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BACKGROUND OF THE | NVENT| ON *159159* 1. Field of the Invention Thd OpJtAs 2800

i nvention rel m \m\\mﬁ\%m conductor integrated circuit apparatus or nore
in particuIaA conductor integrated circuit apparatus having a
hi gh speed and | owopower consunption atlthe sanme tine. 2. Description of
the Related Art A CMOS circuit decreases in speed with a decrease in

vol tage. For the speed decrease to be conplenented for, 10 the threshold
vol tage of the MOS tr dRMICINBUCTQR INTRERATED (CIRCIEITSARRARATYS required to be
reduced. The problem however, is that the power consunption is increased
by the subthreshold | eakage current of the MOS transistor when the CMOS

circuit is not in operation. A solution to this 15 prob i bed in
| EEE Journal of Solid-State Grcuits, Vol. 31, No. 11, QHMW \EWWMG pp.
1770-1779 (ﬁé?%ﬁﬁ@?NBrOFeTEErEHVFBTQQNReference 1). The ue of

Reference 1 is_shown in Fig. 5. Reference characters vdd deSr ate a power
suppl y voItégeFQGlﬁthhtpg BRYERE AN hi s prior art, vss the ground voltage,
vbp is the substrate as_vo e, sSubstrate blas vol t age

of a NMOS, nuner al & BFFEEP? &BH?PEﬁ?Bdrﬁ??Be% st FaMSTePLre %ﬁneral
202" subt LI R ROl SLpH B TWIRG L o sLanel 25
-2 5 semiconductor integrated circuit apparatus having a high
speed and low power consumption at the same time.
2. Description of the Related Art
A CMOS circuit decreases in speed with a decrerise
in voltage. For the speed decrease to be complemented for,
10 the threshold voltage of the MOS transistor (or the MIS
transistor) is required to be reduced. The problemn,
however, is that the power consumption is increased by the
subthreshold leakage current of the MOS transistor when the
CMOS circuit is not in operation. A solution to this
15 problem is described in IEEE Journal of Solid-State
Circuits, Vol. 31, No. 11, November 1996, pp. 1770-1779
(hereinafter referred to as Reference 1).
The technique of Reference 1 is shown in Fig. 5.
Reference characters vdd designate a power supply voltage
20 which is 0.9 V in this prior art, vss the ground voltage,
vbp is the substrate bias voltage of a PMOS, vbn the
substrate bias voltage of a NMOS, numeral 200 a circuit
configured with a MOS transistor, numeral 202 a substrate
bias control circuit, and numeral 203 a mode signal.

25 Generally, the potential difference between the voltage of



the well or the substrate constituting the MOS transistor and the source
vol tage thereof is defined as the substrate bias. For our purpose, HpveN ei0]
the absolute voltage {the potential difference with the ground voltage 0 V)
of the 5 well or the substrate constitutjng the MOS transistor is defined
as the substrate bias. In this conventidhal circuit, as the substrate bias

f the MOS ' tifyti t h i,r.cuit I [
appl i od uhert Th SR e LT H LTS 0 Toptrad S HECrarar o er  ed
t th t t; th i i i
oge?:tti ng ?ﬁgl@g&ﬁlg%gﬁr% Z%O?l(ra{ eo%a{%tr%)gt ra]f%tnid\vgr(i‘:q%t? eeag'r t e%:'}tl%t%i%i%t!s?tsat e).

h " g : . Lad Ls defi
The term %;ﬁ%%[hztt%m ﬁﬁi@éé HRIRT, Lhedghsad

S v i.ah ol t age
is applied d lower vdltage 1s ap&llg §F§F%tﬁ§h MOS" .

Wen "a shaldawniubst (@t Hagd %viacﬁpltih‘:‘ed"grioaln%aiv@’lt%%et e v9t Ber ¢and, it

means that "a lower voltage is applied for the PMOS" and "a "higher voltage
is applied fu@1ll e NMSS'subBiaSa £ XHINSISitaRS ndy e heS¢ds R rlalhe ideser iipt i on
that follows. 20 In the conventional circuit described in Reference 1,

vol t ages of deflinédarad the svlataraageplbiad.as the substrate bias vol tages of
PMOS and NMOS in active node, respectively, while 4.2 V and -3.3 V are
applied to the PMOS arlch NMIS aorventsionstlr atieduias a6l thgesuberaale i n 25
st andby node. When a deep substrate bias is applied thereto, the MOS
transi st or éddishiafs thes M rtatas shisdo re fcoastt ditm timige t heh €MOISr eslraiud tvolat age
thereof increases. In standby node, therefore, the subthreshold | eakage 3
0 JAN 208 -deppeyModifa afedie aapd igdhwhien ihe ¢MOPoGdremiE Asdaeti éi in
power consunption jin standby nnde 3{ use of the substrate bias in the

convent i ‘dhal°REFAHN HACTSIR F HqomefeLeshitomds $herstandbyugrdener

h hol d I i i t d tiv d / th
SUbstrate bR TERLAEae e AT AT RS Biredict d% SREEGEIET ¢ he
substrate bi %%[%Qlearf% ejry I%ef%rf%ae?gi: OWIatsh tth%e f%%%%%aa%f%n o&h%h%ata%tli%gt h

(Lg) of the ransi st or Genera Circuit "opérates at

hi gher speedsﬁ/gg& 2 sl I@rﬁu@éﬁgﬁlﬂﬁtﬁft%eg-asapg tatb?rlq_fegr..e,isdesi gni ng

a MOS transistor ‘With an 1 ncrease 1as effect °rn order to reduce

the subt hreshod ihdPalcrde HIJHRIY v tilrNdRY e das repnfhieCipiMdg had(3) For
the threshold voltage to change nore between standby node and active node,

a deeperlsubst rNawerhivas tayea P iagthl iBte fapplheatiMos "of whdeeper shahgbrat e
bi as, however, causes a larger drain-well or well-well potential difference
of the MOS tswdrsirstter b itaseriehyappdadidtg i20 stad dg loar dédre jodrhetri tlankdeakidge
current in the PN junction. The present inventors have di scovered that once
a substr at e Msans tthadort@ danar ivolimdd d¢ Arplieda VDS thea PMOSt'oandaviang a
smal | gate oxide thickness (gate _insulating film, the | eakage current is

not decr eased- BRI KHIRIE 25 FRiddreds figdt MO «i s TRSSIS eXPressdoss

Rat her, a junction |eakage current called the gate-induced drain | eakage
(G DL) curréHt® &ﬁﬁi 1o S WSSTaiRs 9% jttdﬁ‘r?@[ iféﬁ'ioé"fst'en resulting in an

i ncreas | eakage current, .for_an . . . . .
%ﬂ) 9 f% the conventional circuit described in

Reference 1, voltages of 1.4 V and -0.5 V are applied as
the substrate bias voltages of PMOS and NMOS in active
mode, respectively, while 4.2 V and -3.3 V are applied to
the PMOS and NMOS as the substrate bias voltages thereof in
25 standby mode. When a deep substrate bias is applied
thereto, the MOS transistor exhibits a substrate bias
effect in which the threshold voltage thereof increases.

In standby mode, therefore, the subthreshold leakage



3 0 JIIN 2003 - 4 increased power consunption in standby node. Fig. 19 is
a di agram showi ng the gate voltage (Vgs) dependency of the drain current
(1d) of the MOS tran sistor having a small gate oxide thickness. 1n38 JAN 2003

region 5 with a |arge drain-gate voltage3 t he | eakage current called the
A Dl current flows fromthe drain to the’substrate. The curve A indicates

t he depende%%%(__rs}ﬁ gfete eésséé ctﬁagb]tjprgcﬁcc(a%g‘b%fr the drain voltage (Vvds) is

1.8 V and no su 1as 1s a %0. The drain 10 current

(Id) with the gate vol %@g%- i current owi.ng while
the transistor is in o#r%g?f% e. J'Icﬁﬂte l'(s}lubqs%‘%%ghéo a lage l(;qpursrgeénng}{]oms in
the case wh Vas; | I @ya%FN j ndi,cat depgndency
character 1?0?15% [ ilﬁsfhde@(s:éahsée) ] besr e S 1B:/ledf’BBir{]/dfj’aﬂr:{% Cglos%‘;na Tavount  of

substrate bias-disitaRd athe S 1dWidd'pAskefiere a vol tage Vbb of -1.5V
is applied to the substrate. In this case, the substrate bias effect

reduces tshe subt hreshold) |cakadgyt WHeNthreitdid R otge & dhgmpnid ude

of the | eakage 20 current flow ng when the transistor 1s in off state is
det er mi ned hytdritbs nnide eald| b4 Bakagaie Wy aiie shitstotiiee Kiddfmdas, t he
dependency character istic in the case where Vds is 1.8 V and the substrate
bi as i s appluhed dapendbyep \Qf fudre edtamEnld wdheagmsen Wier esWlidt 2te -2. 3
V. In this case, the substrate bias effect reduces the subthreshold current
on the one M@f gfnieraklie d@dicanes entth iheadegrense hien dthergdtand. For

the curve C_the GDL current is a controlling | eakage current flow ng when
length (Lg) of the MOS transistor.

10 (2) Generally, the CMOS circuit operates at
higher speed with a smaller substrate bias effect, and
therefore, designing a MOS transistor with an increased
substrate bias effect in order to reduce the subthreshold
leakage current in standby mode is conflicting.

15 (3) For the threshold voltage to change more
between standby mode and active mode, a deeper substrate
bias is applied. The application of a deeper substrate
bias, however, causes a larger drain-well or well-well
potential difference of the MOS transistor, thereby leading

20 to a larger junction leakage current in the PN junction.

The present inventors have discovered that once a
substrate bias to some depth is applied to the a MOS tran-
sistor having a small gate oxide thickness (gate insulating
film), the leakage current is not decreased even when a

25 deeper substrate bias is applied thereto. Rather, a
junction leakage current called the gate-induced drain
leakage (GIDL) current comes to flow in the PN junction,

often resulting in an increased leakage current for an



30 .1I-Ni~0~ - 5 the transistor is in off state. The application of a

deeper substrate bias undesirably increases the | eakage current w3 JANS003

transi stor off as conpared with when a shallower bias is applied (curve B)

51nthis way, with a MOS transistor having a snmall gate oxide thickness,

it has been found that application of a substrate bias deeper than a

predeterm ned | evel cannot reduce the | eakage rrent, but rather increases
f Yoy

it due to tHEETIES ﬁF@ﬁF'§@§sH@Ptﬂﬁ@ past® ﬂ@bendlng on the 10

t t fil h i I t f t di ff

| yor) ?LJ”G"DL © (450 29 18 TG OGS 1AL e b et O

t hi ckness of i%?E lyne HAC£2S6S %r%nQO I@ggl&g%BIeNE%gQggn and
Jnge ofl e

therefore th substrate bias ed IS Iimted 15

cor r espondi nalgto T HiSridd o el Yard b al e sy R5lesdl, o0V B 234ikg | eakage

current of the MOXS tr aV|ng a small gate oxi de fhickne

unavoi daly y oiivH ted.ariqd drdnsuhide *Neadd, e%@qe@warg%nbu%%ntth%ah%&age

current in the PN junction nmakés it difficult to 20 conduct the | DDQ t est

for screeni nheo@IefRGirane F1QRMEC tfFoRC tBedidiG in0 toh& heu k@i riakewi ng in
the circuit. SUVMWARY OF THE INVENTION In a MOS transistor with a thin gate
oxi de having the gate Thd tcagwe( ¥gdnddepardenty dependeticy chawaceer-(1d) 25
in off state as descri bed above, the nmere application of a deep substrate
bi as has no ismififd direrthesfdaset whfereedihel miy atime vioddlegge (Vdisnerits. 1.8 i g. 19,
the curve D indicates the 3 0 JA-J c003 - 6 dependency characteristic in
t he case whénd @Qj@éwsélmé?ter Miaspiigs appldmd (¥ W ¥)-2. The) daadnt he
drain vol tage (Vds = is further reduced. By decreasing the power

suppl y @61té@€WQ?qlﬁ%ghmﬁ}that@@éﬂa§@b§P@§@§ebﬂ¥§sﬁ @dn YpdSappiSi ed to the
well while limting the val t age .applied between the diffysiqgn | ayer and the
wel | of the %aﬁeaﬁéjirs‘ied‘r tfg'%éﬁ’lé’rgglwihla‘zﬁ E(%l r§“v°’315|1?°trh|l§ d&sEFL Furt her,
the foll ow ara erls s are Since.the ele ic field
amount app! 1455 3‘*} ST e ntbe i%*)rsrﬁént I St eabhel ¢
i's reduced wy gnE; tt Rekeabouts. (2) Wth the decrease in drain
vol tage, the aln n uce arrier lowering (DI BL) effect increases the

threshold vol tage of i MdEvd ANSindli¥atdsh tih %e@%ﬁ‘a’er&: cla%z%'é*%%frr at e
bias is applied and therefore the DIHL effect is hance 19,

conpari s bigfgirRen it Whee = s eARthePes Rgs <t hatg tvh%n|de&k%%lquralin%ﬂhtl Bt
generally smaller, the |ower the voltage Vds.)
substrate bias is applied, e.g. in the case where a voltage
Vbb of ~1.5 V is applied to the substrate. 1In this case,
the substrate bias effect reduces the subthreshold leakage
current. With the curve B, the magnitude of the leakage
20 current flowing when the transistor is in off state is
determined by the subthreshold leakage current.

The curve C indicates the dependency character-
istic in the case where Vds is 1.8 V and the substrate bias
is applied more deeply, for example, in the case where Vbb

25 = -2.3 V. 1In this case, the substrate bias effect reduces
the subthreshold current on the one hand, while the GIDL

current increases on the other hand. For the curve C, the

GIDL current is a controlling leakage current flowing when



Utilizing this dependency characteristic, the 20 | eakage current can be
remar kably reduced when a transistor having a thin gate oxide is i@ﬁ%&Nﬂm}
state. For realizing these substrate bias conditions with each Mos” Y /AN £
transi stor when the chip is in standby node, the power supply voltage of
the transistor is required to be reduced el ow a normal 25 operation |evel
to further d$Fpen t he substrate bigs to be a%%Iied. Acc%ndin to a nethod
di scl osed i FRFPLEEPSISAORS 1,1 n 5&@tEner T38 PEFS 1cAkd°BuRLt Rat e bi as
voltage is 3 0..11=N 2003 .control]ed to.redquce the subthredhold current
by increasiﬁ&epﬁg'éﬁyéﬁﬁ?gevgﬂﬁé Jndegd T QSHGFJeﬁéfgl%gp df@%E9%nsi st or

in standby npde and_at .the sane ti.ne, .the power. supply, valta f _the
transistor iSF& C&&tﬁnt%ﬁa%Faﬁﬁlggﬁ&bg%ths5C&EP@H a%&&é %ﬁF efit and the
band- band t I cyrr a1y thi l,- known met hod, however, each
means invoI%e%ﬁﬂgkggig%%Fzgﬁ tg&ﬁﬁf% A%M?X e%@ﬁdent effect, but the fact

fails toge recognizedq hlidl hase WRAN 3 Rraritsdiol navihee! sl

reduci ng the | eakage current O tively inathin-filmtransistor.

Al'so, in thedieSea3Rd thalkiNesRUb!iC Hals0bee Fon@ AHatP QWYL iTURALY vel tage
determ ned By the hot electron effect (IntVcc + p) higher by D than the

internal powersubéRitate’ dilaageid & Haer a e cdichteirmigiede Nidvenalcafibltods i s
applied in active node, while 15 the internal power supply voltage is set

to a val ue nesiucé dfieN l(dakadec curzent butt aadhermddereases rigsdiute, tohi s
circuit operates at higher speed than the other conventional circuits in
active node tdred GIEdr eageentn qyaierst rthet gadhy baddef . Th®epreingd imgc ognithieon i n
this method is that 20 the scope of change (D + [err]) of the internal

pover supbl yreagigisden prafddged sMathias tthe iapge idtiash € ams@ndiatd opowdr
supply voltage of the internal circuit. On the other hand, JP-A-10-229165
| ai d open A fdiffusieys layiegoodde £t Ko neR twificdh st HOSh& ram-
substrate bias voltaqs and the power. supply voltage are cont&glleg in

Afage s

standby nmodé&L1sE9% RAYINGke & idtde FEds eSFo St AOF HOEE

reduced for .changi ng the threshold valtage, This conventional hod al so
fails to  ATCLRTD0GS % PPEASH IR E T als T aNES Move, when
i netuded i n 2 {du B 1D AR b Y G e SN G off fieCl i degduci ng
the | eakage "curtent, but discloses a technique of chariging the change
amount by C%ﬂ&é;&d}mfﬁ&y&ubsﬁr{@ﬁ 2 RS pialdrage-tand Hh@ franer ouppl y

vol tage 1 nstead of by changing the substrate bias voltage alone. In order
to sol ve thedyyilmyaesEdirE ahdveent of the MOS transistor having a
small gate oxide thickness is unavoidably limited.
(4) The subthreshold leakage current and the
leakage current in the PN junction makes it difficult to

20 conduct the IDDQ test for screening out defective products

according to the current flowing in the circuit.

SUMMARY OF THE INVENTION
In a MOS transistor with a thin gate oxide having
the gate voltage (Vgs) dependency of the drain current (Id)
25 in off state as described above, the mere application of a
deep substrate bias has no sufficient effect of reducing

the leakage current. 1In Fig. 19, the curve D indicates the



according to the present invention, there is provided a sem conductor .
integrated circuit apparatus conprising a 10 first controlled ci r c@ilt JAN 2003
including at least a MOS transis tor, and substrate bias control nmeans for
generating the substrate bias voltage of the MOS transistor, wherein the
substrate bias control neans is set inm férst node thereby to allow a
conparativegégégfe current to flow between the 15 drain and source of the
MOS transis anen e aiasstaraiss isi d et celsenadere @ sk@epi n second node
thereby to control the conparatively |arge current between the drain and
the source GURSE IS hiddnsissEpPlisd (VPR Fer2vdl Yo, amse thier sradant rol | ed
circuit being_inpressed with a_higher substrate 20 bias voltage in second
nmode than i p{%yt,age f S orl thd IPNEs FuTihe s F&Aused - miYe S€ETSRFSERTa | over
substrate biias voltage in_second node than in first node for the NMOS
transi stor, t?‘r?e Pﬂ“f%‘? SHRRIY YO agS S TS WEYirmGr &SR SHOSH TR tRoReASponer

I | t ' d d h N 25 .first. mode. Furth third d
s def i nd, A HhE BRINSHT ate Bl Cn P e 1% 4 YS35888d or thi rd
2008 g < RO Hugelf HRTRR AR B e (R AT UR e i e,

