E3701 62/ 47 DESCRI PTI ON LOW PONER PROCESSOR TECHNI CAL FI ELD The present
invention relates to a seniconductor integrated circuit device such as aE3701
processor, and nore particularly to a mcroprocessor which is capable ofgh/a7
realizing the high speed operation as welll as the | ow power .consunption %y
controlling substrate biases of a processor circuitry constituted by MOS
transi stors in accordance with an op®ESCRIPTEOIe of the processor. At the
present time, for realization of a mcro- 10 processor, an integrated

circuit enploying CM3Ss is wi del }OWs PPWER, PRAGKSSWonsunpti on of the CMOS
circuit is classified into the dynam c power consunption due to charge and

di scharge during the switching, and the static power consunption due to a

| eakage curren{tap.I t_of _them since 15 the dynam c power consunption is
proportionaJT$ g?%kﬁwﬁIE%Brce vol tage Vdd squared and hence occupies the

|arge pover consurht | ofe QeQLdSE 18y BROTBLC LS LAV BONCLAPNRHATE SR |

Is effective to reduc OWEl ~sour cée vo en, I'n recent years, the

pover SOUYC&%%%EQ@édZQirg&i .O%v%érQﬁéﬂcﬁésgrérgééésliﬁe“ ﬁﬁgﬂéﬁg- As for

a .
t he present t ower consunpti pe m Croprocessor, tnére | nown t he

”1CrOpr0035?%#rﬂ¢@&$h£g%'ﬂge§ ﬁf@rQﬁf@ée?ﬁBfgﬁﬁﬁeh ﬂ?ceﬁghﬁﬂbaag whi ch has

a plurality operat i nodes provl ded ereln and in 25 accordance
therew ths s¢e@pisiweg stre! Nigh @pééa%péfatiaﬁ 85eGE1108sUBhbS164W" pBllethe

stand-by. By stopping the clock supply, the dynam c power consunption due
to the sw t comgumptide bynecsBaLYingi s8bsthate bidsegdofisanpebcessor
circuitry constituted by MOS transistors in accordance with
an operation mode of the processor.
At the.present time, for realization of a micro-
10 processor, an integrafed circuit employing CMOSs is widely
used. The power consumption of the CMOS circuit is
classified into the dynamic power consumption due to charge
and discharge during the switching, and the static power
consumption due to a leakage current. Out of them, since
15 the dynamic power consumption is proportional to a power
source voltage Vdd squared and hence occupies the large
power consumption, iﬁ order to promote the low power
consumption, it is effective to reduce the power source
voltage. Then, in recent years, the power source voltages
20 . of many microprocessors have been reduced.
As for the present low power consumption type
microprocessor, there is known the microprocessor which
includes the power management mechanism and which has a
plurality of operation modes provided therein and in

25 accordance therewith, stops the supply of a clock to



possi bl e. However, the static power consunption due to the 5 | eakage
<'current can not be reduced and hence still remains. Since the operation
“speed of the CMOS circuit is decreased along with reduction of the power
source voltage, in order to prevent the @egradation of the operation speed,
the threshold voltage of the MOS transistor needs to be 10 reduced in
conj unct i orexgicut idne unddiec tdwring thee ghand-byipplBy \atopping Hohwevelocki nce
if the threshold voltage is reduced, then the Ieakage current i s renarkably
i ncreased, ﬁ&Rﬂ%YnMﬁhﬁtﬁﬁﬂam*RuRQWﬁf(ﬁonﬁﬂmHEWQﬂ the tswitching
I ncrease of the static power consunption due to the Ieakage 15 current
whi ch was rdt %mqgﬁﬁqlgy Wi Kammbke rrdused Q%M%tﬂ% For th| s

reason, it becq a problemtao realize a mcroprocessor, ich the high
speed i s c&AFRY ee‘ WHAVSYRE 4 d’rﬁﬁ)cﬁﬁ@' ’cf'or«%q.}‘fﬁ)‘f ‘Eﬂf‘s‘ﬂ@tf’cﬁ‘n YRttt
solving gh oblen1asso |ated 2 t he ratlo ed and the

| eakage 5E:u agqst THEF Qts\gﬁ C{ %ff DJS SREns .
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shows a crqggs o‘i‘%{éﬂ W' PevRM Ot e Cdéz%fﬂciaﬁ‘ﬁ'd ge} 4 tih?e %ﬁi&?téﬁé‘ed AS
shown in the figure, an n type wel 3 formedin a part of a

surface | axtle @hreshdldderoiidgd o Wie NOB ) isdr reeds ctarpel MOS
t ransi st or conS|st|ng of an n[err] type source/drain region 202, a gate

oXi de flid mrdicent] im gairej wicitiowdei tiD 4 he fedustliom of sthé epmvelf the p 5
type well 201, and a p-channel MOS transistor consisting of a p[err] type
sour ce/ dr aisuppdyi orolitgie.a grwever des inden 20 thendkhresgheldveltage 298 is
formed on a surface of the n type
reduced, then the leakage current is remarkably increased,
along with the reduction of the power source voltage, the
increase of the static power consumption due to the leakage
15 current which was not conventionally large so much becomes
remarkable. For this reason, it becomes a problem to
realize a microprocessor in which the high speed is
compatible with the low power consumption.
As for a method of solving the problem associated
20 with both the operation speed and the leakage current of
the MOS transistor circuit, a method wherein the threshold
voltage of the MOS transistor ié controlled by setting
-variably the substrate biases is disclosed in JP-A-6~53496.
The description will hereinbelow be given with
25 respect to the device structure for use in setting variably
the substrate biases with reference to Fig. 2. Fig. 2 |

shows a cross sectional view of a circuit having the CMOS

structure. As shown in the figure, an n type well 205 is



wel | 205. Normally, the source of the p-channel MOS 10 transistor and the
source of the n-channel MOS transistor are respectively connected to the
power source voltage (hereinafter, referred as Vdd) and the ground electric
potential (hereinafter, referred as Vss), 3and the drains of the n-channel
MOS transi stor and the p-channel MOS 15 transistor are connected to the
out put si gndicrmed it a PAIFthAL a Fukpceniayex ef satpttype wekbetpare
given, Vbp 209 is provided in the n type well 205 of the p-channel MOS
transistor, WRE \?dﬁ’%ﬂ%) AWV AR nrchapnegl (¥OR mmsmobfc@n%lﬂtm_nnel
MOS transi st Il e when enpl oyi ng the device as shown in
ah 1 202 9o 9aER GXLde Tl &3 o

or. 20, \Wh
Fig. 2, nor®di 13 Dyp5YPSo SPUrcs{Araisy regiony d b'
Vss, duri th - ti f ircuits, these substrate biases are
sui tchod so THEA TF SRS AL L2 FOMED Shah BIEEGE OBERAR Al and
Vbn 210 i t to the lowern electric.potentjal, whereby fhe
t hpes hol I vélitp%ggisé elgf e#hr}d % %‘sﬁ%ﬁ’%}}% ct{l;\(# b???ﬁ:’r%%@éoc%ﬁﬁil%%% ?%e
| eak + b : UR HE J.NVENT. arder
to realize oM crSBrosouESHYkain riedior 2u8 e dark paide il 205 3
with the 1oy RatY asEdd s s Iforull!Idf @ 'Siledd dHME % >
circuitry, the variable control of the substrate biases as descri above
is carried egill @0&%.during the operation of the processor, the threshold

vol tages of the MOS transis- tors are decreased to maintain the high speed

operation, while duri Nprmedlst,anhe)sdhiedt e piomandsl yod t ages 10 are
increased to reduce the | eakage current. However, in order to contro

vari abl y 0t h&ransdistare andadde Eourve wihddes ar-cldmel MOY) tfansbstowat i ng
the processor in the .
are respectively connected to the power source voltage
(hereinafter, referred as vdd) and the ground electric
potential (hereinafter, referred as Vss), and the drains of
the n-channel MOS transistor and the p-channel MOS
15 transistor are connected to the ouéput signal. As for
terminals through which the substrate biases are given, Vbp
209 is provided in the n type well 205 of the p-channel MOS
transistor, and Vbn 210 is provided in the p type well 201
of the n-chanhel MOS transistor.
20 While when employing the device as shown in Fig.
2, normally, Vbp 209 is connected to vdd and Vbn 210 is
connected to Vss, during the non-operation of the circuits,
these substrate biases are switched so that Vbp 209 is
connected to the higher electric potential and Vbn 210 is
25 connected to the lower electric potential, whereby the

threshold voltages of the MOS transistors can be increased

and hence the leakage current can be reduced.



proceedi ng of the operation node of the processor when swi tching the
substrate biases, in particular in the 15 proceedi ng of the operation node
fromthe stand-by state to the operation state is accurately controlled,
wher eby the mal function of the processor fust be prevented. The present

I nvention was made in order to solve the above-nentioned problens, and it °
i s ther ef or PIRCIASURE OR) THE (HWENREQht | nvention to provide a high speed
and | ow power consunption processor hy realizjng the above-_ nentioned
substrate bias controlIl QFENFRmﬁﬁﬂﬁa%ﬂn?Lm¥ﬁFQPF9%§%&RFi%@ whighethe
vari ous operation _nodes of the processor. n order to solve

the above- mem3tbRREST ARSHALL fJesat‘Eﬂ"éP%t?ﬁ?S}% iR cthe | IR RPERE | <
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stand-by node 5 I'n the processor main circuit, strat as swi tching

unit jn suchie Wioddtor haHd agfifesHE1 S WO G \GF Life \MOS a9Rend P4 t he

stand- by node, and for controlling, in response to an interruption of the

stand- by reltease dredddradd it md it SUDEHAI h aspsed teper@tibn) i n
such a 10 way that .the biases are switched over to voltages for a norna
nmode, and alehd leordurdiepdiliey staridbyt thdrtesf v i thireshoId egb1twges 0 have
been stabilized, the stand- by of the processor main circuit to restart the
operati d? areaddicteasedartst Iraducestihe ldakdge pruoneesstor  Howewer diim t o
the present invention is that a semnm conductor device of the Processor chip
has a tripl €580 te qantyal variably the substrate biases of the

processor, the timing of reactivating the processor in the
proceeding of the operatibn mode of the processor when
switching the substrate biases, in particular in the

15 proceeding of the operation mode from the stand-by state to
the operation state is accutately controlled, whereby the
malfunction of the processor must be prevented.

The present invention was made in order to solve

the above-mentioned problems, and it is therefore an object

20 of the present ihvention to provide a high speed and low
'power consumption processor by realizing the above-
mentioned substrate bias control, on a processor chip,
which is applied to the various operation modes of the
processor.

25 In order to solve the above-mentibned problems, a
feature of the present invention is provided by providing:
a processor main circuit for executing program instruction

strings on a processor chip; a substrate bias switching



and al so the processor main circuit is formed on a well region different
fromthose of the substrate bias switchiing unit and the operation node
control unit. 20 In addition, still another feature of the
processor according to the present inventbon is that the operation node
control unit includes, as neans for waiting, before restarting the

oper ati on ofutdte o Ekishing voltages ofcsubskxave lpiases bappkiedutoi |
the bias voltages 25 switched thereto are stabilized, either an on-chip
timer for néadHRSiFate H5&Lhg prReesspr maincireitrandrantoperation t he
bi ases, or a sensor for. detecting that the biases have been stabilized to
pr edet er ni ndPdfRIGORFLL unit 1oL pentrplling, JinFesponse ke Bhet he

The.pr ocescaPTEan ki Rt 197 S hhaet i ?%i d%ﬁv?%ﬁ%ﬁﬂﬁédé”g:
blurariny ofth i rddedhdy Hitln MM hETRbndeids dFran tifratng
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Substrate bona: 3R by G itld bOoll drd v iibied et o oo,

oper ati on MRAA tHfdd For'ite Xa m)dt}l; HPddd'd and f%%}?@réﬁf%‘rg%t exgeution

to make stand-by ‘one functi onal e or the plurality o i ‘onal

modul es i N HEBHYNEE 0 Tad B dt it fon (A EHO EEAME-BY e FMAdENEAGMUNI t i N
such a way that the substrate biases of the one functi‘onal nodule or the

plurality oftHeimaitistnkd, rolhllsatbstirateVBid GwMadhing nit hen V@ldépaes for
t he stand-by node, and for controlling, when having received a signal to

r el ease lithe wayarthaly theldidsesh@amnasvwitutied atermhilvoltadée foxiral ity of
functional nodules fromthe outside or the processor main circuit, the
substrat e bing¥maj measeng and talise sfiaxh releasingy aftebitlhedds are
switched over to the vaoltages for a normal node, and
voltages switched thereto have been stabilized, the stand-
by of the processor main circuit to restart the operation.
In addition, another feature of the processor

15 according to the present invention is that a semiconductor
device of the processor chip has a triple well structure,
and also the processor main circuif is formed on a well
region different from those of the substrate bias switching
unit and the operation mode control unit.

20 In addition, still another feature of the
processor according to the present invention is that the
operation mode control unit includes, as means for waiting,
before restarting the operation of the érocessor main
circuit when switching the biases, until the bias voltages

25 switched thereto are stabilized, either an on4chip timer
for measuring a lapse of the time period required for

stabilizing the biases, or a sensor for detecting that the

biases have been stabilized to predetermined voltages.



also for informng, after the bias voltages switched thereto have been
stabilized, the processor main circuit of that the stand-by of the one
functional nodule or the plurality of functional nodul es has been rel eased.
25 In addition, a further featé@re of the processor according to
the present invention is provided by provid- ing: neans for swtching
dynami cal |y the oper atimradshideibnd yéte gnoidess ofeataire o f cthé ; processor
oper ati on node contr ol 7 unit for controlling, in response to execution
of an instr@Aadding dimide ipresgny dnventionubh @rovnided by qpeseid- nai n
circuit, the substrate bias switching unit in such a way that the substrate
bi ases of tHAYSr FhE RIOCLSAOM M3 It GErorit hin fwinich khe semicendugtor
switched to yvol.tages ich are suitahle for the operation frequency

thereof, andSVdCs Ror & Progessor (fhip has @ tagRle WekhStrurtweke® have
operati of s 0e i SHIRRE IR ctefra iy & fuifelonnt odiled amisn o
St oni g uane EEE I, Follled H R i R0 milad f iR °°
Phe  presont Traet shitehity RS Mr Buitth P CAL St eRte RO 0N,

pronot i on ofthieh @ ubB¥ MR o ££ Ahd! Fd gt tdivd Neadiavidial &5, S nce while
t he transistor having the | ow threst%glbd iYs operated at a ‘H::] 'ZEAspeed, t he

| eakage cur opeirapdst nodee cATdIN QA oy FBhthR 10 N 1P Fe¥hd® to
i ncrease the power consunption, it is inportant to prevent the 1arge
| eakage 16ur executtione tob elalee Btatl-by driee fmtd ioHdl abddes &§rehé here i's
plurality of functional modules in the processor main |
circuit, the substrate bias switching unit in such a way
that the subétrate biases of the one functional module or
the plurality of functional modules are switched over to
15 the voltages for the stand-by mode, and for controlling,
when having received a signal to release the stand-by mode
of the one functional module or the plurality of functional
modules from the outside or the processor main circuit, the
substrate bias switching unit in such a way that the biases
20 are switched over to the voltages for a normal mode, and
also for informing, after the bias voltages switched
thereto have been stabilized, the processor main circuit of
that the stand-by of the one functional module or the
plurality of functional modules has been released.
25 In addition, a further feature of the processor
according to the present invention is provided by provid-
ing: means for switching dynamically the operation speed of

the processor main circuit; and an operation mode control



25 provided a control method of controlling the power consunption of a
. sem conductor integrated circuit device including a plurality of el enent
circuit blocks having transistors formed on a sem conductor substrate and
" bei ng 8 operated on the basis of a cl@ck signal; wherein a first node in-
which all the elenent circuit blocks are operated on the basis of the clock.
signal, a ssuidhdamdentraklingi hin scesponse thcexeorkicn gpfilano at | east
one of the 5 element circuit blocks is.stopped, and a third node in which
t he suppl y Histclon kaighange ke |operatlepebre@ieRey t 1B BRRs i s st opped
and al so substrate biases of at, |least part of the {ransistors forned on the
sem conductRFOCRARIT BN QLEGHY ol tRY $ePsHER kR Jelas SehbFRENGFURKE 10

associ ated transi,stors are swi tched to be used ncircuit is, for
it
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power consunp- 20 tion I ng only the necessary functions. The

third node dsi tteHed o Vd¥Es MiveE BedistsARiPize8s Bhe $POcEss6Lnaohn t he

circuits of the processor so as to increase the thresholds of the
transi st or cmeit toff -thay the switching tEf reecopéret ponecspeedshapt i on due

to the 25 sub-threshold | eakage current, and is referred to as a stand- by
node orl(a Heeaewarempketrel by node for exanple. Wiile the operation node can
be returned fromthe stand-by node to the normal state by the interruption
control, in Further, an even further feature of the processor
according to the present invention is that the substrate
bias switching unit is constituted by a substrate bias
generating circuit for generating therein the voltages of
15 the substrate biases.
In addition, the present invention also proposes
a control method contributing to the promotion of the low
power consumption of the device. That is,_since while the
transistor having the low threshold is operated at a high
. 20 speed, the leakage current passing between the source and
the drain is large to increase the power consumption, it is
important to prevent the large leakage current tﬁere-
between.
As for the construction therefor, there is
25 provided a control method of controlling'the power
consumption of a semiconductor integrated circuit device

including a plurality of element circuit blocks having

transistors formed on a semiconductor substrate and being



9 the hardware stand-by node, the operation node can be returned thereto by
wonly the reset. In the third node, the functions of the main circuit are
stopped. As for the construction of the overall circuitry, 5 the el enent
circuit -blocks are included in a first ciBcuit block, and the clock signal
is formed froman oscillation circuit included in a second circuit block,
and the cl ocipestaped amdhehdasiromta wlatkeignal crherein ca bfipsocessed
inthe first circuit block are inputted fromthe 10 second circuit block to
the first cmads timMuch |alladdie iakenent lpirewit |klocks cdre wperaked/ O
circuit, and a control, circuit for controlling the substrate biases are

i ncl uded i n Ah&h&hafdsigk fihe Birgk sNgnali 2 serond grodectll Wniehiion is
not required.,for the seconq circuit 15 block so nuch as for the first

ci rcui ? bl od®*® 'ﬁ'l’ﬁﬁ?,elyl t°fio§q'tfesq1r% SIIAL (1R athkeart Rne 1ok Hehe r ansi st or s

) - d ci .t bl han, t f.th
ransi ot 8 s TG AL Pty de qhpee b@%c%@é ﬂ{‘%é‘?xﬁéd%@at: on
I f ' t tter n .addition,
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i nfl uence of other circuits ther uced. i on

( e s _ .
vol tages of 1idagtf igatit Of dtid tZand 2o Sdlnfde G ted %ﬁ%&f@g&eﬁpﬁgvi ded

second circuit block, level conversion circuits are require
bet ween t he stbstirated areC @thtrdlAWd ) ddldredsd e EBHSLdd oPIEfE to carry

out the conversion of the signal level, a 10
10 associated transistors are switched to be used.

A main circuit is, for example, a processor
including a CPU and the like. The first mode is a mode
wherein the main circuit carries out the normal operation
(computing, storage or the like).

