; e3enn| R$6ZT; #20 JUN2002~~~ -1 SPECI FI CATI ON SEM CONDUCTOR | NTEGRATED ”,
CIRCU T TECHNI CAL FI ELD The present invention relates to a *GDOOOZYU\WNZMZ)(?
sem conductor I C unit, nore particularLf to a sem conductor |IC unit

provided with both fast operation and | ow power consunption properties. The
present application follows part of the US patent application No.

PCT/ JP97/ 04253 filed on Novenber 21, 1997. The contents of mmmmmmmmﬂmmmw us
patent application are cited and conmbined with the present

BACKGROUND ART At present, CMOS integrated circuits (1 C) are usegswdely to
forma sem conductor IC unit such as a mcroprocessor, etc. ACMS IC
consumes an el ectric power in two %@@%¥F¥Sﬁﬁib

¥ power consumpti and
static power _consunption. The dynam c power consunption is &m@yﬁﬁ
LAt o Pouer CoRsuIB et THSedyaamic aouer consumption bs RN
consunption is caused by a subthr eshlgl d | eakage current. The dyl¥&#2e power
consunption consunes a | arge cur rgmt ¥¥F%ﬁ Pon to the square of a

supply vol tage VDD, so e supply valtage .shoul tﬁ%lomered to save the
power consunption of th tP’Sbjpécc?tse nlvéq’gcflfoé“ctriea’@ S 1P rBcent years, the

supply vol taggrai%;]%?ﬁétg?tfé ! iltomﬁégﬁgadaox%&tvéﬁlgla&gl\g%%eavgetri‘iéo“rﬁi‘ucaé‘orom ect.

2 0 ~uN Zoo2 her _and, . r-'saving m croprocessors
avai | abl e at ; pregect ;2061 BLQVI,der BLih 2.R91800BA3GGRING fRA) Wa,ANd 11
processor is provided wmth a plurality of opefation nodes, so that supply
of the clockconsumption properties.
The present application follows part of the US patent
application No. PCT/JP97/04253 filed on November 21, 1997.

The contents of the preceding US patent application are

cited and combined with the present application.

BACKGROUND ART

At present, CMOS integrated circuits (IC) are used
widely to form a semiconductor IC unit such as a
microprocessor, etc. A CMOS IC consumes an electric power
in two ways; dynamic power consumption and static power
consumption. The dynamic power consumption is caused by
charging and discharging at a switching time and the static
power consumption is caused by a subthreshold leakage
current. The dynamic power consumption consumes a large
currxent in proportion to the square of a supply voltage VDD,
so the supply voltage should be lowered to save the power
consumption of the object CMOS IC effectively. In recent
years, the supply voltage is thus getting lower and lower

to cope with such an object.



r to an active unit is stopped at its standby tinme according to the set
operation node. Since the supply of the clock is stopped such way, it is
possi bl e to reduce unnecessary dynami c power consunption in such an Z28tjUNéls
unit as nuch as possible. However, the static power consunption caused by a

subt hreshol d | eakage current cannot be reduced and still remains on the
sane level at this tinme. The operation speed of a CMOS circuit drops at a
| ow supply voltage . In order to prevent such a speed reduction of a CMOS

circuit, therefore, the threshold voltage of the MOS transi stor nust be

| owered in conjunction with the drop of the sullggaé voltage., If a threshold
voltage is | ower eP? Hete\Fhed HARibt $r_ hof dt ARTcBFYeRF i ncreases

consunpt | on' THEF SHS0ESASPESr BHALKABLS e E5°FRE SaB: RESSHOE Ioitge

t, which h t b h ti | 1y. This_i
oroent ) exirea el SRR, SR SRt Ty gt e o
m cr oprocessor 0 s [
consuPrpti on %rpolp%%llc{e]tgaor} %g%%ﬁ%ﬁ{‘?a\ﬁ;gs% ’Ishggc?lrcfg sl?’,gpggl Sg%ée) a ocvke
probl em for.&Xaml & Jdeald Lal akopaeatLe ofs nexampad Jaibld i rlapanese

Pat ent Application I - 6- proposed a net’hod for controlling a
t hreshol d vol{ agge Ofe Lrapshat Rr8eby setting a variabl e substrate bias.
The substrate bias is set to the power source potential for PMOS (P-channel

MOS transistors) aithddana eupglpobenthalclcuk NMOStbNpeRasneh WM3p, it
transistors) in the active state when the obj ect CMOS circuit is required

for a fast opermatdsml<Onot hedddaemnkardsdny theast anskdwe staatnsunptlirch t he
CMOS is not required for any fast operation, the substrate bias is set to a
potenti al highesuthaan tdet Suppinyivals agech ;rs RMES idnice | oilmywervsan, tithe suppl y
vol tage for NMOS (hereafter, this operation will often be referred to as
"appl yi ng a pratieodbeege tonsumpbber taujed WY I# sudtheesdialthd sstkage
substrate bias voltage in the standby state, it beconmes possible to raise
the t hr eshol BN FE9RE GGMNHebrIeducats PeAcY sl EbAgBsiRG PhéTsopeRe lave
circuit, thereby reducing the static power consunption caused by a

subt hr eshol Pt eaRa§e tffrent. DI SCLOSURE OF | NVENTION I n order to
materialize a seniﬁgnducet qr onC %nit %c;,_haaéMa ”E:E,EQQ{ cgssoL.  ete. ,owwhi ch
can satisfy both fast < pgrattltgln ERT A Swef powgr consugrp I oh properties, the
substrate bi t trell I e,f - ; 2002
each CMOS ci rc%% t§svo%%$@’t hghtﬁgcés o} d%\%:\%g%eggg Mt%eégl\?[%d tr%ggnls%slfkg{r\l S is

| ower ed when, he SR caRAUGHOr thibelBirl | $nacCth ¥&sRPUAr @b SLdqahen drhe

sem conductor IC unit stands by, thereby reducing the subthreshol d | eakage
current. MOS transistor must be lowered in conjunction with the drop
of the supply voltage. If a threshold voltage is lowered,
however, the subthreshold leakage current increases
extremely. And, as the supply voltage is getting lower, the
static power consumption increases more remarkably due to
the subthreshold leakage current, which has not been so much
conventionally. This is why it is now urgently required to
realize a semiconductor IC unit such as a microprocessor,

which can satisfy both fast operation and low power

consumption properties.



As a result of exam nation, however, the present inventor has found that
the followi ng problens still remain unsolved when in controlling the
substrate bias in an actual semconductog_IC unit. (1) A substrate 20 dbN 200?
controlling circuit nmust be tested easily as ever. (2) A CMOS circuit nust
be prevented from mal function by controlling the substrate bias. (3) An
increase of a circuit area nmust be mnimzed by controlling the substrate
bias. (4) A sem conductor 1C unit nust be prevented from nmal functi on when
the substrate bias is switched over. In order to solve the above probl ens,

th (O ti h dt foll ow inly..T ke it

caci or Lo test  Che SLBSRPAL 6o B % GiEr BFPY RGBT L oPRERBPALr DRt he
ti | t ti i it is. d d. | d

'he negati veoSBEEAE GEREFAPI g SrPeairRILe wha ahasdr Tt G prnker

vol t age Ievekg'iigg%ggﬁdygg h%@‘gugg%bﬁsm%%mpﬂﬁﬁﬁﬁfiyf;ﬁg%ﬁ%ﬁxﬁgF negative

vol t age generating circu 0 ~uN z002"s e provi wth a

termnal frogmubiehi15hg 8i 9Bk she 1QULRHNL A% idf MDS WraH LI eds ligper the
substrate i npedance, a plurality of substrate MOS transistors are provided

in the main skeewhly HSedriabieoribelddate Hiessubstrate bias. The substrate
driving MOS transistors are used to drive the substrate bias when the

sem conductor | C whé $sbectave. bThssikssbecaysenthpoivepedangeenust be

|l owered to fix the substrate potential and suppress the variance of the
transi stor thoesholdll €vel PHosSn (Pheha@nalr MI0S transdistwess )t hardebyhenabl i ng
the respective circuits in the main circuit to operate. The driving power
of the sen cgndustigrotehiml fiomcid@AS edV-ichanne 1aMO § e agtsitset am e inkdire i N t he

st andby state.
active state when the object CMOS circuit is required for

a fast operation. On the other hand, in the standby state
in which the CMOS is not required for any fast operation,
the substrate bias is set to a potential higher than the
supply voltage for PMOS and lower than the supply voltage
for NMOS (hereafter, this operation will often be referred
tc as “applying a bias voltage to a substrate”).

With such a setting of a substrate bias voltage in the
standby state, it becomes possible to raise the threshold
level of the MOS transistors composing the object CMOS
circuit, thereby reducing the static power consumption
caused by a subthreshold leakage current.

DISCLOSURE OF INVENTION

In order to materialize a semiconductor IC unit such
as a microprocessor, etc., which can satisfy both fast
operation and lower power consumption properties, the

substrate bias must be controlled as described above for



Preferably, the driving power should thus be 5 tines. ldeally, it should be
10 times that in the standby state. Usually, each circuit becones unstable
when the substrate bias is switched over, In order to prevent thisZ0tJu¥ 2002
gate control signal used for controlling the gate voltage of a substrate
driving MOS transistor is wred so that the control signal, after being
connected to the substrate driving MOS transistor, is returned to the
substrate bias controlling circuit and the potential of the returned signal
is used by the substrate bias controlling -6 z 0 ~uN zoo2 circuit to
detect that the main circuit substrate bias is stabilized. The

seni conduct oP2FiE ¢HPE CPJsr‘B%JoF/l%féd:h\ﬁtt KD EBﬁéPheﬁdrEQéFtagﬁgOEl?I&%NOS The

power - on resetti ng circuit detectg Rat the main circuit |Z£omered The
seni conduct oFF#&8 ﬁF?rFisebf’wleﬁe h@ 88t iTHE SEREECNGUATAT e sibsts at e

d MOS t tor d trate bi h fixed t
aitor The naPRELTT Al iaé'svﬁﬁvaiﬂ ST Sonaror AT
shi fted fro”ﬁ@f’eé{za?ggg Stat he Ou?%h?%ts'n‘éﬁ 18:5%ad h%uSrLib%t{ ate bias

controlling Circuit con ance o t he ga e ‘control

signal so as to be ”éeﬁeagngé c%} aékéxﬁ‘fné@l’gﬁa”ﬁgw& ePe %ﬁ% gﬁ:&%iantche

sem conductor IC un| t enters the active state conpl et el e sem conduct or

ICunit is al speREQ¥iiad rWiutly 8naeaatd \f%l\mﬁ%epgsa%%l 891 €1 ndpd iy The
substrate bias controlling circuit controls the output inpedance of the

negative voliagel geasiall ng @é:ﬁ@ﬂéiliﬁ%tthh% shBpERYteld £5 S0 a8 dha

smal | er than the output inpedance in the active state. The main circuit
conprises a pémiabhdiycobrcet! anithose cell s conpose a power-supply net,
which is powered by the first nmetal |evels. Another power-supply net is
formed wth the sedin® wuhswrdtaydrisas admtho bt engr thogonal mtuett be fir st
netal levels. And, a switch cell is disposed at each 2 0 JUN 2002
intersectiontpoted efsiheg psweresupply nets formed with the first and
second wiring layers. The power-supply nets of the first and second wiring
| ayers are connectied ﬁocﬁggr@olfcﬁé#t F‘W&%Eesm‘?%ﬁnééﬁl%m%”s?&b%%f\f%rtl@fdr| vi ng

MOS transi stor descri above |s di s se in each of those switch cells.
The substratl%yb?%%t’é‘&gbﬂ)gﬁﬂ@ Brbgt 4RSi-st or corrposi ng one of the
above cellsisforgﬁd vvlththeflr rretlacuq_;/elrs har%lnnparalel to
the power-supply net o meF WAt e St & 9% ST WS Dy the

second Wi ri %I@é{ﬂ%i?llg?rg}lgeguggtgggepgﬁgg supply net forrred W t h the

second W ri | ayers he sanme way as ose power-supply nets, the
substrate bias supply A igugnfme A hrd henf+ r@&sﬁeﬁ@lpkevehﬁeameﬂnect ed

to the substrate bias supply line forned with the second wiring layers in
each of the madfehcepbhswhéhetrystbetgate vaakrals swirahddrover.

In order to solve the above problems, the present
invention has proposed the following means mainly.

To make it easier to test the substrate bias
controlling circuit, the output of the negative voltage
generating circuit is connected to a pad. In other words,
the negative voltage generating circuit must be checked for

if a preset voltage level is reached as its output signal.