2003 _ g _ n and sourc ransi st or smal I'er” va

In the procesSnditddd & LEML19 Wl ud [(@Uist v Sl PNieS ey t hpdy 'g@ er

substrate bias voltage in second and third nodés than in first no dr the

PMOS transi sy folakiihd @Riraststisttie hiade Wtadgd.n second and third
nodes than in first node for the NMOS transistor. A |ower power supply

vol tage may be applied 1) simed vt ed@ettrdd €dedid @uicunt appdded fede t han
in first node and the same power supply voltage may be applied to 10 the
first cdrtrdhedatia axitde rfitlm ric medesmed 1 rhiaitr sthened®L Anceeditng st o

anot her aspect of the invention, there is provided a sem conduct or

i ntegrated dladngead afen Mas oM Simdghersaborndscontrol led circuit and
second 15 power supply voltage control neans for controlling the power

suppl y vol tage of the (cdHdhcdhe slacagasier dii draimev@liage f ithet dyada t he

second power, supply vol tage control neans allows a conparatively |arge
current to fqrﬁﬁpc%g\ﬁ@erﬁlte%e I ring, d D&l c efdecitnd asegndibStor in the

ol tage. contTBievsak YEorAasl & He AREERAerErRey | ol (e A dbet-Aon”
the dri .t Aansi [ |l.ed.ci it
Lo a sl o VAHE % BT cand PR ATy e S A DFEt ReFeelo 46 1

| over pover iiRlded/.ol t@ge Fiy Saeond e ilshdh Het Wddns o uiRde- cp%ﬁ%r supply
vol t age neans controls the conparativel'y |arge current between the drain
and source @gfhduie tHRR thanSiedi@igd U@ nTeG@Ndem@Haalyl @hadilledyi thko a
lower the voltage Vds.)
Utilizing this dependency characteristic, the
20 leakage current can be remarkably reduced when a transistor
having a thin gate oxide is in off state. For realizing
these substrate bias conditions with each MOS transistor
when the chip is in standby mode, the power supply voltage
of the transistor is required to be reduced below a normal
25 operation level to further deepen the substrate bias to be
applied.
According to a method disclosed in JP-A-7-254685

laid open October 3, 1995, the substrate bias voltage is



smal l er value the second controlled circuit being inpressed with a3HPWEN2%3
power supply voltage in second node In the process, the substrate bias o
the MOS transistor in the second controlled circuit nay be 3 0 .N 2a03
controll ed by the substrate bias control_neans to a voltage value higher in
second and third nodes than in first nbde Tor the PMOS transistor and to a

vol tage value lower. in second and thir des than in first npde for, the
NNOS Bt andia oL 14 £ (HAAG A |SP TR RRN AT R \PY, MAIGRRAS Hidiat a
path circuit wherein the data flow.is preferably parallel between the data
path circui tth@R ‘b‘%ﬁ/\e‘faa]d'b? e ﬁm@w Nek A e AN IF e
data path circui l.i.ne controlled the secand .po

t 10 t
supply vol ta’gfb %ﬁ‘fﬁk@f s %es.gwihu%% i 8t tte]rr?‘?s’, @ﬁee R%"feersﬁoqp(fl\?'o}lvte;ge of
the MOS t ISt titutl b irst I { it
e MO S S0 SRS A 1 L SRR LR e
[ it gﬁg? gﬂﬁg t : t 4 0.5V,
gln(rjc't“he ![ rZ 0 glvo t%%rgé/%‘fbxe?#e) ﬁrﬁéam%_o%r&%?%ilng t eehggcond
control | ed cdysriddt MyrDeciod yoI B kdvh Ghéxnbd FldWder | hadipWsardd ne of

t he second controlled 20 circuit controlled by the second power supply

vol tage contimloXeedISid Sre@dgiDied ttemdse ah | Indasanndemb et feldte, pover |ine
of the second controlled circuit controlled by the second power supply

vol t age conttled feeanstpikrd etalby tecsogamnizededeatcetltdse amsdnd iheeve iaves as

| arge in second 25 node as in first node. According to still another aspect
of the inversymergiskeie ¢sferbvefieteducsiong curelubeataganteuprany af fean t
apparatus conprising a controlled circuit including 3 p .IANiOO3 - m a
M S trankl stiotvely finsa ehinrbileitwansistrr com¥sd i iy the SiazkasedE bi as
voltage of the MS transistor, a second control circuit for_ controlling the
power suppl PagRageuiicaeian s 3R Rl REWEROIRPRIYAQLSaHRit neans for

5 trolli th de of th trolled ci it in the fir. d
cecond cont AT ERIURRY S N oY oF S TP R o1t ol ROV 1 St Peahevol

[ s f th [ h ' b t
meane, Al S0 DY n SO TR TR e SR 2 L o0 A0 CHY i aPEd Rg B

M S Lranst stifnef doA9lnCOMIPInEtase {id CoFPILA Ol | Ak HYe ths! il 21 1 as

vol tage of t S transistor, and a second control circuilt contTolling

the draips sooe; oA Sbutheedbly FAIBEALEN s ek od & hafis et rol

circuit 1s set in first de thereby to allow 15 a conparatively |arge
current to fyevmbet pegevéde- dAaiJn NG tINAEL ifded MBS ta afesiugheqr thiilke first

control circuit is set in second node thereby to control the conparatively
| ar ge currendibediveespéhetds aath hbghsousseedftiidme S dtloesi sdroveno a
smal | er value, and the second control circuit
tional circuits in active mode and decreases in power in
standby mode. The only recognition in this method is that
20 the scope of change (A + A') of the internal power supply
voltage is changed within the range of the operating power
supply voltage of the internal circuit.
On the other hand, JP-A-10-229165 laid open
August 25, 1998, discloses a method in which both the
25 substrate bias voltage and the power supply voltage are
controlled in standby mode, so that the change rate of the

substrate bias voltage is reduced for changing the

threshold voltage. This conventional method also fails to



20 controls the drain-source voltage of the MOS transistor to assune a | ow
val ue at least during a part of the period when the first control c}gcNt0l3
is set in second node. Also, fromthe viewpoint of wiring in the circuit,
there is provided a sem conductor integrated 25 circuit apparatus including
a CMOS transistor circuit, first and sedbrmd virtual power voltage |ines
connected to the source-drain circuit of .the q%g;tran istar, .a first

substrate biFEEIIHES okt mMeals MR e AboVs ashens inciudgeddds - 12
Second. subst LT LT (ERATSHS S MAVA G 1 NSHARICo SHOES b 6 age. of
5" rouit 1 ORI T g SR 3D R g o e s sRde t s S g
control 1 ng SRR S, I Ahed MRRTRY Sonticad bl Whe SRIBLAT® 1o ate
bias 1ines ypvar d,41q7, FHrﬁij:ftlﬁ rthd%Fe‘L %%rglg‘l} szfoltﬂa]r% iHdtldid g process,

t he apparatus may co Ise a power 'y "voltage |1 ne connected to

the first vigiaigdimpwale \RIBAd&dd N8 dd T ge fdiloHe.sW tch and connect ed
to the second viTttual power voltage line through a third switch, and a

second power voltage limecEnes eblife tthd e ckaeard ddsdrided avey0l t age
line through a third switch and connected to the third substrate bias |ine

t hrough a f @uddrdiwid civ tdhe prewentspasidntcidrgy abierea iswipgrolvickeld a ncl udi ng
first to fourth switches and a plurality of cells 20 including a CMOS
transi st or regmizm ratuchvge dirdl egnp tide diineti tampseedud wontpurdls imgwer  vol t age
lines and the first and second substrate bias voltage lines. At the same
time, tHO fifigistamPatOned iTinsliponaludingagd lieass andOSh&rmansss-and
second substrate bias voltage lines are arranged in 25 parallel to each

ot her, whil &Xve 319G FURFTF &R dHRHFARL LAY MEFE S ii8s gneratinweda n a
posi tion perpendi cul ar. thereto anggéﬁﬁlsmﬁtch cell, can be_arranged at a

posi tion nedtHS tiAthP ¥ ORI oS WFANSFL AL AOSIEHT Pe 3 0
, AN 2003 - 13 .th lls, As th I t.h i i ged
sem conduct osru395n % E:cre;t elbasscﬁ'ocfhtﬁ"tno ﬁe;ain%{(a c,sge’ﬁ'pﬁngirfeﬁél 53: o8 S:?‘fr{gelbé't or

i it, fi j : { t 5 - i i it of
o QOB | rangiecar o ¥ PR RO bR [t the? AOHIOE MR A ©
subst r ate; bifs, M0 P& Ardd1& PN A i1 SUIStIHiUld Rhd RAEMRte

transistor circuit, a second substrate bias line for controlling the

substrate bipiay ddrdo0mddis NMOSdt ah Hedind HodedRrHdridly e [denteMIS
transistor, and a control circuit for controlling the potential difference

bet ween t he the stonpurseiowsty | lawsfe doywwertd bdtwemtt Heh@lradne dandrehe
controlling the potential difference between the first and second substrate
bi as |ines pwaraee faf therNtetteransisatdls twerd eladfler maluks d$thd [fiasdt her
exanple, there is provided a
controlled circuit being impressed with a higher substrate
20 bias voltage in second mode than in first mode for the PMOS
transistor and impressed with a lower substrate bias
voltage in second mode than in first mode for the NMOS
transistor, the first controlled circuit being impressed
with a lower power supply voltage in second mode than in
25 first mode.
Further, a third mode is defined, and the

substrate bias control means is set in second or third mode

thereby to control the comparatively large current between



met hod of controlling a sem conductor integrated circuit apparatus
conprising a MS transistor, conprising the steps of perfornming a f&0stAN 2003
operation for reducing the sub 20 threshold | eakage current flow ng between
the drain and source of a MOS transistor, by controlling the substrate bias
voltage of a MS transistor, and perfo"rrﬁ ng a second operation for reducing

t he drai n-squrce, voltage, of the M.S .transjstor, wherein the peri.od of the
first opar s Graln i Roulnt® Me cie W aans BTG (o B STRAieds of 1 he
second oper ati,on. a further develgped .examl e, there is pravided a

seni conduct cha]iurﬁ‘leIa[’t SIS ARG S it S%oﬁr?ﬂtﬁ ed LIFCHAY JGo3 - 14

first and seqond LId eultc bl OGkS A UAING: 5 UGS  IARY SIOTL Tl Lo

wher ei n each oCK 1 nc s fir secon I'nes conn

sour ce- dr ai | Gl (ﬂt\)gp By S 1 j Wt j ; | t age
line for con r{r?dol [ n]:tgd gﬁot(%agestu st rlar{ Zf%s?sq{/dcﬂe?é%g S-T[hetshe gw%%tnfgé%;o\gor
constitutgn & QR A ‘B'ra“sm\}oltaagg% & 15 U h P natig-Pi as

vol t age IE{ ngar*d(;r cont rxz)l | né&tﬁe substrate bl as n\S/ol tage of the J"Nl\/DS

transi stor GRfdd tHdmdd e Omddeand B itdfe NMUY &iraddigtdd.st circuit
block is controlled 10 for a predeterm ned period of tinme in such a manner

that the voltage suppla €bver glowerastupplsy ofolttiryd M8t BNdfAcded dd nes
undergoes a change for predeterm ned period of tine and the potenti al

di fference beteveirdthedrtsil laadl ciaonnid sib Sacaimed Mok |theas imdriastes f or
a predeterm ned 15 period of time, and the second circuit block interrupts
t he vol t age madspldratl the stane guwanesufpitherdlitagte aray s @ppliaksdor a
predeterm ned perjod of tinme. These and ot her objects, features and

advant ages dfhe HelpfiteRantiahdat vt Beddrvgamedems i diggtof 20 the
followi ng detail ed description of the preferred enbodi nents in conjunction
with the acdffamying drawi ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS Figs. |A,

25 Fig. 2 s a di agr afCSRARTLE Ao s St MR sk SR BN vent  on.
D03 TE S AR PR IR fifagecl @y Qfado 2003 - 26
apparatus comprising a second controlled circuit and second
15 power supply voltage control means for controlling the
power supply voltage of the second controlled circuit,
wherein in first mode, the second power supply voltage
control means allows a comparatively large current to flow
between the drain and source of the MOS transistor in the
20 second controlled circuit, and in second mode, the second
power supply voltage control means controls the compara-
tively large current between the drain and source of the
MOS transistor in the second controlled circuit to a
smaller value, the second controlled circuit being
25 impressed with a lower power supply voltage in second mode
than in first mode.

In the process, the substrate bias of the MOS

transistor in the second controlled circuit may be



different fromFig. 3. Figs. 5A, 5B are diagrans showing the prior art. 5
Fig. 6 is a diagramshowi ng the enbodi ment of Fig. 2 conprising power30 JAN 2003
supply voltage control neans. Fig. 7 is a diagram show ng the power supply
vol tage control means according to an enbodinent different fromFig. 6. 10
Fig. 8 is a diagram show ng power suppl}ovoltage control neans according to
a nore specific enhodinent. Fig. 9 is a_diagram show ng control waveforns

for Fig. 8. FaRNFToress by dibgyrshReHAhS P Snaoidd B msams 19 & gilitpge
arranging the swcell .in Fig. 8 accordjng to an enbodinent. Fig. 11 js a

di agr am Showagie T 101 I5RA1T. ANk rHAF hAOSRR Famh e N et Miode g 8
accordi ng tao. an .enbqdij t. 20 . Fig. 12 is a diagram shawi hg an exanpl e
layout of a aﬁ}faﬁkger rfSJ(Fstic%g ik %dﬁoﬁ%ﬁg%f"aﬁi“& %é?_"’"ﬁ gt 13 is a
di agram showj ng .t he r. suppl y val,t.age caontral neans. differ fromFig.
o B e 1aA S RF dLiR AR WA R SRRk PR cont r o
means di ff ergnt, f4 fﬁg. 6. Fig. 15 is a diagram show ng the power supply
vol tage control neans different fromFig. 6. Fig. 16 is a di agram show ng a

chip test sequence  also, the controlled circuit preferably includes
a data path circuit wherein the data flow is preferably
parallel between the data path circuit and the power net of
the lowermost metal wire layer in the data path circuit of
10 the power line controlled by the second power supply
voltage control means.
In numerical terms, the threshold voltage of the
MOS transistor constituting the first controlled circuit
may be not more than 0.5 V, the power supply voltage of the
15 first controlled circuit in second mode may be not more
than 1.0 V but not less than 0.5 V, and the threshold
voltage of the MOS transistor constituting the second
controlled circuit may be not more than 0.5 V.
Further, the power line of the second controlled
20 circuit controlled by the second power supply voltage
control means is not more than 0.5 V in second mode. The
power line of the second controlled circuit controlled by
the second power supply voltage control means preferably
has an impedance at least five times as large in second
25 mode as in first mode.
According to still another aspect of the
invention, there is provided a semiconductor integrated

circuit apparatus comprising a controlled circuit including



3 0 ,11N c003 - 16 according to an enbodi ment of the invention. F|g N5§§ S
a diagramshowing a chip termnal structure according to an enbodidife }ﬁ 9
the invention. Fig. 18 is a diagram showi ng the structure of a 5 chip
supply power voltage term nal according to an enbodi nent of the invention.
Figs. 19A and 19B are di agranms show ng ihe-gate voltage (Vgs) dependency of
the drain current (l1d) of a MOS transistor having a snmall gate oxide

t hi ckness. B0 MISstaprictalr PHE iPREFCRRED CBVBADIOVENT $oF gontralliBashow a
basi ¢ enbodi nent of the |nvent|on Ref erence characters vdd designate a
power suppl W\?olstué’@é'—r% biaf dipddass edgdhe/ iy S te@pstsdos hisasagendage of
a PMOS, vbn a sub rate blas vol tage of .a NMJOS, 15 nuneral. 100 a CIrCUIt

i ncl udi ng a 98% ISt HRFmseR r PALIRG RS ROWSS FuPHlyaye 1ia9er of

circuit, numeral sub trate bjas cont.rol ci.rcuit, and nuneral 103 a

node si gnal rgnaﬁn |"}‘l’élel(§§'91“§l'L“ Ut PSRNEGdO%0 of 1.8 Vis
li ed I | t
control 1 t%ﬁnﬁ’; i ohgd T rye%lse%a%&“r’%éﬁ”p% ey the
vol t age of C]El\fsacs a‘ﬁ@ otntge csog: olat c%ntr g 02 °§%2:§% th
e

circuit 100 enters an active 1o an pab

operati on. '?f‘ra‘i A%y ‘Mﬁe o U%g%g%&%naﬂoﬁ%% 'b%s'é'Ef on theh‘iho%teher hand,

a voltage of .9 Vis applie
signal produced from the mode signal input means.

Also, the apparatus comprises a controlled
10 circuit including a MIS transistor, a first control circuit
for controlling the substrate bias voltage of the MIS
transistor, and a second control circuit for contreolling
the drain-source voltage of the MIS transistor, wherein the
first control circuit is set in first mode thereby to allow
15 a comparatively large current to flow between the drain and
source of a MOS transistor, the first control circuit is
set in second mode thereby to control the comparatively
large current between the drain and source of the MOS tran-
sistor to a smaller value, and the second control circuit
20 controls the drain-source voltage of the MOS transistor to
assume a low value at least during a part of the period
when the first control circuit is set in second mode.
Also, from the viewpoint of wiring in the
circuit, there is provided a semiconductor integrated
25 circuit apparatus including a CMOS transistor circuit,
first and second virtual power voltage lines connected to
the source-drain circuit of the CMOS transistor, a first

substrate bias line for controlling the substrate bias



3 0 JAN 7?2003 - 17 O V as vss by the power supply voltage control ;Hfgéﬂgmn
101. Also, a voltage of 3.3 Vis applied as vbp and a voltage of -2.4 as
vbn by the substrate bias control circuit 102, so that the circuit 100
enters a standby node. In this node, 5 (1) the substrate bias voltage is
deeper than the source potential of each2MXS transistor, and therefore the
threshol d voltage of the MOS transistor in the circuit 100 increases due to
t he substravelifiege offf &b, PMOS (2pnshistdraiconstlitagdéndr ope, CHO8 thenef ore
the 10 threshold voltage of the MOS transistor in the circuit 100 increases
due to the &i&ter edocadthasr iseconcwsiibsy rabeBb)iashdaorefion. cTnsseltwo
effects can _suppress the increased power consunption due to the

subt hr eshol & igakdGe sabsitartel bigsnyrdérds PIndhe NHAS tHagsia8B6¥ node of
the prior art. Fyrther, the D BL phenonmenon is |arger, the shorter the gate
|l ength Lg, &F@Siti&vdidde thige CHPFatc@NSE SHOR Slgruiri 8R9cEr FOEEERMI ngl y

i ncreases the effect. The rejgnt i@&gnti n uti&iﬁe% t he sgngrgistic 20
effect of t FdTEGtT SPTofOPhE Osuphdy tP61 PRIEN AAL: ATLELEPFE: BeEWEE™ As | ong
as there is i.od during which.the de_of a reduced.drai n-sourc

Vol tage is S0 Easaa A Rkl dde el theds ouSens: o plRL SoaRPAEE (e
effect of r i t S I n 25 i to
That extent TETTET ons SATha opsI Y oo iasd vhruEobagiAl SistePeREs, oo

val ue can begharged Heorr itsaNsinld ARcbRdeduPbsRdec2bial ¢3hkikehplya®yng than
t he ot her. 3 0 JIIN 2003 - 18 What should be noted here is that the

mal functi on fRfr Ehereidedldrnihed perded bIbhyner.evented during the transition
to each node. It is effective, for exanple, to control to assure the

transitil@n to each node ahley paloiceissy edrpDlapparatae ahyt kenppésat mon of the
circuit 100. The supply voltage and the substrate bias val ue undergo a
change and <dsdepovies dalpgyl ye varlaeatger ildniec coenhecteld the thier Eirst100 duri ng
the transition. In the case where the circuit 100 has a sufficient

oper ati ng naridithadgaowsr meddagro hidler &gaoughi at ifdast swdtchagsdtion to
each node is possible while the circuit 100 is in operation. Normall
however, tr&PHNEHE% Foeddle FEFONRhiVIEtuRd FoWei Vois69es LiReopBraledn i s

f f. mal function. In th wh h at f th
circuit 15 001 o B ue Aoy T e BN VeIFaEY TOPEagBTaRE Ehe
bstratg bi | ye, | L de, it hat the circuit 100
begi ns 15 ool ATE SREoE ViRl HEMERS e SAT A SRy Mode P TACt i ve
mode, only %Rhﬁ%gp%ﬁﬁF il 9$Eﬁ%ﬁ%hﬁ%ﬁﬁ%u%%%&%%FV8E5§93iﬁ@d the

substrate bias have béen est abli a e value Tor active node. This

detection My, R feterdduird, Y Pu toring each voltage value or a timer or
the like may be used to wait until each voltage reaches a predeterm ned

val ue. Either method qanapm+@nispded fiRl layeliton a0kwikencceqdi iné@Ud-25
Fig. 2 shows a specific enbodinment of the invention. In this enbodinent, a

circuit CKTAngnditdes ta Mogirttolswageheisr and ablpdak alKty aifdcalllsw vol t age
circuit block CKT2. The high-voltage circuit block CKT1 and the 3 0 JAN
2003 20 including a CMOS transistor may be arranged along the first
and second virtual power voltage lines and the first and
second substrate bias voltage lines. At the same time, the
first and second virtual power voltage lines and the first
and second substrate bias voltage lines are arranged in
25 parallel to each other, while the first and second power
voltage lines are arranged in a position perpendicular

thereto, and the switch cell can be arranged at a position

nearer to the first and second power voltage lines than to



- 19 lowvoltage circuit block CKT2 have different operating voltages in
active node. Also, this enbodinent is configured in such a nannegntn@pmmnly
t he substrate bias voltage of the MOS transistor constituting the '

| ow-voltage 5 circuit CKT2 can be controll ed whereas the substrate bias

vol tage of the MOS transistor nmaking up i3he high-voltage circuit CKTL is
not controlled. Characters vddqg, vdd designhate power supply voltages which
are applied B¢ X®ldfand 1.8 V, respec 10 tively, in active node.
Characters vss designate the ground voltage, vbpg a power supply voltage
applied as the substra®® PMAENSF eXPMIS FHELR ah?iRE Hokded agoﬁ@h%ﬁ@}r not

specifically limte is 3.3.VII ddg in the case under consi deration.