15 - The second mode is a state in which the supply of
the clock to a part of the processor is stopped, and is
- called a sleep mode, a deep sleep mode or the like for
example. By selecting the range in which the clock is
stopped, it is possible to promote the low power consump-
20 tion while maintaining only the necessary functiomns.
| The third mode is a mode wherein the substrate
biases are controlled for the circuits of the processor so
as to increase the thresholds of the transistors constitut-
ing the circuits to reduée the power consumption due to the
25 sub-threéhold leakage current, and is referred to as a
stand-by mode or a hardware sténd-by mode for example.
While the operation mode can be returned from the stand-by

mode to the normal state by the interruption control, in



| evel -down circuit. is provided in the first circuit block, while a |evel-up
scircuit is provided in the second circuit block. Since in the present
‘invention, by switching the 5 node of the interest over to another node,.

t he substrate bias voltages are dynamical9y switched, in order to ensure
the reliability, the operation sequence thereof is inportant. Wen-

swi t chi ng ttkedpardwane sband+byrmode,fthet operationcwndencds be the third
node, firstly, the clock signal which is inputted fromthe second circuit
bl ock t o t heeturnedctheretopbycrnlynthensesator nhni Shesthazdsmadeehthee

i nputted to_the first circuit block in order to be processed therein are
st opped, anfuRekionsefstheimain eirgnitearsr skPPPEdst part of the

transi stors forned on thg sem conduct or substrgte are con&ioILed 0

Prt i

i ncrease the threshol &8 €,SOBEFLREh1PP,AL; EhE, OVeRa Fé§GP%Fthe

i t t the fi i it bl i th tat i .ch t ti f th
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circuit blogkraqey Sinppadeantnt Besdenhacetpbhit! BioBkp! Al ERE BEACK M 25
r s th a h e, the

period (e.g., 60 [err] sec. o 0) roug timer or the |

substrate bipg§RelaaRdCenE’ eh¥6fmatient 578hals’ whdthi Agel oPbavi ded in the
outside of the first circuit block, e.g., either in the second circuit

bl ock or inptdeessédi e theofitdt deércasét bhoeRdareofinpwheeadsirbmahthe t he
operation node fromthe third node (stand-by node) to the first node, the
substrat@ bsesesdotintuitablopkrtoothehfirstneixtuit badockd 5Inn the
sem conductor substrate are controlled to decrease _
addition to the oscillation circuit, an I/0 circuit, and a
control circuit for controlling the substrate biases are
included in the second circuit block. Normally, the high
speed operation is not required for the second circuit
15 block so much as for the first circuit block. Then, it is
desirable that the thresholds of the transisto:s constitut-
ing the second circuit block are larger than those of the
transistors constituting the first circuit block and also
the operation voltages of the former are higher than those
20 of the latter. In addition, the transistors constituting
the maih circuit of the first circuit block are formed on
the well different from those of other circuits, whereby
the influence of other circuits thereupon can be reduced.
When the operation voltages of the first circuit
25 biock are different from those of the second circuit block,
level conversion.circuitS'are required to be provided

between the first and second circuit blocks. For example,

in order to carry out the conversion of the signal level, a



the threshol ds of the associated transistors, and next, the input of the

: above-nentioned clock signal which is inputted fromthe second circuit

‘bl ock to the first circuit block and the information signals which are to
be processed in 10 the first circuit blbd8k is started. That is, in order
to prevent the malfunction of the first circuit block, after the substrate
vol t ages oflewelfdown circuit bsopkowadedbénnthealfirstedirchdti blockef the
signals is started. For this reason, when switching the operation 15 node
from the t hwhilepaeclevelhupf circuibdaés providedeinutber segobndacdrcufitt he
first circuit block are controlled to decrease the thresholds of the
associ at ed P}@@Eistors and the device waits for a predetermined tine period
by the tinmer so that the operatjon is stabilized, the_ input of ,the 20 cl ock
signal which is to beStREEt tBdthE PRESPREsANVERLdPR . pPYcBWALEhdgethe gnal s

is startgd. Anoth thod i h that after the state of the. threshold
of the t7arBPAEPE FlGelBEERSEDNPPPReOFOaThEr BgAewo hEPUBRTERCS: | ke,

e pe e REBY' gb OB S, aFRafL ALY, RySEpLS, TR bERsrh, ARghER,C ©
substrate vehbages;abiy 2Eg0r AACEPULLE1RRCsELYRAL RhE DT qutPutted from
the substrate bias generatfng CIFEUI I'n orger to report the stand-by

rel ease, themhopehnel the clock signal and other signals which are to be
inputted to the first circuit block is started. As for a nethod of stopping

the information 5 sigpRkf awdtthengl Rk eperatibh mbaef frdm &heCfikrsk! ock,
it is considered that the signal |levels are fixed by an output fixing

circui t1¢l evel seobndngoder tai thepthirdesode,t fiérsetgndther clbckbisdghall n
the first node, while the signals are inputted to the |evel-down circuit
t hrough t hewbichbuis inputted from the second circuit block to the
first circuit block, and the information signals which are
inputted to the first circuit block in order to be
processed therein are stopped, and next, the substrate
15 biases of at least part of the transistors formed on the
semiconductor substrate are controlled to increase the
thresholds of the associated transistors. 2As a result, the
input to the first circuit block in the state in which the
operation of the first circuit block is unstable can be
20 blocked and also the malfunction of the first circuit block
can be prevented.

For this operation, the procedure may be adopted
in which after the signal inputs to the first circuit block
are stopped and the device waits for a predetermihed time

25 period (e.g., 60 u sec. or so) through a timer or the like,
the substrate biases are controlled. The timer for waiting
is provided in the outside of the first circuit biock,

e.g., either in the second circuit block or in the outside



10 fixing circuit, in the third node, the inputs to the |evel- down

. circuit are fixed. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a bl.ock

-di agram of a processor chip in a first enbodi nent of the present invention;
15 Fig. 2 is a cross sectiondll view show ng a general device"
structure for use in-substrate bias control; Fig. 3 is a cross sectional

vi ew showi od &heedeydcst.ructure in the first enbodi ment of the present

invention; Fig. 4 is a flow chart useful in explaining the 20 operation in
the first enbodi nent I&f adddtiose whem sstittadving-ithe operatigndods agr am of
a processor_chip.in a second enbodi nent of the present jnvention; Fig. 6 is

a bl ock di #&PEmthe fhdrd aods (@Iﬁaﬁ‘q'ﬁ’lya“}?ﬂer)d it Hastomeder Fhgent

[ tion; 2 . Fig. 7. di f hip i

fourth 3%5@%*—& higsas S5 AL epsh BACE 190 CHP rah i o Sapmhd of "o
I R, .13 fifth di f th ' ion; Fig. 9

P v B RoRlE SIS CRY SHPARIARY G AP R it ARARS AT des “and

the subst r%theef Q:h%sﬁ%&tc{so!offtﬁeh%s%roﬁigﬁeé{ %ﬁﬁ&ﬂ%ﬁ{o& and next, ife 10

is a view Usefulin explaining a con a prdcessor nmain ¢itcuit

of the br esgiiuil R Nodidimekk ichet WIRLAISPgHal iR 34 Dl gover

consunpti on des of the present invention; IS a view
useful in etHomaitheGetollEALrTRAT Plbck AFLRHE FirdOEE WhuithdIsaeent

invention; Fig. 13 is a transition diagramof the operation nodes of the
present i naed ithe infprmbtich @ ilgnadls ol W 80 e Provedsed in
10 the first circuit block is started. That is, in ofder to
prevent the malfunction of the first circuit block, after
the substrate voltages of the first circuit block have been
stabilized, the input of the signals is started.
For this reason, when switching the operation
15 mode from the third mode to the first mode, after the
substrate biases of the first circuit block are controlled
to decrease the thresholds of the associated transistors
and the device waits for a predetermined time period by the
timer so that the operation is stabilized, the input of the
20 clock signal which is to be inputted to the first circuit
block and other signals is started.
Another method is such that after the state of
the thresholds of the transistors have been confirmed by a
voitage monitor or the like, the signal input to the first
25 circuit block is started. Or, on the basis of the state of
a substrate bias generating circuit for controlling the
substrate voltages, in accordance with the signal wﬁiéh is

outputted from the substrate bias generating circuit in



15 <configuration of the processor chip and a power source control circuit
~ of the present invention; Fig. 15 is a view useful in explaining a sequence
-of exchanging a power source of the present invention; Fig. 16 is a second
structural view showing a 20 configuratil@ of the processor chip and the
power source control circuit of the present invention, Fig. 17 is a view
useful in oYdex tiongFepoydqida stemdrty Fedeassurthe pinputPHthee present
invention; Fig. 18 is_a view useful in explajning a sequence 25 unti |
return by CHOSK $Hanad anshathen shgnads vk Axe P RRIeLRBUtERA k@ sent

I nvention; Sndgﬁi .19 is a view useful in explaining a sequence until

return by GIRCYid HRRY 38 fkAFReIN mode 14 of the present
LT T R o B T, .
cont1 purat Pagtst e 4B ad dhodk Sdhdd o GIEE HRe WHARERIAP f 7| °
Bl rourt of ¥ piddied Eht ChINRRIONANE de Ll vy ARODRR |,

an operat i G PRE GFEYIY Uivell Gdl ity & SrAPiE Plrdir Rfed WA GERED UNi t
104. To the substrate bias switching unit 104, voltages VvVdd and Vss in the

nor mal nodgecond \wdlrcagas btk andnvVatie | firdte moded-whil®dthér£igmyls t ed
through a 15 signal 110. In accordance with a signal 107 outputted by the
oper ati on maree inmputrted Wwo tthe Hewelbadowr eirasits vilirmdugh ngherodtihdd -
sel ects, as the substrate bias for a p-channel MOS transistor constituting
t he prddesddximg wigiowiti,t i02he third mode, the inputs to the level-

down circuit are fixed.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a block diagram of a processor chip in
a first embodiment of the present invention;
15 Fig; 2 is a cross sectional view showing a
~ general device structure for use in substrate bias control;
. Fig. 3 is a cross sectional view showing a device
structure in the first embodiment of the present invention;
Fig. 4 is a flow chart useful in explaining the
20 operation in the first embodiment of the present invention;
Fig. 5 is a block diagram of a processor chip in
a second embodiment of the present invention;
Fig. 6 is a block diagram of a processor chip in
a third embodiment of the present invention; |
25 Fig. 7 is a block diagram of a processor chip in
a fourth embodiment of the preseht invention;

Fig. 8 is a block diagram of a processor chip in



bet ween Vdd and Vddb to output the selected one to a signal 20 Vbp 111, and
al so selects, as the substrate bias for an n-channel MOS transistor,

"bet ween Vss and Vssb to output the selected one to a signal Vbn 112. As for
the vol tage val ues for the substrate biab3selection, for exanple, Vvdd =
1.5V, vddb = 3,0V, Vss = 0.0V and Vssb = -1.5V. 25 | I ncidentally,
as will be ¥cEEftbeembodinent QF| theopresenki éAVenbipRocessor main circuit
102 is formed is forned separately, independently of wells on which the

15 substrate bias swi¥t®t ng 4Hid Y88V p8efnl 4RcPEPL8MN#BLctBENntrol unit
are respectively,formed. Fig..3 is a cross sectional view show n .devi ce
structure oFETHELOR PEtieen Cthe qBerakion Wodss andr LhenEUbSLEALE Biag 1/ om

Fig. 2 is tha typg well 302 is forned in an n type substrate 301 and
the n type %éé?gagso¥s€?%rﬂﬁﬁs?ﬂtalﬁg??gg?nthe surface | ayer of the p type
well 302 i.e., the Lceqhas a triple StLu n.channel MOS
transist%r S fornedqg%éfh%&sﬁ?f%cgig# ?%%kgllgﬁ §§§%§%££Bg382 and a

p- channel %ﬂﬁ!ﬁﬁiﬁﬁ Cd;:\/%gig?f@éngo%nhﬁ% gréilfsu% bEerhe! ypP8suRE! 205,

t hereby to const rcult. itron, a point that as for
termnal s tiw@ewbidRi ch the substrate biases are given, Vbp 209 is provided
in the n type well 205 of the p-channel MOS 15 transistor and Vbn 210 is

provided in the p typerigel 11308 afvibe asebanneh &Plaianfigsiew peweke sane
as in Fig. 2. In the present enbodi ment, the processor main circuit 102 is
formed in tdengumyptonahdd@dofli therpréséntnihbentioh;t he operati on node
control unit 103 and the substrate bias 20 switching unit 104. As a result,
the subb®rate bias cohigel12nisuancikewonsefubeinrexpladningi a sleepit 102,
and hence both the operation node control unit 103 and the substrate bias
swi t chi ng urede 1aud cardespi #leeptmede| 9fnthe present invention;

Fig. 13 is a transition diagram of the operation
modes of the present invention;
Fig. 14 is a first structural view showing a
15 configuration of the processor-chip and a power source
control circuit of the present invention;
Fig. 15 is a view useful in explaining a sequence
of exchanging a power source of the present invention;
Fig; 16 is a second structural view showing a
20 configuration of the processor chip and the pbwér source
control circuit of the present.invention;
Fig. 17 is a view useful in explaining a sequence
of RTC power source back-up of the present invention;
Fig. 18 is a view useful in explaining a sequence
25 until return by interruption from the low power consumption
mode of the present invention; and
Fig. 19 is a view useful in explaining a sequence

until return by reset from the low power consumption mode



The description wll hereinbel ow be given with 25 respect to the operation
. of the processor chip 101 in the present enbodinent with reference to Fig.
-4. The operation nodes of the processor nmain circuit 102 are classified
into the normal node in which the nornall4 nstruction execution 16 is
carried out, and the stand-by node in which the instruc- tion execution is
not carri edbHuthe Present sinvénviwrhart showi ng the processing on the
processor chip 101 in the case where the operation node of the processor
main circuit 5 102 is changed fromthe nornmal node to the stand-by node and
then is changed fromthe stand-by node to the normal node. Firstly, the
processor ST fQORE, FOR (CARRY I (QHE JTHE INVENBIGMI node. At this tine,
the sub-strate 10 bias swtching unit 104 selec{s Vdd,and Vss for the
substrate biases Vbp EMROGHAERAS afi sthe ppesentycigvenbion il hggeinal ves

of the substrate biases in the narmal _.node in_thjs exanple, Vbp = 1.5V and
Vo~ ov (SIS0 Beferibed ol RectPenae neb the FTmOARYIRGS. 15 after
havi ng %ecﬁﬂﬁﬁ sl eep instruction, "stand-by request" to the signal 105
and then intTorns the operation node control unit 103 of this fact, the

processor main circuig;d02ys P ' ULk n LNgEryction
and then proceeds to:%H%'s%a%%?%yﬁggﬁg %%?%%egogﬁ%gyﬁgAé?e?xﬁgg}%gé?egeived
the signal Jdéprigerat ién R6HCE f6cé§%@rcéﬁ£§'fortPSaPﬂﬁiﬁé'QPfﬂPQE contro
unit 103 outputs the signal 1 In order for the substraté biases of the

processor rembbdinient toflOZhé opPesént t Lheenoien.t oThhRigd Ypl dages for the
st and- by node. Then, in response to the signal 107, the substrate bias

swi t chi ng prdcddibs atleip s10Mdbs aaml M85 bhawimgod ¢hecuipudfval CMgSs 110,
or tr“io structure, and includes a processor main circuit 102, an
operation mode control unit 103, and a substrate bias
switching unit 104. To the substrate bias switching unit
104, voltages Vdd and Vss in the normal mode, and voltages
vddb and Vssb in the stand-by mode are inputted through a
15 signal 110. 1In accordance'with a signal 107 outputted by
the operation mode control unit, the substrate bias switch-
ing unit 104 selects, as the substrate bias for a p-channel
MOS transistor constituting the processor main circuit 102,
between vdd and Vddb to output the selected one to a signal
20 Vbp 111, and also selects, as the substrate bias for an
n-channel MOS transistor, between Vss and Vssb to output
the selected one to a signal Vbn 112. As for the voltage
values for the substrate bias selection, for example, vdd =
1.5v, vddb = 3.0V, Vss = 0.0V and Vssb = -1.5V.
25 Incidentally,.as will be described later, a well

302 on which the processor main circuit 102 is formed is

formed separately, independently of wells on which the



substrate biases Vbp 111 and Vbn 112, respectively, to 17 out put Vddb
.and Vssb (Steps 403 and 404). 1In this exanple, for the voltage val ues of
the substrate biases in the stand-by node, Vbp 3.0V and Vbn = -1.5V. Wen
the operation nmode control unit 103 detdé&s 5 that when the processor nain
circuit 102 is in the stand-by state, "stand-by release interruption” is
asserted fswhstixateutdiage switehiinghainitod Q4stand 4dw) operation mede out put s
the signal 107 in order for the substrate biases of the processor main
circuit l10zondned HpitcEe FrsPectivelyl fammedges for the normal node.
Then, in response to _the signal 107, the substrate bias switching unit 104
switches the substrafd3y sdf & SIPEF [RFtAnal ¥igw Sshoying § dexaceng

e e
ofer oo RGO e bt e Blaser s USRS oty
TRy 0cour . b o GeTeah WAL LIV S i ISR oy LAY g the 20

operation node o processor maln clrcul e oper on node

control unigorked S8 & fgf€i | fer 4 144 zation
of the substrate E‘las ?ﬁagggﬁ fts(t:dh%%ﬁelr o]'I Warﬁgré m%é?fgn%% 109 and
then restanio,t ig eRr,0895% Heviid Hd @litirilfie wREP Adicti¥k ] heth 25 waits
until tinme-out (Step 408). Then, after time-out, the operation node control

unit 103 owi-elannel! MO% Riramdicavy i fidvned Bl thd GrEhdd &¥ itHo s t he
processor main circuit 102 of this fact. In response to the signal 106,
10 type well 302 and a p-channel MOS transistor is formed on
the surfaée of the n type well 205, thereby to constitute a
CMOS circuit. In addition, a point that as for terminals
through which the substrate biases are given, Vbp 209 is
provided in the n type well 205 of the p-channel MOS
15 transistor and Vbn 210 is provided in the p type well 302
of the n-channel MOS transistor is the same as in Fig. 2.
In the present embodiment, the processor main circuit 102
is formed in the p type well 302 different from those of
the operation mode control unit 103 and the substrate bias
20 switching unit 104. As a result, the substrate bias
control influences only the processor main circuit 102, and
hence both the operation mode control unit 103 and the
substrate bias switching unit 104 can avoid that influence.
The description will hereinbelow be given with
25 respect to the operatidn of the processor chip 101 in the
present embodiment with fefereﬁce to Fig. 4.' The operation

modes of the processor main circuit 102 are classified into

the normal mode in which the normal instruction execution



the processor main circuit 102 proceeds to the nornmal node and restarts the

. operation of executing an instruction (Step 409). In such a way as

-descri bed above, the substrate 5 biases Vbp 111 and Vbn 112 of the
processor main circuit 102 are control |l e such that during the operation,
the threshold voltages of the MOS transi stors constituting the processor

. mai n circuiis sernied anded and dre stand+thie mode ipcdhichcthe | bastomet e
during the stand-by, the threshold 10 voltages thereof are increased to

abl e to redid @¥equtdancds Netemarried ants Figock R RrEREHRARFY a
configuratiqQn of the processor, chip in a second enbodj nent_ of the present

Ilg\éemllczmd:s :jlggng(r)r ﬁ)ﬁf for_detect ii%ﬁ]mﬁ?sq?ﬁ?i&ﬁhﬁﬁz?le unip][ i ed
ot P ol ot s B Sl
t he st angd- mogfg@%@%* k"goéli%é p‘ﬁt%‘ﬁ‘é%%r”g“?%gf et% %%ﬁ%%%ﬁ?%ﬁed first
The oper at (N e ope (dhanlfed GRG IRTICLIE Ty At o RS a1 G

stand- by mygdgyd o the nornmal node, simlarly to the above-nentioned
enbodi nent, after the operation node control unit 103 has 25 controlled the

substrate bias switclhpistny) MY Prodssddr ik ciRuptibpds afe biases to
the voltages for the normal” node, the unit 103 waits until the sensor 501

out puts t hepewtRd rial dnehdmdhanddel tAQithiie tvithé AgEe Bubletratd
substrate biases switched thereto are stabilized to the predeterm ned

val ues, 10 . diasvigwitching amiit/hiD4 felactis) Ytk andswss fobocheent to a
signal 502. Wien the sensor. 501 outputs the stabilization of the substrate
bi ases to substrate biases Vbp 111 and Vbn 112, respectively. For
the voltage values of the substrate biases in the normal
mode in this example, Vbp = 1.5V and Vbn = 0V (Step 401).
After the processor main circuit 102 outputs,

15 after having executed the sleep instruction, “stand-by
request” to the signal 105 and then informs the operation
mode control unit 103 of this fact, the processor main
circuit 102 stops the operation of executing the
instruction and then proceeds to the stand-by mode (Step

20 402).