For this check, the negative voltage generating circuit



controlling the gate voltage of each substrate drive MOS | transistor is
supplied by the second wiring | ayers above the swtch cell , in parallel to
t he power-supply net forned by the second wiring |ayers. The gate? BQJNQgR
signal is then connected to the gate termnal of the substrate drive MOS
transistor in a switch cell described above. Mre concretely, the

sem conductor I Cunit of the present invention conprises a main circuit
conposed of at |east one transistor; a substrate bias controlling circuit
~8_ ~ 0 JUN 2002 used for controlling a voltage to be applied to each
transi stor substrate; and a stand contz~l1ing circuit, used f.or sw,tching
bet ween at Iesglﬁu%cfléesPrf)YéFSg;w E}gie\’/ e&ﬁ&%ﬁ%&ﬁ{?. wrl’hcl?héq%csﬁqf’eaﬁstl&te,

t he subst~~ate bias r c.qcnt.rol ling circuit is controlled to increase the
subt hr eshol d 9% uage"’lsculrrelnﬁ' flowwng in the main circuit. In the standby
state, the bias contr ' Ci Lt ral.l.e e -

subt hreshol d | eakagﬁél %Illjééérlg%to. h%‘ﬁgks%ﬂn?ggﬁghtgt%&e %g?gggléf aalgglngélEVovi ded

wi th a negatige A0 IS At 10s CLEEHE Lardpe8yi §eNEAr PREARGY LI N the
substrate bias controlling circuit, as well as a termnal for outputting a

negative vol tagegenersdeded amd o NEORY | YEe VOLb3geafeNBLEALL NYTREr CUIt tO
external. At this tine, the sem conductor IC unit is provided with a

sem conduct orsu®ly g AV idi WwikPwioPatitan s a8ito As packageetingor pekaki Rget he

sem conductor chip in itself and having external pins , wherein one of the
out put pads isuibssadhtas i derwieral thahs @i csndottopnbectrdct dsanytexter nal

pi n. In another enbodi nent, the sem conductor IC unit is provided with a
mai n circuit Thdpdsedafawte | Hostinmped MDS: tmaasi B¢ otowarsdbsor e Bhes
controlling circuit used for controlling a voltage applied to the substrate
of the MOS t FaWwsitsiadie e tanmidby Tmt3ePPrags ckheuvaryaedef of $Wetching the
sem conductor IC unit between at |east two states of ~active and standby.
The active stER@sdtRf Wrgshold deMN sdwr We IGhFAFESHS &S| agkays -
current to flow in the gﬁi,n circuit and.the standb .st}%e allows |es

Subt hr eshol d TEHERICBAPLERE TAF FRGRCT LeC HEF AL BF raUL RS "R SERFBGRdUCt or
| C unit thus t%org)t reol the substrate bias shallowy in the active state and
deeply in the stgn(ft?ﬁl:es‘t ate, so that the power for driving the substrate
bias shallowy in the active state becones 10 tines or over |arger than the
power for driving The dubyingt @obieas ofedpley semitdenditatimbyI Gkt When t he
substrate bias is controlled deeply, it should preferably be avoided to
operate the REICFSETEULE donP6Esed ot L FaASIrSt BRAN WlvERe stivdRt 8tR§appl i ed

bi | t tively. en, a bi | [ ' th
Cubstrate of M0 CHS i SOHSE ST pRaR e PEenPe FEnEoNS
t i st i t-i;vat eq, m Al b t L i il
changed. Conaeauamry 5 AEAOE Heand BEnRd et IobshEl b kEhekR FR8ke n suen

a case. In this erioduiegt, Akl eASl iu0 MBAIAT LA b Apforisatk f or

dri'vi ng the substrate bias shallowy in the active state. Those M3S
transistors angs#HreResedaat 13 shistaneg Sfe20, U §FdOY 8o premepachnakher.

The gate potential of each of the substrate driving MOS transistors is

control |l ed bythiehgyandddrde bisisgont i obdli fgrceb8btdblling the gate
voltage of a substrate driving MOS transistor is wired so
that the control signal, after being connected to the
substrate driving MOS transistor, 1is returned to the

substrate bias contreolling circuit and the potential of the

returned signal is used by the substrate bias controlling



The gate control signal used for controlling the gate voltage of the
substrate driving MOS transistors is returned to the substrate bias
controlling circuit after it is -10 z_p ~uN zooz connected to thé(bdMNﬁMﬁ
each of the substrate driving MOS transistors . After this , according to
the potential of the returned signal, the substrate bias controlling
circuit can detect that the substrate bias applied to the main circuit is
stabilized. Preferably, the threshold voltage of the substrate driving MOS
transi stors should be set |larger than the threshold | evel of the MOS

transi stors con‘gosi_ng the main circuit. |If the semconductor I C unit is
provi ded wi t ArARUFFOTR| FREFET uSRAT fHhe TR ER FET Y Wi TP X E2F AR 12511 T east
one of the MOS transi stors conposing the I/0 circuit should preferably be
coated with aﬁa*ak-af-%iuon filmthicker than the oxidization filmof the
MOS transistors c osing the in circuit.. Such ., the.wi thstand voltage
shoul d preferably essgf“qtﬁoé‘r?ug:t%oﬁoﬁh %Ws‘t’tlos \ﬂﬁoé’\ﬁ%%?qéﬁhv%ﬁoéﬂge ¢
applied. The ] u upht | rthe Lded w.th, -on
resetting Ci?%%lg% 8§ dg%]gér;u%‘egt eg‘hen88¥'%gt EFhée%?#g r%%\%%gllg %ﬁgﬁeﬂ The
active statecj ge kgl mhQh & fixed {d pB.ahber e TR Shibgtidod schanered. In

the active state, each substrate transistor drives the substrate bias
shal lowy. |nsapobhein eifodickeRle gkatBespresgatedyeiivdratd@iriving

sem conductor ICunit is provided with two supply voltages ; the first
(VDDQ and tMesseeandibYEOP) drThesf khst saBBRirate i@ s~ WNaZQk Molcages has
its absolute value |arger than that of the second supply voltage, which is
2V or under . fThedsetnadastuppl yheohbage cYBOY ti 9 sSyapidredi .t o the main
circuit (LOG and the first supply voltage tVDDQ is supplied to both
substrate bias conttriold itige cartigdndWB)r and wtiandby conitred |1mgn cirecui t
(VBCC) . The first supply voltage is applied earlier than the second supply
vol tage. Thestahdpy astabfasocbher aELiiNg &itAdEi.t tdentsdissrasaaditas keep t he
main circuit in the active state for a fixed tinme after the substrate bias
control ling %??Eﬁ?%lF§gaﬁbFFéattﬁ8n§§8&ﬁdt§&pﬁP}9Hﬂ1ﬁﬂﬁid4ﬂﬁ%r%ﬁhﬁﬁé,if

t he out put i npedance of. the te control signal of the supstrate, drivin
MDG £ anel stOREe T T b e gedt i QAR ct BRECERL&rFEr dhert BRSH B AR e Iy t o

active i's sel igher Loan thal after tdie siate 53l Leady sel i e active

state, it becones "possi ] e Spee r ing t ate from

standby to i uppress the inrush current lowin the shifting
process. Fu?%%%?%n?gTB??£§%g'output i npedance of the gate control signal of

the substrate drivimg Jdad ddANsd 30T EC i dh B P{OCESSo1 PrybigBat Recgtate is
shifted fromstandby to active is set higher than that after the state is

al ready set mnégiébevactbyeagbapenerhthagoaes cpassi bithe auadjttsitd heispeed
for shifting the state fromstandby to active so as to suppress the inrush
curr ent | ow ¢onthelshnftchgcpiocesstrols the output impedance of the

negative voltage generating circuit in the standby state so

as to be smaller than the output impedance in the active

state.

The main circuit comprises a plurality of cells.
Those cells compose a power—-supply net, which is powered by
the first metal levels. Another power-supply net is formed

with the second wiring layers, which are orthogonal to the

first metal levels. And, a switch cell is disposed at each



-12 z 0 ~uN zooz It al so beconmes possible to detect by the returned signal
that the main circuit is already set in the active state. It is also
possible to set the anplitude of the gate control signal |arger thap jyRem
gate breakdown voltage of the substrat e dFi vi ng transi stors. Furthernore,
t he sem conductor I1Cunit is provided with a negative voltage generating
circuit, so that the substrate bias controlling circuit can control the
out put i npedance of the negative voltage generating circuit in the standby
state lower than that in the active state. Another enbodi nent of the
present invention is a sem conductor I1C unit in accordance with claim 13 ,
wherei n t he Aedatriseshicint pgéngenertdis ngwekreubplysnerovi gatedvvtifeht hhef i r st
and second charging punp circuits, so that the substrate bias controlling
circuit uses et pnst sekangi ngrpugpleveesit Fhethewsrafdbylyt BEESafd t he
second charging punp circuit in the active state thereby to generate a
negative vol t8§e flesiedmnidy Saron Hdding ditvate HAFIRFLEpaei tor e8fht he
first charging punp is_set smaller than that of the second chargi ng punp

circuit. TheO%8ficdmdddorsWiEdidendy alfsURS Conpd et 6bRe hiPSt he
negative vol tage generatjng circuit can .gengrate the third supply voltage
00 t1 on COSRe S e T PSS PAHSRAL Wb Thah ChothPre:
supply vol ta%%.i %hl %r"egﬁ'r€l than the second supply voltage, which is 2V or
under, and - § Z 0 ~UN'zooz the main circuit is supplied the second

supply vol tage “h!+ﬁet93b§epgkga5§agiggggQQqubgi%9 Gl Meid teand £he, st andby

controlling circuit are supplied at | irst supply voltage and the

substrate bi agmp@RlnLY LRI kel breoBt EQLSst N ByYBsLAaLeLhi 8Re0F:i PVES
transistors so as to be adjusted to the second supply voltage potential in

the standby glake agdelBbe st rate ihi gsrof 1M tthanpbeb@rsupd13Snte be
adjusted to the third supply voltage potential thereby to satisfy (the

third supply feehkage)th fH & ifristshesdpplaved | ageyel l(dhdsebhendesappl y
voltage). Furthernore, the negative voltage generating circuit is provided
wi th at | easwiaickharlgiyegspump reinaduligl, t® ddmpareatear-sutelyinet fefmednce
voltage circuit used for generating a potential of a half of the second
suppl y vol t ajétdn&heansgcomd sdddng rléfv@ince Molthgesame Wiy asethese
generating an internediate potential between the first and third supply
vol t ages. ThEOUSHpEMIREGY EGrHFar &% FIRAAEdFe DiADHUTURR b HHRef fegped

ref erence vol t.age ﬁi r%uit W th (ih vol t age out uttfrog\the secon ref erence
vol tage genefat ng"Ei (1:5??: PREP b$688 frofl FAghat fga P bR& BFPFhE2ERar gi ng
punps to st aB'i'ta'szseuégt‘f%tﬂ'n%dfégﬁé’&%i"t%' éﬁges'ec-ro ol &'iﬁhgai‘gyé%% deL&ference
yoltage generati ng rcurts are conposed respectively f7a' serital "Crrcuit
In of the switch cells, thereby the gate control signal for
controlling the gate voltage of each substrate drive MOS
transistor is supplied by the second wiring layers above the
switch cell, in parallel to the power-supply net formed by
the second wiring layers. The gate control signal is then
connected to the gate terminal of the substrate drive MOS
transistor in a switch cell described above.
More concretely, the semiconductor IC unit of the

present invention comprises a main circuit composed of at

least one transistor; a substrate bias controlling circuit



whi ch sanme type conductor MOS transistors are connected serially. In each
of the conductor MOS transistors, the -14 z o ~uN zooz substrate term nal
is connected to the source terninal and_ghe gate terninal is conngQtJd 200
the drair termnal. Each of the first and second reference voltac%
generating 1 circuits can be selected so as to operate ~~ plurality of MOS
r transistors in a saturation area. It nay al so be conposed so as to have
Schmtt characteristics. The main circuit is conposed of a plurality of
cells . A power-supply net for those cells is powered by the first netal

| evel s . Anot her, power-supply net is formed with the second wiring |ayer
above those MSESt fRgt &°1 dngp Y HFasse 5t Ry (P rst netal
| evel s. And, a _swi,tch cell is di s-posedg at _each intersection point of the
pover - Suppl y THEPS IFEPTed AT AT FIFSEE aHc PSP R 11 Ty Thyer i o 1 hat
bot h power-supply-nets formed with the first and second wiring.layers are
connect ed touggghfSFh%VlgﬁHgﬂgn%‘? Véeeslg\,iaf%&e@éﬁ s79 ﬁ?&%gaf’t’i%ﬁ,@l‘égs@%strate
driving M tranghstor -is ionosadd neach ofad hose ciitohealls. A switch
cell may al so be conposed so as to dispose a ecoupsi |'/ng capaci tor between a

power 50‘”Cec%ﬂ‘lr_%l&iri%‘é{‘@-ir‘c%i?cdqisticf&lhtx%th\é%l e MR ssdpgly net forned

with the second wiring 'l ayers is disposed a power-supply net formed with
the fourth wshbRE rkanens, 1§éfalk%|@ea5ﬁrk@n@ambk%gt Ont BBe PAAESK - SRR it Net

formed with the second wiring l"ayers. The power-supply nets forned with the

second and 1nl%h2 @tdHNHLORZE Afr@Ur tdhewibiiaiy doardsl Ny el eaninecied to each
ot her outside those switch cells. There is another power-supply net forned

with the fif cohtwoliled tayelesreale fPraverssippshalet lealcagmenietedo. t he
power -supply net fornmed with the fourth wiring layers in switch cells. A
power sour ceTireshkemdcopduwitior tlife qioweri-tsupplad stetrsrapfidemd Wiothetd and fifth
wiring layers may be rougher than the power source nmesh formed with the
power - suppl ynNRERS iver vedtapehoetrRr it iRy G sidcont 1wty LAgi neseperated, t he
fourth and fifth wiring |layers may be thicker than any of the first and
second mjrinén|§p§r§pbstrate bias contreolling circuilt, as well as a

terminal for outputting a negative voltage generated from

the negative voltage generating circuit to external.

At this time, the semiconductor IC unit is provided
with a semiconductor chip having output pads, and a package
incorpeorating the semiconductor chip in itself and having
external pins, wherein one of the cutput pads is used as a
terminal, which is not connected to any external pin.