d, i ke.
Ghar act e’ v%lbiz%%ibﬁa%%rﬁ%?swﬁgﬁﬁea 35585 R S RS, “and vbr
i . N ] , STBC1L i
tubstrate E‘fﬁgar'&%i#%:%?f%ﬁﬁf e BEGAE Li;%%ﬁ)sﬁ?rg?%é%? R thee
i it T2 t i st 1 a. t , DC2 DC- DC
conver tert, HOe s RePndELreoht ror 41 Ses Voo 1 575% di odes,
First, the power. supel i sySt e OfoFl GonPriid Lnbc: Hesal def: Ihe substrat e

bias control circul I's supplied w power Supply voltage vbpq

for generati bsgr | r agested by the
25 battery B%%@?iéloﬁ%h@%ﬁeﬂ%%?D%P%:%%\g%?%grc%sc%e T‘?gpggrfl?éage I's the sane

3.3 V as thecyohs ageoy ddtrcdie, hh 0berohd agebstFate th AF 11 iNe! £6les a circuit
operated at 3.3 V supplied fromthe vddq term nal. Further, the power
supply vol t agentr810ing AAh&08Ibet 28teObiddevdDvay®l d AOEhEi MOS tt L322 i S
supplied fromthe vdd terminal, which in turn is supplied, through a diode
D10, wi th0t heistgr \cpnskitsuppy ythel CHMge € a0 idomst eandya t dxenixs DC
converter DCl and stepped down by the DC-DC converter 5 DC2. The step-down
vol tage of ther@CibCfennsenteelborgi theepotenthal dhbferencelbetveen. g v. A
pat h i ncluding the DC-DC_converter DC2 and the diode D10 is connected in
paral | el to Bh@afhrshcandi seconddeinen 19ewnyand Wil e tae Lhdse3me et Qs
systemw || be explained. 10 The substrate biases vbp, vbn of fhe MOS
transi stors FAPERRLEIRGUERE ROBERF LAt oAt BET BRC R PEHECRR PR o X B And

control circgit §%FK£. The sggstraie biasesao% he MOS R&ansisto&i in the
hi gh-vol t age® 7 7ehi ¥ aERPTRZ SUBEY r WLRhT sk chi FEPIRT PRt ReSTBCL are
not specigiﬁgé#yoéig%tggme15 The signal lines other than for the signals of
t he power” supply system and the substrate bias system described above are
not shown in Fig. 2, agd Lhe) cophboHERt LRMmbIET eOhets NOtLspRgadACRllY
limted. Fig. 3 shows a control netﬁod %or %Ee'ggé%uitﬂgop?nc$uded in the

enbodi ment Fh&thddi Of a8bh¥ Lo PRy a8 ds &k 2BERIuEBEE . iVhEGraved Ceifeiit CKT2 is
in active node, a voltage of 1.8 Vis supplied to the power supply voltage

term nal vddapbparéeusi conptri€kidgd. aThis vpahagetof, lcGnprisingpphe esicdyys

st eppi ng down, through the di ode DC10, the 25 voltage generated in the
DC- DC converofrpé&Clormhegval f aget dopprdfidnefon vedudimgethe sibout 0.6 V.
Thus, the voltage drop across the three diodes D11 to D14 is 2.4 V.

. Ther ef 02@, thregholidsleahage oarrenh 6lewingthetweer wherdrahe and 0 JAN
2003 - 21 DC-DC converter DC2 operates in such a manner that the voltage
V11 is 1.8 \FORRCEhRf o hEPShhRans¥8FPagRE SPNEreliingdthe\suhetEadbti ed by
the substrate,bias control _circuit, STBCl as the substrate, biases vb vbn
of the M5 thiRSi Eo5CRgssohuki HES UPTERRIEFPEyi Frei@ar omming & secohd

operation for reducing the drain-source voltage of the MIS
transistor, wherein the period of the first operation is at
25 least partially overlapped with the period of the second
operation.
As a further developed example, there is provided

a semiconductor integrated circuit apparatus comprising



As long as the circuit CKT2 is in standby node 1, the power supply %ﬁ%age
termnal vdd of the circuit CKT2 is supplied with 1.8 V as in ébﬁﬂ%% de.
As substrate biases vbp, vbn of the MOS transistors constituting the 10
circuit CKT2, on the other hand, voltagﬁ% of 3.3 Vand -1.5 v are applied,
respectively, by the substrate bias control” circuit STBCl. Since the

el L2 e AT LG S R S
Lot G, S Y Ll S YGRS
thus. st ops. STBMSATRT (1L iRt S G T Ao 4 T e DR oA
L o L SRS L g gL
0.6 V X 4, {fiSsobppttdhide VOILa0e &f thd PhdP dhgnPaesr supply vol tage

termnal vdd of the circuit 25 CKT2.” Voltages of 3.3 Vand -1.5 volts are

applied by tdensStpsitiie DheScORNf LAnS] €t teirod e, S Aregetdnds i n
standby node 1, as the substrate bias voltages vbp, vbn, respectively, of

the MOS transilsé Of Stadkidg wpltdge Cligeli for SofkxdN ifPIhe Zhbstake As
descri bed previously, the subthreshold | eakage current of the MOS

transi stor vibids avehoage gaf ethengids (txgndibst ear featar Etwitind ot hvéh aaMOSs
called the drain induced 5 barrier lowering (DI BL) effect, as follows. (1)
t he | eakage transistehargesreiporkatfirsy ¢hregubpdrlodhn i eontrillied
voltage as well as the gate voltage, and. (2) with the increase in the
dept h of1@ hefap apsedeternined perlied £h YbNe o wPemidminencihdlses. In
standby node 2 shown in Fi 1) the drain voltage of _the

transistors ?%et%lE?Q%Lﬁ"Eg@(%%di("s | Beterplancre a?fb%yf%%l\é%% and (2)
Lgﬁnggzt Cmazﬁecgérg&\ﬂg!&égggn&gégg%% C ér?gez'f'oxlprye & er'n:tgir\l/eci [:())éIQiO\Q ¥
time and the potential difference between the first and
second substrate bias lines increases for a predetermined
15 period of time, and the second circuit block interrupts the
voltage supplied to at least one of the first and second
lines for a predetermined period of time.
These and other objects, features and advantages
of the present invention will become apparent in view of

20 the following detailed description of the preferred embodi-

ments in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Figs. 1A, 1B are diagrams showing a most basic
embodiment of the present invention.
25 Fig. 2 is a diagram showing a more specific
embodiment of the invention.

Fig. 3 is a diagram showing control waveforms for



V) for standby node 1. In standby node 2, the DIBL effect increases dugwgo
the facts (1) and (2) described above, and therefore the increaséﬁﬂdA% r
consunption of the circuit CKT2 due to 20 the subthreshol d | eakage current
can be suppressed nore than in standby de 1. The | eakage current can be
reduced in standby node 2 al so due to'tﬂg fact that no G DL current flows
when the transistor is in off state as shown in Figs. 19A, 19H 25 Fig. 4
shows anot hérr%ntfodi ment. In Fig. 3, the substrate bias voltages vbp, vbn

in standby node 2 arngontroIJed é? t he sane v.al ue as in taQﬁgy del;. In
the enbodi nent of FigF¥4#" thetS AL SO Ak SHFTRKE (e CORFIPL | - -

?~0~ - 23 i.s. controlled in standby node 3 to a deeper value (-2.4 V)
t han the valUue _rfng: {%r%rfelsc-{'a dby node 2. This control operation can be

reali zed by designing Ft%e)sq.s%,t regt € %%Olshgﬁi%ﬁ ;t[h?r%]giotlo ar}q:n_i tor

the vdd 5 voltage and v t age and to gen e substrate

bi as vol tages vbp, vbra; BY doidG SPhadfrHE 8T w P SHAt | ASneHH eis
applied in standby rm(?el(‘g of Fig. 4% an in swtla dby node 2 oeFig&gS. In

standby noderid.0fy Ridkpris iy (Fowdhes iy vealdage ntha Mg, ansi stors

in the circuit” CKT2 is |ower” than in standby nmode 1, and (2) the substrate
bi as voltage of the PMiIgy)s7 Zdt &/ diagkrah éhowlry OhapE@mmawgpyi th 1.5 V

(=3.3V-1.8YV) for standby node 1, and further, the substrate bias 15
vol t age of tvrd tdgdeS domtrdb M néas eyrardichgrtich anl .eémbdd imeattandfferedas 1. | n
standby node 3, as seen fromthe facts (1) and
from Fig. 6.
10 Fig. 8 is a diagram showing power supply voltage
control means according to a more specific embodiment.

Fig. 9 is a diagram showing control waveforms for
Fig. 8.

Fig. 10 is a diagram showing a method of effi-

15 ciently arranging the swcell in Fig. 8 according to an
embodiment.

Fig. 11 is a diagram showing a method of ineffi-
ciently arranging the swcell in Fig. 8 according to an
embodiment.

20 Fig. 12 is a diagram showing an example layout of
a data path circuit using the embodiment of Fig. 8.

Fig. 13 is a diagram showing the power supply
voltage control means different from Fig. 6.

Figs. 14A, 14B are diagrams showing the power

25 supply voltage control means different from Fig. 6.

Fig. 15 is a diagram showing the power supply

voltage control means different from Fig. 6.

Fig. 16 is a diagram showing a chip test sequence



(2) described above, the increase in power consunption of the cir%ﬁLt‘$§ﬁ?
due to the subthreshol d | eakage current 20 can be suppressed nore all ¢
standby node 2 of Fig. 3. Especially in standby node 3, a deeper substrate
bias voltage is applied than in standby node 1 to the MOS transistors in
the circuit CKT2 as described in (2) abd¥e- Neverthel ess, the drain-well or
wel | -wel |l voltage of the 25 MOS transistor renmpins the sane as in standby
node 1 si nc@3HHE PovErtS pp STRRAIBRRL \fd the rimNRYHloOThus, no | arge
potential difference occurs  between drain and well or between well and well
of the MOS transistor pydthk/ 1% § diagram sppwingma Ghip iteimRiditbs the

d bstrate bi |tage,. Th Iting effect is that : bst r at
bi as can be SHHIT EHF S THEUAC S-S IHE FRRRGRS CHhT eV oty i n the

PN junction. 5 The cirguit lof Fig. 2 is suitably used as an 1/0
circuit for exchangi ngrcﬁl'e gg:(;lnsalas (gle?q%\reae“ﬁ %h%#lcrh c%llyef %ﬁﬁ%aun% Sthet
devi ces idfst Ly, t i i T, : | &
required %]o ﬁlé%dsa%f%?éﬁ%ﬂi‘ﬁo%@%%%g%%%ﬁe%ﬁ%%gl% &yﬂﬁe ex c;ed?ln—al
device, and jdye¢ egprﬁéoiﬁpe'@f&pyeni ence results unless the I/0 voltage
assunmes a certain voltage value even in the case where the vdd vol t age

undergoes a change in pigandbygAoged 21 98 Pre Tdea e VRO Ahed-ghte Which
remai ns unchanged in standby node 2 or 3, can be used as a power supply
vol tage for tdetdde | () rashénddscyese rihedivdDy ecupeemt di mp) tex tahiMos
i nvention, the substrate bias voltage is applied deeper in standby node
than i n actiwveamodeta@ndhahengoaesmslpphate odtbde shijpphnessio the circuit is
decreased. Thus, unlike in the 20 prior art in which the substrate bias
voltage is sinply applied in standby node, the subthreshol d | eakage current
can be remarkably reduced by the effect of the DI BL phenonenon. Further, a
deeper stbstPEIERBTBEOR OF hEHB bERE FERRED FMBOPIMENDT  or art without greatly
increasing 25 the potential difference of the, PN junction between drain and

wel | or between well antP%el 120flE AR thAHLTF sEBpOdImRNt G Rk
noreasing the | eakage quirent  of the PNIUNCIiQMes {50 1) SOdliti on to
supply voltage, vss a ground voltage, vbp a substrate bias
voltage of a PMOS, vbn a substrate bias voltage of a NMOS,
15 numeral 100 a circuit including a MOS transistor, numeral
101 a power supply voltage control circuit, numeral 102 a
substrate bias control circuit, and numeral 103 a mode
signal.
When the mode signal line 103 is "L", a voltage
20 of 1.8 Vv is applied as vdd and a voltage of 0 V as vss by
the power supply voltage control circuit 101. Also, a
voltage of 1.8 V is applied as vbp and a voltage of 0 V as
vbn by the substrate bias control circuit 102. Thus, the
circuit 100 enters an active mode and become capable of
25 high-speed operation.
In the case where the mode signal 103 is "H", on

the other hand, a voltage of 0.9 V is applied as vdd and



- 25 subthreshol d | eakage current can be reduced by raising the tlgrge 0]
vol tage due to the substrate bias effect, the deep substrate bias voltage
can further enhance the effect of reducing the subthreshold | eakage current
due to the 5 DI HL phenonenon descri bed above. Also, the increase in the

| eakage current due to the G RL current 1dan be suppressed. The val ue of the
substrate bias voltage with the power supply voltage reduced is nhot

speci fical |\ IV fs &S Wattlies postan aPRlY (VO RIS o e C WSt dt0d +bi as
10 voltage in the standby node when the power supply voltage is |ow, than
in active ndd&EC THe Whidas ®fpldr 39 tla?g@HRJ\d&decﬁﬁpﬁX%t a'mﬂjog? ¥ adh SHssume

such a value that the contents stored in the nenory circuit (.su a circuit

as a | atch, SRAMrAS VB R3gitdte s URiERtE RS | iOPCUHF i rciS%ui t
Condi ¢ on. | AL GSge S o HEL e i e e L0 Sl et Ve
To hoyd the daia 20° starod o RSV A e AP B, 'endh M |
2150 on ¢ he T gt R e, M R e e S e

and t her ef oryg e HI0ld SREGIddL A £ e d MdLd N Bistor? A& asiilt 1afo
setting the power supply voltage to a val ue capable of holding the data

stored in thghdiEdENes e Wid  tiOBlEterdastias ieffadt [ endt ate before
transition to the standby node can be assured at the tinme of 3 Q.1AN

iLIO- - 26 transitionZ?y thestargiy voldeade airaqisandind nutkereXdme adte ve
node. The transition tinme between standby node and active node can thus be
short enexb FRihtdehgld nveslteangkbyo frodee 21Q8 3rarisiss tsubtin edie| ol red igakdye
current or the PN junction | eakage current (including the GDI, current) is
so smal | thatnerrasep@uesto ceie birakni induesd kaedighrla g nd BL)

sem conductor_ integrated circuit apparatus of the circuit CKTO based on the
val ue of thePRERIMPFAOR{ owing in the power supply vdd. Hy the way, 10

anot her concei vable nmethod of elimnating the effect af the PN jupction

| eakage current is by TRERRIrFHy %%e%%ﬁ c‘%‘%t?‘?ﬁflﬁﬁf pﬁ'\‘/%rlrk%‘?ﬁ%f ur r ent
for the | test based on. the ur n | owi ng
I the. substPATE: ArOTRIMRRHEY (e, S e o L S L K

i nventi de I 3 I i ol the; i on of
!th\é I I es?&%%%%&%?g@ ef}rggé(;tilzéﬁa}t ﬁnec% od for %éﬁ%ﬁﬁ%ﬁ%%e
presence or pbsERCE, ofhd ﬁ?ﬁ]?%%h&'ioxflé’f%ﬂ by 1@agr ] nghd Nendover suppl y

current of a chip when the 20 transistor is not in swtching operation and

in stationaryats aténgth LHe absererofore dei€Cidvaidy &f shigidtwniaadt of
current flows, but in the presence of a defect, a large current flows in

t he stationatjostaberedépdhdingbnsistoeasddishe esffaeret hod, as conpared with
the mainstay of the 25 function test of the LSI, has the feature that nany
faults can be detect edThtpresemnl invembion git phizes nthe THENQF GLEMIC
i nventors di scovered, however, that the conventional |1DDQ test has the
f ol | owi ng0 prebfess. of the control of the supply voltage and the

substrate bias. As long as there is a period during which

the mode of a reduced drain-source voltage is overlapped

with the mode of a deep substrate bias voltage, the effect

of reducing the subthreshold leakage current can be

25 obtained to that extent. Either one of the supply voltage
value and the substrate bias value can be changed for

transition to each mode at an earlier timing than the

other.



3Q.J~~J ?~~z - 27 (A In the LSI configured with a transistor of |ow
threshold I evel, the | eakage current due to the sub threshold | ea 003
current flows even in stationary state when the transistor is not%ﬂgﬁﬁ%g]‘
on. Thus, the current 5 due to a fault and the | eakage current due to the
sEb tBreshoId | eakage current cannot be]dﬁstinguished from each ot her,
thereby nmaking it difficult to conduct the I1DDQ test. In the hod of
reduci ng the | eakage Hhdentheiikd e (PREQYIFsHDI 3 ekl natt ¥R 1R,

| yi th trate 10 Dbj vol h ' .
SPhe v ‘ol bl 106 8 RS-t R TR e
i ncludjin e curren :
Cﬁnp?EE%\MtFF? lFEﬂ%t?%ge?ggtwogérongérlESEtfﬁ%Pf%eTeﬁ%??%%ﬁ$%&éh%%€ﬁring
t he test an h 1S
can be sol ve‘a"%ty‘d%iag%? %%Ef%eg%%ﬁ%%ﬁgif%léﬁa%?j%&?rﬁoggogggcsn fs,))? g%%%rg ?rfod((aAé

P00 cur T SERb18EE LRt AAD! SpLPUEIOh O0r (BRC L LACLEE £88] el 20

| DDQ current surenen e 1 nvention s nethod facilitates

the detect|i Oﬁuﬁ%lae‘f,ay{sggusn&%ﬁ@ Lassepsed bahs ovhphueenaéigo calr rent
flowing in the power supply vdd at the tine of a fault and the current

flowing in tBRaRQYEANgUSS! do¥ddthd A81AR! chARaEtedDsdle, agt®0 éEStheon the
ot her hand, consists in applying a voltage higher or sonetinmes |ower than

normal to theigbupttoocagseing thettehngdet ech. t oInekice acdoe civbéee apipear ance
fromthe chip under severe conditions. The

circuit 100 has a sufficient operating margin against these

10 voltage variations, the transition to each mode is possible
while the circuit 100 is in operation. Normally, however,
transition to each mode while the circuit 100 is in
operation is often a cause of malfunction.

In the case where the operation of the circuit

15 100 is guaranteed only by the power supply voltage and the
substrate bias value in active mode, it is necessary that
the circuit 100 begins to operate, at the time of transi-
tion from standby mode to active mode, only after detecting
that both the power supply voltage and the substrate bias

20 have been established at the value for active mode. This
detection may be determined by monitoring each voltage
value or a timer or the like may be used to wait until each
voltage reaches a predetermined value. Either method can
prevent the malfunction of the circuit 100.

25 Fig. 2 shows a specific embodiment of the
invention. 1In this embodiment, a circuit CKT0 includes a
high-voltage circuit block CKT1 and a low-voltage circuit

block CKT2. The high-voltage circuit block CKT1l and the



3 DJ~I~~0Q - 28 tenperature and other conditions for the aging teit fre 1
not specifically limted here. The aging test is conducted either by 0 JAN 7003
activating or not activating the chip, to either of which the invention is
not specifically limted. The 5 aging test should be assunmed to be

identical to what is called the accel erdt%d test or the burn-in test.