After having received the signal 105 from the
processor main circuit, the operation mode control unit 103
outputs the signal 107 in order for the substrate biases of
the processor main circuit 102 to be switched over to the

25 voltages for the stand-by mode. Then, in response to the
signal 107, the substrate bias switching unit 104 selects

Vddb and Vssb, out of the input voltages 110, for the

substrate biases Vbp 111 and Vbn 112, respectively, to



5 the signal 502, then the operation nbde control unit 103 outputs
.-"stand-by release" to the signal 106 in order to restart the operation of
"the processor main circuit 102. Fig. 6 is a bl ock diagram show ng a
configuration of a processor chip in a t¥ rd enbodi nent of the present 10
I nvention. As for the basic device structure of a processor chip 601, the
triple wel lousipuletVddb and Naab | (Fteps 403 ard s4Gdl. |1 Entvkiprexampbe, chip
601 of Fig. 6, the processor main circuit includes a CPU 604, and a
plurality dior dhe ivHdiagpdalues oh the sukstrate bowsesdinstkenpdul e B

608. The functional nodul es are present s%garately on the respective

e Lot e by o e e Tuncti onal. pocel oo, Thow umet Lopar
nodul e i ncl udes the %b?ﬂ%n‘ilé? %%GCW%% n‘b"‘i?lec t’%‘(?jrubl‘?%"i'tsigg? e&%ﬁ?‘f?such
55,7, Sl o TP T A o Y el
above- nent i%'e?b%ﬁ%‘n ,%%%b%ﬁ%é@%f#is% %%g%%gé&cg‘?#gmsp%ﬁ%i ng
functional JIRAAES to e Lol | 4B ?T{)S%ﬁtgsllw” UShé nif £&4 rcjﬁﬁ%ﬁ’t’é with

the CPU, as one of the funtctional d , as.a center, and e If any

i nstructi onle sRrtaBIEN-{Y GFder'FEE osva SubstedteBlases 26 neRel e for
execution is executed, then the operation node control unit 602 is inforned

of that therdovesscmnataimdircwit i N02restbe sswitdlhed swerd-by tshate. Next,
the description wll hereinbel ow be gi.ven 5 with respect to the operation
of the ¥ oceslsgeshi fori(the mdimalprmesdenl cTibenl) nbmtresponse | o thei s
assuned that all the functional nodules are operated in the nornmal nobde.
After havi riiignedc k@, tthe shstraterbias mwitchimg-wyit hk04 switches
- the substrate biases Vbp 111 and Vbn 112 over to vdd (1.5V)
and Vss (0.0V), respectively (Stép 406).
Since there is the possibility that a lapse of
15 some time period is required until the biases are
stabilized after having switched the substrate-biases, if
the operation of the processor main circuit 102 is
immediately restarted, then the malfunction may occur. 1In
order to avoid this possibility, before switching the
20 operation mode of the processor main circuit 102, the
operation mode control unit 103 sets a sufficient time
period required for stabilization of the substrate bias
voltages switched thereto in an on-chip timer 109 and then
restarts the processor main circuit 102 (Step 407) and then
25 waits until time-out (Step 408). Then, aftef-time-out, the
operation mode control unit 103 outputs “stand-by release”

to the signal 106 and then informs the processor main

circuit 102 of this fact. In response to the signal 106,



- nmodule A, the CPU 604 outputs the stand-by request to a 10 signal 610, and
. thereafter, it is inpossible to use that nodule until the stand-by of the
-nodul e A 606 is rel eased. After having received the signal 610, ‘the
operation node control unit 602 outputs ¥ signal 612 to the substrate bias
switching unit 607 and then switches the substrate biases 15 of the nodul e
A 606 over the tprocesserdeainrcireuit a2 yroeeeds ke nthecnoomal cmpdeo6 i s
in the stand-by state, after the operation node, control unit 602 has

recei ved t RRGERFIAED he RRSRALIVN 0f e¥equiing An LREETRGLieNt he
stand-by rel ease of the nodule A 606 fromthe signal 613 20 outside of the
processor &ﬁﬁ?&i 9 e unit 602 outputs the signal 612 to the substrate

bias switching unit 7 and then switches the suhstrate bias of fhe
modul e A over to the VOITHRSL (Y 1 %%?%{B?Fi .°V°rheﬁr,t‘)es?$r$?‘é¥? €to the

m _ YR § _ |
ni 602 el TSR oF1 PIRF ok (VR I6Pehe e OERENL M, FERER et ot o

i “the ! are-D t
Uhe CrU 604 Thriois oo el e O Ot (P S P etat IRR7 Khel 0 7' 21
s 1 el casednAlIRILd R Y890 0ns HGE Verahbl St 6+6NGbn St itut ngeeneTs

possible to execute the instruction using the nodule A The foregoing is
appl i ed to processond-in diraiid d9¢ déeredsed et B &Ofe asitvk! the@shogher
functional nmodules. In addition, the CPU 604 itself is an object of the
stand- by =peedloperatioms, odsile tdueringcthenstamidadoy s €hé0thresholder
functional nodules are controlled simlarly to the case of the

above- nht ivsridthgesl theresD A copereased afo cablle® btavredupeotheded to the
stand- by node, the CPU 604 stops all the instructions from being executed,
and when t Heakagilcum@entng to the stand-by rel ease of the CPU 604 has

Fig. 5 is a block diagram showing a configuration
of the processor chip in a second embodiment of the present
invention. In the present embodiment, the operation mode

15 control unit 103 includes a sensor 501 for detecting the
bias voltages which are applied to the substrate of the
processor main circuit 102. When the operation mode of the
processor main circuit 102 is changed ffom the normal mode
to the stand-by mode, the processing procedure in the

20 above-mentioned first embodiment is applied to the present
embpdiment. On the other hand, when the operation mode of
the processor main circuit 102 is changed from the stand-by
mode to the normal mode, similarly to the above-mentioned
embodiment, after the operation mode control unit 103 has

25 controlled the substrate bias switching unit 104 so as to .
switch the substrate biases to the voltages for the normal
mode, the unit 103 waits until the sensor 501 outputs the

signal relating to the fact that the voltages of the



been asserted to the external signal 613, the operation node control unit

. 602 asserts the stand-by rel ease of the 15 CPU 604 to the signal 611 after

-conpl etion of the switching of the substrate biases of the CPU 604, thereby
restarting the execution of the instructliSons of the CPU 604. By the
stand-by control in functional nodules in the present enbodinent, it is
possi bl e 't substredet bdades ealidgphesdrhheanetsf ave stakiliged todhe which is
unneces- sary during the operation of the processor. Fig. 7 is a block

di agr am shekedgteragmedy yaduesn df- & piRessdr- Jhignd (Vhn 1o« elbodi ment
of the present invention. A point of difference of the present enbodi nent

25 from t h&he Presemtosmbhadiment; g a Aiaipds SA2. wihen Lhe S8R89%d from
S0 that t SO GUtBRYS Biss SEARIARI AR OF (he FRLSALe BLASTR Subot f at o
P the fr obes SEamh, 5. pien T PR i Hade afiran dndf AL Lostne
et Toans i PO Tk o 0 AT B G S

mai n circui € operation freque asi s of
an instrucy.dghiQi+ SR | }{H@ ﬁg‘le%% I jrcuit 102
-are cl assi frletg I nt %@% hig speoglfjdr?g e aﬁgrdgi%évﬁ%ge no ec.d?énrltq:?' pr esent
embodi ment, Vdd (for rtifge. % GRAN )1 J¥RS d =30 5%ind tdHowi &/Sod f Qurtdteion
n-channel MOS transistor) 10 are selected 'as the substrate biases

corr espondiofy al priotestioi ciigs dnedeh Vel bhHdDimdite dFf At (Rteddst

transistor) and Vssb2 (for the n-channel MOS transistor) are selected as
t he sull®t r dnvemtdions Cc@s eporthenddsid Revine Framrbtmrke ofiral Vddbl (for -

the p-channel MOS transistor) and 15 Vssbl (for the n-channel MOS
t ransi st or pracesseorechdgp 0 1t,hdheuiatipitee welds st mmrtnesp aslishpwo ime
st and- by node. _
Fig. 3 is assumed. 1In the processor chip 601 of Fig. 6,
the processor main circuit includes a CPU 604, and a
plurality of functional modules such as a module A 606 and
15 a module B 608. The functional modules are present
separately on the respective different well regions and
hence one functional module is not influenced by the
substrate bias control for other functional modules. The
functional module includes the elements, each having the
20 Smaller scale unit, such as a CPU, an FPU, a cache, or'a
computing element. Substrate bias switching units 605, 607
and 609 are respectively provided so as to correspond to
the functional modules 604, 606 and 608, and can switch,
similarly to the above-mentioned embodiments, the substrate
25 biases of the corresponding functional_modules. The
execution of the instruction is carriéd out with the CPU,

as one of the functional modules, as a center, and hence if

any instruction to make stand-by any unnecessary functional



Next, the description will hereinbelow be given with respect to the

- operation of the processor chip 101 in the present enbodinent. Now, it is
"assuned that the 20 operation node of the processor nmain circuit 102 is
"switched fromthe high speed node over t2® t he | ow speed node. Wile the

processor main _circuit 102 is being operated in the high %gegd nan, as the
substrate BosUde £HT @FEHIQAR & GRt&qdc Fhen the s‘sh%‘i tien edehi ng 25

havi ng. exe ETEF A AT BO% b AP ) hat (khe chpielifabaidid

processor B ol 0PRSSl g S Lo Lhe STonal 105 Lo

R A A A
sﬁcﬂ"‘% %é.&ﬁﬁ%ﬁ{@ e & eﬁoé&%of %%geésu i pp node

control unit 103 outputs the si in or to swtcht strate

bi ases of iR PrecRetOerBidinditcli tFikst gy erid Oid hissithddoasat a1t he | ow
speed node. In response to the signal 107, the substrate bias sw tching
unit 104 swhec femdtionH]l sodhiled aare agmsraded lildl thel ndaindll dnoges to Vddb2
and Vssb2, respectively. Simlarly to the above-nenti oned enbodi nents, the
oper ati on afitercdaviolg wexacut@El hietinstrudicicon dio Imake dtamd-sybshe at e

bi ases switched thereto using the on-chip timer 109, and inforns the
processor mEGR1ES Agi the (ICPID B Ghrankputishehe @Etand-dy afequest tt@ &r oceedi ng
to the | ow speed node has been conpleted. After having received the signa
106, tHO ped@ado®lfyi pnd theneafen editarks inpossidyle @l wiRrthabn of

executing the instruc-. tion in the | ow speed npde. 20 ) Si nce the
operation Mmedudie antdd tthe siand-ky, of the module A 606 is released.

After having received the signal 610, the operation mode

control unit 602 outputs a signal 612 to the substrate bias
switching unit 607 and then switches the substrate biases

15 of the module A 606 over to the voltages for the stand-by
mode. When the module A 606 is in the stand-by state,
after the operation mode control unit 602 has received the
signal 610 from the CPU 604 or a signal relating to the
stand-by release of the module A 606 from the signal 613

20 outside of the processor chip 601, the unit 602 outputs the
signal 612 to the substrate bias switching unit 607 and
then switches the substrate biases of the module A over to
the voltages for the normal mode; Then, similarly to the
first embodiment of the present invention, the operation

25 mode control unit 602 waits the stabilization of the
substrate biases switched thereto using an on-chip timer
603, and after the stabilization thereof, informs the CPU

604 through a signal 611 of that the stand-by of the module



node fromthe | ow speed node to the high speed node, in switching the

« operation node fromthe high speed node or the | ow speed node to the
*stand-by -node, or in switching the operation node fromthe stand-by node to
the high speed 25 node or the | ow speedZ¥de in the present embodinment is
also simlar to the foregoing, the details thereof wi|]l be omtted here. In
the presen? dfodGlAased Pfé‘%ﬂ & dEY A thas Ferebrd &hh shamal i s
further subdivided, and 24 the substrate hias .control coryespondi ng
thereto i s% 1y ilgd bscomes, PaRRiR1sh 19 execulie £hg Snshmckion Ykng hr g
enbodi nent _,th cessor main circuit 102 is separated in functional

nodul es bytﬁﬁ ﬁF@#ﬂ' e triple well structure 5 of the device, and for

W th the swi foni ng of Nehd Besiit I8 ARRERE {SHSma Ty gt "
embodi Mt e i Rl le? Pl G w1 Wl il SHIAAN hd Omddipr per at i on
requency of 10 the processor Is carried out, ereby Tt 1S possible to

reduce the rneede i0H," Hte idPU 04 AW sIEEd PR BB Lt th axhdd on,

since in the IOM/speed node, the range of the input” voltages by which both

the p-chankgl cddSriolansim awhidddsts e afuRIitidAal mothilsd & 608 tdieg CMOS
circuit are 15 caused to conduct at the sane tine is narrower than that in
the high spaherofanstionalbanddles anes cdmrqliled deidnilwrpf ftactthidat the

passi ng through current during the switch- ing is reduced. Fig. 8 is a
bl ock di agcaseslofnthe @bove-mantdiamed d®dile Hrak ssarepthitthat aftfex t h
enbodi nent of the present invention. A point of difference of the present
enbodi Aént havdma progeededrdia ithe @ tandbe masta mhe iGPU HeQ4 t8kops
above-nentigned substrate hias switching unit is constituted by a substrate
bi as gener &inFhgniinsggFuctipns from being executed, and when the

signal relating to the stand-by release of the CPU 604 has

been asserted to the external signal 613, the operation

mode control unit 602 asserts the stand-by release of the

15 CPU 604 to the signal 611 after completion of the switching

of the substrate biases of the CPU 604, thereby restarting

the execution of the instructions of the CPU 604.

By the stand-by control in functional modules in
the present embodiment, it is possible to reduce the

20 leakage current of any functional module which is unneces-
sary during the operation of the processor.

Fig. 7 is a block diagram showing a configuration
of a processor chip in a fourth embodiment of the present
invention. A point of difference of the present embodiment

25 from the first embodiment is that voltages 701 which are
supplied from the outsi&e to the substrate bias switching

unit 104 are increased in kind so that the substrate bias

- switching unit 104 can select, as the substrate biases, the



25 substrate bias generating circuit 801 is controlled by an output signal
- 802 of the operation node control unit 103 so that it generates in the
inside the voltages of the substrate biases to output these voltages to Vbp
111 and 25 Vbn 112, respectively. Th&2oltage values of the substrate
bi ases Vbp 111 and Vbn 112 which are generated in corre- spondence to the
oper ati on rivddaiile molhages anongithese Neitages (ikerte RPNt EemXot he
operation mode control 5 unjt 103 are the same values as those in the first
enbodi - nerfthe RLARGESIRT FHAMGHALH: 10 pribt e rpresent | embediment and
t he operati,on node control unit 103 are the sane as those jn the first

embodi nent 1% Hé fasimed (thatedieans 1Ihe HANIRG HAYRADICALLY then,

imlarly to the . t_10 diment, the substrate bi i t chi it
n't he sbcORPTAHAR SHRE] G (HhLHRATIRATS BALR SHATHEE cHPFy 118" Subst rat o

1 2 e ST Do 0 A 5 28, a2
generat od s coufiangte WAL AR IRLAL O RHE pAS Rt ot ey
processor i PG fitkd 'ORd N ﬂ%gdst n%ftﬁéfeté&l&@ DHF'shéep state

Is accurately controlled using either t or 20 the sensor, the

optimal sulyfddedt e 1 athe PrdsEnte EREPREht ) NEAd O £ e plédnpnere of the

processor becones possible. As a result, the | eakage current can be reduced
in the stambshytramia sttor)e amd nitss nf fgr (e M-Ghamnesll MOS Nt des Dpedr) i on
node of the processor is the normal nobde. In 25 addition, the substrate
bi as cdrt r @re sel@atiesll aautthen satesincne biasds tdurogspendimg noaletly t he
functi onal nodul e, whereby even when the processor is in operation, the
| eakage cuhdigh spreethyncdenct iVistdh2 nifar chéhiptchannel MOS transistor)
and Vssb2 (for the n-channel MOS transistor) are selected
as the substrate biases corréSponding to the low speed
mode, and Vddbl (for the p-channel MOS transistor) and
15 vVssbl (for the n-channel MOS transistor) are selected as
the substrate biases corresponding to the stand-by mode.
Next, the description will hereinbelow be given
with respect to the operation of the processor chip 101 in
the present embodiment. Now, it is assumed that the
_20 operation mode of fhe processor main circuit 102 is
switched from the high speed mode over to the low speed
mode. While the processor main circuit 102 is being
operated ip the high speed mode, as the substrate biases
for the processor main circuit, the substrate switching
25 unit 104 selects Vdd and Vss for Vbp 111 and Vbn 112,
respectively. After having executed the instruction to

proceed to the low speed mode, the processor main circuit

102 outputs this request to the signal 105 to suspend the



26 unnecessary for the execution can be reduced. Further, the substrate

bi as control which is suitable for the operation frequency of the processor
-is carried out, whereby in addition to the reduction of the |eakage current
in the low 5 speed node, there is also @3tained the effect that the passing
t hrough current in the switching can be reduced. As a result, the reduction
of the poweoperatiompoft iexecsrdinge tdief dasibmicticgal | 2edclowk adhsicch tis s
possible to provide a mcroprocessor in which the high speed operation 10

i s conpat i SuPPdiied tige theyprosessesh ain icoircuddr diddaisoBwiteched awenli nent
of a mcro- conputer, the operation node in which the substrate biases are
control | edtRi B low fxequensy osnthe dagis pfeexequbiomafidhe t hat t he

m croconput,er has two power sources, i.e., a 1.8V power. source and a

3. 3V pover 1D§HUCTIN to, PTORRES é:t"etbeas?-ct?%?ﬁﬂ‘?ﬁd modey r iAfterthaging| v
o consth | SRERIBRL, Hias ThARD Gl R APEFAeR MR SPTIRASANE (0. g, .
mdes of ¢ ROIPREREER, Fhe: Sinet, JT. AR P U AR S8 AR
nor mal opegq_rals%% %Q%éfﬁ&?\ggoﬁ n{grg_glrgg%rc&ﬁ_%lg over 1Y "Eld Y operated,

and a reset no I ch the mcroconputer is

operat ed Wy thides FEr2THRORW SYEE RG] AT PepindLtd e & mode
983, -a deep sl eggsm)de 984, a stand- by r?oaae 91315,&1a hé{r déaware sr%andﬁrga?prmde

986, and anoR]CthecgubstFate dilas Rithikpdridd 10ewilttsllitien, as the
test node, there is an | DDQ 27

10 substrate biases Vbp 111 and Vbn 112 over to Vddb2 and
Vssb2, respectively. Similarly to the above-mentioned
embodiments, the opération mode control unit 103 maintains
the stability of the substrate biases switched thereto
using the on-chip timer 109, and informs the processor main

15 circuit 102 through the signal 106 of that the proceeding
to the low speed mode has been completed. After having
received the signal 106, the processor main circuit 102
restarts the suspended operation of executing the instruc-
tion in the low speed mode.