In another embodiment, the semiconductor IC unit is
provided with a main circuit composed cf at least one MOS
transistor, a substrate bias controlling circuit used for
controlling a voltage applied to the substrate of the MOS
transistor, a standby controlling circuit used for

switching the semiconductor IC unit between at least two

states of active and standby. The active state allows much



The substrate bias supply lines of the MOS transistors conposing cells
respectively may be formed with the first netal levels in parallel 2&?@
power - supply net forned with the first f@egal | evel s, as well as w??) P [y
to the power-supply net formed with the Second wiring layers. Just like the
power - supply nets descri bed above, the substrate bias supply lines forned
with the first netal |evels may be connected to the substrate bias supply
lines formed with the second wiring layers in switch cells. The gate
control signal used for controlling the gate voltage of each of the
substrate driving MOS transistors may be supplied by the second wiring

| ayers for me@uabbyesEaileckraledve cumict e & R pasEie M3 iFafaFFeL tt3P4d he
power - supply net forned with the second wirij ngﬂl%g%/ers and connected to

-16 2 0 JUN 3bo=tardkmrsstate fildaw ot e8gchubE SLBst PRI GHA TR MOS

transistors in swi,tch cell. The substrate bias supply lines wired by the
second wiringCl bR d"d He SRRt cel 7S S%Ctoﬁ\éio‘%a‘%loer ég:n‘thbF be

di d bet t - I t i by.th d wWri I

G sposed, el seen, L1 POYCLLSUBDLY, e s ul s ot BY L e second v aer s
| id i d h_ci Wt d l.Qwi i i f th

o so prov ded 4t kb 0215, BALNCLrau) 5ThG Jata daniag el Lo of he

first metal é@y\ﬂﬁgUEggt %Qﬁser lcrlglraliiagy sBh1Gelhs, 1Themsubstyale bias can be

set so as to ralse’t resho evel of at | east one MOS transi stor when

the sem condygtOhet G o imd Jdh@vRreIBRGeN¥aRhI BRe i Sonel 664 £ 1k @ot her
enbodi nent of the present invention, in a charging punp circuit conposed of

the first anghses@pgtpuopi PYasapaepligr sn the fsitasidbgnd tsecond (two)
P-channel transistors, the first and second (twd) N-channel transistors,
and an oscill ati ngiteinr cilid ,subhecfatstbpauspl 8gcenpasiied, dabpli,r st
P-channel transistor, and the first N-channel transistor are used for
punpi ng the shecidi prehargklpf behevbidstd ponpipegadcapadiet oraiwheri tdel out put
of the oscillating circuit is "H and the second punping capacitor, the
second P-cha®emedsed apili sransiapers heheee ofib At EhbanEs armhsedtarbiae used

for punping the electric char gle of the . , _
voltage respectively. When a bias voltage is applied to the

substrate of a transistor, the substrate impedance is high.
If a MOS transistor is activated, therefore, the substrate
potential is easily changed. Consequently, the MOS
transistor will probably malfunction in such a case.

In this embodiment, at least two MOS transistors are
used for driving the substrate bias shallowly in the active
state. Those MOS transistors are disposed at a distance of
20um or over from each other. The gate potential of each
of the substrate driving MOS transistors is controlled by
the substrate bias controlling circuit.

The gate control signal used for controlling the gate
voltage of the substrate driving MOS transistors is returned

to the substrate bias controlling circuit after it is



-m 2 0 JUN 2002 second punping capacitor when the output of the
oscillating circuit is 'L'. In further another enbodi nent of the present
invention, the sem conductor IC unit i_ggprovided with a main cirggigN {0609
i ncludi ng transi stors conmposed on a sem conductor substrate respectively
and a substrate bias controlling circuit (VBC) used for controlling a
voltage to be applied to each substrate. The main circuit is provided with
switch transistors (Ml and MP1) used for controlling a voltage to be
applied to each substrate and receives control signals output fromthe

substrate bias controlling circuit_throu t he te_of  each. wi tch
transistorsCQnﬁﬁét§§nFPth§i%ﬁﬁﬂsPﬁn%?%%eggoﬁBSSgngBrgget%r gi? Dﬁ?%ed to
the substrate bias control]lin ircuit. Each swt r i rAi i sposed
in a rectan§tpBPLI§KCEEN ?egﬁguéhcﬁCSPr fﬁ@ft?ﬂgﬁ%%gﬁgigﬁ%g 8??%%§ed in a

t | t andar d I1.. A switch LI u
or ol or abl y BECAFERASEUIRTHe By SPaE A v aes P IR Bt - The pots

interns ayout. The power

sources ( 1o8e2nd. /DRL Ukl AL LYL 10 JDS LA Stotac(MEnand-4B2) 11 {he

mai n circui B€T5§E & povkET ~Sour ces and vbn) of the substrate
bi as suppligd LEO iﬁq o bstrate bias controlling circuit should preferably
be wired so'3s 6 Cross toth switch cells and -Ifi z o ~uN zooz standard

cel |5 vertical |y jpetbe.gipecthan hbasaotel koiangedismpased.subie tdueshol d

| evel of the switch transistors should preferably be |arger than that of

ot her transistonsigd ML ddierd ramsild dse rost stanger fhenswhéch
transistors (MN1L and MP1) should preferably be inserted between the driving
power sour cesre¥es1and eWld) offorhieh®osr anahstistsrisncomporang thecogtband t he

power sources (vbp and vbn) of the substrate bias
circuit. If the semiconductor IC unit is provided with an
I/0 circuit used for interfacing with external, at least one
of the MOS transistors composing the I/0 circuit should
preferably be coated with an oxidization film thicker than
the oxidization film of the MOS transistors composing the
main circuit. Such way, the withstand voltage should
preferably be set high at portions to which a high voltage
is applied.

The semiconductor IC unit is further provided with a
power-on resetting circuit used for detecting that the main
circuit is powered. The active state is kept for a fixed
time after the main circuit is powered. In the active state,
ecach substrate MOS transistor drives the substrate bias
shallowly.

In another embodiment of the present invention, the

semiconductor IC unit is provided with two supply voltages;

the first (VDDQ) and the second (VDD). The first supply



supplied fromthe substrate bias controlling circuit in ternms of the
| ayout. The source or drain of each transistor can be connected to the
driving power sources (VSS and VDD) and the;jransistor substrate potential
can be connected to the substrate bias power sources (vbp and vbn). Theg j 2002
substrate bias controlling circuit can detect that control signals (vbp anc“
vbn) , after they are output, have been returned via the main circuit as
control signals (vbpr and vbnr) , then have reached a predeterm ned
vol tage. Then, the substrate bias controlling circuit can generate a
det ecti on si gna¥°tibueritry it&hﬁf% tabilizing the operation of the main
circuit. BRI EF DESCRI PTI ON OF DRA Xﬁsﬁs"%ila?llq%gex bhaek: gk aglcam of  a
seni conduct or 1 kY ob 1 tdage pr@sesm ngﬁti on. -19 z 0 ~uN zoozselgio@.dz is
a detailed circuit diagramof a main circti?* F@e8. i sTheckkelhk ghagr am of
an 1/0 circuit.”FiR i(¥DR) bl scku gl gédm%oft each circuit provi Bed FRE&Y
substrate bias 9L rolling circuit. FIg.S i Eeorﬁé%%tmjommm/e(fmgysa % }L_Eg

0

substrate bias "CoRtT GHPPAy voictuyt. (Fbgeh %g oper ati on wavef ornms
substrate bi asb%‘ggt rolli ng&ci rcuit in another°ESRbbdrFene dth hapsesen

i nvention. Fig. 7 ©'s 8"¢FPédingdagramof yacyHC 80. Fig.8 is a circlit
di agram of a Vg&g’git':éf .9 is an operati onc\\/(/a\%é‘%orsr’haé*ldbﬂlh@d\fﬁﬁoaqi,@ g.10
is acircuit diagramo QBC Be: fEh:gtléuI5§1§1q,oqpcerat ion waveform of” t he
VBC 85. 89¢ 1s applied earlier

The substrate bias



Fig. 12 is a block diagramof each circuit provided in a VSUBGEN. Fig. 13
Is acircuit diagramof a charging punp. Fig. 14 is another circuit diagram
of the charging punp. Fig.|S is a circuit-di agram of the VSUBSEN. 0 gUNiig?
illustrates how switch cells of the present invention are disposed. Fig. |7
Is a layout of standard cells. Fig. 18 is a cross sectional view of a

standard cell shown in Fig. |7. -2 0- 2 0 JUN 2002 Fig. 19 is a layout of
switch cells. Fig.20 is a cross sectional view of a ~.aitch cell shown in
Fig.19. rt ,1 Fig. 21 is a wiring diagramof a power source and wiring .

ogr s of Y0 Y0 Shhey 300 £ 0 L o 2201?18, WL 1A ALAULD O pove
| bust [ 2ES BN URACH, B8 L R L s0OREd ), SESPIE EU g F1B25 1 @

It is also possible to set the amplitude of the gate
control signal larger than the gate breakdown voltage of the
substrate driving transistors.

Furthermore, the semiconductor IC unit is provided
with a negative voltage generating circuit, so that the

w substrate bias controlling circuit can control the output
impedance of the negative voltage generating circuit in the
standby state lower than that in the active state.

Another embodiment of the present invention is a
semiconductor IC unit in accordance with c¢laim 13, wherein
the negative voltage generating circuit is provided with the
first and second charging pump circuits, so that the
substrate bias controlling circuit uses the first charging
pump circuit in the standby state and the second charging
pump circuit in the active state thereby to generate a
negative voltage respectively. In addition, the pumping
capacitor of the first charging pump is set smaller than that
of the second charging pump circuit.

The semiconductor IC unit may also be compeosed so that
the negative voltage generating circuit can generate the
third supply voltage in addition to the first and second
supply voltages so that the first supply voltage is larger

than the second supply voltage, which is 2V or under, and



Fig.27 is a layout of Deep-N wells and a guard band. Fig.28 is a cross
sectional viewof Fig.27. Fig.29 illustrates how cbpr, cbnr, and VBCR are

di sposed. BEST MODE FOR CARRYI NG QUT THE - NVENTION Fig. 1 shows a D0kt 2007
di agram of a sem conductor IC unit Z0O that uses a substrate bias
controlling circuit of the present invention. VBCis a substrate bias
controlling circuit. LOGis the main circuit whose substrate bias is
controlled. The LOG is conposed of logic circuits and nenory circuits. VBCC
is a standby controlling circuit used to control the substrate bias
controlling circuit. 1/0is an I/0 circuit used to interfaie bet ween t he

semi conduct ofPPEa1N S ILUG TR SRR 1Rf R E0RE SORE SHPEYaY O LR PRIYEL bt ween

circuit blocks, which are nqt needed ecially far substrate controlling,
are onitted ABFe UP68A 21hd P106h CRre TatSrioat e KTV G T R k

' duct I bt A ith t f
i oat ed asCOBOO YRS SRECUELE S P ER e AT BT L usea
f VDD and ! ; : . i it.
VDD and VSS L7 BOuer et L e DEaA T The har R ety ur 1 UL < 2 pover

source used {gp éxﬁ‘ﬁs%k‘?%{er@i% @ff‘_%Mg@”H—Q};EEEQoEEréWiats YBGoe Ay ploneg i n

Fig.l, VDD and VSS are al so supplied to the substrate bias controlling

circuit VBC tIhensuhsiddd @Ay ¢ONtEQLI hhestiglistn VBE LPEREBYr ft£8e
negative voltage generating Cifcuit in it, generating a negative voltage

VSUB whi ch i sniinvaeseubr tRahar bl sf @m0t dah it renbedidenic gde | evel s
of these supply voltages are assuned as follows; VDDQ = WELL = 3.3V and

VDD = 1.8V, addu¥8bB zo-thbVthiHd, siPRly 193] tagel ddderat ea padse néb$ heo

sem conductor ICunit. The pad 102 is supplied 3.3V from WEELL, the pad 103
is supplied $a8¥sfyoritWBDrhand tshergad vbd4aios)swpplthed OV v a8 (gr ound)
respectively. 101 is a VSUB pad, but it is used to output a negative

vol t age genevat&dge) om ilibedéeckhads shedat ¥ Hitagedontrol ling circuit. The
vol t age of the -22 z 0 ~uN zoot pad 101 can_be nonitored to detect errors
of the negative vdiagReHeNE? atthfyPeidRcdVE BPOVREEIIE T HEIRALSI T £ bi as
controlling circuit ngt Waeg in g waf er test aof the sem.conductor |1 C unit
100. Usual I y*SpRESVB8% L1604 2&r &°BSTdEd HG *EROE R PG B T he?

sem conductor,_|1 C unit 109hteﬁgtiﬁts%gr%%% 10l is I%t bonded A5Q any, out er pi n.

Wth this teg??‘ﬁarﬁ%fbﬁdd &r tof &% er aﬁenscl an e ‘Saved ° Vbbenb

I's a signal Jjéﬁgrgeﬁ.nﬁtébbitggxtiléqséf %tl‘?ap-f %% the second supply voltage
one, and the second reference voltage circuit used for
generating an intermediate potential between the first and
third supply voltages. The comparator compares the voltage
output from the first reference voltage circuit with the
voltage output from the second reference voltage generating
circuit thereby controlling at least one of the charging
pumps to stabilize the third supply voltage.