Anot her nethod is to apply or not to apply the substrate bias voltage at

the tine of hg¥ngoltagei¢herubt Rdreh QPIE%X i e td bifersenbtoppeat ingal | y
limted. The 10 subthreshol d | eakage current tends to_jncrease with the

t enper at ur e. VThB2GSF niP t2RE LR TRYP- t HE? at bR % PRI ERRT 15 s conduct ed

at the risk of a therpal runaway due to the subthreshol d | eakage current.

The thermal FORBIBYTRANTBESIFRVRMMNGY TRATGQHY tHhE SHRHTEAD A%
| eak i i t ducted b | yi t.h bstrate bi

Vol tage. TheVPEFaRF oif DRRRaiE LHEA ST S B HHeL N AId cehe | LoV e firdmy o

d i bed: b |t L ch I 1 . agi ng,

the ourrent vt st ofR ool BF oRbRafLET B s o Buh e ¥l
and after {Ngo20A00. of Nen& i CUELROLs VAt Uy nBgS UG g RCi s QU

defects due to t difference in current val ue. As conpared wth the

method (1), &hecwet hegr{ 2)s hast téenesyend@ge that the acceleration of a

| at ent defect can be detected easily by aging. The advantage of the nethod

(1), on the other handchsadébéis avded £otddadedEgnate Spowér 1y 29
screened out in a single session of current measurenent, thereby reducing

the test tineolThges DKIChirapatapphsed i £¢ NEI wdardcbraling tospdd-s

i nvention can be used in both of the nmethods (1) and (2). 5 An exanple flow
of the nkbhotlivélyjsishaswive hdbde!l | cQthradctefs Frgs dés {gmeEteretied (2) can
be carried out in simlar fashion and therefore will not be described

here). Firstgrewundtepttaged, vipgla powengswipply tohthee cabbliedcaatiag t he
power supply voltage to a |level higher than 10 _the normal operating voltage
of 1.8 V andSthekratachies PE FhecBMOYuUin| fndPPH R dfic NG HerOuIh Reteps

1603, 1604, th ly.volt I d db Lt h I ti

Vol thge, 1ol PBREUEDGR LB P ERe Sonies Al el Db  atr by the FRRs (il The
t (the_l t i thod 15 di to .t i ti

' the case GRAPEIERREEDRr crtitEaStrtmeree; 57 EFERFE, s Soif Seat¥rmtata

val ue | ”1§t69ﬂi@9ﬁe BPe‘fhéeﬁf?bé‘V%?{&dvbﬁ SE& CENEL PUM o 351 B APE PELJ¥ S PNe.

After thai, the chrps of conforhing itenms are inpressed wth a nofmal power

supply vol t agfei fimss ePScALPEet B 7sTHAS 3&1@35@& R $UPEtLPeB8dsi S
conducted thereon wthout apply ing the substirate bias. Then, in step 1608,

the items argofier8ENEUraeCor €bAdcbRtibELIRGUthe Odubderitachif® sesthe The
envi ronnental conditions including the anbient tenperature in steps 1601 to
107 are not specuitcekTy madeted. o£5a Thes ctirass tatobe BETEBCa edattesvy by
executing the test programin step |1602. The execution of the test program
may include PA&,ap@RiR&tPOncofvartess, paTBe? natstandby heenprébreivcuiie, | DDQ
test. Atest pattern can al so

20 and D10 to D14 diodes.

First, the power supply system of Fig. 2 will be
described. The substrate bias control circuit STBC1l is
supplied with the power supply voltage vbpg for generating
a substrate bias voltage for standby mode as boosted by the

25 battery BAT1 through the DC-DC converter DCl. This voltage
is the same 3.3 V as the voltage vddg. The high-~voltage
circuit CKT1 includes a circuit operated at 3.3 V supplied

from the vddg terminal. Further, the power supply voltage



~ Q~ nn~ 2003 - 30 be input using a certain kind of scan in step 1602.
Further, in step 1606, the worst condition (vdd = 1.6 V, for exanpl e} 0f.oW 200§
t he power supply voltage of the chip can be selected within the power

supply voltage range for chip 5 operation. Furthernore, for the sel ect
operation in step 1605, a nethod can be:ghp1oyed in which a defect is

Val e 11 ows. O iR Rl QRel FFETE THECUD SR ol BIBPL iR chF ol S Yt
t i s, _fabricat ' . det i ned ' f ti :
i LAt e T et et bet i v ek MR S R R AT (R
fabricati if, hat ' i bifij t tat, stical
devi at i ng rromrh FEPer vhct Wb TRsHLY ChphERed BYIA s BT S S v e
for exampl e)péspdelsipLned: asclelos! Lugo, ERRLGL P Mt hodse e hed:
above may al so be enpl oyed for determ ron. e 1eakage current varies

consi der abl yp@h t h +he éIﬁl?ﬂgﬁ%é%gﬁ?é her tiEshel s Vob i fgee &F Bde MOS

transi stor, and hence w fcation units. Wthin the sane

fabrication gattsoheneyetne avg@npaiabi yel y, singf orin ghew acheTh@ihg tife
exhi bited, and therefore the statistical determ nation of a defetct

descri bed abpyspcadokee£O8si pe? esn@f tRet d vede THED SEE 0bch pe@bé@mMf B) of the
| DDQ test can be 25 solved to sone extent by inproving the current
measuring i nsarabkal socé psthhentTadesgediddes nBhbuto Npl4 he power supply
current of the chip. In the case of changing the substrate bias prior to
the IDDQ test, howeverNowi the s@b§tdatefPi290Syst&l whilessaeyplaimed vy
allow for the tine of driving the substrate. Wien the substrate voltage is
gener at ell0j nThepaubstrate khapesi vbphevensef vike eMGS vorangbs genr b | Hhe
circuit is included in the substrate bias control circuit 5 STBCL, for
exampl e, in FLECULE CKT2takesCantbaparat PYethe | prpstraketbiag i cantrrl

b he desj I j he drivi i f th I
oubst 1ot e ekl deoLigg YO HABC. B BEEL RS, L e TRTHEY Bl st voe

I hi b i f.10.FLg. 17 ] fi I
oo O AR TR g vl AR L
cubstrate b 85,109, LIBgLNephel |z HBpl pdd0Rscd 07 dmshe pads Tor

for ~n tespads for poweheldPdnal7P2nasCotREPCEREA £6r ! BRe POVGHA BHIPDEY
termnal of the circuit, and the pads for substrate bias 1703, 1704 are

connect ed toth8epswbst s@pplyesysteh hdtbeet sEHSt 8406 ShLaRSEystémng t he
circuit. Numeral 1706 designates a part, though not always 20 required,

correspondi ndetoribedsabsteaheebhas shownoincrigui 2, AhClté ¢ogfiGu-Thi s
part constitutes an internal substrate bias control circuit built in the
chi p. Nunerarat¥os teergofit s notespepiéicdlinelimivedal circuit of the
chip, which is a CMOS inverter by way of sinplification in 25 the shown
case. Fig. 3 shows a control method for the circuit
20 included in the embodiment Fig. 2 in active mode and
standby mode. When the circuit CKT2 is in active mode, a
voltage of 1.8 V is supplied to the power supply voltage
terminal vdd of the circuit CKT2. This voltage of 1.8 V is
supplied by stepping down, through the diode DC10, the
25 voltage generated in the DC-DC converter DC2. The voltage
drop V6 due to one diode is about 0.6 V. Thus, the voltage
drop across the three diodes D11 to D14 is 2.4 V. .There~

fore, the diodes D11 to D4 turn off in the case where the



When conducting the I1DDQ test, a voltage is applied from outside of the
chip to the pads for power supply 1701, 1702 and al so to the pads FfmnaN 2003
substrate bias 3 0 JAfJ 2003 - 32 1703, 1704, at the sane tine.
General ly, a device outside of the chip_(such as an IC tester) has a high
vol tage supply capability, and theref orélboth the power supply voltage and
t he substrate bias can be settled at the 5 desired value within a short

time. In padGfNFINL Rt PCe RPSRELS o foidh adieartdabotted to
17037 1704, WEHIRE STherihahtd bt o Tt o isE (H4tb R TP Do T € o
oquired to T fhok IR Sin BE Y Sh SR ndhe s Tt S £ 'S

A Vol t age octBEL ik ife PR CER SRS e W (M Wb Rdheitl 1 907

substr at e big$ss r@él?fﬂ%huﬁpﬁ?@ Mrdde tdp of a test. In a specific method,
Y

two or nore types o | ttage generating circuits are prepared and one of

themis used only for gde] dRPQd esfle clkdudit aé%&‘ﬁz“t?éleixpfs_ﬂi}?dﬁya.%qci@aﬂ, the
power consunption of 20 the Vvoltage generating circuits is negligible, the
circuit is cenédigied $@psipbidl #8gd hee s afdy st ld paau it &kT2
predet erm ned val ue at high speed.” On the other hand, the voltage
generating cis caupplised woth reddicy ngs tire axtrinentmade § heachybdtrasteandby
node is configured to consune | ess 25 power. In this way, the voltage
generating chiases sviap e wsedofli tHerNOg | tyrdny istidseraots pimpoiges ttheer eby to
sol ve the problem (B) described above. O course, a single voltage
generatihg ceirenit KFhg @npthe Qther dfarshereaitvages 0D JA/-V ignd--1.33
functions can be used to_process djfferent applications according to the
opti mum oper%atd¥g aprkied ca¥epectiheelibDdY ddte IBYhRE e IS Qanteil

measur enent net hod according to the invention descri bed above makes it 5

possi bl e t o THESKY ITRA p, TIPSR HEMINA i THtage Py atiodP% est itens
i ncl udi t.h i . A di ta this in jon,. ho t
Supply vor't se e e RIS i he N T il D 4oh b
| | t | t i f i 0 d
Thercurr ont T BEAE i s {885t D O IR SREE By Wb ndull Kbyl D0
operat i ops To; 4 atu@X SNt ne t Sb QAR ALY OfSa 18 G N r ARIRCT 44 Catd Yo i fe0.

Further, the nmethod of neasuring the I DDQ current according to the

invention catkbhE €& Nh&ds réysé®wering only the power 15 supply vol tage
bel ow nornmal voltage whil e keeping the substrate bias unchanged. In this

way, the current can behemrashe eslivedOWKBEPPLYI g dtwendibIiodd € biaas. In
short, when neasuring the current in the IDDQ test for chip selection, the
power suppl ytivelctlyer amand het seibstamdley biast 28l areraditusSERC 1 ntwrrderofif
reduce the subthreshold | eakage current flow ng between the chip power

suppl i es andth@ PRk RNEeFEentDEH ank PN (RO rEYPIMEY ARE fghe HROWSIDL
current). The power supply voltage, value reduced at the 25 tinme of the | DDQ

test is 3UcrPhsl ndtVibhEpdgh the rde At ed A 2 Heesithor ERE rERhtaqe
Lo, & S Sl oLy e e S, LAt S e B 10
turn on, however, the voltage V11 does not drop below 0.9 V
(= 3.3 V-20.6V X 4), thus supplying the voltage of 0.9 V
to the power supply voltage terminal vdd of the circuit
25 CKT2. Voltages of 3.3 V and -1.5 volts are applied by the
substrate bias control circuit in the same manner as in

standby mode 1, as the substrate bias voltages vbp, vbn,

respectively, of the MOS transistors making up the circuit



~0J A- 20D3 - 34 GCenerally, an excessively |ow power supply voltage
woul d make it difficult to hold the stored data and instabilizequgAME%&uit
operation, with the probable result that a current caused by another factor
than the subthreshold 5 | eakage current may bel ow between the power supply
voltage termnals. This nininun1vo|tage29arue i s dependent al so on the
threshol d voltage of the MOS transistor constituting the circuit, and

t herefore i§5ﬂ%'specifically limted herein. As long as a fault can be

di i m nat ed, | t 0 I till, | t t i Ni | t

be- used at i ch the 4 SRULEFA ALy Y AHEERE N dARkERe Sone
hi t t 1 I Ql. t ' I :

conduct | ng. (T A0 et R ST S Foriegd BT SRR (1

the power 1§‘zaSUpaD|feea§:u(§caé1 cR:e e aecd i t&:e.Lrleag ér{bﬁ AT YiHc Qﬂe by one,

or several o %hen1sequent|§IIy at a time, using e ‘'vari ous nethods of the

i nventi ony dq)sac:rrgitéei_d l%nd:%qlgﬁj)é eg%%tclhia%s fd‘!l_C]%dw therein a circuit

such as a current source in amount of current 20 fl ows

between the power suppliy) tefdn N Ga TurredOTdH nfRReAieriida 1G5 UGh a
current will hereinafter be called the steady current). In such a case, the

current due grpporftaildd wnadHdalrd gad Idddeeds Gadlotadhahd sfddrgui shed from
each other, and therefore the 1DDQ test cannot exhibits 25 nornal

functions. T®hetadde axfdp is configured as shown in Fig. 18. In Fig. 18,
nuneral 1800 designates such a chip. Acircuit group 1801 is where the
steady current descri bet) abiste fheoviscraase igi rthe tdeptdupfi80® i s where no
steady 10 substrate bias, the drain voltage dependency increases.

In standby mode 2 shown in Fig. 3,

(1) the drain voltage of the MOS transistors in
the circuit CKT2 is lower than in standby mode 1, and

(2) the substrate bias voltage of the PMOS is 2.4

15 VvV (= 3.3V - 0.9 V) as compared with 1.5V (= 3.3 V - 1.8
V) for standby mode 1.

In standby mode 2, the DIBL effect increases due
to the facts (1) and (2) described above, and therefore the
increase in power consumption of the circuit CKT2 due to

20 the subthreshold leakage current can be suppressed more
than in standby mode 1. The leakage current can be reduced
in standby mode 2 also due to the fact that no GIDL current
flows when the transistor is in off state as shown in Figs.
19a, 19B.

25 Fig. 4 shows another embodiment. 1In Fig. 3, the
substrate bias voltages vbp, vbn in standby mode 2 are

controlled to the same value as in standby mode 1. 1In the

embodiment of Fig. 4, the substrate bias voltage vbn of the



3 0 JAI ~0~3 - 35 current flows. The pads for power supply 1803 and 1804
are connected to the circuit group 1801, and the pads for power supg%yl%§9®3
and 1806 are connected to the circuit group 1802. Nunerals 1807, 18 T
desi gnate sem conductor 5 switches. In Fig. 18, only one pad of each type
is showmn for sinplicity's sake, but t tre 2urtber of the pads of each type is
not specificau%¥ limted. Also, the connection of the termnals related to

the substrat®193 ok GOPHPLISH | H STRIHRY HRES P AL deqRPEL VNP t herefore

i t sh . 10, At t ti f the | test, th i,t ch 1807, 1808

Lurned of [ 6k 4 RD) ITERS cue GrLHReakT St LR GRATAPY G 4 mvdition | <
duct ed i { ds_f ly. 18 1806. ft tinme,

or edet er i AP S b T bion St S SR el dy PRt dhe hover 15

1803, 1804). i t j i ip 1800

wi t hout bei) nsgdga]t#géc ee?%%/st %n%%uéﬁi%ﬁ %&gﬁﬂﬁeﬁé{%}@&&aﬁlﬁt

flows. Atgot i t t , e pads for
power sup%l y%%%&@%%%é%%ﬁ%%ﬁdéﬁ %&{buﬁrymetn% %éﬁ{et e sv&r&{'h 1808, and
so are the padssEPitPWELs SHPPE¥gdS0bp 18Fn by By IdH 110y Qb he faddexh 1807.
Al ternatively, the pads for power supply 1804, 1806 and the pads for power
supply 1803, s i$br£8¢ HEasOfFEEd sl DIt Shshei ddei ot Nt b P AMHO B TE FL A
printed circuit board (PCH) w thout 25 using the swi tches 1807, 1808.
However, they tisah bt tetahdby amodet2bMEiga 3 ow Iresdtsdmdloe msdenB adSwW t ch
in the chip as shown in Fig. 18, because it is possible to prevent the

noi se- causedfdevid4ii on of the power supply voltage |evel of 3 0 JAhJ 2003
- 36 the circuits 1801, 1802, and thus a mal function and an increased
power coh@unption can bk) avie ddcRimhokivade uf dtheoMeF transiftatfesingo?,
1808 is not specifically limted but may be include a CMOS switch. 5 Al so,
as far as thHehaL¥eripotkF2 sipplgwancshan Ih Handasingedr bovidid suppl y

(vdd) side and the pad for power supply 1804 is on the_ negative power
supply side (vss), theléh T”E‘ﬁ i‘@@sitﬁpegt%rké*ae? AUt RS B PMds and

not Spect 1 2015 11 ¥ea 01 H B B A A Tb Pl e D27 S
vad vol tage. v hctan SFPRT (e OY, ARy TRrtn Ol e e e 1o °° @
configured ago10ahOO0SE Lhe Shfds dpINL A5, e W d@Rerdd A e DA Kern BATL

directly to generate the vdd voltage. In such a case, the vdd voltage can
be obtai ned §hanagyh mb@esiep of the DC-DC converter fromthe battery BAT1
and therefore a highly efficient voltage conversion is possible. 20 Fig. 13
shows anot her enbodi memh sitih@beniods oI FAg.seen Theon efles efwet £ h@lr pcdrad s
BAT2 designate a battery, which is different fromthat of Fig. 2 in that
power is supf?) edescr idedi abgvandblye nnleremse f inrpaver RS HOmpHier tef DCL
but fromthe battery BAT2. In standby node, 25 the power supply voltage for
the circuit BxaEisceibpfkeY duonta Bmt%iwtmm01£alﬁam%aﬁq@%ntBAT1.
Thus, a battery with a smaller open-circuit voltage can be used as_the

batt ery BATXCaFhRe pSRPRF§S BRFIMOXRiotldn nb SRRy mode 2 of Fig. 3.