20 Since the operation in switching the operation
mode from the low speed mode to the high speed mode, in
switching the operation mode from the high speed mode or
the low speed mode to the stand-by mode, or in switching
the operation mode from the stand-by mode to the high speed

25 mode or the low speed mode in the present embodiment is
also similar to the foregoing, the details thereof will be
omitted here. In the present embodiment, it is also

possible that the opefation speed is further subdivided and



measurenent. Since the high speed -operation is required during the normnal
. operation 982, no control for the substrate biases is carried out. Since
-all the functions need to be 5 reset during the reset 981, no control for
the substrate biases is carried out. Wi24 in the | ow power consunption

modes, no control for the substrate biases is carried out during the sleep
983 and t h&chr b tegteduias eoperehcarsespending pheretor dguFarried,

return fromeach of the, | ow 10, power consunpt|on nodes, |£ t he.case of the
stand- by 98tnd IhAdditiRe it a18-2i5QdRossiblenas intRe ERPRGsis is put

that th tion i duced rather.thap th t t |
period, theRhRLincRt, e BXORPRROT JRin CLECBIE. 4R RTBSBAFALRY Bck- up

de i d 5 ' h I . f b f h
RTC ci rcui TROtRr et es Tedal 9 ' WEREi+ 168" Ehnlet ¥R ErueLa CObERELRE k- up
mode, 1t he téf‘”éﬁé'&’éwréeﬁﬁa?ﬁdffé’i“é@ O%RQ%é‘fén&f“ﬁH&RiéP”EHBde’ the
substrate bias control 1s carried out.”In additron, since the | DDQ

- Measur enentg S frate Dissdb1CA Pl Nediiersl POS- B EOR5ERELLISN REEH €Hel 0
measure the passing through current due to the short-circuit or the failure

of the transiBtehing Nof e CoSEration SEFrEquensy tharebfe substrate biases
are necessarily controlled so as to reduce the | eakage el ectric power of

the chip to nmake 25 the i stheepyesént hembodiment pathe Substravedbiasi ption
of the | ow power consunption operation nodes, the description wll
her ei nbel ovedretxpl ewhich his espitable forothéegoperationffregeenay bfocks of
a 28 processor nmain circuit 902 with reference to Fig. 10. This figure
i s one Harfhe progessomi is coneyiedcout p| whkrxeby iheiprpessibienton
circuit. As for conputing circuits, there are_a CPU (central conputi_ng
processi ng kff4ge dhe glea e current in the low speed operation mode.
In addition, since in the low speed mode, the range of the
input voltages by which both the p-channel MOS transistor
and the n-channel MOS transistor of the CMOS circuit are
15 caused to conduct at the same time is narrower than that in
the high speed operation mode, there is also provided the
effect that the passing through current during the switch-
ing is reduced.
Fig. 8 is a block diagram showing a configuration
20 of a processor chip in a fifth embodiment of the present
invention. A point of difference of the present embodiment
from the above-mentioned first embodiment is that the
above-mentioned substrate bias switching unit is
constituted by a substrate bias generating unit 80l. The
25 substrate bias generating circuit 801 is controlled by an
output signal 802 of the operation mode control unit 103 so

that it generates in the inside the voltages of the

substrate biases to output these voltages to Vbp 111 and



5 FPU (fl oating-point conputing unit) 972. In addition thereto, there are a
cache 973 as a nenory self contained in the chip, a BSC (bus control unit)
974 for carrying out the interface with an external nenory, a DVAC (DVA
‘control unit) 975 for carrying out the DA (direct nenory access), 10 an
SCI (serial control unit) 976 for controlling a serial port, an INTC

(i nt errupt i ¥hncdARroregpecrivgelyf.or Thenvioditage vglaes ofethgisuhstinghe , a
CPG (cl ock control unitﬁ 978 for controlling a clock, and the like. The
descri pti onPhRPRSH¥PR ARd| aRdL¥bY JdR Whish are. generated Hh SXLe-083, the
deep sleep 984 agnd the stand- by 985 as the | ow power consunpti,on nodes
with refereﬁE@naﬁnFFgF°lf%elHPF%étépéeH°§§39fOMhF PFOCESEAL MALD he conput -
ing units such as,t CPU 971, .the FPU 972, d the cache 20 973 is stopped
and al'sot EIEGHLE: AP2 BRYSE, Shel GOREEato Y. hA GParAtion Sode contamioh

t he .p i t | .t h .t i .h h
Lhe Bicses BRI RS A-E Rna0kARE Foitis! Ao EHORE i End" st Spad il S
) f DRANI: i t i
a1y ougheRtE AR EY RREC oBCkheaBne! BE PR Mrbnel Bl Ml KT ANAT ¢
dth b bi ls i ot ' i i red
For Terurn gozehfdOLh epRration nBdle CONt:BY i WS WrT BT Il G 1O
short. SincenbBet B then¢iPyt93abpeadtent!,! thiee JeRQHAE RHheHedF Sriane b opped

and al so the substrate bias control is carried out, the power consunption
IS very snmabmit#kdohelesi nga additien;! edmdlardystopphed present npossi bl e
to carry out the DVA transfer. In addition, with respect to the refresh for
t he DRAManeémbhdisBRAl the subségaiteebinsaswiltehdmg nnitsiignalbe ( RAS
signal, CAS signal) for the nenories
second, third and fourth embodiments is constituted by the
substrate bias generating circuit 801, whereby the
substrate biases can be generated in the inside of the
processor chip to switch the substrate biases thus
15 generated in accordance with the operation mode.
Aé described above, according to these embodi-
ments, since the timing of reactivating the processor in
the proceeding from the stand—by state to the operation
state is accurately controlled using either the timer or
20 the sensor, fhe optimal substrate bias control correspond-
ing to the operation mode of the processor becomes
possible. As a result, the leakage current can be reduced
in the stand-by mode while maintaining the high speed when
the operation mode of the processor is the normal mode. In
25 addition, the substrate bias control is carried out in
accordance with the operation mode by the functional

module, whereby even when the processor is in operation,

the leakage current of any functional module which is



are set using the BSC 974 in such a way that before 10 entering into the
.Sstand-by 985, the nobde becones the self- refresh node wherein the nenories
carry out the refresh by thenselves. But, the tinme period required for
return fromthe stand-by 985 to the norne6 operati on 982 becones | ong due
to waiting for stability of the clock oscillation and a 15 | apse of the
ti me period unnpaessamprfortthe exegntion tanibeirednceed ng Buskkex; rthe a| |
t he clocks are stopped., The deep sl eep 984 node is the | ow power .
consunpt i on SAREE IR RIRS IRONY IR, WBeh nks (Fikikakle-f/r dge operation
The differences in o (raprétion nodul es betfween the_ sl eep 983 gnd § he deep

[

Sleep 984 arFeIRRAFY (PIFhe PIOGESROF 1+ GRKT k8% Oty VARKERY A1Bnd ¢ he SCI

TEL L S B AR e G5,

i the d | 084 th t f t i ed t d

L so the 3 b abse siode ] Uiard s Fad ‘A Hed Yhd' Geflef Yhaf Wher, 207,
i df | | | i 082

LML, 1Y ) e S| SR Bl frdilng YR bR AL, )02

of | ow pover consumpt iz dradas At © (O bt IIETOBYHY pdude dHSBRYET

consunption control can be carried out in accordance w 5 the

appl i cati on.tiidry.ca3 b @ Ef e tivily Iredbidedant gl son X idepepeivlé oo
nodes in order to give the description thereof. On the basis of a RESET#

952 (or, a pweariden a4 esiioprocesyoy in avhicistitie Bifh i spedd cbpetatidwe
power sources are 10 turned off, the processor chip nakes transition to a
reset stldt e i®8 omifarilAESETLID 3he slow qeowel; ¢dnsympicimsor chi p nakes
transition to the nornmal operation 982. Then, the
Hereinbelow, as an embodiment of a micro-

computer, the operation mode in which the substrate biases

are controlled will be described concretely. Then, it is

assumed that the microcomputer has two power sources, i.e.,

15 a 1.8V power source and a 3.3V power source, and the
substrate bias control is carried out by only the 1.8V
power source. It is desirable that the circuit for
supplying 1.8V is constituted by a MOS transistor having a
relative low threshold (e.g., Vth < 0.4V or so).

20 Fig. 9 shows one example of the operation modes
of the microcomputer. The operation modes are classified
into a normal operation mode 981 in which the microcomputer
is normally operated, and a reset mode 982. The modes in
each of which the microcomputer is operated with the low

25 power consumption are classified into a sleep mode 983, a
deep sleep mode 984, a stand-by mode 985, a hardware stand-

by mode 986, and an RTC (real time clock) battery back-up

mode. In addition, as the test mode, there is an IDDQ



processor chip nmakes transition fromthis state to the | ow power
.consunption operation node. 15 There are two transition nethods.
One transition nmethod is the transition based on an instruction. The CPU
971 executes a sleep instruction, thereb$7making this transition. A node
register is set in executing the sleep instruction, whereby the selection
can be nadeM8ABHEEMBBL20 sl eep 983, the deep sleep 984 and the stand-by
985, and the processor .chip can e transition to the sel egted aone ,of

these nodes. The retuﬁﬁnPPoﬁPEaBH% i SPRES: ORSFAL 10T e TeFMITCD ST
Te other t FaRsPPFBALLEPARATACR: HB2¢r AR FPPSRODader S SURESERSE 051 pin.
har duar & SUERBSED SPararEiBa oprs”BAREE 3T} B ANB I L B R 3,1,
control Pa ¥aPrrodizifls, sha°rphRE 3at:" nE, RRER Y toT thel BOpREIEED U 1 oy

i s made hi . N:RO P h a t i
gﬂlahae 1§ chr2iais bakt. R9el H8 RATSHBW W!&ogﬁ%m, he

flowi ng therethrough is present in the 3.3V systemc

| DDQ measur aggeks , ba6oEBALRBIS fBlre the sadditiia®e bihses ligpdariuldeiondf an
RTC circuit provided in the 3.3V systemcircuit is fixed, even when the

power sourcaarfiag the eleep Besnand ehenteept Bdeephds4t kachO HatEng racui t
are turned off, the input signal to the RTC circuit does not becone at

floati ng (asherti hiimenpeirdbd regaliyredTiferciretarnt fromlehehc biforthef lidke RTC
circuit can be prevented and only the RTC circuit can be operated. Next,
t he desdPi pppwerwconshaptiobemodese dnviheltaset L dhecstand-dy &85 i cati on
exampl e of ggg Eggd%g;gwgggngig%d-by 986 in each of which emphasis is
put on that the power consumption is reduced rather than
the return time period, the substrate bias control is
carried out. The RTC battery back-up mode is a mode
15 wherein the voltage from only the power source for the RTC
circuit operating at 3.3V is supplied. Since to the RTC
battery back-up mode, the tramnsition is made from the low
pbwer consumption mode, the substrate bias control is
carried out. In addition, since the IDDQ measurement is a
20 mode wherein the stand-by current is measured to measure
the passing through current due to the short-circuit or the
failurg of the transistor, in this case, it is required
-that the substrate biases are necessarily controlled so as
to reduce the leakage electric power of the chip to make
25 the discovery of the failure easy.
Prior to description of the low power consumption .

operation modes, the description will hereinbelow be given

with respect to a configuration of internal blocks of a



Fig. 14 shows configurations of a processor chip 901 and a power source
-control circuit in which the hardware stand-by is applied to enable a power
source 20 (battery) 904 of the processor _chip 901 to be exchanged. The
processor chip 901 is constituted by a 128v region circuit 930 which is

operated at 1.8V and a 3.3V.regi.on circyit 931 which is erated at 3. 3V.
The 5. BV  cBFORCEPPE ML ELFAOAE 802, Wit Lo T encen t Fagr 1802 T &ang

Lﬁéﬁ'e; S?ﬁﬂb LGRS, 36 HA% cRARpLEVELT feﬁ-”é:\ﬂ‘sé?%#il Seli P65 R fhe
' ' s Lt 90 ' . .Gl j 08,

1o 3o cPPRaRFSBonndd GukPiiks. Ap 2ok, Apheliting Byph e tert L

converoi on Prene:CBY J5eRErATooohBntanG, RrotPeeia i), M1, 000 BV )

each of Bhiﬁbufgfiéaiiﬁﬁihggﬁg %%%gP%i §r§21338¥725 CORl dditilopui t for a

power soudrce sysiemi nclu ) 4 a power source nonitoring

circuit 92lg¢pardesh! hePelarand earhle! 998 REOAUaHBIY Belif cdakafided
producing a voltage for a 1.8V system 10 The operation w ||

her ei nbel owipettdesehiipsda Bsen (bas poatedIounditi)p 9941 for icariydnwoow
operation node 982, the substrate bias generating circuit 903 holds the
nor mal substhet énteréhse( wiggh, ahhextlernali memoirynt iaa DMAEOD (DMA tHomtrodhannel
MOS transistor, and the electric 15 potential VSS for the n-channel MOS

t ransi st or) uniitho@75c £orycagrying buts dher DMA (dixect memoayt accesisd ,
substrate biases. The clock generating circuit 908 includes a PLL

(phase- L8ckan BE&pXsexdadheontrel andt)r §d6c £oracondarlildng Re seniadnal

operation to send it _to the processqr main 20_circuit 902 through the
out put fixiHBrEvréBigN@G?‘&HEeFKEPt1°n control unit) 977 for control-

ling an interruption input, a CPG (clock control unit) 978
for controlling a clock, and the like.
The description will hereinbelow be given with
15 respect to the sleep 983, the deep sleep 984 and the stand-
by 985 as the low power consumption modes with reference to
Fig. 11.
In the sleep 983, only the clock for the comput-
ing units such as the CPU 971, the FPU 972, and the cache
20 973 is stopped and also the substrate bias control is not
carried out. Therefore, though the power consumption can
not be greatly reduced, the DMA transfer through the DMAC
975, and the normal refresh (refresh at the rate of 102
times/16 msec.) for the DRAM (dynamic RaM) and the SDRAM
25 (synchronous dynamic RAM) through the BSC 974 are possible.
Since the CPG 978 is in operation and the substrate bias
control is not carried out, the time period required for

return from the sleep 983 to the normal operation mode 982



| evel -down circuit 905. The I/Ocircuit 909 fetches in a signal fromthe
outside to send it to the processor main circuit 902 through the output
fixing circuit 907 and the |level-down circuit 905. In addition, the I/O
circuit 909 25 outputs a signal fromthe $?ocessor main circuit 902 to the
outside through the |evel-up circuit 904. The RTC circuit 914 is operated
at 3.3V, and§ &9%%s a control signal fromthe processor n?in.cirFU|t ?EZ
t hrough the level -up ciscuit, 33 910 to trapnsmt _a control signal to e
S i 8 d2he $88

processor main circuit %Rﬁ?t*ﬁcﬁﬂﬁnﬁ?ﬁ? y Wﬂo??rf%1¥_?bglgﬁﬂr??§22
fixi ' j£.911. T operati on no control_ uni C |
§§gl,oui_ﬂ Ip)z;Ir [%:?i‘%lés?%%%eg%%?g?aq irafsﬁ% éh%lﬁ) T}%f%‘;z)i?ﬁaeﬁeﬁ‘lérﬁ? IgJe.;%/ieIngi‘t
. e po
t he pO}Aerps\(l)%rce 9{)3&1 %%ﬁf%%ft%%#ﬁ%#oﬂg% b‘é%Wo%'E?%gSeiﬁE% tgt ?on
10 state pf THet B NI QNS S eopbled, oV [0 SRSt g 6o FIA
At the sanme dutTihd M i traid £l df Ry SLidiE, §¥f§*ﬂ] IFS&%%%‘?@ %@t{ﬁéy |

exhaustion on the display 922 to informa user enTn the
state in whirdfrdsh \fort agee IDRAM 41 dleersptenl fapedis (RequDbédoende! hag 15

circuit 923 can hold the voltage |evel for a predeterm ned time period
(ranging froonaodr #igrals §RAS sigrab) CEBIsigndDy fdr Sthe Bemsrias, a
user can exchange the power source. The description wll hereinbel ow be
given with 2re @ésledtsing £h\BAC B4 cin ewdinrgiway Sdtaersefoté h ref erence
to Fig. 15. (1) HARDSTB# 951 becomes the |ow | evel, whereby the operation
node entld s entering iitdie shand-by 8%t cleBamode hedonds stmaseIfxi ng

' ed fromthe
953 s OUtp%%&resh mode wherein the memories carry out the refresh by

themselves. But, the time period required for return from
the stand-by 985 to the normal operation 982 becomes long
due to waiting for stability of the clock oscillation and a

15 lapse of the time period required for return from the

substrate biasing state since all the clocks are stopped.

The deep sleep 984 mode is the low power
consumption mode between the sleep 983 and the stand-by
985.

20 ' The differences in operation modules between the
sleep 983 and the deep sleep 984 are shown in Fig. 12.
Since the BSC 973, the DMAC 974 and the SCI 975 which are
operated during the sleep 983 are stopped during the deep
sleep 984, the power consumption can be reduced so much.

25 But, in the deep sleep 984 mode, the DMA transfer
can not be carried out and also the refresh of the memories
becomes the self-refresh. The time period required for

return from the deep sleep 984 to the normal operation 982



25 operation node control unit 913 to fix the signal from3.3V to 1.8V and
;also to stop a 1.8V systemclock. As a result, even when carrying out the
subtraction with respect to the substrate biases, the signal of 1.8V system
I S not 34 operated. Therefore, the maBfunction of the 1.8V system

circuit in the state of carrying out the subtraction with respect to the
substrate bifisesimifardyate itheysleersmade  hateshol d vol tages of the
MOS transistors are 5_i ncreases, the ?gfr tion _speed t greof is | ow and

hence the substrate ef8cSUCR FoWa¥ii SIS PE LW RAWR%d. In this

state, a substrate hias caontrol starti.

subst rat;a bCRESHMRkIOR, JiO I c:cﬁrle OV '%Mgrgh%o%%tlﬁiéoﬁfﬁtrhfhe
ub: | . i na o5 . . ;
Starting i goapumbride”siiTrar Yad nbdadtied ' 1 SclSRARE When

903. In act , 1S Is fixed between the signal fixing 953 and the
substratg b#g% ggﬁ?#%ﬁggﬁéft 955, and hence a tine difference until the

supply of the signalsglif.tq3t koksBY rsaﬁ{ﬂweﬁ:&tﬁqmﬁdi%g%ﬁm tdEeraid. This
time difference can be asured by the timer bases on the C clock of the

RTC circuit opbfatidh WodedSAMNDTdet e gaes it Ad¥cas st Aherietifl] NY

signal 955, the substrate bias generating circuit 20 903 starts carrying
out the subOnathieobadiiish ofePRESETH 952 JWist rAlpdWEBRs dedet)heih 8V
system substrate. For a tinme period of carrying out the subtraction with
respect to tinputulfsromate stiatec 980a inubdtickt @1l he powen rsdurtss dAmmal i s
returned back to the operation node control unit 913. 25 (4) In
the statl@ oturaedyioff odhet provgssorachipgn makes rtaxgnsdt iton thee autesetat e

bi ases, the processor main circuit 902.is not operated. In addition, since
t he | eakageS&ateeRBli-s Wagn RESET# &52uds insigahasht ithe grocessor chip

makes transition to the normal operation 982. Then, the
processor chip makes transition from this state to the low
power consumption operation mode.