The first and second reference voltage generating
circuits are composed respectively of a serial circuit in
which same type conductor MOS transistors are connected

serially. In each of the conductor MOS transistors, the



controlling and vbbenbr is a signal indicating that the substrate bias is
now bei ng controlled. On the other hand, reset is a RESET signal connected
to the RESET signal of the sem conductarp4C unit. vbp is a PMOS sk U¥N1062
bias line, vbn is an NMOS substrate bias line, cbp is a PMOS substrate
control line, cbn is an NMOS substrate control |line, cbpr is a PMOS
substrate control return line, and cbnr is an NMOS substrate control return
| ine. The substrate control return |ines cbpr and cbnr are used for signals
returned after both cbp and cbn signals pass through the main circuit. The

sare net, 1 uagd-Lar bOLD.oh -t neretu o linas, Gl A0daboL Ln.othen vor ds

, both drive voltages c ppear chnr

(See Fig.2 tayh %gfegvmeé £ i)s Iggﬁa%taeaf tgfr;@qét&%ﬁa&%rqﬁ'n g gééﬁu' ts

109a and 109b ar@ connec cbn vbn Trespective

shows how 6 %@b%hreatfer@ta%naoréterc%d 8% IRt Chiyd @éx’?‘eﬁé"@ _ted in the
main circuit LOG a -23 2 0 JUN 2002 return cell. In is VBCR,

t he PMOS SUbéﬁ.Eéﬁthoﬂéﬁ(ﬂe lsieN@ &R 58§ £LHORREEHEDAE gfﬁﬂ.\ﬂm lastna@se
control return line cbpr, as well as the NMOS substriate control line cbn is
connected totthashiVobrsubst saserepintioh 4:0dar n Id maychlbo beetdmpsSsad
standard cell. In this enbodinent, every ncell is shown as a CMOS inverter
conposed of PMOSsMEZ2 anceNFOBRmMNZ tohasiampeifiysties descri ption. O course,
every ncell nmay be nore conplicated in structure like a cell conposed of a
NAND gate, a | atchThetmin ndeperidens| gonposetiers.a Plarslistyr afecpbienti al

of each MOS transistor is connected to vbp for PMOS and vbn for NMOS
respectivel yA Atése-#MIBPLyanst stor schirse corposilifgpameneel byreipetifeely as
shown in Fig.2. swell is a switch cell conposed of substrate driving
circuits (eqmﬁvaﬂeh?v%s10%%%!1@%%&}&?%\/ meF is) fEéH‘ﬁS‘s\éélthtM/DS MP1

and NMOS MN1, as ling c aC|t rs CP CP2 respectivel I n
fhe NPL, {hebgaPESI € EDRFelA L g’k?pt BRe Biieh Teltbimra b oShEr dnd

the source i con cted e u ntI he c vol t age, i Iomer
t han VDD- Vt hp© °g° absoPng ug gf %almgﬁv?%reshg vol%ggg B

s activat edcéw ygpdlgggge&e%e %ta%fh 1 AR Ratend il s . B)cp 0 the of her

hand, the gate, drain source o ecte to cbn, VHN, and

VSS (OV) resB@GEk“%h% l§DH§%9U§8Eﬁ¥d M@EH the §PPs¥0££a9§eé§n@'ﬁbﬁin&ha“
Vt hn -24 7270 ~uN 2 82 (Vthn: an absolute value of the MN1 threshold

voltage) , theydNi,iso mtaltvabeﬂ ik - pdny ine @ Fyee MO RBeVESr st
potential (OV) . Cenerally, ncell is disposed nore than one. So does

sweel | . The andhsscarid ndelirgy cagebe anerceasedt e itot egehatecsomhi satked
circuits in the main circuit LOG The nunmber of swcells can al so be
i ncreased tothei swithd FPllsnd WN aidetidisn.owersubmekite ey sz tNORl y when

they are activated, as well as vbp and vbn can be driven into VDD and VSS.
transistor is disposed in each of those switch cells.

A switch cell may also be composed so as to dispose
a decoupling capacitor between a power source and a ground.

In addition, above the power-supply net formed with
the second wiring layers is disposed a power-supply net
formed with the fourth wiring layers, which are in parallel
to the power-supply net formed with the second wiring

layers. The power-supply nets formed with the second and



In addition to the decoupling capacitor incorporated in a switch cel

swcel |, anot her decoupling capacitor can also be incorporated in a_space
cell independently of the above one. A_space cell nmeans a cell i nsé0t B 2002
a space reserved for a wiring area, for exanple, when standard cells are to
be di sposed side by side. If a decoupling capacitor is incorporated in such

a space cell, the total capacity of the decoupling capacitors on the whole
chip is increased, thereby reducing the power source noise nore
significantly. Since a space cell is a free space provided just in a wring

layer originablyen t%hfmé‘ﬂ%&}% Bgrc?&%rfgcm‘?&?’% WAE KA, CARACILAL; &

inserted there. a swece nmust e set to a threshol d

val ue hi gher BQQE EﬂgEN%SC@lNES transistor in an ncell. The reason is as

fol | ows; aIt oug transi stor substrate potential (connected to vbp

or vbn) in an ncel¢ndSe 1s2§ho@h£&Jﬁ@%ggogubﬁpgpﬁgge@BrHEdtQ@tﬁoﬂhge

potential, the substrate potentials of both in the swcell are

al ways the SametASwiRendr Ba e POL entabowleler, 1ROnsubstrasenbbesqefd ect is
expected. A subthreshold | eakage current thus flows in the sem conductor IC
unit. For exenpl powet-klippiyassunedribatwybp €hs. BGridnrirdg SMNyaD =
1.8V, and VSS = OV are set for NMOS transistors MN1 and M\2 respectively,

t he source poteawi&khSceddai.n popemtciralsdlrcanchestbftarmatead patEnttitsd B of t he
M2 in the ncell beconre S=0. O/, D=1. 8V, and B= -1 . 5V.

Consequent | ypovhe~shppidohetyaoif 4ge 6burhb AnR fifsdswduéngolahersutrsy r at e

bi as effect, thereby the subthreshold | eakage current is reduced. On the
contrary, t hees5ape epottéani ghespodesi ﬁoam@ntmeaﬁh ﬁormﬁ Jugst rdie

potential B of the MN1_in swcell becones =-1. 5V, and B =
-1 . 5V . CoRSBfG&ALPHLY PﬁessEB§W?§t@15Fa§h§f?éE%td%@% ﬂ%@OQQwW?E%P%hange
t he thresholg voltage A Ia efsubt reshol akaqe current thus fl ows
bet ween VSS &A¥STEn i A Fne “RRL IR TetHoHEs lraafrersseﬁ%d@% he

t hreshold vo Is of _bath 1 nd NNl jn the sweell er_than

t hose of theldlt\’/bgﬁg 5| P&t 81°¢ |°trf1 t%P Iﬁt aIflor exarﬂﬂs e clgarr\f:enstratl on
of inpurity under t t t iy |Im

t hi ckness is changﬂgé %:1; e?%af% %(l)gggg%ﬂrb c*lhégl o(?P g%slgogxr{%lo étg
cassuned in thbsoeabadi eemhst batptheigang hehubl f—oﬁﬂgdtxb'@tlgaﬁl?e Lflrgto ~uN
zooz -26 oxidizationfilmthickness are changed to obtain a high threshold
vol tage of bgéhalPlewds NMlpa 41181 aity tak phwse- sebprdnet Boghewaliage MOS
transi stors ca(~~ be used for the input/output circuit (hereafter, to be
rei ~~ rred tohasfamsk/ fleciedclietrk lisq/ farsomedrl et eémada yedrle oftd hehe

m croconputer. Fig.3 shows an enbodinment for the I/Ocircuit. In Fig.3,
only one bi grpaert-60rPrhs B¢0 foitmad vith Eroweconkewirbngilagns i npigs and
out put's S|gnals to and fromthe_chip via an input/output term nal PAD. If
SEL is ° t hESPARR f RACEF ORBPRLY afe FAptE S tEthrAadLOYE . SHIC ixbstratdhe PAD
fun0t|ons as an out terminal. LCl iis_a ] evel converting circuit used to
convert a VDBlaﬁp??gEiﬁé Js*r’b?%lfotr&f‘e&l VBE@ E]Prﬁlﬂ{ﬁj% ”‘s":itgar?all%"

anplitude is Iar ger, t.han he VDD, anp li.tude. EY uent
t

ox| di zation FPPRECFEASTRIBE FLO5 00 LAkt Hories Jen?%vfyﬂrnbe%v&%-%eceu
LCL dth / Al d fil

P Enand b, Loa ??‘SS%’EE%\%%@M? 'ﬁ?&“ﬁ‘ o o e e L
thereby to pul Upr 0y R leottl-8q 31 EHDE Pubd-sy bEARSILQhg THeSzd ge done

only when the PULL nu be pulled up: The PMOS is also a thi'ck oxidization

filmtransi syglcafl dheadhyt HdeupatYRPQ arpl iy sstgnaki seaterssh from
external, is converted to a VDD anplitude signal using an inverter conposed

of 110P and pE0N1pDINS@ Miethley setbraer i MOnd ransd 18 @osmdandbevei gt sh whose
| evel s are not changed yet. Thus , they nust be thick oxidization film

transistors cells, which are disposed in parallel to the power-supply

net formed with the second wiring layers and connected to



-27 2 0 JUN 2002 A resistor 111R, diodes 111D1 and 111D2, and a transistor
111 are input protecting circuits . The diodes 111D1 , 111D2 may bg MOS
transistors. The transistors in each of-idese i nput protecting ci rgﬂi«wﬂwﬂ?e
thick oxidization filmtransistors. A higher threshold |evel voltage can
thus be set for thick oxidization filmtransistors descri bed above, since
the transistors do not require so fast switching speed and handl e a voltage
hi gher than the VDD. The threshold | evel voltage can be set higher than
that of the transistors used for ncell. Consequently, it is possible to
suppress the re rrent u i ck Ldihgatdyan film
transistor i é:%(%]?fgfar%ui%%lnai (%%qcﬁézcgﬁtlvi%wne?ﬁmﬁﬁ%é%lts%o?g&éghébgbgsed for

MPL and MN1 ¢oapQSisRYa SW tch swee| lcshown in Fig.2 respectively. No
addi tional conplicated process is needed for MP1L and MNL. Fig.4 shows an

internal configur ath@ns@ﬁsw@téub_ﬁagag@pgu@s1@@@&r@hkéagbgi tedi Ee¥Bgd This
controlling circuit conprises 4 circuit blocks. VBC 80 is supplied powers
VDD and VSS, wYBEn30 layetdppboed phvetswiYVWELEecand ¥HS, tNBCg8%ei sontpplli ed
powers VDD and VSUB and VSUBCGEN is supplied WELL, VDD, and VSS.
Consequent | ymatyhbesdppbys &d| harges anppth e b dvee t+reapp I iettss Wi NBCH30£heBC 85,
and VSUBGEN is 3.3V at nost. |If VDDQ = WAELL is satisfied, however, the
power s suppl sed¢ong wizifgl UNY2062 az8/¢ hviych cdellst are VDDQ and VSSQ
the total of which becomes 3.3V. Consequently, the 1/0 circuit and the
substrate bias confhelddmicanduditar déhushdr el tths Preé@anded nveRian dsher
hand, the VBC 80 is vavered_bé 1. 8V. Consequently, the si gnal lines from
VBC 80 to VBEL3Q BAGVVBEds¥itBe2adatal PREPI CFgHAF- (aThal ante SilgHaNdpaired
iti | ogi i gnal, an n i | ogi | gnal
by a positi V%ir%%ltgoil gfatheadgt% pg%ﬁtéivz%uj?glmcaysiog :?n)parallel to the
power-supply net wired by the first metal levels used for
a plurality of cells.

The substrate bias can be set so as to raise the
threshold level of at least one MOS transistor when the
semiconductor IC unit of the present invention is selected.

In another embodiment of the present invention, in a
charging pump ¢ircuit composed of the first and second
pumping capacitors, the first and second (two) P-channel
transistors, the first and second (two) N-channel
transistors, and an oscillating circuit, the first pumping
capacitor, the first P-channel transistor, and the first
N-channel transistor are used for pumping the electric
charge of the first pumping capacitor when the output of the
oscillating circuit is *H’ and the second pumping capacitor,

the second P-channel transistor, and the second N-channel

transistor are used for pumping the electric charge of the



respectively. Each signal level is changed (converting a 1.8V anplitude
signal to a 3.3V anplitude signal) in both VBC 30 and VBC 85. The VBC 80 is
an interface circuit block used for interfacing between signals cBgfrJUNIetr,
vbbenb, and reset entered froman external part of the substrate bias
controlling circuit and VBC 30 and/or VBC 85. The VBC 30 is a circuit block
for controlling the PMOS substrate bias , the VHC 85 is a circuit block for
controlling the NMOS substrate bias and the VSUBGEN i s a negative voltage
generating circuit block. Fig.5 shows exanpl es of operation waveforns. The

main circuit_power VDD .is activated after _.the 1/0 _circuit paower and

t he substrat%g%?%g RIS FRRG CETPEUF P VB HSREP IVRE 1 ?’é’sé:\éﬁl\?;{tlé%

Consequent | Ya s Cheigeggti.%/e vol tage generating circuit block VSUBGEN is

started ther elby 1’E_o geherate the negative voltage VSUB. On the other hand,

| Lhe pover VDD i, aGLiuahedn ddies 0 diised i pd @ae | snasspLlefly -29 2 0 JWN
it thi uch way,