Especially in standby mode 3, a deeper substrate
bias voltage is applied than in standby mode 1 to the MOS
transistors in the circuit CKT2 as described in (2) above.
Nevertheless, the drain-well or well-well voltage of the

25 MOS transistor remains the same as in standby mode 1 since
the power supply voltage vdd is reduced. Thus, no large
potential difference occurs between drain and well or

between well and well of the MOS transistor by the



3 0 JAN c003 - 37 cally limted, is suitably a nickel-hydrogen battery or
a nickel -cadm um battery fromthe viewoint of the opencircuit voltaqe M
t hereof . The nmeans for realizing the standby node 2 or the 5 standb@-ﬁ%@@ 3
according to the invention is not limted to the configuration of Figs. 2
or swi tching the power supply volt the B& BC converter DC2 and the

i ncluding the diodes, D11 to D14 10 sim | ar purpose can be achi eved
converter DEPR%IFAEIRN fRhctho SRR tsikstnate hias WAHAPf 4B using a

pat h i ncluding diode D10 and a path of Fig. 2, for exanple, a by providing
the DC-DC of TSH e T EiFRCoutH it auch PR RAYRARE iRlahan iRe Figs. 14A,

14B. In Fig. 14 he, di ode switch sho in Fig. 13 is replaced 15 with a
suppl y ol ¢ RS i R PRSI TR RSRRARE VIT AR S TR s A
shorting bett\éﬁeg%tg n anéi. Vout when the voltage Vin is higher than a
predet er ni ned!§ ef'er EHEE" Yt age. Wien the voltage Vin is |ower than the

predeterni ned referen o) . hang, . . r
shorted vn\%t h each ot hgfr.lé/ #%cunﬁh%lgﬁcaélpgil?npr?elnsévﬁﬁqeﬁ%[}gqnﬁﬁqga% 5/29} n
t he sane ma | ©glen s j i '  SUPR! Y
vol tage. Fi Sﬁ %4%%%9\/\2 f;%penbodéi‘sﬂrr&einrt?&o%ﬁ? h%%{)% y%%ovi;{éa}gg&g%vimte]éh PSW

Nuneral 301 ciest Hid aStIfe £ (BT I inAba TLEET &tt Sva Kl Y eferene e Medd ge
generator, nunerals 305, 306 inverters, numerals 307, 310 PMOS transistors,

and nuneral scP®. 3f} di oolesol tdge VDS t Bgu MPddiecd/iave & OrPRI€dvMith tahe
out put of the reference voltage generator 3 0 JAN Q03 - 38 302 in the
conpar at or 3fdngevprédeteymised heitlestihe exttexmgiardesaire Acomd dileyrdfnnene
result of this conparison, either the PMOS transistor 307 or 310 is turned
on. The 10 odes BN BO%ience useshiltss aumlgessthe I wakmaghaassunes current
beyond the current drive capacity of the PMOS transistor flows. The PMOS
transi stor WRERIRPI eI CRluQieveRrikrither¢age cdrrs thhers¥dde a bi pol ar
transistor if usable in the fabricationgrocess. In the method of Fig. 2

gsi gg a di (r)]d‘éo%‘&\i“i%h‘%n@%g‘b?%b? &THERIE hEN \BFRRARY TP op DF Hcr 0S¥ t he

i ode. S bl em i dinth d of Fig. 14 Fig. 15

shows sti 11 e RIS AT P i 2 b T | VAR e 0 SEI
AR A ! T ! | .

ctandby moadiods 10 pht 127 M TRE 1A 0h PR ekl SR e lid

therein aspoygs supRlyecCircuit 320 for generating a power supply voltage
for the c?rcuit 2 ?n st andby node. The power supply circuit 320 incl udes

an operational amplifigs $dorAddMILETENSASEOFd RS Bk & ef BrecRovV Pl t age
20 generator 321. In this case, the output voltage of the
the substrate bias voltage is applied deeper in standby
mode than in active mode and the power supply voltage
supplied to the circuit is decreased. Thus, unlike in the
20 prior art in which the substrate bias voltage is simply
applied in standby mode, the subthreshold leakage current
can be remarkably reduced by the effect of the DIBL
phenomenon. Further, a deeper substrate bias can be
obtained than in the prior art without greatly increasing
25 the potential difference of the PN junction between drain
and well or between well and well of the MOS transistor

(i.e. without increasing the leakage current of the PN

junction). Also, in addition to the fact that the



reference voltage generator 321 is 0.9 V. Nuneral 324 designates a vdd

vol tage monitor. Wien vdd is not lower than 0.9 V, the operation of ztgheny 7003
power supply circuit 320 is turned off, while when vdd is not |ess than 0.9
V, the 25 power supply voltage circuit 320 is turned on. The supply vol tage
switch PSWis as shown in Fig. 14B. In ??g? 15, as conpared with Fig. 2,
the standby control circuit STBC2 is not included, the standby node is 3

0 J A N 200F5uPHyeshiiid J9adR IR THE &R Q& FFEUSEHSHPYe & ¥1S3A% AdeDC- DC
Che. bat tery THEPRTE 4, et e s S ah el Ghp ey Ateh Ba S EhgiRfer AHE DL | nt 0
L i Wt S, 1D e

Gomn 10" 50 ety 5P dibelfaiand GRS St MIE & d bne oo PP
Cher of or & 1 REEL, enchibdi dfkdiifed ool Chisd, tnd Uftrdaldl o bt 270,

the other hanghk RV MALRGRd oo tHRP R DIEIRG rEiPIdaed He @@ siedlC
converter DCl. As a result, the supply voltage switch PSWshorts the out put

15 Vbat of the batteryrHAkS 1and ofouthes Gubiairdte Hieke vol®lal@roeiah the
battery BAT3 is supplied to vddg and vdpq. Al so, since power voltage ceases

to be suppl ipavd10 suipIRCT ey efddiicddCa s it peeeYifielallage 1dhSaeerases to
be supplied to vdd fromthe DC-DC converter DC2. The vdd vol tage 20 nonitor
324 noni t or Whate iaddremi itrzge, isart vaperl wed dbrepes tsmb@tIrateobilasss, turns on
t he power voltage supply circuit 320. As a result, vdd is supplied with the
same voltGgergditaye i gdhe Eandhjumads i dthe pewest suprdy wollitage
generator 321 fromthe PMOS transistor 323. The battery 25 BAT3, though not
speci fi cal | 19 ikA%edhans Yyjacipive @dfosed of a |ithiumbattery fromthe

vi ew point of the opencircuit voltage and the energy density thereof. The

power supply vol tage AT RAVERFYRRWY V&l tige Lowsted in.Gdandbyomodsi | or
the ik d t her ef ' to f i int ted cjr.cuit. Assum
Lhat the of (GAN RAERS NI (A JEHSID T Ao HiPo SRR S AR TSR Chddial pover
| t irCuit ired f. i n st ther than th
‘ol Lage supBlan iy Qe IS JQouse I PNy, Ty poper han, e
using a i ode S dGh i NG AR LG9G, fodnidtalordhe PR &y itthe oV Qfiage drop

Vf across the diode is done wthout. In Figs.” 2 and 14A, the standby

control circid SR r tfmmh Sy hed el i@ appitie’Kt ela 0 the
Pk ed in the e;KTO.JG%‘;g b

circuit CKTO may be provi In such a case, the power supply
vol t age t heralfermatahangarchdit idre, Sitgnatoftage tvad ua has ta GGEdicientst andby
control circuit STHC2 can alternatively be built in the circuit CKT1l. The
power endurance against the software error. An excessively low
power supply voltage makes it difficult to hold the data
20 stored in memory, and therefore, it is set to 0.9 V in the
embodiment of Figs. 1 and 2. This minimum voltage value is
dependent also on the threshold voltage of the MOS transis-
tor making up the circuit and therefore is not specifically
limited herein.
25 As the result of setting the power supply voltage
to a value capable of holding the data stored in the memory

circuit, complete restoration of the state before transi-

tion to the standby mode can be assured at the time of



15 supply voltage of the circuit CKT1l does not change as nuch as thg vﬂﬂnm1
vol tage, and therefore the circuit design of the circuit CKT1 is ea 9:* e
Al so, a power supply voltage provided in the circuit CKTO separate from vdd
can of course be supplied to the standby control circuit STBC2. 20 Vari ous
configurations other than the enbodi nen#® shown in Figs. 2, 13, 14A, 14B,

15 descri bed above are possible. Another enbodinment will be explained bel ow
based on t h&XEHigiamtiram ¢ftandpy modgme? InfStANRY APdss hdio AseEivE cal |y
limted as | ong as a deeper supstrate bias is 25 applied and a | ow power
consunpt i on 19§ ealThaet Fanst Bt R LS TEGeN rFtéé%C{)% nAse angks af tioifer
savi ng node for reducing the power supply voltage supplied to the circuit.

Fi g. efshomé“%?r? &ded‘ilﬁl?tb‘? U SREL he circui'é 30 J~~J]i003 - 41
CKT2 Fig. 2 ted | i rcuit CKT3 ircuit CKT4. In th
OKT2 of 9, 2 separ alad Lo AC Ll ST 8 TSl O ngie
the | ”forg‘i%egékaﬁ hé’nzci{ﬂerﬂf'odr':{hé NGy Gt fod Sle%{}&scg%d&%sﬂ%}%tﬂ(ﬂéﬂﬁl ng

bl ock to i'on"to active e upon restoration o e power
supply volt T i L f%g i85 f I NGANVEIH I tyandby
node, the cﬁg&l%ﬁaﬁfﬁﬁe@ 0 %A%e&f r%cﬁgﬁ“gj]bl; t eﬁ turning c“g??eestthedq‘alprics)v\b;;,\l:‘lr1
suppl y vol t age. i sy 10 RiURN & £ Or ¥ tde il DAY suRiOhURILA0S dtgpugh

t he power supply swtch SW. The power supply swtch SW is controlled by

the standby €oRduDl gLt tusSIBEEhdenrddie: s e dd brSWhd srdifanesk of f
i n standby node, the power voltage supply for the circuit CKT4 is cut off.

As a 15 resulle durergromefl oirsg i ithe duwd0 suppIsubidd esimt dHeeakage
current flowng in the circuit CKT4 can be reduced. An output fixable

circuit BHhd awtigputcdnomibrabbé reetihodiref resgumimeat ing tttee igfifadtace Bdrereen
the circuit CKT3 and the circuit CKT4 in order to prevent the malfunc 20
tion of the RN riunetigKrsleakage stufxenhels thie RRAGIT SipEnd \aa ke teing he
circuit CKT3 is turned off in standby node. This is easily realized by
usi ng a NAND:D® p@Yelhrsuppky current for the IDDQ test based on the

measurement of the substrate current flowing in the
substrate at the same time. The method according to this

15 invention described below, however, can easily implement
the execution of the IDDQ test.

The IDDQ test is defined as a method for
detecting the presence or absence of a defect or fault by
measuring the power supply current of a chip when the

20 transistor is not in switching operation and in stationary
state. In the absence of a detect, only a slight amount of
current flows, but in the presence of a defect, a large
current flows in the stationary state of the transistor.
This test method, as compared with the mainstay of the

25 function test of the LSI, has the feature that many faults
can be detected with a small number of patterns. The
present inventors discovered, however, that the conven-

tional IDDQ test has the following problems.



CMOS circuits, and therefore will not be described here. The subt hres?,h[q; M
| eakage current in standby node 25 is reduced by use of the nethod of

1 according to the invention and this nmethod is conbined with a nethod of
turning off the power supply voltage of the circuit w thout posing any
problemas in the nethod of Fig. 6, thefdby 3 0 JAN 2003 - 42 achieving

a further reduced power consunption for the systemas a whole. Fig. 7 shows
an enbodi nent in whi chKAhdhdits L pRAgurgs witih @ WRnSsta ofs s

included in _the 5 circuit CKTQ Characters STBC2 designate a standby power
supply vol t dG¥ &Hiesdod rl&nel r dhe dfiakags r?dqu?é‘tpdgdﬁ SFAt ages

vdd v and vs f .t circuit CKT4. st andb nDde volta es f 1.0 V and
595 V. oTor  Shapstiold iatae éalqsert%efﬁ;ﬁm %J&g@% aFEind ves

v, 10 respec |vel‘q\§1 f_the II‘CUIt Si n(f]e the ot ent i dlfference of

only 0.2 Vi % rt%“ﬁlhe’e G it TheN nt |otrpest 3¢ t he

circuit T4 it oI e rent
fl ow ng q< tdne Ci rcu:?d‘@lgéfn%:an }Ee lréeanngaT c{dyéraee ucedﬁJ q'%(g%lei' n e case 15

of Fig. 0c e\éﬂosldaplﬂé nct> ve 'cﬁi&fﬂcj@f r{% onF %a%hg- 6
tot_urnof e power vo ecorrp etey Fig. 8 shows™ an e

showi ng a nMejdyt OftHeﬁlaéB irg B reeik £ S R Ed il ampwnwver supply
vol t age contr ol circuit aracters ncelll to ncelln 20 designate

CMOS | ogi ¢ ciesaili t STividHe txﬁ@crsdtb&if ateddd P T Hd leHa g rigatart duevhip and
vbn, respectively. Also, the power voltage termnals of the cells are
connect ed t aleesubtiined hqloheleskgye Yeumtdrag &sy \alp W iargl tiss substrate
respectively. One of the CMOS logic circuits (standard cells) 25 ncell or a
conbi nati®n kiwsr euflttage estporius tione lef dihe WIDDECKREL Al theheotdhent ch cel |
(power supply voltage control neans) swcell constitutes a part of the

st andby powdransippiie VRRQdeesonts A1se made SHEECult F@ copdust-due 43 | n
the switch cell swcell, the PMOS substrate bias vbp and the NMOS substrate
bi as vbn ar & dHeckRRKaIE 1FHE TRMer (RHIHIARGD ey égl%d'—"b}'rﬁﬁf\?s)s ¥mtdiggh t he
MOS transistors. MPL and MNL1, respectively. As Iong as the PMOS 5 substrate
control si gl BHFERPthe NVOS substrate control

(B) As compared with the function test, a longer
15 time is required for measuring the IDDQ test and therefore
the test cost is increased.

The problem of (A) can be solved by measuring the
current in standby mode 2 or standby mode 3 in the IDDQ
test according to this invention (hereinafter called the

20 IDDQ current measurement method of the invention). This
method facilitates the detection of a fault due to an
increased ratio between the current flowing in the power
supply vdd at the time of a fault and the current flowing
in the power supply vdd in normal state.

25 The aging test, on the other hand, consists in
applying a voltage higher or sometimes lower than normal to
the chip to cause an initial defect to make a forcible

appearance from the chip under severe conditions. The



signal cbn are "L" and "H', respectively, therefore, the power supply
voltage is applied to the substrate biases vbp, vbn. Al so, when the QNESANZNB
substrate control signal cbp and the NMOS substrate control signal cbn are
"H' and "L", 10 on the other hand, the vbp and vbn voltages are supplied
froman external circuit not shown in-F28.-8. On the other hand, the
virtual power supply voltages vdd v and vss v are connected to the power
suppl y vol t &8P eraduaed ansk othespsomdidlipnst Hogudhe RGIMIStES Lt AdigsNdtor s
MP2 and MN2. When the supply voltage switch control signal pwswis "H',
therefore, SRENLACEILYpdvidH tadhherevol ThGef9idd Fefitd 1¥s SapdacEedonnect ed
to the power supply voltages vdd and vss, respectively. \Wen the supply
vol tage swi EdfhEEnEoRrCHIYREIIER QL PCLIYRYING 5$ﬁth2@'h§ﬁdFHﬁ$§r

[ I I | t, .dd v, _and . hi [
Stato. sot R AR, oHE GRS At BRe e iy B Sskngd T r ent
f the ci it t bet t he virtual I | t dd
and vss V. 25 FEGE SRR B AP G IR P SGcAPEd Bypass
capaci tors %radﬁ%%o Qllte-' %cﬁ%ggalgteg{ $85ed f Prd %qﬁqll_rlgl ttIé%é__fl uct uations of

t he power suppl'y voltage. ypass capacitors may be done wit hout,

al though the 3 0 J! mohgegﬂt StHY i@v&%ssavpggg@sgzt HotCRL iﬁmw &4d ve for

reduci ng the AC i npedance e vdd v and Fig. 9 s operating
wavef or ms aGesdrg d & iy Qﬁﬂl@%&@@t- the adiie/ & fMEBing,he P netb el at e
control 5 signal cbp and the N substrate control” signal cbn are 0 V and
1.8 v, respegiiictelthe antrdmeidioviey mtppipecid icagasy lLithi¥eand @hé are
applied as the substrate biases vbp, vbn. In the process, the supply

vol t age 190 tsaibtdnretsthal1 & i lgreeta qaavswrirent. & eddssdd hatcricas epoudrh suyEpl v
voltages 1.8 V and 10 O V are supplied as the virtual power supply voltages
vdd v and v$empenadsyzsct | Vidley adimgsttasdh\p thddiah tempanadugigsor hand,
voltages of 3.3 Vand -1.5 V are applied as the PMOS substrate contr ol
signal cbp atﬁ@an@nﬂ\m%mdtmt@cﬁm rdle siidtalofcin theydals npglawayes 3.3 V
and -1.5 V are applied as vbp and vbn, respectively. The substrate bias of

the MOS trarfdissttdy he suhthyeshaks lsrkage QURRhtT cdibes Yhad™al to ncel In

b d , d the th hol d ' . d tqQ th trat

b1 a5 of foct TUIRTEH GRTL Y Y DRI AP Y dheadeiaa<no1d n ot andby
de 5. | S > unol

\r/rgl '? age llsé\jm 'fi %‘IA lgcalt?getn r‘%ﬁltsgl}g:n ;Jﬁp Salvrv{s :/eo%%é{)?r{eesﬁ%ad\}q’%d%qfé) ulattébgtﬁig%itr al

power supplgfu ages yad wandyess v are rel eased fromthe power 25 supply
vol tages vdd and vss, respectively. Thus, the virtual supply voltages vdd v

and vss v assume a valpife (dethtdbdbwh tRSRRfINY QN tHe N aRsR)

determ ned by the | eakage current, etc. The substrate bias of the MOS 3 0
JITN i 00 - 4% if awo iy debditibed malidw, ofither smndaiich eald Pencel |1 to
ncel I n deepens and the threshold voltage increases due to the substrate
bi as effect.sdltedttelsane tine, the threshold voltage of the MOS transistors
inthe circuits of the
20 (1) After the aging, the current value of the
chip is measured to screen out defects.
(2) Before and after the aging, the chip current
value is measured to screen out defects due to the differ-
ence in current value.
25 As compared with the method (1), the method (2)
has the advantage that the acceleration of a latent defect

can be detected easily by aging. The advantage of the

method (1), on the other hand, is that a defect can be



5 standard cells ncelll to ncelln increases considerably due to the DI BL
phenomenon. In this way, the subthreshold | eakage current can be  3( JAN 1003
considerably reduced. In the case where the threshold voltage of the MOS
transistors MP1, MP2, MN1, M\2, though not specifically 10 limted, is set
to a low level, the | eakage current fl-o®® and therefore it becones
difficult to reduce the power consunption in general. For this reason, the
use of a MOSaresnradtatt oﬁnmwnqﬂremwmlq%wrrsememntrhe
threshol d vol tage of the MOS transistors MP2 and M\2 15 increases, however,
due to the ftarehiatreduciubstiattest dsingmer diie | BR{: cpuirant rmesitsem'dﬁlﬁ
node. As a result, MOS transistors of |ow threshold voltage can be used as
the MOS tram§Ehest RSAFEdme. Loy ifat s (9aR RE I%Srﬁé?mshq‘cdhgfstors
MP1 20 and MN1, on the other hand, are required to be increased in

t hi ckness norie NG b]a)tearéﬁu% 'fl I mof the MOS transistors in the

standard cell ncelll in view of t ac t_hat hi gh volta |s aqglled to

the gate-Bource or gat®? FXETPI%r %‘ﬁl i TR node J'SI' Liftfe

fil f th t ol th
s:';tmren ?hl ckﬁess as ?%ea}gﬁlt}zl rsldévpgnﬁér]nqlc‘) v O{%ﬂshkfr an%e;% ors i n‘iﬁﬁe gve the
standard celdi el | ehaeauscady et Otd 3901 PR Gfbddk {disy GaliReysour ce

termnals or t e gate-drain 0 JI~rJ c003 - term nal s. PrOV|S|on of

a nul tiplicigyof, SﬂM&Eb;?@'iéoPV\CPééi Oz{hglagglﬁ?g nfé(%ﬂdumcﬁlﬁa}e to

connect the substrate biases vbp, vbn, the vittual power voltagé 5 supplies

vdd v, vss Vlﬁ@réé@lﬂ@%h@W%W VoD ye b tAUBSyedthi gt than

respectlvely, in active nmode. Figs. 10 and 11 show a nmethod of arranging
the sw trh cehé snemwel | dpecsoitly ngolvage efbbdd Merdnd tteusy i & tdesd equovier
supply voltages vdd v, vss v provide power 10 lines for the standard cells
ncelll to ncebteed aout timte dppeatdmcdi gHibegredimpetrens ohb G2qul s, thee t he
i npedance of the virtual power supply voltages vdd v, vss v be as small as
possi bl e. Byp%i%\'/lwp@lh YRAERgR | &5 tYedHcedy elrcihe nogwal |operRting
i npedance is correspondingly reduced. 15 In spite of this the nunber of
switch cel | sVRhERIRant DELOVRY i PR PAPRIYIRG e PibSHeate &?Jcﬁﬁ Sharehy
nultlpI|C|ty of switch cells sweelll lts in an increased s
requi r enent . "EFHILR t%?\o%rﬁe%tfe] o#gliéjr%‘?ﬁf%t tTHe? T 1 “ﬁfqboecfl s
sweel |1 f|C|ent l S I
directio § | HC ??5 Xﬂ% t?h%ﬁ%t%m%%?%l%é} a#%éﬁﬁ%’ ceffég é éﬁéﬂ ?ﬂ§ 114
are operate a[re h and
ncells, nce%ﬂ%aé%gﬁ%t ofoéera %g_@ }??16 gaﬁeﬁg@éﬂn%ﬁ%ﬁ Zv%?%ore ng t he
circuits conpges edefO PhEm ViAT 4B e OVS! s SHOPL ¥ VOLL g8 é/dcﬂef/ecﬁfﬁfe \ond here
are fewer circuits which are operated at the sane tine. Fig. 11 shows
anot her exanpieer|vh&ty.tld,chihes oBf CodPAbIm{PP3items are impressed

with a normal power supply voltage in steps 1606, 1607, and

20 further a function test is conducted thereon without apply-

ing the substrate bias. Then, in step 1608, the items are

screened according to the result of the function test. The

environmental conditions including the ambient temperature

in steps 1601 to 107 are not specifically limited.