.15 There are two transition methods. One transition
method is the transition based on an instruction. The CPU
971 executes a sleep instruction, thereby making this
transition. A mode register is set_in executing the sleep
instruction, whereby the selection can be made among the

20 sleep 983, the deep sleep 984 and the stand-by 985, and the
procéssor chip can make transition to the selected one of
these modes. The return from each of these modes to the
normal operation mode 982 is carried out on the basis of an
instruction 958.

25 _ The other transition method is the transition
based on a HARDSTB# 951 pin. When having asserted this
pin, the proéessor chip makes transition to a hardware

stand-by state 986. This state is a state wherein



35 current is small. As a result, the hold tinme of the voltage hol ding
circuit 923 becones long. (5) Under this state, the power source 904 is
exchanged. 5 (6) Since after having exchanged the power source,

t he power source voltage recovers the nor®al |evel, HARDSTB# 951 returns to
the high level. (7) Thereafter, the power-on reset circuit is operated and
RESET# 952 |%1mabe|rly§dtoh'ehet atamd-bne%asl 8ll0tbe choskseare stpppedt he
substrate bias control starting signal 955 which is outputted fromthe -
oper ati on nodRdcahEPothansubstBate bipsacentred) isncasrpedsoutotpel.ease of
the substrate bias control starting _signal 955, the substrate bias
generating 15 circuit 5831BtERis neder nkhg impedanser afcapi 240sbyf fere

bstrate to,the e tentials in ,the operation state (e.g t he
Zreit:?c pot &Rt P4 evﬁtﬁ#orgﬁﬁﬁ E°cF5ﬂﬂ§FSEES AYAREsthe, PéﬁalpﬂetbFQBﬂhlc

or i od |55 20 vebtnt ofdkiRe FESEobRsobsR: e bepeerh: noFRecs - onavareE;
o cont rol S sharibeod Hefite Bf f%B? %%%s?k%ﬁéésré?gsﬁgﬁoésg%ah?‘ﬁﬁf uni
n-cont 1ol SJSﬁEF%?*?L@‘?‘%%@ GiErapTIARSE BhebRE SEVEh BRE Buftufr
}Ee OperatlO§ravﬂ&e&0£ﬁr9heU9l3v9éfstémréh§éﬁ§ﬁ lénflﬁgan E@@nshﬁaﬁlﬁh?rgoz
putted to the 1.8V systemcircuils such as e processor main circu
and 36 power sources for the constituent elements other than the
10 RTC circuit are turned off, the input signal to the RTC
circuit does not become at floating (at an intermediate
level). Therefore, the malfunction of the RTC circuit can
be prevented and only the RTC circuit can be operated.
Next, the description will hereinbelow-be given
15 with respect to an application example of the hardware
stand-by.

Fig. 14 shows configurations of a processor chip
901 and a power source control circuit in which the
hardware stand-by is applied to enable a power source

20 (battefy) 904 of the processor chip 901 to be exchanged.

The processor chip 901 is constituted by a 1.8V
region circuit 930 which is operated at 1.8V and a 3.3V
region circuit 931 which is operated at 3.3V. The 1.8V
region circuit 930 includes a processor main circuit 902,

25 and level-down circuits 905 and 906 each of which carries
out the level conversion from 3.3V down to 1.8V. The 3.3V
region circuit 931 includes a substrate bias generating

circuit 903, a clock oscillation circuit 908, an I/0



the like. (10) After conpletion of the reset state 981, the operation node
enters into the nornmal state 982, and the processor nmain circuit 902 starts
'the normal operation. 5 As descri bed above, by utilizing the | ow
power consunption node by the hardware s?&nd-by, t he exchange of the power

source 904 becones 8ossible. Next, the descrigtion wi_ Il | herei nbel ow be
given with FEEGREE 909, 3B BRErabpPRCBPASHCEREEPLeUBAL: Bd3102RaREfar e

d-by. Fig. | e, of ' ' f Lizj h
LSO Bt PeoBOUS SRS, S10EaTa00RACHAE BB, Sheh B GhAEAL " T
CoU €1 ehte gL bUE kel 1653, bhReR T Rekuh B B e oHE o
e T O Ut e
nbodi h | | h back-
oo 12g" ajghaneten, 9001 iyt gytcal 7c 20 (e FTC pover source back up

992 in which the assogi abfiflr6ill ellrbaid €oPP8 pbadrakodrd¥ 8ystem RTC. In
addition, in the region of 3.3V of the RTC, both an input fixing circuit

912 and an jnpludésxangowerekotlipcé5904y, CHi pokel sbarzedmdntietoiriag nput
circuit so that even when in the state in which other power sources (1.8V,
t he normal &iBdupbweRlgoardéspdag 9214 - ahfl, at kelikaget produelinge cdres iat
floating, the signal of an internediate |level is 37 not transmtted to
the regi on 922 farwhroHduchngassvoltage fprcai is8¥r eyspemated at 3.3V of the
RTC. In such a way, the malfunction is_prevented. The control circuit for
the powdP source systBhe operation will hereinbelow be described.
When the processor chip 901 is in the normal operation mode
982, the substrate bias generating circuit 903 holds the
normal substrate levels (e.g., the electric potential VDD
for the p-channel MOS transistor, and the electric
15 potential VvSS for the n-channel MOS transistor) without
carrying out the subtraction with respect to the substrate
biases. The clock generating circuit 908 includes a PLL
(phase-locked loop) and the like, and produces a clock for
the internal operation to send it to the processor main
20 circuit 902 through the output fixing circuit 907 and the
level-down circuit 905. The I/0 circuit 909 fetches in a
signal from the outside to send it to the processor main
circuit 902 through the output fixing circuit 907 and the
level-down circuit 905. In addition, the I/0O circuit 909
25 outputs a signal from the processor main circuit 902 to the
outside through the level-up circuit 904. The RTC circuit

914 is operated at 3.3V, and receives a control signal from

the processor main circuit 902 through the level-up circuit



5 includes a back-up battery 962, and di odes 963 and 964 in addition to the
. power source 904, the power source nmonitoring circuit 921, the display 922,
and the voltage producing circuit 920 for producing the voltage of 1.8V
system 10 : The operation will 3Berei nbel ow be described. In the
normal operation node 982, the substrate biias generat- ing circuit 903

hol ds t he n8lfatostFansais pegoMdrgli Bd@nadatioyithe RROAERSIUMAIEEt i on Wit h
respect to the sybstrate bias%z The cl gck oscilJati.on circui 08 i ncl udes

a PLL 15 (pRAZTEHLEoOREd HhEoERa e HeviElrdowtin g ifiHihic #06 3D ERS or the
RIS b e it
thus 20 fet 3ﬁ§d%?%§t18gt ﬁ’iﬁﬁr &g’eggé{tl%&lnlﬁr}di s t"%gﬁ?z’t%%&gh%‘o%t h the
ci'roui t SooBaLEkEate BIAE BRRdrat L B i n i rcui t 902 (o the

out si de through the | %e) et isehirteeYn ol IREC e 92 sich aRfis e

at 25 3.3V and receives the control signal fromthe processor main circuit

902 via thethepwblitayendevicbfuRhe poidr $rice t9oaNs Myhdmhaneont r ol

signal to the processor main circuit 902 via both the | evel-down circuit

906 and thevoltageoliewel hiasi beedi dedireaSbl dbwn @REaAlieve I MIdfveo a0
unit 913 receives the control signal via the input fixing circuit 912 to in

particul ar aapredetermimedodevel f(dthenhdhawing dettedtiess tden endtaust icir cui t
903. 5 The voltage nonitoring circuit 921 nonitors the voltage
| evel ofl0t hetpéreofsthec bagderyihe thehe irsiuidgd2le makes JARRETRI @Sdased
down to a |l evel |ower than a predeterm ned | evel (VWhen havi ng detected the
state in the low level. At the same time, the circuit 921 displays
the alarm for the battery exhaustion on the display 922 to
inform a user of this fact. Even in the state in which the
voltage level has been decreased, the voltage holding
15  circuit 923 can hold the voltage level for a predetermined
time period (ranging from several minutes to several
hours). For this time period, a user can exchange the
power source.
The description will hereinbelow be given with
20 respect to a power source exchanging sequence with
reference to Fig. 15.
(1) HARDSTB# 951 becomes the low level, whereby
the operation mode enters into the hardware stand-by state
986. Now, 1.8V signal fixing 953 is outputted from the
25 operation mode control unit 913 to fix the signal from 3.3V
to 1.8V and also to stop a 1.8V system clock. As a result,

even when carrying out the subtraction with respect to the

substrate biases, the signal of 1.8V system is not



which the battery is exhausted up), the circuit 921 makes 10 HARDSTB# 951 a
.low l'evel, and fixes the inputs to the RTC 3.3V region 992 to prevent the
‘mal function of the RTC circuit 914. At the same tinme, the circuit 921

di spl ays the al arm of exhaustion of the B4ttery on the display 922.
Thereafter, the voltage | evel continues_to be decreased so 15 that the
vol t ages of opes¥tgdd 1Thereforensthe majsungtion ok &he d -BYe sysdE@ssor
chip 901. At ;this time, the voltages (VDD - RTC’tggf RTC) are sypplied to

K¥1Bgc PRy

gggY ;23 ﬁéﬁgnggpg&3ﬁ#hﬁPﬁzﬂtngrngurce 904.is 20 sgigjgéggﬁﬁ%” 0n|3i?ﬁg
'IF\'TFI;S g : (r) ggi g Eﬁﬁgscgoﬁﬂt gp’:;:gpegfftaﬁ& %&a(r?flser‘%?? 8 i’i}q §'nr;8'§"r}§lhl flﬁﬁfrwat ed.
ngg?gh tge ﬁﬁrghfgéréﬁﬁei iﬁgﬁe%h§;ﬁ¥éec§b Effgb%§§Q$ﬁ% %?% pomeresorgﬁge
to Fig? %79E???gﬁngSTégeQ§§gg§?§h§ssggﬁgmﬁ g@%ﬁ% ﬁ%e§§§§§ﬁ§g45§5%ékﬁgh
mode ent ef SsuBErhbE Bikdtate pbRadrius Ak WiBtabled? iENpreveiitel.0Y

signal fixing i's outputted fromthe operation nodé control unit 913 to

fix the signal thigns8ad¥,t 8 suB¥tradeabiast onteRll Beathtafly @fighadV 9ssst em
As a result, since even when carrying out the subtraction wth 5 respect to

the substraie butpastedheositheakabstrat@Vbinst produeingt cipenditedo3t.he
mal function of the circuits of 1.8V systemin the state of -carrying out the
subtraction with resp¢e Thereafterst oat ¢hiei basdisi ofptheciadngAbf kthesanme
time, the input fixing signal 954 to the RTC circuit 914 is 10 outputted to
fix thelPnplt8Yi gignalpAfixings@h8, whensubstragendiasogondsodr staniings f,
the unstabl e signal of the internediate |evel is prevented fromentering
into the RT&lignal 955 is outputted to the substrate bias producing
circuit 903. In actual, the signal is fixed between the
signal fixing 953 and the substrate bias control start. 955,
and hence a time difference until the supply of the signals
15 +to the 1.8V region is stopped is set therein. This time
difference can be measured by the timer bases on the RTC
clock of the RTC circuit 914.
(3) In response to the substrate bias control
starting signal 955, the substrate bias generating circuit
20 903 starts carrying out the subtraction with respect to the
substrate biases for the 1.8V system substrate. For a time
period of carrying out the subtraction with respectlto the
substrate biases, a substrate bias in-control 956 signal is
returned back to the operation mode control unit 913.
25 (4) In the state of carrying out the sub-traction
with respect to the substrate biases, the processor main

circuit 902 is not operated.. In addition, since the

leakage current is small, the consumption quantity of



circuit 914. (2) Thereafter, on the basis of the timng of the 15 1.8V
signal fixing 953, the substrate bias control starting signal 955 is
outputted to the substrate bias producing circuit 903. In actual, the
signal is fixed between the signal fixing3853 and the substrate bias
control state 955, and hence a tinme difference until the S“@P' of the
signal s 20 tSUFRent a¢ pmailde i ASsPoppsylts $he hpddotdimerd stﬁﬁhe

di fference can be‘negsired bg_the_tiner based on_the RTC cl ock of the RTC
circuit 914.VPAFagR PelfdRgccizcugt 248sbesemesi 49Ngontrol starting signal

955, the substrate bias_geperating.circuit 25 903 starts carrying.,out the
subtraction with respeZthﬁngﬁE gﬂﬁ§t?§?§ebigg@sPBWth§°§ES§t Qeig 1.8v

system For gx%hgﬁ ggriod of carrying out the subtraction with respect to
t he substrate |asgs,'the substrate bias in-control 956 40 signal is

returned go the operat{gy S9dgeCRRLER nibihotdcnafbel thl® pal@le of

carrying out the subtr on wth respect € su I'ases, the

processor nagguptesUthe 988wks QBErEEGGBEE38elEeéggﬁglOﬂheShBQEa&hieﬁﬁﬁ, (5)

| eakage current is small, the consunption quanti current 1S sma

The shut - of f HARDBTR#r 95U eétubAsPevEtheoHigh 98¢elRy be long. In addition,
t he power source 904 can be exchanged. 10 (6) Since after return

fromthe shut-off of th2)pbhereatitece 8Hé powegt-bar resebapgecafitt e power
source 904), the power source voltage recovers the normal |evel, HARDSTB#
951 i s returoperatedhandi BESEE#ecP52( I3 Thpnthetetherktopowon- ther bastis
circuit is 15 operated and RESET# 952 is inputted. On the basis of this
reset inplt, cfhehigpEesateinput, ctbher shbgtuatenhissgrant®sld starting

signal 955 which is outputted from the operation mode
control unit 913 is released.
~(8) In response to release of the subst:ate bias
control starting signal 955, the substrate bias generating
15 circuit 903 starts returning the substrate biases of the
substrate to the electric potentials in the operation state
(e.g., the electric potential VDD for the p-channel MOS
transistor, and the electric potential VSS for the n-
channel MOS transistor). A predetermined time period is
20 required until recovery of the substraté biases, and after
completion of the recoverj of the subétrate biases, the
substrate bias in-control signal 956 is feleased to inform
the operation mode control unit 913 of this result.
| (9) In response to release of the substrate bias
25 in-control signal 956, the 1.8V signal fixing 953 which is
outputted from the operation mode control‘unit 913 is
released, and then the signals are inputted to the 1.8V

system circuits such as the processor main circuit 902 and



i s rel eased.

(8)

.starting signal
returning the substrate biases of the substrate of 1.8V systemto the

el ectric potentials in the operation staﬁgi(e,g., the electric potenti al
-cga nel MOS transistor, and the electric potential VSS for

VDD for the
t he n-chann

unti |

bi as i

i nfor med of
t he substra
is outputte

I n response to rel ease of the substrate bias control

955, the substrate bias generating 20 circuit 903 starts

q?ﬂBlStOf) A predetern1ned time 25 period is required
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recovery of t he substr
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processor-
state 981, duhstRftaldd dBd HE Y hd rdwhrtd SstEidBby ,str:sﬁ@ %aﬁcf@ éshe 10
processor main circuit 902 starts the nornal operatlon

above- nent | g
source 904 so that for a tinme period when the power source is turned off,
only the RTC circuit HNektcarthee desrmiptdion will hereinbeowldse rgixeen above
by utilizing the hardware stand-by, only the RTC circuit 914 can be

oper ated onwiid ixespealf tthea Regtond applivatiok-exanple of thne
description wl|
by util il ndagdvanemistandthdep i nstruction 959, the operation node enters

into a

15

20

25

Burde [FOEbeosiies posdiilés provi ded In the powver

her ei nbel ow be given with respect to the sequence in which

Fig. 16 shows an example of a configuration of
realizing the RTC power source back-up mode. The RTC
circuit 914 is called a real time counter and is provided
for realizing the function such as a clock or a calendar.
For this reason, the function of a clock can not be
realized if the circuit 914 is not operated at all times.
Even if the power source 904 is shut-off, the RTC circuit
914 needs to be operated. -

In the embodiment shown here, in order to realize
the RTC power source back-up mode, the 3.3V region is

divided into a normal 3.3V region 991 and a region 992 in

- which the associated circuits are operated at 3.3V of the

RTC. In addition, in the region of 3.3V of the RTC, both
an input fixing circuit 912 and an input fixing level-up
circuit 960 are added to the input circuit so that even
when in the state in which other power sources (1.8V, the
normal 3.3V power sourcé) are shut-off, the input signal

becomes at floating, the signal of an intermediate level is



stand-by state 985, and then on the basis of an interrup- tion signal 958,

. the operation node returns to the nornal
'18. (1) On the basis of the sleep instruction 959, 25

enters into the stand-by state 985. Then37the 1.8V signal fixing 953 is

outputted fromthe operation node control unit 913 to fix the signal from

3.3V to 1. 8Vokniranspitsed: §p the segdrnoP92 dp whdchythe agsocinkedegy) ¢,

the mal functi,on Qf the circuits o .8§P§ysten1mhen carrying_ out the
e

f 1
subt r act i onSHECHLEES BES: OPETAREDs Absdr
Thereafter,
bi as contro

of; thes RIS pr de L & MAY,
n the_basi f .,the 1.8V, si | 5 fixi 953, th bstrat
FggtQPﬁFHgééiﬁﬁaFSQ§§eV§n5%th?ted tgxéﬂg substraSeSEiZsra ©

Fi¥ing 993 and the suBtE SPOTEPE caafEts Torateostio polERe, Syare ™
di f1erenge yobi b gbieaSHaRkY.8f phiReth0dabs bhd oV okd 13 Y34 3,5t OPPed

the RTC cl Oﬁh_d?.i:ibhetgr@g%gbﬁ%& Sbirce3hol) LHEP PR @duieesubstrate bias

control

starting signa

erern

I Tference“can e neasared by th

state 982 with reference to Fig.
t he operation node

the substrate bias génerating circuit 15 903

mer- based on

starts carrjbigteringheireditaghiontiel QispIAGCH0 HHA THeS WA ases of
the substrate of 1.8V system For a tine périod of carrying out the
subtracti onpvbticingpedrcudtt B20swost produliingethel Ro1valyd oFt 4 .IBvas
956 signal is returned to the operation node control unit 913.
systém.In the state of carrying out the subtraction with respect
to the substrate biases, the processor main circuit 902 is not operated.