2002 for a fixed tine. "And, s signal 1s asserted t he

substrate bias,cOPLER! 14H0s ehk elhbubEBRST 1% 110: L e sl Wikh & e sh ghest
priority in ~rhich the substrate biases of the main circuit are not

applied. In ofhaiiwo(doc) hensuhsingt exrbhassesntr ebpBaeel beUiat transfers to
the active state . (Applying a bias voltage to a substrate such way neans
changi ng t hesabsdfial €tbt asup Orthee VEE Pt entéBy drod PMIbsadvh 40 Hiles VSS
potential for NMOS. And, not applying a bias voltage to a substrate neans
changi ng t hecautesé I Aieg biiascuioc g VBe) ensedl £ dv gbhertriolidn niche w8t pod e i al
for PMOS and a potential |ower than the VSS potential for NMOS.) In this
acti ve stat e wdpplied 89, ezbh sulrabe. =TO¥, mebn cidcuBY iax prostidest t he
PMOS substrate bias |line, the NMOS substrate bias |line, the PMOS substrate
control |ineiighdwitcNvesnsulssors dMV¥dnangl MP] haiged faut cpaltyoldiimee t he
substrate control return |ines cbpr and cbnr are used for return signals of
cbp and cbn,® chptageppe PoOrRRYIeBnEC=CRBR substvate 3ad TRC&EVESt the

d reset signal is pegated with a fixed tine passed aft.er the VDD.i.s

25t vat ed, (AL AR I 85 P RO R Bty S BT COPGRALL A ¢ he
vbbenb signal, is 3.3V, th an state is set, sq_f.hat ia ol .tage is
applied to f?ehlefcolf)]jte%t\(”:sou ef} r%éteegg?{? ?%ee%v hb%%b{;%el gsr‘fal{q%lhs% ; s’ts'Lﬁe “active

state 1S _Selrg JdAl- 10 hic@s 1UOhE90S: | ol d £ 85! B @J‘%éﬁ%{@te-

2 0 JUN 2002 -30 I'n other 'words, if the ['evel of the vbben S
shifted from{d/ d o3 Bhethpastobrets18hhEt edreqithat vbp = cbp = 3.3V and
vbn = cbn = -1 . 5V are satisfied. After this, the state is shifted so that
cbpr = cbp = 3. 3Vranrd chiftch &rRAnsiskordY s alisaliseld aeh aThecthbemrarsi gnal
is then shifted to 3.3V when cbpr = 3.3V and cbnr = OV are satisfied.
Consequent | wwiitfch heelleveld ekchhefvbbeab sragmelstsrshid tdidsdooeml G teo 3. 3V,
the signal is set to 3.3V after a certain time (after the return signals
cbpr and cbrreafandiel ahstendaye ¢eliet ravdd)ch relimnd/ bosrandaydaelils
shi'ffted to O/ from 3.3V in level, other signals are _also shifted in |evel
as fol |l ows; SAPERC PrefGEy BeR2690Satd SEFR=RY 834 AT hkh, LR RS € otthe
signals are shifted in level as follows a certain tine later; cbpr=cbp=0V,
cbnr =cbn=1. &*YY4Hd vbbenbr =OV. The vbbenbr functions as a return si gnal of
t he vbbenb such . Furthernore, a own . i 1 g.2,,since t.he substrate
potential is dec;lvgé B}?wFﬁesﬁngﬁ i ZY%Eo?n%o‘?%&cglpséadncfocrbr%rli‘zt“i%%z’leso

possible to t ect s r ent | t. i.torj t.he vbbenbr
obt ai ned fr #n%r}?sglsp%{%snt ﬁgﬁs_ 0 C?bbi(;%? ::Ebﬂpaéal{lnefitr%blgl Q:él g. Qé’hg\/\ggg’oe&gr eftE{)on
wavef or ms ofy e, téc?ﬁ:.ecc?é a%vﬁ%)”éﬁ@' {HRY S'ErEHSt slSJBs%thth'ioi%EbOd' ment ,

all of which are different fromthose shown in Fi showmn I1n Fig. 6,

when the cbpaph tdie relm ahe T4 LBiakheosPREL Ok hndl i Llishou 1Bl

preferably be wired so as to cross both switch cells and



2 0 JUN 2002 becones conplicated a little nore in configuration, but such a
conplicated controlling circuit enables a larger voltage to be applied to
both source and gate term nals of the M2E-and M\N2 shown in Fig. 22 JUN 2002
respectively in the active state. Both vbp and vbn can thus be driven into
a lower inpedance . In this case, the cbp and the cbn equivalent to the
gate control signal becones larger in anplitude than the gate breakdown

vol tage of the substrate driving transistors MP1 and MN1. However, as shown
in Fig.6, if both cbp and cbn are changed in level slowy, the voltages

bet ween t he [ ] ; | ks €
source terni%g%gdggqbg%ﬂiﬁﬁ%ggﬂ%gﬁ*ﬁy5%?3%% é}g%cgﬁbﬁfgﬁ%%?,cﬂﬁ%%ﬁﬁﬁg equal
to the gate Rregpkdawn vol tage or under. Hereunder, a detailed circuit

di agram of each circuit block will be described. In order to sinmplify the

description, each me theLiHEIH t1dHQCkE Yhil s PEr A Stk ast S £idrdii Id
generating the waveform shown in Fig.4. Fig.7 shows a circuit diagram of

the VBC $0. pugEeahbli®d Sadgedr tpah dWANDo £ 1Adhd S taaZsiipdir SAND faond ded
with Schmtt characteristics ( 122 is an inverter, 123 is a NOR, 124 is a
buffer provi dédthet hrSabistbrcrasdstanicet.i cs, and 125 is a buffer provided
wth a differential output. 126 is a power-on resetting circuit, whose

out put 127 is charfed switlci8\tfzoni Shoss efMBy anadpMBALi eshbhédpower source
VDD is activated. Consequently, the 2-input AND 121 outputs OV for -32 2
0 JUN 2002 arfefedablpebet hageastiegubstyesy. thige ddivdd@ PHiwRTalSdur aSfus
asserted by this output for a fixed ting a: shown in Fig.S when the power
source VDD i $Vaet #hat¥oP) -LF t Hatighr 3! Pefiet - oh T dta g i ek tande

h in ~'iqg. 7 i i npl d of i st d itors, th
circuit 126 AR BPERThBORBRESSAUEP SAROVRE! Rdy TPF FEHSCIRRES S t o det ect
tabilized V| Th i | s, d_vbb . d-chpr, .and .d-ch
obtai ned by SaRbAT P EFoRs toeg AR LSRR e Bl atn PR br ol 1R < 0 S T °
signal s respgg£$¥ﬁg¥.tago§gyﬁH@[ rail signals are used to activate the
I'ng en

substrate confro e power-on state is reset. The d vbbenbr,

which is a dual rade slanale Usedat o geerad ey theanbbenht shpwgein Fig. S
is generated fromcbpr and cbnr. Fig. 8 is a circuit diagramof the VBC 30.

Nureral 130 iénRetey¥@ltL@Reeatitgngigduid suaedelso (gepeid &pd,) 3¥ynaniid t ude
signals 133 (WELL to VSS) from 1. 8V-anplitude i dual rail signals (VDD to
VSS) of bot htdanbbetbragsdbdtraset potential can be connected to the
substrate bias power sources (vbp and vbn).
The substrate bias contrelling circuit can detect
that control signals (vbp and vbn), after they are output,
have been returned via the main circuit as control signals
(vbpr and vbnr), then have reached a predetermined voltage.
Then, the substrate bias controlling circuit can generate
a detection signal (vbbenbr), thereby stabilizing the
operation of the main circuit.
BRIEF DESCRIPTION OF DRAWINGS

Fig.l is a block diagram of a semiconductor IC unit

of the present invention.



signals. A signal 133 enters "L' in the active state or when the power on
signal is reset. Nuneral 131 is also a level converting circuit us ﬂ ?]
generate 3.3V-anplitude signals 134 (WELL to VSS) from 1.8V-anplit Ge’ Ndage
rail signals (VDD to VSS) of both d-cbpr and d-reset signals. A signal 134
becones OV when the signal cbpr is OV or when the power-on signal is reset.

If a signal -33 z 0 ~uN zooz 133 becones OV in level, the signal vbp
enters the high inpedance state and both cbp and cbpenbr beconme OV. If the
signal cbp becomes OV, the MP1 in every swcell in the main circuit is

d dth i [, 132
Fevel convert i Egegf#oﬁ%esu@gﬁaol Cit %Etr'cﬁ‘ﬂhe éﬁaaaﬁmao%[)@w Srshfevac
80 shpvvn in Fig. 7 i%i 3a 3 3V—Cafpé tud %9$ _bbeng/O Ly %g%ﬁ shovvs_ how

the signal- | evel 'bp i's change i pedancé™ o e cbp is

changed in two stegp; 'g_@e CPROE&QE%‘E%@%tQg&ngﬁéfﬁ@%&%i% ed by

a signal 133 . If b h signal's 4 are

activated, tgleglgpgt;_,gl@ecppagscgﬁltgg@hln@ thiy$gabodi ment, the gate w dth of
the NVOS 136 is set more wider than that of the NMOS in the inverter 135.

I f the sem conductgry |5C Nidp L €1 Sn thgvacbims statBeaBdpbtbeaskgpBaks133
becones OV, then the |nverter 135 drives the cbp into OV. However, since
the cbp is weégtroDlihg whoteimmin circuit and it is provided with a | ar ge
| oad capacity, the cbp is driven into OV slowy. This shift of the cbp is
detect ed accordi nFilp @ ishiddexdtidre sagadbrobpof whechubstaatret biassi gnal
of the cbp. The signal d-cbpr is thus changed in |evel. Consequently, the
si gnal 134 isomwtiekhingt olovuandinhenNvdsrl3Gbiosliaetity atfedheCorseprent |y,
the cbp is driven into O/ at a | ow i npedance. Such way, the cbp is driven
at a | ow i npbele@eeien- the active state and | ess affected by anoi se caused
by an operation -34 Z 0J UN2002 of the main circuit. And, if the cbp
is driven into ov,Fithe NP1 3 rFJe‘i/%‘H/ts%%QWa’Fnofh% Wafn8Bircuit is

t ted. If th b d 1 I W| F B( B) ,
ﬁgwe\\;gre t he NPlelFCr1l£\ﬁler1ys rs%/v\clcglijlfélir:]%\ﬁ ‘gje/a%¥%‘f‘e gggm??lrganlt ?y 1£er a
si mul t aneous sw t(\ﬂe‘i}gj riog s§; 4 etgrgg_(?jhtv\q/\gvgfg rglcmfttg?/ éélrhg f the. VBC 85.
anpl i

140 is a |l evel converting &'t ct 0 generate 3 ude signals
142 (VDD to VSUB) V- SN SgkVDD to VSS) of

both d vbbenb and Efdlg?e‘ﬂsoet 855|€ﬁfé&%€s?g§%fé éfb‘écggrr{:as&a% 8V in the active
state or when the gyyver: o %ﬂ'@éeféti@ﬁe\bavéﬂérmso@ $ReayvBeVEE . converting

circuit used to generate 3.3V-anplitude signals 143 (VDD to VSUB) from 1.
8V-anplitude dual miaj.|l1siignalsléyoRilLy HS)o Pkakat Bidegbarp v ded eset

signals. A signal 143 becones 1.8V when the signal cbnr is 1.8V or when the
power -on si gmaVSUBGERset. |If a signal 142 is driven into 1.8V, the signal
vbn enters |
Fig.1l3 1s a circuit diagram of a charging pump.
Fig.1l4 is another circuit diagram of the charging
pump.
Fig.1l5 is a cirxcuit diagram of the VSUBSEN.
Fig.1l6 illustrates how switch cells of the present
invention are disposed.
Fig.1l7 is a layout of standard cells.

Fig.18 is a cross sectional view of a standard cell

shown in Fig.17.



t he hi gh i npedance state and the signal cbn is driven into 1. 8V. If the
signal cbn is driven into 1. 8V, the MN1 in every swell in the ?ﬂ~ﬂw
circuit is activated. The signal vbn isjws driven into OV. Fig ﬂgus
how the cbn is shifted. The output inpedance of the cbn is changed in two
steps just like the cbp. The cbn is driven by the inverter 144 controlled
by the signal 143. Wen the signal 142 is 1.8V and the signal -3520
JUN 2002 143 is 1.8V, however, the PMOS 145 is activated, thereby it is

al so driven by the PMOS 145. In this enbodinent, the gate width of the PMOS

145 is set larger tha he gat h n the inverter 144. |If
t he sem conduct or % é e s ¥?%% ?ﬁtawtﬁgﬁas?}ga state and the signal

142 is driven int inverter ves h h&¥ever
the cbn is wired OFil he v'('hos S gs%ﬁ%élﬁ |thf %oa@r{cde{g%% %/ i ar ge.
Ther ef or e, hg EQ ?§ driven into Ch’slomdy ThIS shift is detected
according to f of the return S|gnal cbnr of the cbn, thereby the

signal d-cbnr |s Nyl I i [HolaF:1 i 8V and
the PMOS 145 is actlvateoJfS cSﬁ?gq Fargﬁﬁﬁggdﬁgﬁg§dtlveﬁ;?ﬁsdm%gé a

| ow i npedancg; ag¥ehsWay, vwhenvhhe i cap@ueher ICunit is active, the cbn
is driven at a [ow i npedance just |ike the cbp, thereby the sem conductor

| C unit can be pragagizd ief §ectdivel Yibgeamneof peweausedr by ddien opesatd on of
the main circuit. If the cbn is driven into 1,8V, the MN1 in every swell in
the main cirtinésis activated. If the cbn is driven into 1.8V slowy as
shown in Fig.ll, however, the sinultaneous swtching noise of the MNl can

be reduced in everfigwel|is As hlkscki dedgabovef wetdeding to the substrate
bias controlling nmethod of the present invention, the substrate driving

i npedance is smal IB¥9i3f thelugtiakesthee vl Wi cte s lizs doinegrd imn
applied to each substrate (the substrate -36 2 0 JUN 2002 is driven by
every swel|)2tRaMCFH €h&ECYEAndby state in mhlch a bi as voltage is applied

to each substrate the supstrate is driven b é %bnse entl , 1f the
sem conduct or % Shi F t T Hit B°FhECAR |Vee t8 i s powered
as descri bed abovq? l£0551§|§ % O?V@Id p&obl of an increase of a
current, owing to uﬁ%ta | ehess of °T he®substrat e po gntial, that goes

t hrough power sour 0 Aql lem In
tion . Llﬁﬁ%e SJ%ZF}QFQO%Q‘%EngeeFSNnghl%S% t%e operatlrRlb

addi tion, although t noi se I's fncrease on of the

main circuit in theactd Ves s atfosd g P §8aLaPi R 5§dy9§dzt7her eby
preventing the main circuit from probl ens such as mal function, |atch-up,

etc., if the substriad e29riving:tapesanes tlSpﬁvp@Eﬁ§$eQnHOWBCEI grk2 shows an
internal configuration of the negative voltage generating circuit VSUBGEN.
The circuit dsspoapdsed of three circuit blocks. VSUBSEN is a substrate

bi as sensing circuit, PMPl is a charging punp circuit 1, and PMP2 is a
chargi ng punp circui BEZT NRBEsEPRE&t CAREYBNGs OF8n JitEg IATVEST TONVSUBSEN
norlitors the VSUB potential, as well as both active and standb¥ states

usi ng the signal Jgﬁkhhs hawd adtordh Adegrapel aaanprPRdestoBel € atitiol | ed

using contro ignals | enb and enb so as to satisfy VSUB - VDD + VSS
R TR O IR R S B T Rk et e B e S

present invention. VBC is a substrate bias controlling
circuit. LOG is the main circuit whose substrate bias is
controlled. The LOG is composed of logic circuits and memory
circuits. VBCC is a standby controlling circuit used to
control the substrate bias controlling circuit. I/O is an