25 The chips can be selected also by executing the
test program in step 1602. The execution of the test

program may include the application of a test pattern to

the chip prior to the IDDQ test. A test pattern can also



signal processed is assuned to flowin Y direction. In Fig. 11, the
standard cells ncell2, ncell3 or ncelld4, ncell5 are likely to beEBpﬁﬂé@%d
at the same tine. Thus, a multiplicity of the CMOS circuits connected to a
single 5 virtual power voltage vdd v, vss v are operated at the sane tine.
By designing the signal flowin the dirré€tiron parallel to the virtual power
vol tage to avoid simnmultaneous operation of a multiplicity of CMOS circuits
connect ed t &€ P MF i id CRAt adndrind Sl $oas tags BeRl M0%ss v, the

peak of the current flowing in the virtual power supply can be suppressed.
Wth the ded™&dd¥Lm Jtr’nét@g‘r AP pddie WS tafomd tgrp dwisdd S’u;}plﬁy%ol t age

bunp generated can be reduced for the sane power. supply vqltage inpedance.
Thus, C15°1 n 16Ht AR D, G hte, SRR AP AR O it IR GAT pover
vol tage is reduced uj val.ent| From t hi s vi.ewpoi.nt, the swcell |

b (1fé%%é % i%ﬁ#&

arr angenent 5t 9 S TGS T &P s £ URELYC 9FarF AN TS ENGP 10.
The flomﬁpe%%%%égighe power supply voltage net 20 and the signal in Fig

10 can b€ easily reali zed by appropriately designing the data path, for
exanpl e. The signal fl i at IS regqul r.ef can be
FAYHHL Afr- A ﬁﬁpactrﬂe selecd! lo?et%{ﬁ&rﬁ%neé%{ _

designed to be parallel to the virtual power supp vol tage easi 25 Fig.

12 shows an 1 @ANPlL detid n e Ry YRl a0ekAdld, MSHetdie

substrate bias control |ines vbp, vbn, “cbp, cbn and the supply vol tage

swi tch cont pgindd Ng RMEV.cdse W rord zaiviradntdiVaGdron Hiin theridadiaam t he
30 JA~~ (03 - 48 lines vdd, vss, vbp, vbn wired by ML (first nmetal |evel)
are arrangedninedaidlaite arluen flhavsver tircalhedicagsd iwdrerd hehd | nes vdd,

vss, vbp, vbn, cbp, cbn, pwsw wired by M (second netal |evel) are
arrangedl0 Atsentiecanmiwrtsec tiindreyy va tiest weierc Wit appavtusdd,s ehr idagtedvdm ar e
connected in nesh, respectively. The flow of the signal in the data path is
set as i ndi cathtpdgtesmingd et & arednationdi(@dah, Bhaefan, et Ppossi bl e
to reduce the nunmber of the circuits connected to a single virtual power
suppl y whi cHOmD afamRiser atsd@tas tifs e REGRATerh & iftdrid} &t RARFCALRY n

t he di agram desi gnate sim |ar conponent parts as the correspondi ng ones

desi gnat ed i%PRH I atO™ R 3 e &AW arkeM AR IR 1 G TR he

[ ti faollows:, 1 1). The il d L d to th

Subt hr eshol o 4 05 g TR TR 1 A AR ot dh B SRR Lol By A he
h fe t : d,by .t b [ . t dth

(IZ:)I gEgShglnSONBﬁlo%ggﬁw&ﬂ]e\éﬁ%{bftvle S%egpgsr u@gtr ?gt ZBE?ggag‘?%%Bgflggcapgri ed ©

to the MXS tdansipifd$ M (ol REL Cahdih bdv:ielﬁ{é‘in{éﬁ’}f‘dds VldAghey the

wel | -wel | voltage of the transi stors. Ile the present 1nvention has

been descri hathwd Gy id1 SO Nt 13y M tibr e tuefierdebembotidradakaqane of
25 ordinary skill in the art would be enabled by this disclosure to make

various nodidursgntondmidshicorethisitatEnt wich sthid £ lhetwidthiond lef sdepe and
spirit of the invention as defined in the appended cl ai ns. 3 0 JA-J 2003
49 threshold voltage of the MOS transistor, and hence with the
20 fabrication units. Within the same fabrication unit,
however, a comparatively uniform characteristic is
exhibited, and therefore the statistical determination of a
defect described above can be considered effective.
The second problem (B) of the IDDQ test can be
25 solved to some extent by improving the current measuring
instrument such as the IC tester for measuring the power

supply current of the chip. 1In the case of changing the

substrate bias prior to the IDDQ test, however, it is



WHAT IS CLAIMED IS: 1. A sem conductor device conprising: a circuit
including a PMOS transistor and a NMOS transi stor; a power supply VOL%@%?FA
control circuit for supplying first and second power supply voltages N 2003
said PMOS transi stor and said NMOS transistor, the second power supply
vol t age being |l ower than the first poweBlsupply voltage; and a substrate
bias control circuit for supplying a fi.r..~b5t-. substrate bias voltage to
sai d PMOS t reecessany dinl rewkye ondlewbter dike i me vof tdigev ing sehiel NMOS
transistor; whereih the gate oxide thickness of said PMOS transistor and
sai d NMOS t raRs srake ar e eSubgtraLainolirgei s igenerated Wode, said
substrate bias control circuit controls the first substrate bias, voltage
hei ng a fir sRaNITRAL FRLR helB e dcaipsthene divrliage SRNPANNSA second
vol tage, and said, omer,SLTﬁggévplt e control circuit controls, the first

power suppl YC¥FiHgelhelhf hHR dE R SRR TAE 1R S M Poviehr idpl v
| t bei th | t ; Wh inj . d d the first
Subst Pat o bi SECh iR SRandle; AT iy L GE AR R SRR oi rcuit
t | t i gh h h i | t.h t.rat i
vol tage 1 < chohdoffng B it (RL YN U8 SRS PR VAR O age
| th t , . Sal ‘ trol
e rouit contt SR8 Y JPLLRE cafidsf O AHETVOHPRIS deleEBRAENL! % han
the third voliggeit i idAsHEP08s SPotvhedSdFal Ty SPA fys aohigypde, said

power supply voltage control circuit controls said second power supply

vol tage being the fourif) yehéadeo olve S e &, detvé Camsediersl e a
circuit including a PMOS transistor and a N transi stor; a power supply

vol t age TONtFDY. C17 cls tcdof i guped yidgsippby el s@ceandf qrovelie ssylpd yrate
voltages to said PMOS transi stor and said NMOS transi stor, the second power
supply vol t dgeaverbgpo | Dwem owwbsiddcofitlhe @oiwr slppiigyvolT ageymerral a
substrate bias control circuit for supplying a first substrate bias voltage
to sai d PMOSLT0@ndesignates bheecehhp. suBke ralio bl 430 vinebees oads VoS
transistor; wherein in a first node, said substrate bias control circuit
control s t heSHPsE¥ateRiaat b7 93 asl (04 t lycr @i wtPR #9 rRAdS of YR ROYET t he
second substrate biﬁﬁ voI%a&E bei ng a second voltage, and said power supply
vol tage cont$®PPEY rt{Pt: cbh¥fols the first power su~pl~_ voltage being a

Lptrd volgage and tie aecopdsBOher UGRLYsYGLI 298 0F, 16 A th Vol tage,
connected to the power supply terminal of the circuit, and
the pads for substrate bias 1703, 1704 are connected to the
substrate terminal of the transistors constituting the
circuit. Numeral 1706 designates a part, though not always

20 required, corresponding to the substrate bias control
circuit STBC1l of Fig. 2. This part constitutes an internal
substrate bias control circuit built in the chip. Numeral
1705 designates an example of the internal circuit of the
chip, which is a CMOS inverter by way of simplification in

25 the shown case.

When conducting the IDDQ test, a voltage is

applied from outside of the chip to the pads for power

supply 1701, 1702 and also to the pads for substrate bias



voltage is controlled by said substrate bias control circuit to a vo{b%gﬁ2m3
hi gher than the first vo~taQe, the second substrate bias voltage is"*
controlled by said substrate bias control circuit to a voltage | ower than

t he second vol tage, thereby reducing the subthreshold | eakage current of
said PMOS transistor and said NMOS transgéstor; and wherein in the second
mode, said power supply voltage control circuit controls said first power
supply vol t dgd3o 1703 0 at-rtheoEme Lidero| (GRIE NS tthadevwise tsddsol t age
and said second power supply voltage being the fourth vaoltage, thereby
further red®f ife G USYesoIan I%Wé’if&ecﬁ)r Maft Adelalo YHEAIBL ef fect .

3. A sem conductor device according.to C aim2, Wierein said power supply
vol t age contSHRPHY rQﬁHachrJétﬁYc'eéqq1&}}‘%ﬁ?éftqr(?n qc&tkaéée (Rﬂ“feernts‘fl’r?vﬁ'ai d second

node by controlling sajd.first power supply voltage taq a valtage | ower than
the third volREHRe ARG FhE Bpfcﬁ,é%l%JmW %lg-“t%tgtgl%ﬁ%gtt fourth

vol tage. 4. sem conduct qor. devi ce conmpri,sing: a circuit including a PMOS
transi st ot a‘ﬁaas%rﬁﬁf/[‘g’ L}ear%ﬁtg}ﬂ .4 ascxbo Wertlg"up‘pl y voltage control circuit

for supplying first a 9&9 ] : MV [

transistor and said Nw&s%%?ans @%ﬁhlﬁi%ﬁls%c’oﬁgj%ﬁdré gfuo}gl%“\so ta‘tlgfé)lﬁlei ng
lower than the fddmite le Ut Yo MR (P0G hAKh Sk Sy Sy %&d{gﬂ%rﬂﬁéﬂ

circuit for supplying a first substrate bias "voltage to sal

transistor angke&, seapfadstdRtauk s telgage 1702l MO Haes i iy
wherein in a first node, said substrate bias control circuit controls the
first substrigdmd piérse vl agecdsd gi By donmdcte tgoadintdesatmndpins
substrate bias voltage being a second voltage, and said power supply

vol t age rontoDltie rmaskagontprdlsalihye dxaeqit powerhes upgd ey whdteadiles bdiipy a
third voltage and the second dower supply voltage being a fourth voltage;
wherein in alsecequiredicio the packagedimnd arendted \gficrge tike ddMQ ol | ed by

said substrate bias contro
test, for example.

Another solution to the problems according to the

invention is to configure a voltage generating circuit

15 built in the chip which can drive the substrate biases at
high speed at the time of a test. 1In a specific method,
two or more types of voltage generating circuits are
prepared and one of them is used only for the IDDQ test.
Taking advantage of the fact that the power consumption of

20 the voltage generating circuits is negligible, the circuit
is configured to stabilize the substrate bias voltage at a
predetermined value at high speed. On the other hand, the
voltage generating circuit used for reducing the current in
the chip in standby mode is configured to consume less

25 power. In this way, the voltage generating circuits are
used differently for different purposes thereby to solve
the problem (B) described above. Of course, a single

voltage generating circuit having a plurality of operating



3 0 J~P c003 52 circuit to a voltage higher than the first voltage, and
the substrate bias voltage supplied to said NMOS transi stor is controbDeldN /M
by said substrate bias control circuit to a voltage | ower than the second
vol tage; and wherein in a third node, the substrate bias voltage supplied
to said PMOS transistor and said NMOS-t Ba8nsi stor in said second node is

mai nt ai ned by said substrate bias control circuit, and said first power
suppl y vol t &yadtsiaentaast kel used dial povess s uhif] feneanitt sagep leioratriginsci r cui t
to a voltage value lower than the third voltage and said second power

suppl y vol t &FEqrd iduhttotheal apt igwin qrekat g ppecid icafelatontrol to be the
fourth voltage. 5. A sem conductor device according to claim4, wherein

sai d power supply vol tBife AR rt@stiying Ghee | TRRG qunnens MeasyLyenantdi ng a
| evel conversiqn circuit for converting the |evel of the voltage supplied

froma firstRA%eAFGTALRS OIS AT SHAUY I8P Hiheh APy &itsdesc dinect ed
in parallel to said first th.for decreasing the voltage supplied from
said first BAFERIE F% C&‘-‘Q@%F‘é}%%@wdﬂé’ SUENEE AT (AR d f 1 rst
power supply. valt is caontrolled hby.the activation/deactivation of said

| evel COI’]VEI)’(’SaIr r?u%g?ccetﬁstt LEmey (GG R to1° c?e‘i/‘inc@ "ac C(ﬂrr@‘ntgo ai m 4,

wher ei n sai r ﬁs!lﬂﬁl vg|d.pd5,£0 ol _ ¢j .5 1nel S sel] ector for
swi t chi ng bgctr{[/\%\gﬁr{ he vocﬁ'agle suppﬁc”l ed{? rpooﬁégc%l&rpsqﬂ}t;at q'gtraﬁaeanl? t he vol t age
supplied freapfseeyd teimye ' ' TR G, t age
value is controlled by t??\% t%r#eng@ggﬁﬂfi@ed;ttc%td HéSlO(?)'J ~ ~r~ 05](%:8@5 p‘7fL‘3) A
sen conduct Gjo ARG e & i 1 StdIEage i fditlidorml WHe¥h i JIMST sty and
a NMOS transistor; a power supply voltage control circuit for supplying
first and semhdhpwwarrmspplis wedages thy saipl AMES 4 rdsepeat Gubditatai d
NMOS transistor, the second dower supply voltage being | ower than the first
power suppl yias tEpe; faond romdlstapamthicas. cAnt ridatciencuarnt f athesuppl yi ng a
first substrate bias voltage to said PMOS transi stor and a second_
substrate bicemhiglatigng @ xainbNMISa fies styork inviteadsi n Furtheid,r sthenode,
said substrate bias control circuit controls the first substrate bias

vol t a~e_bei MEEGd &t MRASEG Brfde HPDR: BHE eh agaard fiad o dieage being a

second vol tage, and sai d power su voltage control circuyit controls the
first dower J&U’ﬁﬁﬁi}%lqae{bg’%é?arfg”%p‘{ ytﬂ“rtd Wo%toé‘bee“ar}ﬂj e RPYFFwer

supply valt in fourth voltage:, wherein i second node, the first
suggt %latlceIJJ b%g]}.pq&ol‘%algteaqes bceo TN cﬂcilg’bdlbyvo ﬁak?esdg&‘a"reaﬁ%eetﬁlikg gt r ol
circuit to | i an i ol t cond
substrate biasé'l\gyv%i Eag\eﬁiésjsecd(;dnﬂbgﬁée&& byltrlgg-iﬂcf'gsﬁ)a t'r é%hgeggqugsraéglgntc{éo sb% rcuit

to a vol taged Qifed RAHAR N D | A0 S ud MNENSIAL | N @, Idhd 4 mode,

the substrate bias voltage supplied to said NMOS transistor is controlled

by said subsiieit enddAfrGRNHTHY GiFfditd P the/ iy e Uy @Malp than the
substrate bias voltage supplied to said NMOS transistor in sai 5’ second

nmode, and sadlddtrisin pawsy sowE Vsupp ags Ithgend g sibstaiat ) Girs
supply voltage control circuit to a voltage value |ower than the third
vol t age 2dnhd are8 & juat 200 irdsat d s asmhocepciey sulpiine shol tdadecakage
controlled by said power supply voltage control. circuit to be the fourth
vol t age. 8. mmafitcoRlting kitwesn ddordi iy naved Aunpl iethans rthehen

transferrin%_fron1said second node to said third i
eakage current in the PN junction (including the GIDL

current).
The power supply voltage value reduced at the
25 time of the IDDQ test is such as not to erase the data
stored in the memory circuit (a latch, a SRAM, a register
or the like circuit for storing information) in the chip

impressed with the particular power supply voltage.



node, the change anount of the substrate bias value supplied to said NMOS
transistor is not nore than the change anmount of said first power gug%‘ymm
voltage. 9. A sem conductor device according to aim7, wherein % I 0
supply voltage control circuit includes a first path including a | eve
conversion circuit for converting the 1e&fl~of the voltage supplied froma
first batterg and a_second path including a pIuraIiti of di odes connected
in parall el $8N8RRAHLYyr3R BAFRSFoVEdECcERUSPAYEF hEUPBLY ayelsagnl vewldr om
said first batter tg_a redeterm ned voltage | evel; and wherein said first
power supplym@B?tgﬁe Fgfg%H%FoFPeEOBQ Ehe ég?FQQtﬂéthééétF9§F95h16¥esaid

| evel conversjon circuit. 10. A sem conductor devjce according to Claim?7,
wher ei n saidtB%mEFrgﬁbEI99959Fé@B'cUhFPthEiPEGP?b?ﬁCFﬁﬁgétatg%Fe%tor for
swi tching between fhe_vol e su ied_froma first battery and the voltage
suppl i ed fronthr SBtofRiguHE! ?ng?ngﬁheﬁhé?ﬁFﬂrtFQaUa%BQ B?bggfﬂs??igt power

supply vogta e ls controllgd by 8 'tch'ng saidt el ect or. 3.0 J€}€003 55
11, A senf conGUEieF AB6TEatcBRY: PELRY: PACYERL, TRE BEVEE SOpRFIEThH 1398
first | t : . A I h

sai d £l st poaEnialer 2eR: iR ARRC00  EOMETLELRE X EREHRSE LSS B,
power SUPP'thQ'EHQ@sHbQ@eGoFEQQeségdtﬂérﬁésp9¥§§s§H98£ycMH£ 206t a

fourth power supply voltage lower than said th power supply voltage; and
a substrate bhascepstiiel, ghacthbrbebreonsrAbti sgedititallgubshiasg bias

vol tage supplied to a PMOS transistor included 1n said first circuit and a
second substhaeteihiasasolbageasupplfaelitt cannb&iMIbstramghated, i acvoliedge n
said first circuit; wherein in a first node, said substrate bias contro
circuit tontvalsetheillribdwenbshaat ehbi minvmihagelbegagcanfbestsedl 4tge and.
the second substrate bias voltage being a second voltage: wherein in a
second node,whhehfthet datibsstaredbinsthel mageryscivauib| ard hytserased.
substrate bias control circuit to a voltage higher than the first voltage,
and the second substraf@™Bi 881p8| PREE2LE 8bnEYel PEAMBYEsRPHCEuBYPPRY e bi as

control circuit . to a voltage Lower, than the second,vol e._and wherein in
Sod Second HalEaded; IRt hPBRa)oRERes Lo RnehvertanE it hearPB0 cteue T oF ot

first mode anicbapaves 8k, kP2Eaalr" tobi Phpbons 5k cftrcatiatyef s,

circuit ys Cgﬂ%%?%éggféﬁ B& ﬁggfygghagﬁtﬁé ugtighgaggmgi£?ﬁenvgﬁe d said

third power tage supp to sard second circul't 1§ malrntai ned at

the voltage yghbueoinsggbdali b8! tABMCsequanPiaTiy 903a56ike, As SRy epaduct or
devi ce accordi ng ?o %Iain?ll, mhereiﬁegg$a é%co%d ci?cu%t fncluﬁgg an

i nput/ out putygrieukt metBodd seMaeNdHGEAL i8RVEESc2¢p8H0RBEVED C ai m 11,
Further conprising a power supply voltage control circuit for supplying a

power supply voltage tBusahdrfi semecchdpst insdudesehendini acaitrcait sai d
substrate bias control circuit.
such as a current source in which a small amount of current
20 flows between the power supply terminals also in normal
operation mode (such a current will hereinafter be called
the steady current). In such a case, the current due to a
fault and the steady current cannot be distinguished from
each other, and therefore the IDDQ test cannot exhibits
25 normal functions. Then, the chip is confiqured as shown in
Fig. 18. In Fig. 18, numeral 1800 designates such a chip.