i n-control

20

addi ti oA since the | Fheagperationt widlshereinbed osoirey desicaiibpdant iy of

current

is small

15

20

25

the normal operation mode 982, the substrate bias generat-
ing circuit 903 holds the hormal substrate levels without
carrying out the subtraction with respect to the substrate
biases. The clock oscillation circuit 908 includes a PLL
(phased-locked loop) and the like, and produces a clock for
the internal operation to send it to the processor main
circuit 902 through both the output fixing circuit 907 and
the level-down circuit 905. The I/0 circuit 909 fetches in
the signal from the outside and sends the signal thus
fetched in to the processor main circuit 902 through both
the output fixing circuit 907 and the level-down circuit
905. In addition, the circuit 909 outputs the signal from
the processor main circuit 902 to the outside through the
level-up circuit_904. “The RTC circuit 914 is operated at
3.3V and receives the control signal from the processor
main circuit 902 via the input fixing level-up circuit 960
to transmit the control signal to the processbr main

circuit 902 via both the level-down circuit 906 and the

In



25 (5) Under this state, after having received the interruption
- signal 958 fromthe control signal 957 (external pin) via the I/Ocircuit
‘909, the operation node control unit 913 rel eases the substrate bias

cont rol 43 starting signal 955. (6) |38response to release of the
substrate bias control starting signal 955, the substrate bias generating
circuit 903outputsfixvingciycukt 84bst rhe operation mpdescongpolr undtof
1.8V systemto the electric potentials in_the operation state (e.g., the
el ectric podbhtrereinessbhe aenprehasignaloziar hei inpprt &ddinge el ectric
potential VSS for the_n-channel transistor). A predetermned tipe

MDOS
period is redEFREl ?hei ForLRoPRFLiGR1IRRCALEY PUEtRRSRRtIOY £RY Lheer

conpletion of. the recovery of the,substrate, bjases, on the basis of rel ease
of the subs§?5f€r5{33b+ﬂ§ ﬁSﬁ?Fﬁ&lgggﬁéchﬁﬁ,bﬁae operati on node control

esponse®t o rol ease orie ISLREE AvhLhpRindoERERTET %ﬂlt 8pREbrashhe; ne
. . ot ot SPGhaP "S55 <t
18V si gnal VT sag Sexetook PAd BAWERPEoarhe S0} WHEE, chRIVAREASE. C'D o

in-control 6688 ha¥MBEERYabELedBLAVAGIhOBo0h 18Get! 16WREStRAnla8Y System
I's prevented. 20 (8) The signals are inputted to the circuits of

1. 8V syst enppedet€EmiNed P1EGETSPRWhERI Nad¢ingudbt888eandhbhethtkeino that the
operation node enters into the normal state 982 and the processor main

circuit 902whiehtthéhbatberpl ispexhausbted?2dp), the circ@itt B2lbmakesof the
foregoing, the processor chip 901 enters into the | ow power consunption
node anti0 al BARRSTB# 951 nat hewelevel, t ardi fiiresupheonnplhs tlesthepRIrGn wil |
her ei nbel ow be given with
: 3.3V region 992 to prevent the malfunction of the RTC
circuit 914. At the same time, the circuit 921 displays
the alarm of exhaustion of the battery on the display 922.
Thereafter, the voltage level continues to be decreased so
15 that the voltages of 3.3V and 1.8V systems will not be
supplied to the processor chip 901. At this time, the
voltages (VDD - RTC, VSS -~ RTC) are supplied to only the
3.3V region of the RTC from the back-up battery 962 via the
diode 963, and hence even when the power source 904 is
20 exhausted up, only the RTC circuit (the counter circuit for
a caléndar) 914 is normally operated. The diode 964 serves
to prevent the currént from being caused to flow through
the circuits other than the RTC circuit 914.
The.RTC'power source back-up sequence will
25 hereinbelow bé described in detail with reference to Fig.
17.
(1) HARDSTB# 951 becomes a low level, whereby the

operation mode enters into the hardware stand-by state 986.



44 respect to the sequence in which by using the normal sleep instruction
<959, the operation node enters into the stand- by state 985 and then _
returns to the normal state 982 by RESET# 952 with reference to Fig. 19. 5
(1) On the basis of the sleep instructi o89959, the operation node enters
into the stand-by state 985. Then, the. 1.8V signal fixing 953 is outputted
from t he op®hehi,otheode 8Vostignalufiikifag3 958 fiisx cutputitgdalfxrfomorbhie 3V t o
1.8V and also to stop the clock of 1.8V system As a 10 result, the

mal f unct i onoperatéoni modet coptrolaundys¥dd ke izathg wggnal tfirem 3.3V
subtraction with respect to the substrate biases is prevented Thereafter,
it is measutedl.B¥t abd aAsopiei step the clogksiofndl. BV SysFeT3, Asha si gnal
fixing has been_ 15 conpleted, and then the substrate blas control starting
signal 955 F§SH&F—qut1§Get GV%WMWM%Q% &H’t?cl txackdaon atish (2) In

L?ZEOSZﬁé gFtnge% iﬁ’i gthgogl S cont rgl startl n % 9% rlatgt% subst rate
ber | od of cRFFy BE" BhRrEsg %isa@tﬁ?ﬁn«%*?%% %éi e %ﬁ\%@%%;ﬁ rla% i
obor et on o8 gglﬂﬁh{ o BI agta gglr&iggsl‘ﬂ&a(ty) %L#(ra state ci'f carrying

oper ation no con I’O|

out th?_sub&eagbbentw tttsere%e attem b&tsr@&ev@m e P GO
main circuit 902 is not operated. |on since the Ieakage current is
snmal |, the ﬁQﬁéU”ﬁhboﬁnﬁﬁ%nEhkianSLgnﬁi 954 to the RTC circuit 914 is
10 outputted to fix the input signal. As a result, when other
power sources are shut-off, the unstable signal of the
intermediate level is prevented from entering into the RTC
circuit 914.
(2) Thereafter, on the basis of the timing of the
15 1,8V signal fixing 953, the substrate bias control starting
signal 955 is outputted to the substrate bias producing
circuit 903. In actual, the signal is fixed between the
signal fixing 953 and the substrate bias control state 955,
and hence a time difference until the supply of the-signals
20 to the 1.8V region is stopped is set therein. This time
difference can be measured by the timer based on the RTC
clock of the RTC circuit 914.
(3) In response to the substrate bias control
startlng signal 955, the substrate bias generating circuit
25 903 starts carrying out the subtraction with respect to the
substrate biases of the substrate of 1.8V system. For a
time period of carrying out the subtraction with respect to

the substrate biases, the substrate bias in-control 956



current is small. (4) Under this state, the operation node control unit 913
:recei ves RESET# 952 to rel ease the substrate bias control starting signal
955. 5 (5) I'n response to release of the substrate bias contro
starting signal 955, the substrate bias giherating circuit 903 starts
returning the substrate biases of the substrate of 1.8V systemto the

el ectric potssignal sis rreturngdrto i the sopexat ion gnodengdrtreh wnith@ldet urn
of the 10 substrate biases, the operation node control unit 913 is informned
of the conpletion of tif) rEl khe BFake 196 eaBEYRG OBt akhe nsubkragtiangnal
956. (6) In rgﬁPonse to this release signal, the 1.8V signal fixing 953 is

rel cased. 13ith Tespect (9 4he FURSHEATR | BIA%ES ( HENP RECCEESPE BBIN (he
i o rcur OB P48 e agt Shrrdegd opofa SURLETOR, CRiBRe FRel (he
operatiorb pakads ot g, (i RLET Gr T dubBhib oAb Th ek ocor e p
by the resel TR A BRRIE, OO Ve, “The processor chip 901 has a -

section to which 1.8V 1§) st | distk a5e £ h@iﬂgmgérwrgf .@ﬁﬂ/ﬁ%ﬁé\ge%o@@gea

section to which 3.3V is supplied as the po source vo The section

to which 1. 864 s | Bshd NCl tilefdd el O 0 CERe Ohowdt NsSurédi §090darbet he
i ke for exanple. "This section is a section wherein the 46 circuit scale

i s | arge andestdifanyed. speed operation is required. Since the circuit scale
Is large and al so the high speed operation is required, the power
consunpti®n in this sepf) Ginsesagiser argeurh nfidm phessimteobbHdofrethe t he
power source 904 (or after exchange of the power source
904), the power source voltage recovers the normal level,
HARDSTB# 951 is returned to the high level.
(7) Thereafter, the power-on reset circuit is
15 operated and RESET# 952 is inputted. On the basis of this’
reset input, the substrate bias control starting signal 955
is released.
(8) In response to release of the substrate bias
control starting signal 955, the substrate bias generating
20 circuit 903 starts returning the substrate biases of the
substrate of 1.8V system to the electric potentials in the
operation state (e,g., the electric potential VDD for the
p-channel MOS transistor, and'the electric potential VSS
for the n-channel MOS transistor). A predetermihed time
25 period is reguired until recovery of the substrate biases,
and after completion of the recovery of the substrate

biases, on the basis of release of the substrate bias in-

control signal 956, the operation mode control unit 913 is



5 power source voltage is reduced in order to reduce that power
.consunption. In addition, since if the power source voltage is decreased
(e.g., 1.8V), then the operation speed becones slow, the threshold voltages
of the MOS transistors are 10 decreased (. g., Vth < 0.4V or so0). In
addition, in the present enbodinent, the substrate voltage control is

carri ed out infoymes: afp thel eeaplietiamn-aftdhegreroweidge current due to the
decrease of the threshold voltage. On the other hand, the section to which
3.3V is 15 supplied ad HhdpFrEponsg d© kakeakre il the Subgtrate hiasi ¢

914 and the like for exanple. Since these circuits are small_in scalge and

are oper at edBCAEFIo\F 18 95%67e thener- o FRAY ¥ NE M3 WhARh % e,
for such circyit hlo t ower__source voltage daes not d.to be 20
decr eased. el Eram She Rt i e ' Phel iy Jffas

est abl i shed. i t hr ol ¢ t.he | St ore does
not need%'?o-rt?-eit%e%cerdzas%gﬁ tét}ﬁeeliiqggl%nt %@d?ﬁﬁegéﬁivt}nt% ‘%%wft#e C{JI’ rent
measure by th lgygg NeTeTyl! s rd ﬁﬂH!r ' oy, t qﬂuf e 25
sub-thres holld%IvZa agee?%:ﬁsr r enta.rsO'FhHeesﬁriocceéssor (ggéljjbd %O%t%ﬁtf héebipr ese;‘tfljigI
enbodi ment ysgg both the power source voltages appropriately. That is, for
the section requiring the large scale high speed 47 operation, the MOS
having the | ow threshqlid v aftage domglsetidly SORHO Hddik tdeatsdiBRdT Attehe and
al so the MOS transi stor having the high threshold voltage is used w thout
control - |i epedat ivnbaiody entdrd drtee s haskmdl yadea a8y rgnd hthe MOS
transistors having the different threshold values is not limted in

parti culldy , priocesmsdre medal icderbuijt dOh@gtartsheclhaomial gperdtionn
quantity. In addition, it can be realized by changing the thickness of the
gate oxide film In the above-mentioned sequence, a power source

switch is provided in the power source 904 so that for a
time period when the power source is turned off, only the
RTC circuit 914 can be operated.

15 as described above, by utilizing the hardware
stand-by, only the RTC circuit 914 can be operated on the
basis of the back-up by the back-up battery.

The déscription will hereinbelow be given with
respect to the sequence in ﬁhich by utilizing a normal

20 sleep instruction 959, the operation mode enters into a
stand-by state 985, and then on the basis of an interrup-
tion signal 958, the operation mode returns to the normal
state 982 with reference to Fig. 18.

(1) On the basis of the sleep instruction 959,

25 the operation mode enters into the stand-by state 985.
Then, the 1.8V signal fixing 953 is outputted from the
.operation mode control unit 913 to fix the signal from 3.3V

to 1.8V and also to stop the clock of 1.8V system. As a



In Ehe | atter, the technique nay be adopted wherein for the 10 construction
-of the MOS transistor, the oxide filmis thickened to increase the
threshold voltage. This reason is that since the MOS transistor having the
hi gh threshold voltage is operated at a M&h voltage, the oxide filmb
needs to be thickened. If the threshold voltage can be 15 increased by

t hi ckeni ng treswidi ddlie Imgliiungetion @f cche scixeuiks sofipl i 8V eslystemadhiéni on,
since the 1/Ocircuit 909 needs to transmt/receive the external signal

anpl i tude ofcaFIRing fouthdthgosubtraction Wik Hrespegle tanthessubstrake
transi stor- 20 having the high threshold voltage is enployed therefor, then
t he process RiAF9% e RFAIREehde conmon t hereto. Clainms 1. A

m croprocessor conprising: a main circuit including transistors;, a
substrate bias switchitiy c’#‘}%'iﬁép?%?rs‘mtw&gawt%e &1 8P s#+9RRL bi ases
applied t wel | ai,d mai Ircuit: . and_an operation., nmode, confr

circuit fsgr afb‘@fﬁ'}%lcqﬁi(g,tq}% sﬂ&%&ﬁ% et%l?%s??ﬁfﬁn&%rﬁ'%%e%ﬁg?%i a%? rst
node in sai éﬂﬂ | i t 1 skt ' | | | if 4fa SuUch a
way t hat thg&'su l@iéiia e ita%Z@%re sw%ﬁ%d&%ﬁr o&‘\?/@o* g‘giéf‘?%jr'ét @3“ rst

mode, and f ofn R | ¢l 4 1GH£PPONSEIEE) Betils Uhd 14D PRt O 2

second node 1n said-main circuit, substrate bias swtching cirCuit in
such a vway t9wd drte tHd Sk rdte Whas Covttd L echow o958 0 amd tRekse f@r the
second node, and also for starting, when switching the substrate biases
fromthe voltiagedifferdincd ivrstilmtite wigpply éhethel & bgesl s oo ttike SECENMd
node, the operation of said transistors of said main circuit after the bias
10 region is stopped is set therein. This time difference can .

be measured by the timér based on the RTC clock of the RTC
circuit 914.
(3) In response to the substrate bias control
starting signal 955, the substrate bias generating circuit
15 903 starts carrying out the subtraction with respect to the
| substrate biases of the substrate of 1.8V system. For a
time period of carrying out the subtraction with respect to
the substrate biases, the substrate bias in-control 956
signal is returned to the operation mode control unit 913.
20 (4) In the state of carrying out the subtraction
with respect to the substrate biases, the processor main
circuit 902 is not operated. In addition, since the
leakage current is small, the consumption quantity of
current is small.
25 (5) Under this state, éfter having received the
interruption signal 958 from the control signal 957
(external pin) via the I/0 circuit 909, the operation mode

control unit 913 releases the substrate bias control



vol tages switched thereto have been stabilized. 2. A m croprocessor
according to claim1l, wherein the well in which said m croprocessor is
formed has a multiple well structure in which a second sem conductor region.
of a second type is formed within a first48en conductor region of a first
type, and a third sem conductor region of the first type is forned within
sai d second s&artindustignale@56n of the second type. 3. A

m croprocessor according to claim2, wherein a first type transistor is
formed on said second ¢ ﬂié@naﬁsponseegbomedmasa of & hee suins tinpte bias
transistor is forned on said third_sem conductor region. 4.

ni cr opr ocessGPNEECSr Htﬁgttlﬁgc sdgRalo 985 ,3 then subisitratied @lﬁﬁsm&nm
switching cirguit o hro S a bias voltage applied to said second :
senlconductoFlFSBF§ ﬁd5535t§srﬁGPF§é§ga§Sﬁ raied bigises §€hﬂ8&hductor

di f cl ,
Wharotn o dsmﬁre%‘sb BEL 11 8Vr BY REG o0, hE re‘ip%&‘i&% a&t%»%m fmtem d
f h IrCUI an a oper ation node
cont o o CHPBMIOICBRARRS (B85 BB Mt ha B, T
5, wherein splLengafied! uos Fedfsistbro aﬁBrgﬂ?tei%EEEQ? drlnty! f%%s
measuring a Tapse of a tine perio guire or sta t|on of the

bi ases. 7. for tReMhCERRAABESHOS eeaasis&arso 0BCpkd *bdetdirifnbd! 1§
wherein said operation node control circuit includes sensor etecting

that the b:ape31deQSDQGQuikéE|hhtii E@cBﬁéﬁ?tBE”hﬂédsHBEE§3%% blases,
respectlxg yand after completion of the_recovery of the substrate
biaées, on the basis of release of the substrate bias in-
control signal 956, the operation mode control unit 913 is
informed of the completion of the recovery thereof.
(7) In response to release of the substrate bias

15 in-control signal 956, the operation mode control unit 913
releases the 1.8V signal fixing 953. The 1.8V signal
fixing 953 is released after having released the substrate
bias in-control signal, whereby the malfunction of the
circuits of 1.8V system is prevented.

20 | (8) The signals are inputted to the circuits of
1.8V system such as the processor main circuit 902 and the
like so that the operation mode enters into.the normal
state 982 and the processor main circuit 902 starts the
normal operation.

25 On the basis of the foregoing, the processor chip
901 enters into the low power consumption mode and also can

return thereto by the interruption.

The description will hereinbelow be given with



-

8. A m croprocessor according to one of clainms 1 to 7, wherein sald
substrate bias switching circuit includes a substrate bias generatlng
circuit for generating voltages for the substrate biases. 9. A

m croprocessor according to one of clains44 to 8, wherein said first node
is a stand-by node wherein the operation of said main circuit becones
stand- by, anuespectstbdtbeceeduende in whichmby wsdagwideenormaild sTeep
circuit carries out a nornmal operation. 10. A m croprocessor according
to one of cl&pabructéon, 96Aer the opettatiost modée entexsstiate thewsitamd-he
power consunption of said main circuit becones smaller than that in said
second node.bYistate 985 apdosheperetnrasctodithe normad statleaid82 byto 10,

wherein said uit includes: a CPU, a cache nenory for
|nputt|ng/oqu§#¥#négéaV&tPoFFfGRP§S?dtePElgan1ﬁnterrupt|on control circuit

for contrplling an integruptio and a clock control circuit for
control lifdg a glock Zi bn' ¢ entF6§r85e§QSrs&@@PrGPﬁgrﬂGtépalﬁﬁ?l

[ d
15T A Engrobetetibe Rede paERES: SR thE b “eFaPsby soats. fskﬁef%?ﬁpiﬁ.d
0 al mal
Clrcut . andtheh? ERBRECHS 's1ond) "BLkthy 953 1R BRLBhrER EEPR 1PE Dattery,
wher ei h wheng dﬁaéﬁaﬂ%ﬁaﬁédefcéﬁt oR3LheEY o4 S £B0KEEILHG ?Obﬁ}ﬁ' £rBi3 542N 2

pr edet erm ned val ue, sald secon Swi tch over said
on the basi stéf1ageoahaoh18b988! stopmhal d18BRI ber i N vC!s Stbn., 14 A

m cr oprocessor according to claim1l wherein after aV| g stoppeg the
cl ock fol0saresubtp the malfunction of the circuits of 1.8V system when
carrying out the subtraction with respect to the subst;ate
biases is prevented.
Thereafter, it is-measured that on the basis of
the 1.8V signal fixing 953, the signal fixing haé_been
15 completed; and then the substrate bias control starting
signal 955 is outputted to the substrate bias producing
circuit 903.
(2) In response to the substrate bias control
starting signal 955, the substrate bias generating circuit
20 903 starts carrying out the subtractioh with respect to the
substrate biases of the substrate of 1.8V system. For a
time period of carrying out the subtraction with respect to
the substrate biasgs, the substrate bias in-control 956
signal is returned to the operation mode control unit 913.
25 (3) In the state of carrying out the subtraction
with respect to the substrate biases, the processor main
circuit 902 is not opérated. In addition, since the

leakage current is small, the consumption quantity of



circuit, the operation node enters into said first node. 15. A

sM Ccroprocessor conprising: a processor main circuit for executing program
instruction strings; a substrate bias control circuit for controlling
substrate biases applied to a well on whi4&sh said processor main circuit is
formed; and an operation node control unit for controlling said substrate
bi as contrcﬂcuﬂnanhtlslﬁnﬁddh a way that said processor main circuit is
controlled so as to obtain voltages for a stand-by node, and for

control ling, in responde tinder ithis rstaten the QPEI%#%@QIm9d¢e¢@%§€01ron1
t he outside, said substrate bias control circuit in such a way that the

vol t ages foraft¥e %k%rﬁﬁ‘lﬁ#‘fﬁﬁjé‘%?@'%vﬁft%h% RLeage Wt%‘g‘é%q?%?eabh%’i nal

node, wherein said operatjon npde cgﬂ% unit rel eases the stand-by of
sai d main CHQHFR° f Arting #rgnak {w t he nor mal nnde have been
stabilized. é% g@iconductor |nte at ed c q?VICE hav a
first ci rcwt bI ock ar! )a SOTRPEFe K9 %?(s?n% ‘?‘ngs‘f %Y‘E?E? %a nd

ot MO R B @%ﬁﬁ@%ﬂ%@%-%@ﬁg@% et
gFggkan ?a??ggﬂgﬁgﬁﬁgkat I n sald |rstgnn e, saJ cE%wéE?%%ﬁ&#?gFﬁgrcglt
substrat e bt lofi T BY sy et PR YERE é]:\i@éffé heent/DA18088 tRed
sem conductor well on which theé transistors of sa

operation state. After completion of the return of the

10 substrate biases, the operation mode control unit 913 is
informed of the completion of the return using the
substrate bias in-control signal 956.