I/0 circuit used to interface between the semiconductor IC



and PMP2 is started when the signal pnp2enb is asserted. The -37 2 0 JUN
2002 punpi ng capacity nakes a difference between PMP1 and PMP2. PMP1 has a
punpi ng capacity larger than that of PMPZ. The signal vbpenb choozeauwdzldqsze
bet ween PMP1 or PMP2. PMP2 is used in the active state and PWVP1 i n
the standby state. The VSUB potential is used only in the substrate bias
controlling circuit when the sem conductor ICunit is in the active stato
Thus , so nmuch current does not flows into the VSUB. Consequently, the
PMP2, whose purrpi ng capacity is small, is used. In the standby state, the
VSUB potenti al p I|ed th mai n. circuit. .Such a,current as a
junction cur‘HaJnY °1 (jlIj 2 DY hEd ‘F?B@\g @br%ﬂgsvgﬁéweéé‘n%&&éﬂﬁ )Ftloﬁ%ces 'PMVPL,
whose punpi ng. capaci t Iar i E i it agram
of the char g"g}lg&gurrxi) >1{"351?/#'}1& C%C{ﬁq’ ectizag'e f:o%vgﬁl?)ssc}}%\%%O%gmqlm
oscill ator, to £haLd h UB. Lo Y e only
when t he si g% p %allg§§%sseﬁ)1e% g%& fo%@ Qﬁ%wssaggc%??%&i t%1 ci" alé,’%gm of a
char gi ng pur’ghgg} ed by addi ng PMOSs 162 and 163 to a chargi ng punp
circuit described in "VLSI menory (p266) " witten by Kiyoo Ito and
publi shed by Bai f%@nsem@oﬁaaegbegr@umtct@ ngesy 1l WSUB teLeg dyfdss 160
and 162 twi ce during one cycle oscillation of the ring oscillator.
Accordi ng t o heweireselk ceBVER i @xte NMBTDDE4 @nd, 1654 anfiur thes added to
2 0 JUN 2002 -38 the charging punp as shown in Fi g. 13. Consequently, the
VSUB i s | essvrsd8¢ enteedrbynidhpotbneshokdusesef sr 6/DD laoich vBBRSS HHQ el 161,
so that the VSUB can function sat~~isfactorily even at a | ow voltage
operation. W0 \AME [pevesr JI@Mcahersed dond it at/@reishowit i n WY.dAnd can
obtain only VSUB=3. 3+vthp (vthp= absolute threshold | evel of both PMOSs 160
and 161); itVSbAne PeweSUBLUZCRY deehi jREsthemaineciredhtr arYiERecdy di ng
to the nmethod of the present invention, it is possible to reach VSUB=-3.3V
or so. No cid RYCHi SRIFEFE i SeRobPr spaei é’PP?tFéFet Ré 28h &G 4T LM circui t
2 PMP2 in this enpodinment. However, the capacity of each of the PMOSs CP3
and CP4 used”ars‘:‘b’a’ba\@(fors in Fig. 13 can be reduced thereby to reduce the

capacity of each capaci_t.or cou he si es of Qt.her
trg_nsi sj)t/ors can b lt’]mﬁllnzg& &gbg th ea"‘rng’StS:] APlllied I\%[C)g shows
a circuit d't\fjrg{ %’@b(?s rtahaf‘e syhst Eéh%rBﬁin §k'881%' Mt %A%U%%%!tr\é'%%:GEN i's

a reference tage generating circuit to obtain an output of

VREF=( VDD- V§3)4 £ éamé\l\mar@ﬂ§é§1@rﬁBéSQnaegpéégt%@n@e%te%c&ﬁ% ally.
VIGEN is a VSUB potential sensing circuit used to obtain an output of

V1=( WELL- VlB)td = fgone t hei NS Lea@nsi 5068, 152nkeatincannegtedwerial ly.
The circuit is conposed so that about 1V is appl ied to between the source
and drai n ofvoedatdgeNVISBBt whahsh sitsoinvasseelh padatriay from VDDQ. In this

embodiment, the levels of these supply voltages are assumed

as follows; VDDQ = VWELL = 3.3V and VDD = 1.8V, and VSUB =

-1.5V.

101, 102, 103, and 104 are pads of the semiconductor

IC unit. The pad 102 is supplied 3.3V from VWELL, the pad

103 is supplied 1.8V from VDD, and the pad 104 is supplied

0V from VSS (ground) respectively. 101 is a VSUB pad, but

it is used to output a negative voltage generated from inside

the substrate bias controlling circuit. The voltage of the



2 0 JUN 2002 -39 gate is set long. Consequently, it becones possible to
suppress the continuous current fromVDD to VSS or from WELL to VSUB | ow.
In addition, since the circuit is operatied in a saturation area, tj1 JUN 200
circuit can obtain VREF or V1 insensitively to a variance. Further rmrg, U[Ae
present invention uses NMOS transistors, not PMOS transistors. NMOS
transistors are excellent in saturation characteristics nore than PMOS
transistors . The circuit can thus obtain VREF or V1 insensitively to a
vari ance anong NMOS transi stors even when only about 1V is applied to

b drain, AMP1l,. AMP2, MP3 diff i al mlifi ,
betwoen sour e 201, il e AL AEZ and B st dilerant sl Al ors
[ifi A . AMP2.. 1 i \Y \/ . wh
ol 11 o SomRRsedcoh AELL NP2, A0 AVES,Lacg Yes VIR arelaa, s when

to a negati V‘éoM‘EEE%@ﬁSgV‘@?QchEtvﬁ%?%enpﬂégQW%g:%f%@gat ed.

Si nce VSUB causes a kage current towar if both

prpl enb and gaR2eBR4AEecRedRt eghi tVRWB i S udisahar 9ehdD B PO IOE are
potential. This pnplenb or pnp2enb is asserted and negated repetitively, so

that VI=VREFpohhah t8, e ¥SUBRYDD,WELLfi shkegdmi dénabpesh 16 &Y (og andby
state) as descri bed above, the pnplenb is asserted. If vbpenb is OV (active
state), the puap2enbé p&dasseriLctot boHiedl ol biNy20Q02eA pead- barkh patids i s
formed between AMP1 and AMP2. The differential anplifier conposed of AWP1,
AMP2, and AMP8sitsnthmethodyi dbd mumbehysf eseseésnashap ics ecasthe ssavide.
hysteresis characteristics nentioned here neans a change of the
differentiati ng poibiend s i fSiegrent iwdedniply fSterytioausatbdyrate datgaut of
the anplifier. In other words, it nmeans Schmtt characteristics.

Consequent | ycoptrpslprneventdedPbRabpis énls iomagnpdetity &l ng sdyatedihregat ed
many tinmes repetitively around V1=VREF, therebi/%to prevent an increase of

the power coRSBABERSEA. PFRF theneyr BE1PAeCOPEFALI BR: c By ERE BFheRdiand,

di ff tial Lifi i h d.-within AMPl to A t wh b b
s asserteqd BRGCHHEN 3 REFET napetel Cant e L EanDs Bk L WREA LB T
asserted, the.y 298& E@Sr”?bﬂ%l‘ﬂ{f:u'\}b S.Lscgnﬂt%ée 9 £0e. YRUB, 4TS means

that a large su rate capacCity s cornmnected to the marn circult. ‘e | evel

of the VSUB ipnt fwis. ¢ fiosedusl ovke 510601 10 aip QReRaB08 dubdiasied

bet ween AMP1 and AMPS, the operation current can be limted so

power consunpbh@RolS1EREUCEEN! s 3a PrA4ES SsUB KR AP 40t AVPS i ndOn dipsy- ot her
hand, in the active state when the vbp is negated, only the substrate bias

control ling €kr&wMosVBGbE8ra0anesh €fol arddirnViuBe , ThhE dmans st HAINMDS
conparatively small capacity is connected to the VSUB. Consequently, the

| evel of thes¥SkBrasecimnygerl geittkhyl ise. t Hia¢ sabfsastatepepratiroh testurseded i n
Z 0 ~uN zoo02 -41 a process fromAMP1 to AMP3. In the active state, the
power consunpinef ¢ePnendsebnr ghee Aslegr fer cplard v eturnest afsermatset in
t he process between AMP1l and_ AMP3 for enabling fast operations. Hereunder,
t he substrat PBi3Rd 56Re? L A2 HELPRYS WHIOWE FBSCPR bR F I%F et ai Fhe S ale

enbodi ment OLe%hfseﬂﬁif%%r! %%%tggnthe return lines cbpr and cbnr. In

other words, both drive voltages cbp and cbn appear in cbpr
and cbnr after a delay. (See Fig.2 to be shown later.) To
each of the substrate driving circuits 109a and 109b are
connected cbp, vbp, cbn, and vbn respectively.

Fig.2 shows how 6 substrate bias control lines (vbp

to cbnr) are connected in the main circuit LOG. VBCR is a



Fig. 16 shows a | ayout of both ncells and swcells . The swcells are

di sposed continuously in the vertical (Y) direction. Both swcells ?@qugzwg
ncells are aligned in height. In the hapikzontal (X) direction, the swcel
are disposed at variable pitches L within a certain value. O course, those
cells can be disposed at equal pitches, but varying the pitches would

i ncrease the freedomof the layout. In any way, the pitch L can be deci ded
cpnsideripg the following itenms. (1) Power |ine inpedance (2) Power wiring
nlgraz!on §3) srPstLate Pglse generated in YbF and vbn accord:ng 50 Ehe
operation of _ncells : sho i nter ayout _of an ncell .. Just as
in the case §ﬁg%ni%e*:$g. 25 Eal%ﬂme&%\esBﬁgﬁeﬁ‘g]a%%ﬁﬁ%%x%%?%?l‘I']hjem?/bp,

t he vbn, the ) d .t VSS are p e fi y. lJ]c
W ring consi %%@Elgs (@3 nogt]cst'?cllsn%eos tgies%ig@édgwﬁgﬁ%?g?l %‘Fé‘%#é?e%%de’rﬁ ajtlodebe
descri bed as . .4h - 2 n bn .are . power ed
by the ;urfa%%g%!g%;dgﬁ%%téglg?%r&yggpgggfégﬁfé %OﬁgggMbgf?k%éﬁgﬁﬁfp

| ndicating acPasl c-LapPel! {hoNmik ts[dﬂb%f@té/e&gri%l (PQedis ectd Onpihe.
ncel | s are disposed in the vertical (Y) direction so as to be mrror images
of each other withdefenengestankhira Berght . 1 Conseguedyimdot h &4Rp-@nd vbn
can be shared by ncells adjacent at vertical positions, reducing the ncel
area. Fig.|8nshousif SHASS &Let cowal ivivewrel Eb@pbéeat ot hemds Bib2 nend N-wel |
is an NNwell used for formng MP2 and P-well is a P-well for formng M.
Deep-N i s annmoswiIN2 do spiegeld fleeperdddrani e iveh | @fdoklree | evényatdeell wor ds,
the ncell has a 3-layer well structure. Fig.l9 shows an internal |ayout of
an swecel | . Hiag e gedte heorghl i atsed abn i st thetwas el Pfe tsheanlcleldomplimed/bp,
the vbn, the VDD, and the VSS are powered by ML in the sane way as those of
the ncel|l. AL shdWND gakerg. al Btehe shifellinslepeadgingdased edbherAuolBlg in
the vertical (Y) direction. kbrizontallﬁg those cells are disposed at

pi tches rest$FRIBERWR IR FPRCLRF (2 FAFA HOS WERSSHEERTal ¥i SPRATETRN, T9 1

ol aces. |n Fi%P §9F TReScBEantErager HEPSI FRErRrrddSvspossi® i s al el in
the verti cal {;Iajlreft{:on are tcwo power reirpf Ofﬁi n% I icr]ces{f.e Bet ween t hese two
power reinf o?cﬁﬁ%‘) TTrhes &r'e 8??55&5’&’ tho T nf6 (?lengﬁ I r‘?‘é\’s a\?b?) %8 ¥bn and
two other lipgs £bp and cbn. The power z o ~uN Zoo2 -43 reinforcing |ines
VDD and VSS atéboth ends are effective to protect the four substrate bias
control lines fromuexdiernal ang)seen ML 1l sohgbred ¥ td s sepas atedsin

transi stors. The gate, drain, and source of each transistor in the 1 are
connected tocibfuivdp(eqidvyDbntespechprebyd Wdb shbemmad Wil 13 separated
transi stors. The gate, drain, and source of each transistor in the ML are
connect ed t ccaipysadbno £ aPMOYS¥PE espdcNMOE| Y¥N1Eaelk ofk ltlthe sdeEmmplpnihg
capacitors CP1 and CP2 is divided into two transistors. The transistors of
both CP1 andcapxiterpdiRl ik dFat resplecarndelof t e MPe MRY, MNie gate

respectively. The capacity of each of CP1 and CP2 is generated using a MOS
gate capacit&@ connected to cbp, the drain is connected to VBP, and the

source is connected to VDD. Consequently, when the cbp
voltage is lower than VDD-Vthp (Vthp: an absolute value of
the MP1l threshold voltage), MPl is activated and vbp is
driven into the VDD potential (1.8V).

