned SRR bebsed AfEeesy koe B AGIVET 0 el Res Jatsrietepad: o
stop nmode tddiferd RPERPIMOIBSaME 8 WalcoR8S TR i Ssset R Rwever, those

who skilled in the art may change the above values properly.

The invention being thus described, it will be obvious that the same
10. may be varied in many ways. Such variations are not to be regarded as a
departure from the 'spirit and scope of the invention, and all such modifications

as would be obvious to one skilled in the art are intended to be included within

the scope of the follow'ing claims.



who skilled in the art may change the above val ues properly. The invention
bei ng thus described, it will be obvious that the same 10 nmay b& §&fi2H in
many ways. Such variations are not to be regarded as a departure fromthe
spirit and scope of the invention, and all such nodifications as would be
obvious to one skilled in the art are intgnded to be included within the
scope of the followng clains. 16 SEP 20 12 CLAIM5S 1. A nethod for
controlling @LAW‘M oconputer in a mcroconmputer system wth a high speed
operation node and a | ow speed operation node in which the 5 | ow speed
operation node of the m croconputer is slower than the high speed
operation node, the m croconputer systemincluding a clock operable in the
hi gh and the | ow speed operation nodes and a backup power supply for

suppl yi ng the cl dsimelhor fesveantiodingaapméstecempiteednt a maicrecomputer hydtem
conprising: 10 detecting power shutdown; switching fromthe high speed

operation nodth adhighspéetopertion mess ahi @rlomtféeod@daéﬂwhi&jhé’%e\&ﬁiﬁﬁ tR@Ver
is recovered within a given tinme period; and switching to the high speed

he. ol ook moaer ey e ol Moderof & R BL SPREr:S sur el 1hE o 6hede.
2. The et heghehQorf MBdeP! the MicFodBriip HEP WHIH, iR 88%8@%& 8})gga%1lel’in ftlimjert her
high and the low speed operation modes and a backup power supply for
supplying the clock with power for a predetermined time, said method
comprising:
10 detecting power shutdown;
switching from the high speed operation mode to the low speed
operation mode;
determining whether power is recovered within a given time period; and
switching to the high speed operation mode when the power is

15 determined to be recovered: wherein

the clock measures the given time period in the low speed operation

mode.

2. The method for controlling a microcomputer according to claim 1, further
20 comprising setting the microcomputer to a stop operation mode to stop

operation unless the power shutdown is recovered within the given time period.

3. The method for controlling a microcomputer according to claim 1, further

comprising storing a value representing a time period, which the microcomputer



onprising setting the mcroconputer to a stop operation node to stop
(nge(r:am)on unlgess thegpovver shutdown is recovered within the giverl 6iSE® 2005
period. 3. The nmethod for controlling a microconputer according to claim 1,
further conprising storing a value representing a tinme period, which the
m croconputer 16 SEP 2005 13 neasures du” ng power shutdown, in a volatile
menory of the m croconputer system 4. A nethod for controlling a

i onput er.. icr ter stem 5 with a high speed operation node
and a1 o sposesfed dEHBH WBY TREMERN Ao'ietls dpedny sbres ronarsmputer

sl ower than the high speed operation node, the mcroconputer system

i ncluding a EY%@W'operabl e in the high and the | ow speed operation nodes
and a backup power supply for supplying the clock with power for a

predeterm ned tine, said nmethod conprising: 10 detecting power shutdown;
switching fromthe high speed operation node to the | ow speed operation

mode; periodécal | A ohetlesdnfor conibithder nmeMRoMgutEE fP¥e hctorbihulerasfdtb st
gi ven IOti me period; 15 switching to the high speed operati onﬁ{yogee v%en t he

power is s deivithrd igH speelpe?sRithRde dHifa m Eh}@%g tg@%ﬁé@&ﬁéﬁ‘&ﬁ%ﬁrﬁ@gﬁqrﬂ@e&l

stop operation nodé to stop OPerat;P” Y o i chis | onger than the
P?\rNg[ bfvéﬁc?);aﬁnéﬁgee%og%@% HodeNs ISP farCthe %'h speed operation mode, the
microcomputer system including a clock operable in the high and the low speed
operation modes and a backup power supply for supplying the clock with power
for a predetermined time, said method comprising:
10 detecting power shutdown:
switching from the high speed operation mode to the low speed
operation mode;
periodically determining whether power is recovered within a first given
time period;
15 switching to the high speed operation mode when the power is
determined to be recovered; and
setting the microcomputer to a stop operation mode to stop operation of
the microcomputer unless the power is recovered within a given time period
which is longer than the first given time period.

20
5. The method for controlling a microcomputer according to claim 4,

wherein the second given time period is set to be longer than the first given time

period by substantially an integral multiple of the first given time period.



5. The method for controlling a m croconputer according to claim4
wherein the second given tine period is set to be | onger than thé $W§@05
given tinme period by substantially an integral nmultiple of the first given
time period. 16 SEP 2005 14 6. The nmethod for controlling a m croconputer

according to claim4, further conprisi ngluftori ng a val ue representing a
time period which the mcroconputer neasures during power shutdown in a

vol atile nmengry o icroconputer system 5 7. A nethod for controlling
a m croconput er iEhébﬁ‘?@?@%ﬁﬁéﬁ@'&@/@t’é*ﬁm%mwt&r RCePrdéngtadclajne ria furtinemode
and a | ow speed og.erati on node in which the |ow speed operation node of
the mi croconPT'BISING LPHIEA Yok renresenting e diseel pecipe vetticio theraderocaaipiiter

m croconputer systemincluding a clock operable in the 10 high and the | ow
speed oper at MEASHIRSedUrNG! pawsacthubdgremen s uplatile frRimoryUePing Hﬁcrbeémﬁu%‘rk
with power for a predetermned tine, said nethod conprising: detecting
power shut dosystemchecki ng whet her the clock is set; 15 setting the

m croconputer to a stop operation node to stop operation of the conputer
unless the clock is set; switching fromthe high speed operation node to
the | ow speed operation node when the clock is set; periodically

ggﬁ Ie(F)(T ni ng mhet hﬁ?rméf?\%dpfb‘f‘eéoritrsollfnegc%Vr%ric?rgcgmﬁqtpmer} i ;ir;]isctrocozn(gpgtie\r/esr;/szeirge
with a high speed operation mode and a low speed operation mode in which the
low speed operation mode of the microcomputer is slower than the high speed
operation mode, said microcomputer system including a clock operable in the
10 high and the low speed operation modes and a backup power supply for
supplying the clock with power for a predetermined time, said method
comprising:
detecting power shutdown:
checking whether the clock is set:
15 setting the microcomputer to a stop operation mode to stop operation of
the computer unless the clock is set;
switching from the high speed operation mode to the low speed
operation mode when the clock is set;
periodically determining whether the power is recovered within a first

20  given time period;

switching to the high speed operation mode when the power is

determined to be recovered; and



switching to the high speed operation node when the power is deternined to
be recovered; and 16 SEP 2005 15 setting the m croconputer to ald §5 2005
operation node unless the power is recovered within a second given tine
period which is longer than the first given tinme period. s 8 The nethod
for controlling a m croconputer accordi ng {o claim?7, further conprising
storing a value representing a tine perlo whi ch the m croconputer

oW | latile menory of the mcroconputer

measures durin t
System 9 PQUfhgIRE AR b Rel B & stop operation mode unless the power is

recovered within a second given time period which is longer than the first given

time period.

s 8. The method for controlling a microcomputer according to claim 7, further

comprising storing a value representing a time period which the microcomputer

measures during power shutdown in a volatile memory of the microcomputer

system.