(6) In response to this release signal, the 1.8V
signal fixing 953 is released.

15 (7) After completion of the reset state 981, the
signals are inputted to the circuits of 1.8V system such as
the processor main circuit 902 and the like, and the

' operation mode enters into the normal state 982 and also
the processor main circuit 902 starts the normal operation.

20 : Oon the basis of the foregoing, the processor chip
901 enters into the 1ow_power'consumption mode and also can
return thereto by the reset.

As set forth hereinabove, the processor chip 901
has a section to which 1.8V is supplied as the power source

25 voltage, and a.section to which 3.3V is supplied as the
power source voltage. The section to which 1.8V is
supplied includes the processor main circuit 902 and the

like for example. This section is a section wherein the



first circuit block are fornmed; and a setting circuit for setting an in ut
devel of said first circuit block at a predetermned level, while said
substrate bias control circuit applies substrate bias voltage for said
first node and input of signal from said gecond circuit block to said first
circuit block is stopped. 17. A sem conductor integrated circuit

devi ce accoreirguiv scalen 16, labhge candsthd hight speeduopephtdbni 4sdi f ferent
in operation voltages fromsaid second circuit block. 18. A

seni conduct crequired at eflincecthe divcuitascaldi ig largeaandl8lso the
f.urther .conprising an operation node control unit for receiving, as an

i nput, a subBightspeedsoperabionoissrequiredontbei gowessepnsumptioncant rol
circuit, wherein said setting circuit is controlled on the basis of a

si gnal si gna¥his ofechienobecemesnlasge. cofr bhecpreaent embodimeng, the
sem conductor integrated cifcuit devic accotdinggto one of claips 16 to

18, wher e? n ROYST SBPrFe ¥obrage 45t Fefucedcdht oFdex, Fangedurf §8R8 second

circuit block, 20. A sgniconductor integrated circuit device having a
first circuiR°BFockCRARUMB L®8ond circuit biock including transistors and

CIORn, 00, 5 0" S DoLYRSRaRRt ok Bhah £, bufl BEeP HoRRkd, FBERAGsCHECH!
oo, e P8 4L PE0 ], PhLAORReObpLERLIER ERRLE Bebhnad
conprising. sjow, the threshold voltages of the MOS transistors are
10 decreased (e;g., Vth < 0.4V or so). In addition, in the
éresent embodiment, the substrate voltage control is
carried out in order to reduce the sub-threshold leakage
current due to the decrease of the threshold voltage.
On the other hand, the section to which 3.3V is
15 supplied,as the power source voltage includes the RTC
circuit 914 and the like for example. Since these circuits
are small in scale and are operated at the low speed, the
~ power consumption is small. Therefore, for such circuit
blocks, tpe power source voltage does not need to be
20 decreased. For example, the relation of Vth > 0.5V or so
can be established. Thus, since the threshold voltage of
the MOS transistor does not need to be decreased, there is
obtained the advantage that the current measure by the
substrate control is not reéuired in order to reduce the
25 sub-threshold leakage current.
The procéssor chip 901 of thelpresent'embodiment
uses both the power source voltages apprdpriately. That

is, for the section requiring the large scale high speed



a substrate bias control circuit for applying substrate bias voltages to a
sem conductor well on which the transistors of said first circuit block are
fformed; and a setting circuit for setting an input |level of said first
circuit block at a predetermned | evel. waVl e said substrate bias contro
circuit applies substrate bias voltage for said first node and input of

si gnal fromspédationpdther MOBt hatvving thesdpw thresholdcwollthigeclisi ased

st opped. 21. A sem conductor integrated circuit device having a first
circuit bl ockYamentrediténdg thecanbstrate,i avdusailsg thenMOSt sransistor
exchangi ng signals between said first circuit block and said second circuit
bl ock, wher ehavépgr bheohighdtbreshedddveltageciscusedbwathoutc coassod—f i r st

node and a se¢ond node jn which a _power consungtion of said first circuit
bl ock is | aryaRIthhe EHBEtratea (While: thgqmetigdjod-PaRufaghyriggnghes

LU ABRHPRLAFER bsos. e R P AbBRE Bodle 000
fored: 2N gof| 95153 thoLABRIGLAEH | L' BRPLEMI 00088, 3h3ng

circuit anpligs SHOSHCR! endl83c40L0A0GN0R06L021 drhl LaUNRAG) 3R con b

sem conduct or "Integra ~CTTcult "gevi e acco ding’to craim .
el bckeRlgebal by Lhkaent LheoRRsBRage | eHBohtaT s Tasa"
In the latter, the technique may be adopted wherein for the
10 construction of the MOS tranéistor, the oxide film is
thickened to increase the threshold voltage. This reason
is that since the MOS transistor having the high threshold
voltage is operated at a high voltage, the 6xide film b
needs tolbe thickened. If the threshold voltage can be
15 increased by thickening the oxide film, then the process
can be simplified.
In addition, since the I/O circuit 909 needs to
transmit/receive the external signal aﬁplitude of 3.3v, if
the MOS transistor which is the same as the MOS transistor

20 having the high threshold voltage is employed therefor,

then the process can be desirably made common thereto.



éccdrding to claim?2l or 22, further.conprising an{ out fgr '-
setting a level of an output signal of said clock 33m8&§%§5 é’éﬁf‘t‘ “Vat a

i i ——

wecorcno (oo IVMUMHINII, rerson <o’ ORI e i T

is arranged in sai*d $ecbnd"ciycwit block. 25. A se t of ¥ %Ht'e ra
circuit device having a first circuit bCHAEMENd as e Drawing(st: ¢ be:e|-oek to paged

including transistors and exchangi ng signal s betwegsy Astralcif | £ phgodi.[.&Uitd paged ...

bl ock and sald second 3imigrepkpeersorheprmprisdddsiof said first circuit

bl ock includes a first node and a second_node in which a threshold vol t ages
of the transistors of §aP§lP|F§F°BFFC&P9159669 transdftersiian those in said
first node, said device ngrls a substrate .bi as.cantrol CIrQUIt f or

appl yi ng substrate bi a8 §HP§ te B sséWFEG GATGUAt ?M%Wﬂ*

transi stors of

e oy ShuRanfs 8%§tPBE’Et§P3jﬁaB1FﬁSEt PERLASE oy & Bude a&?tk' on

whil e said sHBsh" S trol circuit applles.substrate blas vol t age
for said flrsgﬁl g&fcgg% afid A sem conductor integrated circuit device

KEEEE%?'Q%d 3rrbéﬁtb§'éﬁ?Ppg?hsggFQggbugﬁ ggégggghgébﬁﬁtgﬁFlgégﬁ<|rmlud|ng

an 1/Ocircuilnghdia Peapor8ectat ekécution of an instruction to proceed
to a first mode in said main circuit, said substrate bias
switching circuit in such a way that the substrate biases
are switched over to voltages for the first mode, and for
controlling, in response to execution of an instruction to
proceed to a second mode in said main circuit, said
substrate bias switching circuit in such a way that the
substrate biases are switched over fo voltages for the
second mode, and also for stafting, when switching the
substrate biases from the voltages for the first mode over
to the voltages for the second mode, the operation of said
transistors of said main circuit after the bias voltages
switched thereto have been stabilized.
2. A microprocessor according to claim 1, wherein
the substrate in which said microprocessor is formed has a
triple well structure in which a second semiconductor
region of a second type is formed within a first semicon-
ductor region of a first type, and é third semiconductor

region of the first type is formed within said semicon-

ductor region of the second type.

3. A microprocessor according toﬁfifffﬂzL,ﬂEEEQinﬂan
Re‘laced

w—



circuit, and driven by a second voltage, wherein sal iﬂ
egircuit switches voltages applied to said | ogical CI Eagmaa
that threshold vol tages of the MOSFETs becone high; from
said I/Ocircuit is inputted to said logid# circuit and mhlle said bias

generating circuit applies voltages to said logical circuit in such a way
that t hr eshoMdt-oh@nnged reanaigtayOdEE RoMmarhran (Hafd segand cfemicpndudtam
said second circuit block to said first circuit block is stqgfed and an

i nput | evel &%&y and ﬁl&q rabm-tcn@rm(l itrangsiston if fumedioncaidel .

27. ductor I n rated circuit device according to claim 26,
further conp&ggqé; ql%ﬁgkﬂPterU|t outputting a clock si gnal ,
arranged in ald secongg0|rCU|t bl ock, whereip, while saJd eneratlng
circuit appli és voltag Qﬁfﬁﬂﬂq?qQﬁﬁQEﬂaQHQQAEQQ

t hreshol d vo T o]y h| Jn ut. , ald cIo si gnal

to said fi rs'%'}hm rcw t %ﬁsﬁ%&pg’ S AW hin Cf%t%grat ed

circuit devi ¢13GGY q}ldaléglgp s%rc&] c?dr{h e]i fi
es Vo ogr cal circui n su

generating CIFCUIt ap tages to sald a way

that threshokgitelderappidied 1o m'aEEmw%fw{aéﬂw%éwoﬂ cvel of said

clock oscillation'circuit is set at predeterm ned | evel
5. A microprocessor according to one of claims 1 to

4, wherein said main circuit is formed on a well region
which is different from those of said substrate bias
switching circuit and said operation mode control circuit.
6. A microprocessor according to one of claims 1 to
5, wherein said operation mode control circuit includes a
timer for measuring a lapse of a time period required for
stabilization of the biases.
7. A miéroprocessor according fo one of claims 1 to
5, wherein said operation mode control circuit includes a
sensor for detecting that the biases have been stabilized
to predetermined voltages, respectively.
8. A microprocessor according to one of claims 1 to
7, wherein said substrate bias switching circuit includes a
substrate bias generating circuit for generating voltages
for the substrate biases.
9. A microprocessor according to one of claims 1 to
8, wherein said first mode is a stand-by mode wherein the
operation of said main circuit becomes stand-by, and also
said second mode is a normal mode wherein said main circuit
carries out a normal operation. ;__—__—b;_______~___
eet Has Been Reilaced

\\ll\l\\ AN



29. A sem conductor integrated circuit device according to one of
«lains 26 to 28, wherein said bias generating circui ﬂlmmnmmumuml t ages
supplied to said main circuit in such a way that thr f the
“MOSFETs of said logical circuit become hi%h, whereby %aid I'ogi"cal cifrcuit
Is swtched froma normal operation node over to a stand-by node having the
power consunii on snalA duicreprodcessof aceordingl topenatofnchaims 1oto

A sem conductor integrated circuit device according to claim?29, wherein in
t he greater Sarvhereimessaid nbirspanede obs nedetatei &n| which| therpaver
functions. 31. A sem conductor integrated circuit device accordi ng
to d ai m 30,CoRMEHPHLOMLL S id Habn saivcuiyi berores cemaliesnthar thakd- by
node over to,the qfrnal dqag switching by said bias generating circuit

t he vol t agestB® it e%e?%“rga‘?‘ vgical circuit in such a way that the

t hreshol d voJjfages of the. MOSFETs of said qulcal circuit _becoge | ow said
“logical circttt start < fHEITRRPATSERT 2¢TRE bBQnFolgPﬁrOFhﬁﬁa%ﬂﬁ ?iﬁg

[ f i £ chi 3 . ) d [ d
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circuit devitpSereptio EOnLRSL ObifeRitBrdP EOntrol1iRG§CAR En¥EEL ON which

the MOSFETs are forned has a nmultiple well structure in"which a second
ruption input, and a clock control circuit for controlling
a clock.
12. A microprocessor according to claim 11, wherein
in said first mode, the clock for said main circuit is
stopped.
13. A microprocessor according to one of claimé 1 to
12, further comprising a battery as the power source of
said main circuit, and a monitoring circuit for monitoring
a voltage of said battery, wherein when the voltage of said
battery is reduced to a level lower than a predetermined
value, said second mode is switched over to said.first mode
on the basis of a control signal from said monitoring
circuit.
14, A microprocessor according to claim 12, wherein
after having stopped the clock for said main circuit, the
operation mode enters into said first mode.
15. A microprocessor comprising:

a processor main circuit for executing program

instruction sfrings;

a substrate bias control circuit for controlling

.
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sem conductor region of a second type is formed within a first

sem conductor region of a first type, and a third ' mnﬂﬂmnml on of
the first type is forned within said second sem coﬂm“ﬂm t he
second type. 34. A processor conprisisig: a protesSort ndin®cifcuit for
executing programinstruction strings on a processor chip; a substrate bias
swi t chi ng unsubktrate bdlaises appligds tof asEubstatadehicas sthigpldaid t o a wel |
of said processor nmain circuit; and an operation node control unit for
control | i ng, precesspangaino cimeuins tisudormed;o andceed to a st and- by node
in said processor main circuit, said substrate bias switching unit in such
a way that the biases aneopsirattien apse contdialadusit famen ingie,
andfor controlling, in response to an interruption of the stand-by rel ease
fromthe out sadd syksErahssbiase aandradtidauid i SUSh & WRY thg'%/\ﬂiﬁ’t%at

the biases are swi tched qver ,to vaqltages for nor nal de, .and. al so for
rel easi ng, aPFOCESFOT,MAIN, GLTAEL & ﬁﬂ{&f‘iﬁ&‘ﬁﬁ? F?:ﬁr/TB"oo a&hhili zed,

:[Ahgr222226?13@5‘&%3%%9%{D?C%S%i%:ﬁ“ﬁi,br}v\m%ci i 2 S sk B8 8 of s«
Cirouit s 1 Goreatge B4, Peiireebiolf S il SaRdl hitaRe Bed, |

R rorsscor MEMKILA Wi Wb Ol e coReE Hdoln
includes, as yERARhAAO NP V1 hg e 118 HIRS I dridiby Mod e | Wi tdhédi d

over to voltages for a normal mode,

wherein said operation mode contrql unit releases
the stand-by of said main circuit after the voltages for
the normal mode have been stabilized.
16. A semiconductor integrated circuit device having
a first circuit block including transistors and a second
circuit block for exchanging signals between said first
circuit block and said second circuit block, said device
comprisings

a substrate bias generating circuit for applying
substrate bias voltages to a semiconductor substrate on
which the transistors of said first circuit block are
formed; and

output fixing circuits for fixing, when said
substrate bias generating circuit changes the substrate
bias voltages, levels of at least part of the signals which
are inputted from said second circuit block to said first
circuit block.

17. A semiconductor integrated circuit device

[T

-
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processor main circuit when switching the biases, until the bias voltages
switched thereto are stabilized, an on-chip tiner foum“etﬁm““mm”mse of
a time period required for stabilization of the bias

processor according to claim34, wherein $& d operation nndé control unit
includes, as nmeans for waiting, before restarting the operation of said
processor nai AcspPrddng keeclaim di6i,nyhersinnsadd Fimst Heanids biagkgies
switched thereto are stabilized, a sensor for_detecting that_ the biases
have been st 8dffereat: @npp@@aa&mwmme@ge@om Sajcbisepand oigcuit A
processor accordlng to claim 34, conprising: said processor nmain circuit in
whi ch a seni PdR&¥ct or device of said processor chip has a nultlple wel |

structure in ich a s cond .seni conduct,or, i.on, of, a co e |s f or med
within a fird ynsem con WCP@& Ot Jé‘tﬁqlgt ted gdr éi] (?l shdu

oot on ot rndhg, B8 Chish. 1050 27Tt Wohei At Sifaﬁ{]%f’s‘?%ftcﬁ%ﬂ*%
modul es whi clua3keohoLRRY %rd' fefc%rl%rl '4 ra‘?g' t | & RAfd eéﬁ% e b appl ed

substrate bias switching unit substrat

to the well &?l%%%r%fl %&ﬁéluwwlmﬁa@%% G A i@rdipde

control wunit controlli1™ng, in response to an instruction t onakest and- by

sai d one funghiedeanmedilde citpvt FiNitldireudftsd Wi icoiirdlIdd &n itheai d

processor main circuit, said substratée bias switching unit in such a way
that the subgplakdise o asgig@;falsaleh@@e iyl drom sadd opErasich podel ity

of functi onal

control circuit.
19, A semiconductor integrated circuit device accord-
ing to one of claims 16 to 18, wherein said substrate bias
generatihg circuit is arranged in said seéond circuit
block.
20. A semiconductor integrated circuit device accord-
ing to one of claims 16 to 19, comprising said output
fixing circuits for fixing levels of at least part of the
signals which are inputted from said second circuit block
to said first circuit block, when said substrate bias
generating circuit changes the substrate bias voltages in
such a way that thresholds of the.transistors become high.
21. A semiconductor integrated circuit device having
a first circuit block including transistors and a second
circuit block for exchanging signals between said first
circuit block and said second circuit block, said device
comprising: |

a substrate bias generating circuit for applying

substrate bias voltages to a semiconductor substrate on
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nodul es are switched over to voltages for the stand-by node, and for

.controlling, in response to a signal of the stand-by 1 n ' e
functional nmodule or said plurality of functional nod ﬂnﬂ"ﬂﬂu |"ﬂﬂlmungide
or said processor main circuit, said sub$3rate bias sw'tchinl vhitsin such
a way thatthebiases are switched over to voltages for a nornal node, and
al so for inwbigibnhFhesftransistansaof daidfinst icinanithdlack RER been
stabilized, said processor nain circuit of that the stand-by of said one
functional HkoFmediodnshid plurality of functional nodul es has been

rel eased. 39. Aprocessqr accqording to claim 34 or 37, further

conprising: means for &Gk RFAIAHIOR IS G OGS IAPRAG R F1eekK d
processor mai.n ci.rquit; and said ,operation node cqontrql unit for,

Pont ot |1 ng Bimato R B el AeS F T g The TR A34h speed i n
sai d proces Al chr.quit, said.substrate . bias sw | n nif_in such a
way that t hg%é’lf%?talq:aet (? %%asgeegxe%adcsli}% ép‘r’ta)é:ualsts o‘ﬁimv%# %H% %%#’réta? d

functi onal @B%Q(%%fﬂ%%éthChed over to voltages which are suitable for the
operation fréquency thereof, and for informing, after the bias voltages

switched therpe to haveg heah sdhidd ' | Qﬁﬁﬁgi. ' ' _that
t he smﬁtchiﬁgﬁof t he gberatlon sﬁggggﬂ%gﬁﬁggﬂﬂ%gnp eté&ﬁ%&?i&é‘%&é?fﬁ
processor ageey #Ho'¢lladnft |28 Mulferdin Gail F st cirdi it Psdk afe bi as
switching unit is constituted by a substrate bias generating circuit for
generati ng dififerenthdn dpeagasion vdltagdsstfirdre ddiabasecedd circuit control
nmet hod of controlling the power consunption of a sem conductor integrated
circuit devibdemakicluding a plurality of elenent circuit bl ocks

23. A semiconductor integrated circuit device accord-
ing to claim 21 or 22, further comprising an output fixing
circuit for fixing a level of an output signal of said
clock oscillation circuit.