On the other hand, the gate, drain, and source of the
MN1 are connected to cbn, VBN, and VSS (0V) respectively.

Consequently, when the cbn voltage is higher than Vthn



The ratio of the decoupling capacitors CP1 and CP2 to those of MP1 and MN1
is not limted specially. In an extrene exanple, one or both of the
decoupl i ng capacitors CP1 and CP2 are amigssi bl e. Power noi se can bQ[IQ@wﬁﬁf
wi th a decoupling capacitor if its size is increased. On the other hand, "l
MP1 and MN1 are increased in size, the substrate bias can be connected to a
power source at a | ower inpedance when the m croprocessor is in the normal
state so as to be protected nore effectively fromnoise, as well as froma
| at ch-up trouble. -44 2 0 JUN 2002 The VI A holes forned between the VDD
lines of ML ,.as well as t V| I f = VSS_ | i nes
apdp iR, gas el as Lhe o Eﬁ ?@g mle%g\%‘lh%ﬁtd"‘@ol'ei&%? A ﬁ:g?

of ML and M2 are om tted here t6 sinp escription: e can

be f d at ; i ; L. Ei !
€ rornmed atyRac Ia!attqlrvé%%t %{%gr};&‘%bp}l 0L dth& o EhEﬁ tHd 9‘5%%79_ 1&1 Cross

sectional view of Fig. I ne. Just as shown in 8, P-well
is a P-well fgpyformng the N1 and Deep-N is an N-well disposed deeper
than the P-well. The swcell thus cones to have a so-called 3-1ayer well

structure. In thi sc&dseal WA el BB, i Vb aBdd @thannobkey. 48 dodse
illustrated actually between the VSS lines of both ML and M2. As shown in

Fig.2, a thiskcexildi zaid eumddriTolr aesl 36 ofan HdisadreaselNPostnesgtoteai se
the threshold level. Fig.21 shows a concrete exanple for howto wre the
power |ines YBbpanda¥s8, cagcuells as shbshaahechbrasicohvGol Thaesumiber vbn,
cbp, and cbn. The | ayout of power |ines shown in Fig. 21 is obtained by
addi ng the abbvevwtehés tent Adsbapeuinsheamefinthi drivé. tha MPe 4wodiM¥ht al

(X) direction, VDD, VSS, vbp, and vbn are wired with ML in parallel to each
other. As sh&BfcidhlPrgr impedarcy s sire cdHarsdy BheniieekEs 3 sboserd .,
vertically with the vbp therebetween. And, two VDD lines are laid in

paral | el abo®@ HRdluRdeVPEf aPRoYE™ WG A STivaTe Wb PRI sHf ed by two

I '1's di d ' ywWth th th bet .. And,, t VSS i
Faidin parael b aeed i teonhs dRssLacuerC bse Tl Re kel

course, both; ¥DD and, VoS, L{ 1168, &M P& ADLSEE" oL DA Y PRy AL ¥ O b1 NS
also be incorporated in a space cell independently of the
above one. A space cell means a cell inserted in a space
reserved for a wiring area, for example, when standard cells
are to be disposed side by side. If a decoupling capacitor
is incorporated in such a space cell, the total capacity of
the decoupling capacitors on the whole chip is increased,
thereby reducing the power source noise more significantly.
Since a space cell is a free space provided just in a wiring
layer originally, the space is not increased even when a
capacitor is inserted there.
Both MPl and MN1 in a swcell must be set to a threshold
value higher than that of a MOS transistor in an ncell. The
reason is as follows; although the MOS transistor substrate

potential (connected to vbp or vbn) in an ncell is



As shown in Fig.l19, VDD, VSS, vbp, vbn, cbp, and cbn wired with M2 are

di sposed on the swcells in the vertical (Y) direction. VDD, VSS, vbp, and
vbn are connected to each other like a-msh at intersection pointggofNWig
and M2. Fig.22 shows how power sources VDD and VSS are ' reinforced. The
power source lines VDD and VSS formed with the fourth and fifth netallic
wring layers (M4 and Mb) are wired |like a nesh in accordance wth the
basic repetition unit shown in Fig.2l. Above the VDD and VSS fornmed with M
( which are wired in the vertical (Y) direction, are wired both VDD and VSS

formed with Mhachadadit Uarnd o gannedioddiase VDDA Y 40: ach ot her

the third netallic wring |ayer neede ose VDD and VSS are

connected at jgveny ;gweebls, b%JE'H M IhdMavedi ¥efdd %@Jléé’l-l hiesaWshl saphse a

problemthat "'no MB path is torned in the horizontal (X) direction, however.

In Fig. 22, MaaRdaM (heWRIrdilMe% @irfk iGanNnet kv ely dlbeersveebl ssshown as
swcell?2 or swcell3. Wth this connection, M3 wiring paths can be secured in

t he horizont alf fe¥) disr ecigedted. - 46 suthIS OGP Tk Mpe pONEreht NEhS W red
only on every 6 swcells shown as swell3. The Mo power line is thus
connect ed toftlbesMin itie aterdachdmoeklIC whitch is an intersection point
of Mb and M.

For example, if it is assumed that vbp = 3.3V, vbn =
-1.5V, VDD = 1.8V, and VSS = 0V are set for NMOS transistors
MN1 and MN2 respectively, the source potential S, drain
potential D, and substrate potential B of the MN2 in the
ncell become $S=0.0V, D=1.8V, andB =-1.5V. Consequently,
the threshold voltage of the MN2 rises due to the substrate
bias effect, thereby the subthreshold leakage current is
reduced. On the contrary, the source potential S, drain
potential D, and substrate potential B of the MN1 in swcell
becomes S = 0.0V, D= -1.5V, and B = -1.5V. Consequently,
the substrate bias effect does not work to change the
threshold voltage. A large subthreshold leakage current
thus flows between VS5S and vbn in the MN1.

There are some methods for setting the threshold
voltage levels of both MP1 and MN1 in the swcell higher than
those of the MOS transistors in the ncell. For example, the
concentration of impurity under gate, the gate length (L),
or the gate oxidization film thickness is changed. There

is no restriction for those methods, but it is assumed in

this embodiment that the gate length L and the gate



As descri bed above, the fine pitch power source neshes of ML and M2 are
rei nforced by the rough pitch power source neshes of M4 and Mo , t Hel gbyi00D
| ower the inpedance of each of the VDD .apgl-VSS power source |ines. Although
each of the M4 power source lines in the vertical direction is wired at
every swcell, the Iine may also be wred roughly every two or three swcells
Al t hough the i npedance of each of the power source lines increases , this
wiring nmethod nmakes it possible to secure M4 paths in the vertical
direction. Fig.23 shows the relationship between swcells and wells di sposed
as shown in Ei g.22. P-wel]. . i d, al ely, ltike belts
so that two r?é{gldlas Fhare JJgolﬁ'éﬁfJl V\r%lll\#}g%égsnggh%hvé&gé?a?%uég%g?%o%hhéré}ﬁmry
circuit swcell r hi N8S agin JFi , ngne,.o it
th%e%@l%dl@%lt\%gt%%% Hd1gs mP1 .andgé\lﬁ. R '(EFI %n?ﬁ&?hgﬂgsg

lines is illustrated, but I'i nes are dispo act ua

hori zontal (¥ tdidRet ihqf@ha%lhﬂatge: MRS 38 disHRA%eE gCbralkkal Bokhene

vertical (Y) direction respectively. The nenory mat power source |ines

Wi red hori zoghghlty dut duteciresuny geéiéafteﬂ7tadserleéjfgpf@&tiobastahﬁw@wer
line at both ends thereof. Nuneral supplying an electric power to decoders.

204 is a powen ricdune )Pt dol eaclesenstannpditi €f . thormeagbcohptbier pover
lines 200 2 0 JUN 2002 s 200 , 201 , and 202 provided 203 is a power |ine
for each of word drigeBsshbdsf an smppkjimaegtarfoad edier i1 Cadiliscwsivcel [Irar e
di sposed to 204 as shown in Fig.24. Usually, only one or two of a plurality
of word drivéng.3, amdyacpkubakipyrofofiotile detdders-wior K ssisimgiwrane®hs| y.
Consequent |y, substrate noise is not generated so nuch. This is why only
two sweel | s @ dispossdimpupstandpidfts ké gpavier thiard 203Pmshehehpi n
Fig.24. On the contrary, many sense anplifiers work sinultaneously.
However, theVA6t &Rt L&PY L/ REITHE %t e rddndd &R i f ilér SEleisef Léo FhHSt PPRe
nunber of noges in which the level is shified ffOﬁé‘L! to H _and_the
number of nod8&SEHART &F Afe YBVE T SHIFted FromtEH St ol L' thE&chies
al nrost equal . _Consequent | even en_nany, se ampl ifiers work_ ..
si mul t aneous Y CSaEEs oausea/ ol tepul%s,\bcneortmlgne%e'r agég 10 iKY ROERFE 2R,
swecel | s are di; d, &t i%jggg Igyvgﬁqggﬁp &0ds, 9of -t he POWeppbhi Ne
204 shown ingﬁ?gggi,utﬁgfgﬁy el egﬁ%ve tore c%@%u%s$}§t% oy se. b
amplitude signal. The VDDQ amplitude is larger than the VDD
amplitude. Conseguently, a thick oxidization film
transistor is provided between the level converting cell LC1
and the input/output terminal PAD. The thick oxidization
film transistor is driven by VDDQ. 1In this embodiment, SEL
is set to ‘L’ thereby to pull up the PULL using a PMOS pull-up
transistor. This is done only when the PULL must be pulled
up. The PMOS is also a thick oxidization film transistor.
At the input side, a VDDQ amplitude signal, entered
from external, is converted to a VDD amplitude signal using
an inverter composed of 110P and 110N. Consequently, these

two transistors handle signals whose levels are not changed

yet. Thus, they must be thick oxidizaticon film transistors.



There will be considered many ot her nethods for how to di spose swcells. In
short, however, what is inportant is only that many nore swcells shoul d be
di sposed on the same  -48 2 0 JUN 2002_i#l| according to how many (Hé¥ 108x
Wi ll run sinmultaneously on the sane well . | t is also possible to evaluate
t he change of a diffusion layer existing in a well by I NHNL I /NA (NH=
the area of the diffusion | ayers except for the diffusion |ayer connected
to a power source, NH= the area of a diffusion whose potential is changed
from H to L', NL=the area of a diffusion |ayer whose potential is
changed from_ L' to H ) ., then deci he nu of _swcel|s, the _pitches
L of swcel | s? ZRF 1T Ssilze Fof eﬁr&g§P§t8P§ Eﬁ?ézsmEE IamffﬁnFéFEBEnce to
t he eval uati result. Ip short, what .is needed.is j.us 1,0, g, Zi e

| NF- NLI / NA vgﬁ&e?rﬁoi'n%&gr%oet,e‘f%%n% HEFRIT t ﬂ% ¢ socﬁiesr"égﬁﬁ'&w gg%éef | ow
such as a da path, st .S _only neede o] I .ha taf in the
X direction é% w%% #Oéi&F%fsﬁﬁxfﬁg'dagggpgggggégggzgt%g %%ﬁﬁsgfhgﬁ$§$e
operated si mlntro%rte doe A Edistrdbuted intg, a4 pl e ahifye obneihg . the
above I NH-NL T / I's reduced. Fig. 25 shows a cross sectional view of a
sem conduct ok G sudoaf, the present invention. As shown in Fig.lB, the Ns
shown as 302, 304, 306, 308, and 310 are the sane as an N-well respectively
used to forma PMXPE kignstsStRfesdHEd PhewdDWb B baB@hus302, s3@7£0209,
and 311 are the same as a P-well respectively used to forman NMOS

transi stor. HhedReepille zahgwn &9 1312rand 1313 rar deblewebed &bbwed atndeeper
-49 2 0 JUN 2002 positions than Ns and Ps . The sem conductor IC unit has a
"triple well ther uckuse's tbhres Beepe hlsr 8321 wen s B2 sar ewiephrniatedpelkectandcal |y
by a p-substrate 310 and a P-well 307. Consequently, the substrate
potenti al of henalpO8 veaheiost bigharf ohaedilon V302 |, TB@4thgeehoddglevad 310
can be decided independently of the substrate potential of the MOS

transi stors BOoLda®edcan Be1SSpHighsgsthagovhat f theskgagsistozsduiree
versa. In addition, .the nqgise, etc. generated fronkkgg MOS transistors A
can be suppreéSfed©&dlas t HOBFRERENVENy prot&cPoffé tPr SNBPEESFs TR r om

X3, Il uence £, 28 Sipun Lhe osp St Lushu S o e s andh o | C
ol o9, o SuL ARG 18 S (SHneoronkes Loy £ KB Ag gagu oos
can be used for MP1l and MN1 composing a switch swcell shown
in Fig.2 respectively. No additional complicated process
is needed for MP1 and MNI1.