A circuit group 1801 is where the steady current described

above flows, and a circuit group 1802 is where no steady



14. A sem conductor device according to Caim1ll, wherein said power Sﬁm[ﬁ
vol tage control circuit supplies said third power supply voltage t 05 §alAd 20
second circuit and said substrate bias control circuit; and wherein said
substrate bias control circuit supplies said PMOS transistor with a
substrate bias voltage equal to said t£hdbd-power supply voltage in said
second node. 15. A sem conductor device according to Caim1ll, wherein said
power suppl yumlandge oo .r olThs madst foar wewer Ippdys 1FdderansugBOd \aalet age
generating neans including a reference voltage generating circuit, a PMOS
transi stor &ANNAFtHserta ifcgnﬁalc%ﬁﬂlitf iggion i n 20ds Gdyee dadhsa f9 1h AoV esT
said PMOS transi stor of said power supply voltage generating- neans i.s

bet ween a fiSP 1005 @ANg, ]lqp%a(ﬁe aearaatad 46 SUFPW Y AT and a

second power. supply._ liner. a gate of said PMOS transistor, of said dower
suppl y vol t af¥%en ué’teiq?glﬁ’ré%rpg'i 4 80 4R 1R 45 SERIGANSHC ST t he

ti | ol ifi dth tput .of th i | [ i.fi i
oot Col el (SHTRANEsT 1 g ddlr Db & SO & AT S VB (e TS
t i st i.d e, | l,t ti Q ~~ 2003 s~
and The. out AR TG KhY & o Fte e o1 A e RTEe e A and
p’ﬂere' nin said stCbeCL r%d%ecifsi%aqu ﬁtsiﬂnipc%f %ﬂt%,v £ tc%qs} <t SHPRIF ed
rom sai d power supply v age generating means to sald first circuit in

sai d second yde. e 3in ) S §E CANMHIGLO T L\ B GUWY 155120 c o T il )i t
and a second circuit supplied wwth a first power supply voltage and a

second povertsWHY Yol tragei goner ddary stdl fHerdfaners sidplshowdl t age; and
a substrate bias control circuit for controlling a first substrate bias

vol t age saupplied to PMI thensingd af ithd urbpd itesta) s reiitichesarid &v ,second
substrate bias voltage sullied to NMOS transistors included in said
circuits; wik@E rexen urfnedtoffodegnddilte S} raterdntagnesmwramend r cui t
controls the first substrate bias voltage being a first voltage and the
second substacaerding tolthgelmwntion secamuatiedqissingeithe rRdedan

vol tage; wherein in a second node, the substrate bjas voltage supplied to
sai d PMOS t rReNeEtHPRLY coil T ol 18 natsdite AR rakite bhidh PRBIRTBIMIASL Ui t

to a voltage hjgher than the first voltage, and the substrate bias voltage
suppl i ed t o QHPIRMES (95 1%EH IRP roti 2Dy & RA bé‘irr HYH as

control Shrctdal P! 288 PR Ao N YU e Pkt 0 I
for the chip 1800 without being affected by the circuit
1801 in which the steady current flows.

At other than the time of the test, on the other
hand, the pads for power supply 1804, 1806 are connected by
20 turning on the switch 1808, and so are the pads for power
supply 1803, 1805 by turning on the switch 1807. Alterna-
tively, the pads for power supply 1804, 1806 and the pads
for power supply 1803, 1805 can be connected outside the
chip by bonding or on a printed circuit board (PCB) without
25 wusing the switches 1807, 1808. However, they had better be
connected with a low resistance using a switch in the chip

as shown in Fig. 18, because it is possible to prevent the

noise-caused deviation of the power supply voltage level of



vol tage supplied to said first circuit is controlled to a voltage | ower
than the voltage in said first node and sai d second-power supply VO$Ma ) 2003
supplied to said first circuit is controlled to keep a voltage supplied in
said fist, node, and said first power supply voltage supplied to said 30
JptJ c003 58 second circuit is controkl 88 to a voltage val ue | ower than the
voltage supplied to said first circuit in said second node. 17. A

sem conduct drhed@iirsaligsc drdiing 48P 26 @nd Tduswde ma L une tsigind agsc @il node,
the information held in said first circuit i s maintained wthout being
erased, and iME9afas maWedh ARAISINRT 04 Fafedhd@vaidadt is erased. 18. A
sem conduct or device according to claim16 or 17 conprising: a first power
supply vol tage |ine sdif icnfgduradaiar A dtheSnetdigsoiip Vol tlff & second

power supply voltage line supplied with said second supply, voltage; .a first
P Tt ual - oW e R MASA LG TG G bk, S i, e T G Sy

vol tage t id seco circuyit: a and. virtual power, . suppl y..val.tage |ine
for suppl@i ﬁ‘glsa" 5 S {ﬂarpcﬁﬁe%}%%ﬁ)pa\ieffoﬁ tpé)d’eeli o & eacots)jnd‘psciotnc(liﬁq% and a
switch cell LLoQnt ' id, thi ?qqp_:l'edto
sai d second é:olc%lcttcjllo‘{g t%doéuﬂ%uﬁlgl f(lmrc{s% \%ﬁ%ﬁ%?\/\%ﬁ \bgu&ggfl%? 0 taIlge l'ine
and said fo I i | ; I OUi t

t hrough sai }r&_sébcl%ﬁoiftﬁ%gl%p\(ﬁ{eér sf)?paglliygvoﬁ%la%fe) ﬁfﬂ%f&\%ﬁ%i(ﬁis{ﬁ) 'a tfhler st
node, said swichh celd7 canacdfersdcy fddfi ROVET WPy PMId agfl ldee to
said first virtual power supply voltage |ine and said second power supply

vol tage |i neswixcniihoeeaninch \d mMGE . PomRd neild o |dagardliland Retely to
supply said second circuit with said first 3 p ~~~~ c003 59 power supply

vol t age land ssaitcblseraired rpowespestiipi ga Mot tlaigeited .
In Fig. 2, the voltage boosted by the DC-DC

converter DC1l and stepped down by the DC-DC converter DC2
is supplied as a vdd voltage. As an alternative, the DC-DC
converter DC2 can be so configured as to boost or step down

15 the voltage from the battery BAT1 directly to generate the
vdd voltage. In such a case, the vdd voltage can be
obtained through one step of the DC-DC converter from the
battery BAT1 and therefore a highly efficient voltage
conversion is possible.

20 Fig. 13 shows another embodiment different from
Fig. 2. The reference characters BAT2 designate a battery,
which is different from that of Fig. 2 in that power is
supplied as vdd in standby mode not from the DC-DC
converter DCl but from the battery BAT2. 1In standby mode,

25 the power supply voltage for the circuit CKTO0 is supplied
from a battery other than the battery BATl1. Thus, a
battery with a smaller open-circuit voltage can be used as

the battery BAT2. The battery BAT2, though not specifi-



and wherein in a second node, said switch cell disconnects said_first, power
supply voltage line fromsaid first virtual power supply voltagé(lﬂM%mgkd
said second power supply voltage line fromsaid second virtual power supply
voltage line in said first node. 19. A sem conductor device according to
claim 18, further conprising a first suB3trate bias supply line for
supplying a substrate bias voltage to said PMOS transistor included in said
second circuiallyandmitsscond suistatdtye abinds kelphlyyrioigen fart texyployi ag a
substrate bias voltage to said NMOS transistor included in said second
circuit; wherigkelsgiadimsinim datdeny doom dhe viewpghisitr atfe thieaopeoi-t age
supplied to said PMOS transi stor and said NMOS transistor included in said
second cir cH¥rCUferv@ltage ddiegedf.st node, said switch cell connects said
first substrate bias supply line with said first power supply voltage |ine
and said second subst rEhe MsaRe fQFpIepaliird ng Fﬁeséﬁén§§WOMQa§b®ePrs Bl y

Said Tir et AR S AR i SAVEPPR. 0Bt SUAIP SR age

second povert ELRG EEH Be P 7 Snildonaddt d RESIEs Lonpr 1 51 ng; 2
circuit inclygdi : i I r.ansi.st qr, ~ ~~~
c003 60 a péﬁgyﬁgﬁgﬁrgﬁé%&%ﬁgg!E%ﬁﬁﬁgquﬁFggﬁf“%&r@éﬁp§%§hn§%%8%€§n uppl y

vol tages to éfémq%(%% M@@@Qbﬁs’%&gaitqlew@gdg Ny %tn(arg rein the gate

insul ating fi ness of sai transi stor and sal transi st or

are not nor e ddiafs it efidided H1a fid P amedeRizai @ ,PaeR «ampre,yal ta~e
control circuit supplies a first power supply voltage and a second Bower

supply vidl t agianillaerpurtss es dath fie sichiewesid Byp proywivdiniaghe Woepei n in a
second node, said dower su~pl~ voltage control circuit controls the voltage
val ue of saiabrversterp®@X wsidpplthey durectgen aoferswitahinte tha toageutal ue of
said first power supply voltage in said first node, and wherein G DL
current of selEeSS transistor or said NMOS transistor in said first node
is (bigger) larger GDL current of said PMOS transistor or said NMOS
transistor in Such an embodiment is shown in Figs. 14A, 14B.
In Fig. 14A, the diode switch shown in Fig. 13 is replaced
15 with a supply voltage switch PSW. The supply voltage
switch PSW causes the shorting between Vin and Vout when
the voltage Vin is higher than a predetermined reference
voltage. When the voltage Vin is lower than the predeter-
mined reference value, on the other hand, Vbat and Vout are
20 shorted with each other. This method can be implemented
automatically in the same manner as when a diode switch is
used for switching the supply voltage.
Fig. 14B shows an embodiment of the supply
voltage switch PSW. Numeral 301 designates a comparator,
25 numeral 302 a reference voltage generator, numerals 305,
306 inverters, numerals 307, 310 PMOS transistors, and

numerals 308, 309 diodes. The voltage value Vin is

compared with the output of the reference voltage generator



said second node. 21. A sem conductor device conprising: a first pOigh;Kﬁ"WB
second point; a PMOS transistor which source/drain path is between s id’ £
first point and said second point; and a NMOS transi stor connected to said
PMOS transistor in series, which source/drain path is between said first
poi nt and said second point; wherein n38 kirst state, a first absolute

val ue of a difference between a voltage of said first point and a vol tage
of ' sai d sec@&0® poi nthd sampgdrattowale, wh isdr @t palsoltie nadule off a

di fference between a voltage of a source of said PMOS transistor and a

vol t age of aomgdrisaind PMOSdndhrsy stoorthies messddomd v ise caompaar itsoinr,d

absol ute 30J 1~~J c003 61 value of a difference between a voltage of a
source of s&ithewoshe AMISttorangistevAGTags ol G ikeldumfeds girg NUDS
transistor is a third value; wherein in a second state, the first absolute
val ue is a fHndes e IGhare NP A F ihyRasslife thewnCafe shergh ol ut e
value is a fifth value | arger than said second value and the third absol ute
val ue i s % SURHPRIRRY ARG gete tHETF e GHiYel GARATEE XM it @MIS current of
said PMOS transistaor or_said N transistor in saidq first node is |arger

G DL cur rentt’if’fnss]fitd’rPl\féé"fsr’an&% oPr"PQJﬁ? AT MHSE ¢ K355 & d second

node.

AL A LA AaGSRFUE SRR WV AGRRRS Y MY DR RAiBRdAr AHRARRERPOTA H. A

ATE AR, e RETAR AGNE A R Bt pBlndty QI k bl R V> A 2

s AR S Ky 8y A AUSI TSI I il ool el ealomlgal ol ca ca

] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] cal ca] calU]ca] ca! - 89e

I 789abde@Jagrid it ol cale a tad €3] ]l £ o] iR id cal ca] ca] ca] ca
caj] ca] ca] ca] ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal
encountered in the method of Fig. 14.

Fig. 15 shows still another embodiment. This
embodiment is configured with two batteries BAT1, BAT3. 1In
active mode, the battery BAT1 is used, and in standby mode,

15 the battery BAT3 is used. The circuit CKTO has built
therein a power supply circuit 320 for generating a power
supply voltage for the circuit CKT2 in standby mode. The
power supply circuit 320 includes an operational amplifier
322, a PMOS transistor 323 and a reference voltage

20 generator 321. 1In this case, the output voltage of the
reference voltage generator 321 is 0.9 V. Numeral 324
designates a vdd voltage monitor. When vdd is not lower
than 0.9 V, the operation of the power supply circuit 320
is turned off, while when vdd is not less than 0.9 V, the

25 power supply voltage circuit 320 is turned on. The supply
voltage switch PSW is as shown in Fig. 14B.

In Fig. 15, as compared with Fig. 2, the standby

control circuit STBC2 is not included, the standby mode is



f gFG cdl m
A _v}xsni g _Z]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal cag ﬁaJ]nﬁ%fﬁa
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca! +, RSh q67T a
Q e}xsnid_Z]]ca] ca]ca] ca]ca]ca]ca]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 4r 326 7FKst
=AB} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] cHUH] 12%1}]@511 &Y cH)e R MBA g8 sopppisigs Jicom 1 |Desa] cal ca] ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] c;é ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c
a] ca] ca] cal \PoRVELLEL cﬂ; reqjfically, in active mode, the power
carc s e e Ly W e U D o
Ln= " H $#rﬁ¢§§$ 9$$$%& &#&C&D&F! &(}xsnl d_Z]]ca] ca].ca] ca] ca] ca] ca]

ca] ca] ca] ca]%oé']rc RELE EHle g EGtaRE vita%ealda] ca] cal
+S+f§( b( ? (i( 14 ?5) ) )")1)‘2 T }%’nﬁ’a K ]‘csa]sd’aﬁpédjec?a]‘coa]v&.ﬂ%ﬂ“éia]@é]%&jhéé]“@é] ca] ca

]088%)8?5%5?& %ﬁY@%ﬁ[%@xgﬁ@agﬁaﬂ a cﬁca?c%]% a:] ca{] ca cg] ca] ca]

lca!l 666667
(7:a]7cz7i] $g¥$¥@7788d§%]8\%%ﬂ888883i9% CDPS%XSI’]IC ;ﬁ]} EHCC o(}f'i‘z]e‘}:"i:e(};a

a] ca] ca] ca] qrjahaadcal 2] Lol Sadgide Aol adl aalecal %%]&%]dﬁl@dc%]sc%ldﬁal cajc
a] ca] cal ca] ca] ca! P9T9U9998: 9: H: w,

; <$=[ >>? 2 AT HEAAALAY ABABU Byt ivil 7 W d 16 ofed Infeo] i) r€ @203 Infel idlr@a] cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]calc a!uBvBC
C{ ¢ CC} D-DODx@eNEtdRg e el BEckd-Froui(d | ifd AitKakéaté<K;than 0.9 V and there-
L} xsni d_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]fye A mwierm]vmireky cwwltage 320 is in off state.
L<LQ.LLLL#MBEM M MOMLM MJM* NNNNr OOOOOPPPQQHQRQSQQQ} xsni d ZU] ] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] cid} cﬁ@ﬂm%]% (%Tt%]xxdi]m mﬁ o@]lctiﬁ]g@]a] cia]
cal ca] cal Q5R6RBRV RRRc. STUU Xsni calcalcalc
a] ca] ca] ca] c’aq] a]%]%]%%ﬁﬁga]%]%"ba]b&]%]%]c@a]v(%ﬁ%] a] &®| ca]c
a] ca] ca] ca] ca!
YY! Y Y2YKYV VA %\F\Fﬁlﬁ'ﬂ]ﬁ A8 SaHitE e G5 ShoFiteaths) O4tP¥tca) ca) ¢
al cal cal el sAlseleP g cbaaltctaéﬁalaaﬂscaé RPNV Al e it A3z ca'

NAVA

> ""’\’\’7 I%ﬁ% ca] cal ca] ca]
]c!a] ]cja] EL?]cL]dcf]a}t]cﬂa ca caﬁr J](S(S:a%] cﬂa%dga ca]d%g q]dg?d?g f:i%]'ol"\] ANNNN(
_CD__'_e_ginde power \;al‘taag@m&w@m@ Lﬂddcar]oc%]h‘éab@a-b@a] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca
I ZbbbbbM: Nc |axanddftahd dateef figd ipower voltage also ceases to be supplied
k> 2liljI11111}xsnid_ZU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] cdjcc ajdsh ] foadne afhom | s Dsa jocajveaijtea] edj2ca! IThd vddmviizagreGnSnTnYnZnn
nnnnnnn6070} 0~00000} xsni d_ZU] | ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cACaedyide|t Bddamed i usa | td Fald ajcdajags) c @nga Miesp msp Eeomsp eppppP

p
apaqqaaqqr r &8 i @5 1hesH d_taINs fne fheapoaiedaVedtedre SupElyacdardditcal ca) ca

ca] ca] ca] ca].ca] ca] ca]ca ca] ca] cal ca] caljcalca]cajcalrrrrr ss%&sssss
Ica] ca] ca] Eg ] A ; 4 ﬂ ,] J stpﬂle wﬂth]the same voltage of

0.9 V as the output voltage of the reference voltage
generator 321 from the PMOS transistor 323. The battery

25 BAT3, though not specifically limited, is suitably composed
of a lithium battery from the view point of the open-
circuit voltage and the energy density thereof.

The power supply voltage circuit 320 requires no
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on the configuration of Fig. 2. The configuration is not
specifically limited as long as a deeper substrate bias is

25 applied and a low power consumption is realized in standby
mode than in active mode, as a power saving mode for reduc-
ing the power supply voltage supplied to the circuit.

Fig. 6 shows an embodiment including the circuit
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5 the transition to active mode upon restoration of the power
supply voltage. The circuit CKT4 is free of such
inconvenience.
In standby mode, the circuit CKT4 free of the
trouble by the turning off the power supply voltage is
10 supplied with the power supply voltage vddc through the
power supply switch SWl. The power supply switch SW1 is
controlled by the standby control circuit STBC2. When the
power switch SWl1 is turned off in standby mode, the power
voltage supply for the circuit CKT4 is cut off. BAs a
15 result, the power consumption due to the subthreshold
leakage current flowing in the circuit CKT4 can be reduced.
An output fixable circuit and an input fixable
circuit are required in the interface between the circuit
CKT3 and the circuit CKT4 in order to prevent the malfunc-
20 tion of the circuit CKT3 in on state when the power supply
voltage of the circuit CKT3 is turned off in standby mode.
This is easily realized by using a NAND, a NOR or other
CMOS circuits, and therefore will not be described here.
The subthreshold leakage current in standby mode
25 1is reduced by use of the method of Fig. 1 according to the
invention and this method is combined with a method of
turning off the power supply voltage of the circuit without

posing any problem as in the method of Fig. 6, thereby
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supply voltage control circuit for controlling the power
supply voltages vdd v and vss_v of the circuit CKT4. 1In
standby mode, voltages of 1.0 V and 0.8 V, for example, are

applied as the power supply voltages vdd_v and vss_v,

10 respectively, of the circuit CKT4. Since the potential
difference of only 0.2 V is applied to the circuit CKT4,
the information stored in the circuit CKT4 is not main-
tained, but the subthreshold leakage current flowing in the
circuit CKT4 can be remarkably reduced. Also in the case

15 of Fig. 6, 0.9 V is applied as vdd v and vss_v in similar
manner to Fig. 6 to turn off the power voltage completely.

Fig. 8 shows an embodiment showing a method of
realizing the circuit CKT4 and the standby power supply
voltage control circuit STBC2. Characters ncelll to ncelln

20 designate CMOS logic circuits with the substrate biases
thereof connected to vbp and vbn, respectively. Also, the
power voltage terminals of the cells are connected to the
virtual power supply voltages vdd v and vss_v, respec-
tively. One of the CMOS logic circuits (standard cells)

25 ncell or a combination thereof corresponds to the circuit
CKT4. Also, the switch cell (power supply voltage control
means) swcell constitutes a part of the standby power

supply voltage control circuit STBC2.
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the power supply voltages vdd and vss through the MOS
transistors MP1 and MN1l, respectively. As long as the PMOS
5 substrate control signal cbp and the NMOS substrate control
signal cbn are "L" and "H", respectively, therefore, the
power supply voltage is applied to the substrate biases
vbp, vbn. Also, when the PMOS substrate control signal cbp
and the NMOS substrate control signal cbn are "H" and "L",
10 on the other hand, the vbp and vbn voltages are supplied
from an external circuit not shown in Fig. 8.