24. A semiconductor integrated circuit device accord-
ing to one of claims 21 to 23, wherein said clock oscilla-
tion circuit is arranged in said secqnd circuit block.

25. A semiconductor integrated circuit device accord-
ing to one of claims 21 to 24, comprising said clock
oscillation circuit for stopping the signal inputted to
said first circuit block, when said substrate bias generat-
ing circuit changes the substrate bias voltages in such a
way that the thresholds of the transistors become high.

26. A semiconductor integrated circuit device
comprising: a first circuit block including a logical
circuit having MOS FETs, and driven by a first voltage; aﬁd
a second circuit block including an I/O circuit, a level

holding circuit and a bias generating circuit, and driven

R



having transistors formed on a sem conductor well and ?gﬁifgjgiiyljjmaJy%ﬂﬁs
of a clock signal, wherein a first node in which a plu Ity of said

el ement circuit blocks are operated on the basis of the ' ““lﬂum
second node in which the supply of the cl b4k signal to a:\mgm“‘“m el d
el enent circuit blocks is stopped, and a third node in which ¢ hé shpp?y of
the clock sibpah bBecehdl seldagkenment circuit blocks is stopped and al so
substrate biases of at |east part of the transistors forned on the

seni conductor wel | ar ewbereiol baddsbias genemetdage cimcadfoswirehesges of
the associated transistors are switched to he used. 42. A nmethod of-
control | i ng wodtagesnapplied fpegaidemadn edrcuddy il@e sichodWRY B4l ai m
41, wherein said elenment circuit blocks are included in a first circuit

blo?:ka gnq tﬁéréﬁbegd§iQﬁthPErBSEE§3§gbﬁreﬁﬁaﬁla?éiIIation circuit
included in a second circuit ock, t h | aock .si | .and
infornationds}gnals mhPeh°HFB“F0%B§n%&oE§§§g§%#§ gﬁggcﬂﬁkgﬁgbfgguit bl ock
are inputted,fromsai d_ci, Is l, id fi ' j 5 | ock
23. N APRBELRR' Bon BRIA phng ik et bl Gl ikt (Eind! 00K

according to 1,04 .42 erein when switching the operation node to said
thi rd node, F%gég oékagﬁgnal and the information signals which are to be

processed in said firstheh' eWiltchlifgk tiles vOLYNMRES B3 Hidsputted from
sai d second circuit blogk to géflegfst circuit bI%@E, and next, the

substrate bi geperatidy azcuiRy’ badld Vit putaHHixng Tifreuid fixdsheche

sem conductor well aré controlled so as to increase the threshold

vol tages of blaepatsedigaadd transistors. :
27. A semiconductor integrated circuit device
according to claim 26, wherein a clock oscillation circuit
is provided in said second circuit block, and when switch-
ing the voltages by said bias generéting circuit, said
output fixing circuit fixes the clock signal.
28. -~ A semiconductor integrated circuit device
according to claim 26 or 27, wherein a clock oscillation
circuit is provided in said second circuit block, and a
clock signal is supplied from said clock oscillation
circuit to said main circuit, and when switching the
voltages by said bias generating circuit and during the
switching, the supply of-the clock signal to said main
circuit is stopped.
29. A semiconductor integrated circuit device accord-
iﬁg to one of claims 26 to 28, wherein said bias generating
circuit switches the voltages supplied to said main circuit
in such a way that threshol&s of the MOS FETs of said main

circuit become high, whereby said main circuit is switched
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44. A nmethod of controlling a sem conduct or inté§F5F557ﬁ7TiﬁT*dev+ce
according to claim43, wherein when switching the opeaﬁlﬂ | d
third node, after the clock signal and the informatio ﬂ”WﬁHgﬂpﬂﬁe to
be processed in said first circuit block B&ve been stopped fromb

i nputted fromsaid second circuit block to said first circuit block, and
sai d devi ce fmpmsafpormalapperatianpmodet ewerntd ai stapdrbydmosienhawinigner,
t he substrate biases of at |east part of the transistors formed on the :
seni conduct oEh@ePpwerecensumptien smailerothaor shes offether aormad vol t ages
of the associated transistors. 45. A nmethod of controlling a

senmi conduct oPPPFaE4PRtBAA@Frcuit device according to claim42, wherein when
swi t chi ng thggoperation nod 8n1said,third node to said first node, the

e fr \ 2 \

substrate bi3%es of at®| 8§RLcPRARCEPT ARtEPRALLY: GiFcRit HAgVdRe; pecord-
sem conduct ot me#l aie.cogérol ed so as.éo decrease the.threshol ds of the
associ at ed tT3AsFRt Br81MaAdr nEREreiRSaLg - malp RAFCYts LRELINALS: Aati on

' | s whic 0 ce d.in id first circui ock are.started
bePng ¢ nput + badifal e BEGRAEE CARACNERR frbhket BakE oF PbE BeRlEL bl ook,
46. A ol LLE LeO ' A d circuit device
accordi ng tSE% g?%?é%?ﬁﬁﬂéfe%%9§h§%§§§?§cﬁgﬁghgﬁet@%é?é?b%ﬁ node from said

third node tgygsaid firgtganileondhbebyt kzﬁtégba&éat libhﬁi%Sg@%iete L:easgpaa”

of the transistors forned on the sem conducCtor we ave been controlled so

as to decreagggtbe ¢haeshoby whRbia@fswhbn! 8QitsRAGAESYd! MARR SlieERitand
said device walts for a |lapse of a predetermned tine period, the clock

signal and tfeomnthe Btand-syognede sbeehtar eheonbemalonedectyi BwigcHihygr st

circuitblock are startedbeing _
by said bias generating circuit the voltages supplied to
said main circuit in such a way that the thresholds of the
MOS FETs of said main circuit become low, said logical
circuit starts functioning at a time point later than the
time point of switching the voltages.
32. A semiconductor integrated circuit_device'accord-
ing to claim 31, wherein after the voltages supplied to
said main circuit have been stabilized, the operation of
the MOS FETs of said ﬁain circuit is started.
33. A semicondﬁctor integrated circuit device accord-
ing to one of claims 26 to 32, whetein a substrate on which
the MOS FETs are formed has a'triple well structure in
which a second semiconductor region of a second type is
formed within a first semiconductor region of a first type,
and a third semiconductor region of the first type is
formed within said semiconductor region of the second type.
34. A processor comprising: a processor main circuit

for executing program instruction strings on a processor
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inputted fromsaid second circuit block to said first circuit brock: 4r: ’
A nmet hod of controlling a sem conduct or |ntegrated CIrCUIt

to claima45, wherein when switching the operation node fr ’Mﬂﬂlwﬁ
to said first node, after the substrate bbéses of at |east ®art e

transi stors forned on the sem conductor well have been controlled so as to
decrease t hechiipgsaosubsbratgebias switebiogi andd tfoaxnswditchingand t he
state of the threshold voltages of the associated transistors is confirmned,
the clock siyphtagns efesnhstratei biasegnappliridchoane substratecofssadd n
said first circuit block are started being inputted fromsaid second :
circuit bl ocRFPEe88PH Fﬁ#EtcéFFE@FG BndcRN gperpidan modec coptsedsypit
conpri si ng: g mai n Clrif a.substrate bias smntchln% circuit which
swi t ches sub$PFafenbre %BgtaéﬁsrﬁﬁﬁpPES te hhecpresntigndofamm circuit;

and an operatiop _node coptro wher ei.n sai d .operati Qn node control
circuit Eont+Bfgru?ﬁl?ﬂsg8nE€°FSe§ %BHﬂaﬁHaPS'BYoEQQS 48 §add, ProgegeoTn

d i d [ h h
The substr arBEEhog B85y o SRARCEERAERRLE b8P PRifohing.unisy thadelre, "
nmode, controbg tﬂafeﬁgg Eaégs a %nggggchngBQQQegotgo?tiﬁggng IOdge N
said nmain circtuit, sal strate bias " swtching circul suc a way that

the substratgtRhdSpyohb@8sSaRicral Lohe oszxi;lgsu%ggrﬂgtagsgsa%ot b second

node, and starts, in response that a value o I as voltage
applied to tﬁﬂté@fﬁpﬁioﬁabﬂ tReNstahqlUby tedehse 2rvfl tRBCoutkYfel,Nsaid

accordance with the second node, an operation of transistors i ncl uded sai d
substrate bias switching unit in such a way that the biases
are switched over to voltages for a normal mode, and also
for releasing, after the bias voltages switched thereto
have been stabilized, the stand-by of said processor main
circuit to restart the operation.

35. A processor according to claim 34, wherein a
semiconduétor device of said processor chip has a triple
well structure, and said processor main circuit is formed
on a well region which is different from those of said
substrate bias switching unit and said operation mode
control unit.
36. A processor according to claim 34, wherein said
operation mode-control unit includes, as means for waiting,
before restarting the operation of said processor main
circuit when switching the biases, until the bias voltages
- switched thereto are stabilized, an on-chip timer for
meésuring a lapse of a time period required for stabiliza-

tion of the biases.

37. A processor according to claim 34, wherein said
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main circuit

. 49. (add) A microprocessor according to claim48, wherein

threshold voltage of a transistor included said main cu“i““"l" '“Iﬂmﬂl |II|
first node is higher than that in said second node. 50.(a | _
m croprocessor according to claim48, whesdin a power conslinptidn df Sai d

main circuit
(add) A mecr
circuit is f

in said first node is lower than that in said secpnd npde.
opesasd.onr madeocdintgoilo unidi intd udesh0 asmmearisn fort dvaniriing,
ormed on a well region which is different fromthose of said

51.

substrate bi RETOWEt ERBHgIrEinguitheaoperstdomafasaid peessur @air rcuit .
52. (add) Am ¢ropr.ocessor according to claim48, further conprising: a

sensor whi chCaZFadtswhea Suichdngs tber biases,aantdl dde Rigs owltages
wel | of said nain circgit; wherei n sai.d operation node control circuit

starts, inr
operation of
m cr opr ocess
i nstruction
substrate bi
formed; wher
to an interr

gWpbhRbed; Shereto,pre,ptabiddzedion sensery fosnhsateating

SheBLF) Bihg bchhfa R s blfip e
§5i{gg§g agg § ggggt ate bias control circuit which controls
adge S i

as vo Y2 well on which said main circuit is

g8, 52l | HoBcoaklachathatly S b, hSieg b PO

uption for a“stan el'ease " rromt i‘d

e
e

bi as vol t agegayar pr8caskskt adenf 8hreduie’ 18 wilidhCa W@ﬁgﬁ%ﬁdﬁﬁk%rsggﬁgkgig

bi as contr ol

circuit switches, in response to a command to procee

stand-by stab€ saidap#ocessor chip has a triple well structure and is

divided into a plurality of functional modules which are
formed on different well regions, respectively;

said substrate bias switching unit for switching
the substrate biases applied to the substrate of said
functional modules; and

said operation mode control unit for controlling,
in response to the execution of an instruction to make

'stand-by_said'one functional module or said plurality of

- functional modules in said processor main circuit, said

substrate bias switching unit in such a way that the
substrate biases of said one functional module or said
plurality of functional modules are switched over to
voltages for the stand-by mode, and for controlling, in
response to a signal of the stand-by release of said one
functional module or said plurality of functional modules
from the outside or said processor main circuit, said
substrate bias switching unit in such a way that the biases
are switched over to voltages for a normal mode, and also

for informing, after the bias voltages switched thereto
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main circuit, the substrate bias voltage over to a vdTTEﬁE—FBF_?Eg—g;_—_:by
state, and the stand-by state of said main circuit isr mslmu“ wsse
that a value of substrate bias voltage applied to the vmm i _
circuit reaches a voltage value in accordggce with the nor rfal ‘st dte.
54. (add) A m croprocessor conprising: REPLACEMENT SHEET 62 a
mai n circui t hakecbeexesuabilikzed,,agaids pirocessors maingsireuwithof abatbi as
switching circuit which switches substrate bias voltage applied to a well

of sai d nai nther stand-bydodfnsajdr anieofumedd onalt modudier o tsadtd ch control s,
" in response to a command to proceed froma first node to a second node in
said mai n ci pduralityi ofsfvactioaali moduldiesc hiasg beienc aieleasesuch a way t hat
t he substratebiasvoltage is swi tchedoverfronafirst voltage to a second

vol tage; wheB&in a thr8spspgesspragecording: &esicdadm 3¢ €1 @ Tmaifxdihezui t
in the first node is higher than that in the second ngde, and said main
circuit rest SPRPrigipgspBeaads; for sWwitchdngr dymemicaldyhithe wRaratdhpl i ed
to the well of s rcui t reaches a.volt%geﬁy ue in accordance with

t

id_main ci
the second nﬁH@?gt8fe§8&8tBrBF8§FQF|Fﬁ§Pr&ﬁﬁqﬁ+ s. 55. (add) A
m or oprooessor acoor 0 B 0epka ik il SohsIa WA Yoo AR Gld eul
SoEoR% PS8, FOBESM L Da8 iainctB 97N e AR didile |V
second the operation speed in said processor main circuit, said
substrate bias switching unit in such a way that the
substrate biases of said processor main circuit or said
functional modules are switched over to voltages which are
suitable for the operation frequency thereof, and for
informing, after the bias voltages switched thereto have
been stabilized, said processor main circuit of that the
switching of the operation speed has been completed.
40. A processor according to claim 34 or 37, wherein
said substrate bias switching unit is consiituted by a
substrate bias generating circuit for generating therein
the voltages of the substrate biases.
41. A control method of controlling the power
consumption of a semiconductor intégrated circuit device
including a plurality of element circuit blocks having
transistors formed on a semiconductor substrate and
operated on the basis of a clock signal, wherein a first
mode in which all said element circuit blocks are operated
on the basis of the-clock signa1, a second mode in which
the supply of the clock signal to at least one of said
L
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sem conductor region of the second type, and said main circuit is f d on
a well region which is different fromthose of said s M‘ \ ;“!i\e
switching circuit and said operation node control ci ram‘“\ . '

m croprocessor according to claimb54, fursiger conprising: %@ sensor which
detects the value of substrate bias voltage applied to the well of said

mai n circuit el eeles ciredlitaplockisudsi Btoppedijaand \¢@ tthirde moetenich node;
wherein said main circuit restart, in response to a result of a detectionr
of said senswhichothecsupply ofr ddeamliock signadn tt rillgsaisl/ element A -
control nethod of controlling a power consunption of a sem conductor

i ntegrat ed cicdeoutitdbliockswiiscistopped sind) adso mubstinahe thlases iafclaldi ng a
plurality of element circuit blocks and a second circuit block which inputs
to said firsflegistcpartbiofcithe dransisters fomnadiion khe Gemiepnductor ch

are to be processed in said first circuit block, wherein a first node in
whi ch a pl ur Subsirates are gonrrelled &9 A%t dhcxeassdmrethlds 1IRE pasi s

of the clock signal, g second node . in which the suppl f the ¢l ock signal
to at |east &B€ 8Fso5iatad hhansystans é\ﬂ%(ﬁ{%‘-‘i‘é‘éf&éb&? a third node

| Doui oh Lhe a0 0 el 3 OISO MalfRG I oS
vol tage appl rsgratelt & R SRR ARG SH MR AT Wiefel 7 o
R R A i
block, and the clock signal is produced from an oscillation
circuit included in a second circuit block, and also the
clock signal and information signals which are to be
processed in said first circuit block are inputted from
said second circuit block to said first circuit block.
43. A method of controlling a semiconductor |
integrated circuit device according to claim 42, wherein
when switching the operation mode to said third mode, the
clock signal and the information signals which are to be
processed in said first circuit block are stopped-from
being inputted from said second circuit block to said first
circuit block, and next, the substrate biases of at least
part of the transistors formed on the semiconductor
substrate are controlled so as to increase the thresholds
of the associated transistors.
44. A method of controlling a semiconductor
integrated circuit device according to claim 43, wherein

when switching the operation mode to said third mode, after

the clock signal and the information signals which are to

—_—
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58. {add) A control nethod according to claimb57, wherein the third node in
whi ch the clock signal is stopped being inputted from fﬂummmﬁuﬂmﬂ it
bt ock to said first circuit block. 59. (add) A control , 'to
claim57 or 58, wherein when switching the&@peration node fromshid tHird
node to said first node, substrate bias voltage applied at |east part of
t he transi st ties prociesded iim said fiirst dinmuit Hlodgk kv rbeen | stbpweds to
decrease threshold voltages of the associated transistors and the clock
signal and t Hferombeding iinpudited | fran ¢asidmeabrstiqigrdwmituthlark rton sadd|
second circuit block to said first circuit block after a value of substrate
bi as vol t age TdFet ednanit wdiackf and Eaid devwige waits okar rakapse f a
vol tage val ue in accordance with the first node.,

predetermined time period using a timer, the substrate

biases of at least part of the transistors formed on the

semiconductor substrate are controlled so as to increase

the thresholds of the associated transistors.

45. A method of controlling a semiconductor

integrated circuit device according to claim 42, wherein

when switching the operation mode from said third mode to

said first mode, the substrate biases of at least part of

the transistors formed on the semiconductor substrate are

controlled so as to decrease the thresholds of the

associated transistors, and next, the clock signal and the

information signals which are to be processed in said first

circuit block are started being inputted from said second

circuit block to said first circuit block.

46. A method of controlling a semiconductor

integrated circuit device according to claim 45, wherein

when switching the operation mode from said third mode to

said first mode, after the substrate biases'of at least

part of the transistors formed on the semiconductor

substrate have been controlled so as to decrease the

thresholds of the associated transistors, and said device

waits for a lapse of a predetermined time period, the clock

'signal and the information signals which are to be

processed in said first circuit block are started being

inputted from said second circuit block to said first

\
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47. A method of controlling a semiconductor

" circuit blbck.

integrated circuit device according to claim 45, wherein
when switching the operation mode from said third mode to
said first mode, after the substrate biases of at least
part of the transistors formed on the semiconductor
substrate have been controlled'so as to decrease the
threshoids of the associated transistors, and the state of
the thresholds of the associated transistors is confirmed,
the clock signal and the information signals which are to
be processed in said first circuit block are started being
inputted from said second circuit block to said first

circuit block.
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