On the other hand, the virtual power supply
voltages vdd_v and vss_v are connected to the power supply
voltages vdd and vss, respectively, through the MOS

15 transistors MP2 and MN2. When the supply voltage switch
control signal pwsw is "H", therefore, the virtual power
supply voltages vdd_v and vss_v are connected to the power
supply voltages vdd and vss, respectively. When the supply
voltage switch control signal pwsw is "L", on the other

20 hand, the virtual power supply voltages vdd_v and vss_v
assume a high impedance state, so that the voltages thereof
are determined by the leakage current of the circuit
connected between the virtual power supply voltages vdd_v
and vss_v.

25 In Fig. 8, CP1l and CP2 designate what are so-
called bypass capacitors or decoupling capacitors used for

reducing the fluctuations of the power supply voltage.

These bypass capacitors may be done without, although the
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5 =signal cbp and the NMOS substrate control signal cbn are 0
V and 1.8 V, respectively, and the power supply voltages
1.8 V and 0 V are applied as the substrate biases vbp, vbn.
In the process, the supply voltage switch control signal
pwsw is 1.8 V, so that the power supply voltages 1.8 V and
10 0 V are supplied as the virtual power supply voltages vdd_v
and vss_v, respectively.
In standby mode 4, on the other hand, voltages of
3.3 V and -1.5 V are applied as the PMOS substrate control
signal cbp and the NMOS substrate control signal cbn, and
15 voltages 3.3 V and -1.5 V are applied as vbp and vbn,
respectively. The substrate bias of the MOS transistors in
the circuits of the standard cells ncelll to ncelln become
deeper, and the threshold voltage increases due to the
substrate bias effect, thus reducing the subthreshold
20 leakage current.
In standby mode 5, in addition to the conditions
for standby mode 4, the supply voltage switch control
signal pwsw becomes 0 V. As a result, the virtual power
supply voltages vdd_v and vss_v are released from the power
25 supply voltages vdd and vss, respectively. Thus, the
virtual supply voltages vdd_v and vss_v assume a value (1.0

V and 0.8 V, respectively, in this case) determined by the

leakage current, etc. The substrate bias of the MOS
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5 standard cells ncelll to ncelln increases considerably due
to the DIBL phenomenon. In this way, the subthreshold
leakage current can be considerably reduced.
In the case where the threshold voltage of the
MOS transistors MP1l, MP2, MN1l, MN2, though not specifically
10 limited, is set to a low level, the leakage current flows
and therefore it becomes difficult to reduce the power
consumption in general. For this reason, the use of a MOS
transistor of high threshold voltage is recommended. The
threshold voltage of the MOS transistors MP2 and MN2
15 increases, however, due to the fact that the substrate bias
thereof is deepened in standby mode. As a result, MOS
transistors of low threshold voltage can be used as the MOS
transistors MP2, MN2.
The gate oxide films of the MOS transistors MP1
20 and MN1l, on the other hand, are required to be increased in
thickness more than the gate oxide film of the MOS transis-
tors in the standard cell ncelll in view of the fact that a
high voltage is applied to the gate-source or gate-drain
terminals in standby mode. The gate oxide film of the MOS
25 transistors MP2 and MN2, on the other hand,lcan have the
same thickness as the gate oxide film of the MOS transis-

tors in the standard cell ncelll because no high voltage is

applied to the gate-source terminals or the gate-drain
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substrate biases vbp, vbn, the virtual power voltage
5 supplies vdd_v, vss_v to the low-impedance power supply
voltages vdd, vss, respectively, in active mode.

Figs. 10 and 11 show a method of arranging the
switch cells swcelll according to an embodiment. The
virtual power supply voltages vdd_v, vss_v provide power

10 1lines for the standard cells ncelll to ncelln, and there-
fore the high-speed operation requires that the impedance
of the virtual power supply voltages vdd_v, vss_v be as
small as possible. By providing a multiplicity of switch
cells swcelll, the impedance is correspondingly reduced.

15 In spite of this, the number of switch cells that can be
provided is limited. Further, provision of a multiplicity
of switch cells swcelll results in an increased space
requirement.

Fig. 10 shows a method of arranging the switch

20 cells swcelll efficiently. In Fig. 10, the signal is
assumed to flow in X direction. 1In Fig. 10, the standard
cells ncell2, ncell5 or ncelll, ncell4 are operated at the
same time, while the standard cells ncell2, ncelll and
ncell5, ncell4 are not operated at the same time. There-

25 fore, among the circuits connected to one virtual power
supply voltage vdd_v, vss_v, there are fewer circuits which
are operated at the same time.

Fig. 11 shows another example. In Fig. 11, the
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By designing the signal flow in the direction
parallel to the virtual power voltage to avoid simultaneous
operation of a multiplicity of CMOS circuits connected to a

10 single virtual power supply voltage vdd_v, vss_v, the peak
of the current flowing in the virtual power supply can be
suppressed. With the decrease in the current peak, the
amount of power supply voltage bump generated can be
reduced for the same power supply voltage impedance. Thus,

15 1in effective terms, therefore, the impedance of the virtual
power voltage is reduced equivalently. From this view-
point, the swcelll arrangement of Fig. 11 is considered
less efficient than that of Fig. 10.

The flow design of the power supply voltage net

20 and the signal in Fig. 10 can be easily realized by
appropriately designing the data path, for example. The
signal flow in the data path is regular and therefore can
be designed to be parallel to the virtual power supply
voltage easily.

25 Fig. 12 shows an example layout of the power
supply voltages vdd, vss, the substrate bias control lines

vbp, vbn, cbp, cbn and the supply voltage switch control

line pwsw. In the horizontal direction of the diagram, the
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5& () - va%gébggg4metal level) are arranged. At the intersections

5 between M1 and M2, vdd, vss, vbp, vbn are connected in
mesh, respectively. The flow of the signal in the data
path is set as indicated by signal flow arrow in the
diagram. Thus, it is possible to reduce the number of the
circuits connected to a single virtual power supply which

10 are operated at the same time. The reference numerals in
the diagram designate similar component parts as the
corresponding ones designated in Fig. 11 and preceding
diagrams.

The main effects of the invention are as follows:

15 (1) The increased power consumption due to the
subthreshold leakage current in standby mode can be
suppressed by the change of the threshold voltage caused by
the substrate bias effect and the DIBL phenomenon.

(2) An effectively deep substrate bias can be

20 applied to the MOS transistors without increasing the
drain-well voltage or the well-well voltage of the MOS
transistors.

While the present invention has been described
above in conjunction with the preferred embodiments, one of

25 ordinary skill in the art would be enabled by this disclo-
sure to make various modification to this embodiment and
still be within the scope and spirit of the invention as

defined in the appended claims.
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a circuit including a PMOS transistor and a NMOS
transistor;

a power supply voltage control circuit for supplying
first and second power supply voltages to said PMOS
transistor and said NMOS transistor, the second power
supply voltage being lower than the first power supply
voltage; and

a substrate bias control circuit for supplying a first
substrate bias voltage to said PMOS transistor and a second
substrate bias voltage to said NMOS transistor;

wherein the gate oxide thickness of said PMOS
transistor and said NMOS transistor are not more than 5 nm;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage bheing a
first voltage and the second substrate bias voltage being a
second voltage, and said power supply voltage control
circuit controls the first power supply voltage being a
third voltage and the second power supply voltage being a
fourth voltage;

wherein in a second mode, the first substrate bias
voltage is controlled by said substrate bias control
circuit to a voltage higher than the first voltage, the
second substrate bias voltage is controlled by said
substrate bias control circuit to a voltage lower than the
second voltage, and said power supply voltage control
circuit controls said first power supply voltage to a

voltage lower than the third voltage,
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2. A semiconductor device comprising:

a circuit including a PMOS transistor and a NMOS
transistor; ’

a power supply voltage control circuit for supplying
first and second power supply voltages to said PMOS
transistor and said NMOS transistor, the second power
supply voltage being lower than the first power supply
voltage; and

a substrate bias control circuit for supplying a first
substrate bias voltage to said PMOS transistor and a second
substrate bias voltage to said NMOS transistor;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage being a
first voltage and the second substrate bias voltage being a
second voltage, and said power supply voltage control
circuit controls the first power supply voltage being a
third voltage and the second power supply voltage beinq a
fourth voltage;

wherein in a second mode, the first substrate bias
voltage is controlled by said substrate bias control
circuit to a voltage higher than the first voltage, the
second substrate bias voltage is controlled by said
substrate bias control circuit to a voltage lower than the
second voltage, thereby reducing the subthreshold leakage
current of said PMOS transistor and said NMOS transistor;
and

wherein in the second mode, said power supply voltage

control circuit controls said first power supply voltage to
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a voltage lower than the third voltage and said second
power supply voltage being the fourth voltage, thereby

further reducing said subthreshold leakage current due to

the DIBL effect.

3. A semiconductor device according to Claim 2,

Wherein said power supply voltage control circuit
reduces the junction leakage current in said second mode by
controlling said first power supply voltage to a voltage
lower than the third voltage and said second power supply

voltage being the fourth voltage.

4. A semiconductor device comprising:

a circuit including a PMOS transistor and a NMOS
transistor;

a power supply voltage control circuit for supplying
first and second power supply voltages to said PMOS
transistor and said NMOS transistor, the second power
supply voltage being lower than the first power supply
voltage; and

a substrate bias control circuit for supplying a first
substrate bias voltage to said PMOS transistor and a second
substrate bias voltage to said NMOS transistor;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage being a
first voltage and the second substrate bias voltage being a
second voltage, and said power supply voltage control
circuit controls the first power supply voltage being_a
third voltage and the second power supply voltage being a
fourth voltage;

wherein in a second mode, the first substrate bias

voltage is controlled by said substrate bias control
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'‘control d¢ircuit, and $aid first powér supply voltage is

controlled by said power supply voltage control circuit to
a voltage value lower than the third voltage and said
second power supply voltage is controlled by said power

supply voltage control to be the fourth voltage.

5. A semiconductor device according to claim 4,

wherein said power supply voltage control circuit
includes a first path including a level conversion circuit
for converting the level of the voltage supplied from a
first battery and a second path including at least a diode
connected in parallel to said first path for decreasing the
voltage supplied from said first battery to a predetermined
voltage level; and

wherein said first power supply voltage is controlled
by the activation/deactivation of said level conversion

circuit.

6. A semiconductor device according to claim 4,

wherein said power supply voltage control circuit
includes a selector for switching between the voltage
supplied from a first battery and the voltage supplied from
a second battery; and

wherein said first power supply voltage value is

controlled by switching said selector.
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transistor and said NMOS transistor, the second power
supply voltage being lower than the first power supply
voltage; and

a substrate bias control circuit for supplying a first
substrate bias voltage to said PMOS transistor and a second
substrate bias voltage to said NMOS transistor;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage being a
first voltage and the second substrate bias voltage being a
second voltage, and said power supply voltage control
circuit controls the first power supply voltage being a
third voltage and the second power supply voltage being a
fourth voltage;

wherein in a second mode, the first substrate bias
voltage is controlled by said substrate bias control
circuit to a voltage value higher than the first voltage,
and the second substrate bias voltage is controlled by said
substrate bias control circuit to a voltage lower than the
second voltage; and

wherein in a third mode, the substrate bias voltage
supplied to said NMOS transistor is controlled by said
substrate bias control circuit to a voltage value lower
than the substrate bias voltage supplied to said NMOS
transistor in said second mode, and said first power supply
voltage is controlled by said power supply voltage control

circuit to a voltage value lower than the third voltage and
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8. A semiconductor device according to Claim 7, wherein
when transferring from said second mode to said third

mode, the change amount of the substrate bias value

supplied to said NMOS transistor is not more than the

change amount of said first power supply voltage.

9. A semiconductor device according to Claim 7,

wherein said power supply voltage control circuit
includes a first path including a level conversion circuit
for converting the level of the voltage supplied from a
first battery and a second path including a plurality of
diodes connected in parallel to said first path for
decreasing the voltage supplied from said first battery to
a predetermined voltage level; and

wherein said first power supply voltage is controlled
by the activation/deactivation of said level conversion

circuit.

10. A semiconductor device according to Claim 7,

wherein said power supply voltage control circuit
includes a selector for switching between the voltage
supplied from a first battery and the voltage supplied from
a second battery; and

wherein the value of said first power supply voltage

is controlled by switching said selector.
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"()- 10JJ a second circuit supplied with a third power supply
voltage higher than said first power supply voltage and a
fourth power supply voltage lower than said third power
supply voltage; and

a substrate bias control circuit for controlling a
first substrate bias voltage supplied to a PMOS transistor
included in said first circuit and a second substrate bias
voltage supplied to an NMOS transistor included in said
first circuit;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage being a
first voltage and the second substrate bias voltage being a
second voltage:

wherein in a second mode, the first substrate bias
voltage is controlled by said substrate bias control
circuit to a voltage higher than the first voltage, and the
second substrate bias voltage is controlled by said
substrate bias control circuit to a voltage lower than the
second voltage; and

wherein in said second mode, said first power supply
voltage supplied to said first circuit is controlled to a
voltage lower than the voltage value in said first mode and
said second power supply voltage supplied to said first
circuit is controlled to be the voltage value in said first
mode, and said third power supply voltage supplied to said
second circuit is maintained at the voltage value in said

first mode.



10JJ 10JJ! 6* TH10%J& ()-/sz[ 9uS4! (! 6%z 10%\ I\ & () -

10% & ()-!1L! @109\ E\ & ()-t Y 10% & ()-!,1"10v@@& ()- '(I1"10%\<\& ()- s
rS4l (L& 109% & ()-10% & ()-&&10% & ()- 10JJ 10JJ 10JJ! 6&0@10%J& () -3@ JAN 2003
| @O@ 1094 TE ()-m

18I} [Or SA (I N& M 109" & ()- & f& MA0% " & ()-& p& M 109%& ()-&L10% & () -
1 L109% " & () - L10%& ()-f#$7&88&9& &G&JI&LUVA! (16 10%&' () - 109& ()-' 910%& () -
10 10 . : : :

100 @& M 10%& ()2 SEMGRTUE TG ERE S FEEMNT BRI 3Lz ss#10v0ce: () -,
10%&' () -! @ - 10%dDein 1894 §geond circuit includes an input/output

10%&' ()- (R((((*"*aBuV4! (! 6(@0% ()-s! M 109%& ()-3! 109N& ()-g

1098 () - gF- AR () - Lt 109 ()-"*W*++ ,, ,aSE7! (! 10ss 10ss

10ss! s379! 109%6s& ()-ys510%: ()-s0 109%&' ()-s, 10%& ()- 9s* 10%&' ()-
,.,1,,,L--aBSE7! (! 10ssM 10%& ()-!'C 10% ; & ()-2zs10%& ()--

10%v&' ()1B10% &¢ni@ondeceox devite . a¢edrPREy ! (o QLR 1R & () -

Further comprising a power supply voltage control
circuit for supplying a power supply voltage to said first
circuit, said second circuit and said substrate bias

control circuit.

14. A semiconductor device according to Claim 11,
wherein said power supply voltage control circuit
supplies said third power supply voltage to said second
circuit and said substrate bias control circuit; and
wherein said substrate bias control circuit supplies
said PMOS transistor with a substrate bias voltage equal to

said third power supply voltage in said second mode.

15. A semiconductor device according to Claim 11,

wherein said power supply voltage control circuit
further includes power supply voltage generating means
including a reference voltage generating circuit, a PMOS
transistor and an operational amplifier;

wherein a source-drain path of said PMOS transistor of
said power supply voltage generating means is between a
first power supply line of the first power supply voltage
and a second power supply line, a gate of said PMOS
transistor of said power supply voltage generating means is
controlled by an output of the operational amplifier and
the output of the operational amplifier is controlled by
the difference between the source voltage of the PMOS

transistor of said power supply voltage generating means
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first power supply

voltage is supplied from said power supply voltage

generating means to said first circuit in said second mode.

16. A semiconductor device comprising:

a first circuit and a second circuit supplied with a
first power supply voltage and a second power supply
voltage lower than said first power supply voltage; and

a substrate bias control circuit for controlling a
first substrate bias voltage supplied to PMOS transistor
included in said circuits and a second substrate biasg
voltage supplied to NMOS transistors included in said
circuits;

wherein in a first mode, said substrate bias control
circuit controls the first substrate bias voltage being a
first voltage and the second substrate bias voltage being a
second voltage being a second voltage;

wherein in a second mode, the substrate bias voltage
supplied to said PMOS transistor is controlled by said
substrate bias control circuit to a voltage higher than the
first voltage, and the substrate bias voltage supplied to
said NMOS transistor is controlled by said substrate bias
control circuit to a voltage lower than the second voltage;
and

wherein in said second mode, said first power supply
voltage supplied to said first circuit is controlled to a
voltage lower than the voltage in said first mode and said
second power supply voltage supplied to said first circuit
is controlled to keep a voltage supplied in said first

mode, and said first power supply voltage supplied to said

) S10%! () -
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wherein in said second mode, the information held in

said first circuit is maintained without being erased, and

the information held in said second circuit is erased.

18. A semiconductor device according to claim 16 or 17
comprising:

a first power supply voltage line supplied with said
first power supply voltage;

a second power supply voltage line supplied with said
second supply voltage;

a first virtual power supply voltage line for
supplying a third power supply voltage to said second
circuit;

a second virtual power supply voltage line for
supplying a fourth power supply voltage to said second
circuit; and

a switch cell for controlling said third power supply
voltage supplied to said second circuit through said first

" virtual power supply voltage line and said fourth power
supply voltage supplied to said second circuit through said
second virtual power supply voltage line;

wherein in a first mode, said switch cell connects
said first power supply voltage line to said first virtual
power supply voltage line and said second power supply
voltage line to said second virtual power supply voltage

line thereby to supply said second circuit with said first
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transistor included in said second circuit;

wherein said switch cell controls the substrate bias
voltage supplied to said PMOS transistor and said NMOS
transistor included in said second circuit;

wherein in said first mode, said switch cell connects
said first substrate bias supply line with said first power
supply voltage line and said second substrate bias supply
line with said second power supply voltage line; and

wherein in said second mode, said switch cell
disconnects said first substrate bias supply line from said
first power supply voltage line and disconnects said second
substrate bias supply line from said second power supply

voltage line.

20. A semiconductor device comprising;
a circuit including a PMOS transistor and a NMOS

transistor; and
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7003
a power supply voltage control circuit for supplying
power surply voltages to said PMOS transistor and said NMOS

transistor;

wherein the gate insulating film thickness of said PMOS
transistor and said NMOS transistor are not more than 5nm;

wherein in a first mode, said power supply voltage
control circuit supplies a first power supply voltage and a
second power supply voltage lower than said first power
supply voltage,

wherein in a second mode, said power supply voltage
control circuit controls the voltage value of said first
power supply voltage lower than the voltage value of said
first power supply voltage in said first mode, and

wherein GIDL current of said PMOS transistor or said
NMOS transistor in said first mode is (bigger) larger GIDL
current of said PMOS transistor or said NMOS transistor in

said second mode.

21. A semiconductor device comprising:

a first point;

a second point;

a PMOS transistor which source/drain path is between
said first point and said second point; and

a NMOS transistor connected to said PMOS transistor in
series, which source/drain path is between said first point
and said second point;

wherein in a first state, a first absolute value of a
difference between a voltage of said first point and a
voltage of said second point is a first value, a second
absolute value of a difference between a voltage of a
source of said PMOS transistor and a voltage of a well said

PMOS transistor is a second value and a third absolute
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value of a difference between a voltage of a source of said
NMOS transistor and a voltage of a well of said NMOS
transistor is a third value;

wherein in a second state, the first absolute value is
a fourth value lower than said first value, the second
absoluté value is a fifth value larger than said second
value and the third absolute value is a sixth value larger
than the third value,

wherein GIDL current of said PMOS transistor or said
NMOS transistor in said first mode is larger GIDL current
of said PMOS transistor or said NMOS transistor in said

second mode.