Fig.4 shows an internal configuration of the
substrate bias controlling circuit VBC. This controlling
circuit comprises 4 circuit blocks. VBC 80 is supplied
powers VDD and VSS, VBC 30 is supplied powers VWELL and VSS,
VBC 85 1s supplied powexrs VDD and VSUB and VSUBGEN is
supplied VWELL, VDD, and VSS.

Consegquently, the supply voltage applied to the

circuits in VBC 30, VBC 85, and VSUBGEN is 3.3V at most. If

VDDQ = VWELL is satisfied, however, the powers supplied to



~unit, FPUis a floating-point arithnmetic unit, LOGL is a randomlogic 1
LOX® is a randomlogic 2 , and PADis an | /0 unit. Each circuit tﬂk@HUNﬂNZ
formed such way on a Deep-N different fpgmothers. As shown in Fig.25, it
is possible to reduce the influence of a noise generated in each circuit

bl ock to be exerted on other blocks. For exanple, since PAD drives external

pins with a larger anplitude than the internal -50 2 0 JUN 2002 si gnal
anplitude, it generates nmuch noise. This noise can be prevented from
exerting on analog circui ~s such as a CPG etc . (i Furthernore, since a

b b b f h
it ?%rSéizf’ﬁﬁlimfﬁﬁEgﬁﬁégaazf%hfbﬁg D8 R tﬁ?:a @%jf%%ov?ﬁ SRS by any
) L
di spose Qi%?&pt RSB T owshe i caTee T RRecEha fPTRE B

potenti al 5§§%P§£ V§§L39£% ip égﬁaﬁgggﬁaﬁh?1%7d§QQW% a guard band

di sposed betwe guar thus |sposed bet ween the

Deep-Ns as shown i F sh9%§ ross e t he
guard band shown |O% I;alh%' %;thé:f %a\%%}l 307 ‘ﬁ%v@%eﬁéglﬁﬁgﬁﬁoﬁép%@%u s then

grounded to ¢dhesdpepol ntird stibhaughi hee Hromliviicusbors hvayenr o3ddd vEY S
makes it possible to further reduce the transm ssion of a noi se between the

Deep- Ns. Forg®xas®l £, dbtde sabst s agraboi(aepgenacat edgndlapMATdd asisst or on
the P-well 305 is transmtted to the Deep-N 312 due to a capacitive
coupling, sipeeitihesihpgiansegodltardDeepedlaBiei dogidt sagnail) And, when
this noise is to be transmtted to the p-substrate 300 due to the
capaci tive corfpédgivelyhe Barte siagnals lavahd abhvergeabs e camhe isubst rat e
's fixed to 1.8V amplitude signal to a 3.3V amplitude signal) in both

VBC 30 and VBC 85.

The VBC 80 is an interface circuit block used for
interfacing between signals cbpr, cbnr, vbbenb, and reset
entered from an external part of the substrate bias
controlling circuit and VBC 30 and/or VBC 85. The VBC 30
is a circuit block for controlling the PMOS substrate bias,
the VBC 85 is a circuit block for controlling the NMOS
substrate bilas and the VSUBGEN is a negative voltage
generating circuit block.

Fig.5 shows examples of operation waveforms. The main
circuit power VDD is activated after the I/0 circuit power
VDDQ and the substrate bias controlling circuit VBC power
VWELL are activated. Consequently, the negative voltage
generating circuit block VSUBGEN is started thereby to
generate the negative voltage VSUB. On the other hand, if

the power VDD is activated, the d_reset signal is asserted



-51 2 0 JUN 2002 the ground potential by a guard band at a | ow i npedance .
The noi se, when appearing on the p-substrate, is thus reduced. SUCQU%MN @?
is suppressed effectively for the noi segenerated fromthe MOS transis 04
formed on 302, 304, 306, 308, and 310 to be transmitted to the MOS
transistors forned on 301, 303, 305, 307, 309, and 311. Fig.29 shows | ayout
i mges of both cbp and cbpr on a sem conductor IC unit and the position of
the return cell VBCR shown in Fig.2. The description of both cbn and cbnr
will be omtted here, since it is the same as that of both cbp and cbpr.
The vbp and bp, ired Jjke < Sl i Sp d side
by side as shf%\%ngiﬁl%cg.tgq .e'l—bé/v}ééérff ﬁégcﬁgbgﬁg %%gaeécébe'rs\rtgérog S?ilg'?l gmgféd i ke
a nmesh; they.are | St i O : | Sppse nd
connect ed sotglg ts\gb%ﬁt%rlatﬂerﬁ)fas&{trl pe-ﬁﬁk%ﬁr?%&kﬁé\??%ﬁ?fe?ﬁne?:elg?éi s used

to return entgned %Q&haw%éﬂﬂlqﬂééé“%£&6¥ﬁfﬁﬁfht%ﬁ@c&°€ﬁé°§&ﬁ§9r§£éCUit VBC
as cbpr and cbnr. A return cell is thus disposed so that cbpr is returned

at a later tipiaR@st BENchlena K idsdH ot Bhe 6BR fhplhedsweel btweeskord,
transm ssion tine for cbpr is the | atest anong t%e swcel s . For exanple,
such a returaheelshbshtadtd e 4 spoased faridesirduom thensfibss radeché as
controlling circuit VBC. In the above enbodi nent, the potential to be
applied to thetiwestsrate.bi @ppbkyind@\d biaB. G¥ltagtheo ackube tshakesand 3. 3V
or -1.5V in the standby state. The potential val ue -52- 2 0 JUN 20Q2 can
be varied freelyymebnst bhanginygetke atwhsarptoperapdtenhieaVDbapobentpplied to
the substrate bias thereby to adjust the variance of the threshold | evel of
t hes MOS tr angicst MQS anisetadihe ¥Fpnatertie hifog WO vAred niatt aralpitgal ity
of circuit blocks, so_that each of those circuit blocks is provided with a
control ling & PéastVSLERIRSTVEC S3hs WBE B Headsc ChangieteblectidAs EF R ERI t

bl ock is proyi,ded with active d, stand states._. Each circuit b can
Phus be cont PORFAEOsD RACEM bL bt Gher Crla i B BogrE e Fh7 St aadby

state. Consequentl!y, .power .consunpt.i.on can ontrolled, for t
sem conduct o(rgnﬁcau iottecr)’ftltahleciﬁrweegfgnttha}nnvten? ib\gsnSC or%e%Hae%:tlgc\’/rel @ﬁ?% )det ail

|n som circult blogkmssidelnoanaad W Anlyes bias Yot age 0 phe

substrates respectively even'in t state! For exanple, it 1§ such
a case that amnobj1 &8t a¢br&aH e 06K prio€ AMRRTEd 1Qf bMER 11ADSk3logsowhose
threshold |l evel is high and the subthreshold | eakage current can be

negl ected. Ascbkdiraget Biklkelabevetaebosorebtbsthatktheeshebd LeMel, ghdthe
MOS transistors is set lowin the active operation node and high in the

st andby oper ahieoNMISd e ubfs tidae es erarcrducl iore | fesped¢tieshect | yehye Howmever,
the bias voltage to be spplied to the substrate can be set so that a high
t hreshol d | evebsityagesgend rodr rarurbDdinest chprdesdr cbad grne2996d| EEE
SPECTRUM (pp. 66-71). . -53 2 0 JUN 2002 If a high threshold |evel is
assuned, theTSEHSTr §LETSRGuPE KEPappri 68Ta FRPger SBBstTr QVeapdt €RBFaT for
an I DDQ test than the_suybstrate potential applied in the standby node. In
ot her words, © ﬁCSFéT%¥h65I§QQ%%ﬁ%ﬂqed a higher potential than that in the

tandby mode and ET shoul d be,applied a | tential, than that i
The 'standby mode. Thi £-Grdst 85 Fo St auide enE GRREHY SR & LeAERpE Ll r ont
that fl I t o | ! tipng. |
or der 10" enaBPe SHcRRe. GRS Ao ® (K VAL pot incrar® PP PEEECHES "

exanpl e, fr0Qb%t%glﬁ%dAb%vtﬁ@dvbggngsgggﬂgﬁent&@lthé IeuensdsigREn-1s. 5V to
-2.2V for an IDDQ test. For a circuit, however, a proper neasure should be

taken to pregent,athlr @u@hdbyr et d ran 4O gchak: 3 ©bhechoLtagei Lseven
the WEELL potential is set differently fromthe VDDQ potential. For this
pur pose, allabbeisidgmal shkoobgettapabktradet.0 fietBebsbbahp BigRal is
controlling circuit nmust be |level-downed in the VBC 80 , then their
potential nuev,behearnranicestivetitesyWdd that\t@hipetent tade Haf applisé. The
obj ect circuit should be provided with a buffer used for such a voltage to
real i ze the a&bovkeopérjaicitosubcstaratieng to t he above enbodi nent, the
substrate



structure is conposed of 3 well |ayers. The structure can be varied
exanple, to a so-called twin-tab 2-well structure or an SO (Slllcozu-ﬁmzmu
i nsul ator) structure. -54 2 0 JUN 2003 g=urt hernore, as shown in Figs.|7,
19, and 21, ML supplies a substrate bias power in cells. This structure can
be varied, however. For exanple, such a power can also be supplied froma
diffusion layer or a silicide-transforned diffusion |ayer as described in
1997 Synposiumon VLS| circuits Digest of Technical Papers, pp.95-96. The
expl anation of reference synbols in the drawi ngs of the present application

Is written toget heEn'@tﬁé‘f V‘J%Bc%%’“ 'thdéacl\Zev%lib%tfr 2re QBBEnBC’é‘E&RH'I‘Q

circuit, LOG Miin circui by control I'ng circurt

circuit, Vbb%ﬁ?ft%‘ab%fr LAl BvPEBS3CeptL “Ehle' QQa%%/%E sh9palq ¥§b€ﬂg

Substrate bias controlling- now signal, vbp: P strate bias ne vbn:

NMOS substrateciph as3l by n£hBn PV SUbﬁtS@ta‘%eCQQHQﬂéag hirRer €lDs, NMOS
substrate controlling |ine, cbpr: PMOS substrate control return [ine, cbnr:

NMOS substratgecemikel iketHEftkingo ANBE apgdrAVPEppDLfiesenihal coaplifier,
AMP3: Schmitt input differential anplifier, VBCR Return cell, swcell:
Switch cell, chaet -1 .Stvandagat i gd P-Bhid vHRsiiSELghe] i theRhaisertesked

| oop, CPG d ock controller, TLB: Address transfornmer, CHCHE: Cache nenory,
CPU. Central tpr dc8¥smignumibpr FPU.. 3M aatd ngerpoi=ntOaratenedtcs ined, PAD: 1/0
unit. -55- 2 0 JUN 2002 I NDUSTRI AL APRI CABI LI TY As descri bed above ( the
present inveRtnerqvantdiovifethe skewebrafudtioy vbOem sigsadhiasshifted

m cr oprocessor, etc., which can satis the following requirenents with
respect to f&SEMoPHEr &ei %n3‘éndth%v€e1rgrfﬁ)f\éfs ERisthepBi- 8N PEOPErRi @8¥tEAY |t s

easy to test the substrate bias controlling circuit.
time (after the return signals cbpr and cbnr of the cbp or

/0

cbn is returned).

If the vbbenb signal is shifted to 0V from 3.3V in
level, other signals are also shifted in level as follows;
vbp=1.8V, cbp=0V, vbn=0V, and cbn=1.8V. Then, those other
signals are shifted in level as follows a certain time later;
cbpr=cbp=0V, cbnr=cbn=1.8V, and vbbenbr=0V. The vbbenbr
functions as a return signal of the vbbenb such way.
Furthermore, as shown in Fig.2, since the substrate
potential is decided by the potentials of both cbp and cbn,
it is also possible to detect the substrate potential state
by meonitoring the vbbenbr obtained from the potentials of
both cbp and cbn.

Fig.6 shows operation waveforms of the substrate bias
controlling circuit in another embodiment, all of which are
different from those shown in Fig.5. As shown in Fig.6, when

the cbp and the cbn are controlled, the contrelling circuit



(2) It is possible to prevent each CMOS circuit from mal function by

controlling the substrate bias. (3) It is possible to mnim I
. . . nimze an,jn e
of each circuit area by controlling thg substrate bias. (4) It iszgo@gﬁﬁﬁe

to prevent the semiconductor IC unit from malfunction wh

bias is changed over. 2 0 JUN 2002 -56 CLAIMS 1. A sem’e(r:]otngﬁctsglr)s”ate
integrated circuit, conprising: a main circuit including at |east one
transistor and operating with a positive voltage; a substrate bias
controlling circuit used for controlling a voltage to be applied to a

substrate or a well of said transistor and includin A i
_ _ _ _ \ J t
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generating a negative voltage; st andby cont r ol 14 Ci i
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SUbthreShO|%o%%abggeagngéﬂncan thus be driven into a lower impedance.
In this case, the cbp and the cbn equivalent to the gate
control signal becomes larger in amplitude than the gate
breakdown voltage of the substrate driving transistors MP1
and MN1. However, as shown in Fig.6, if both cbp and cbn
are changed in level slowly, the voltages between the gate
and drain terminals, as well as between the gate and source
rerminals of both MP1 and MN1 become 3.3V at highest, which
is equal to the gate breakdown voltage or under.

Hereunder, a detailed circuit diagram of each circuit
block will be described. 1In order to simplify the
description, each of the circuit blocks will be assumed as
a circuit generating the waveform shown in Fig.4.

Fig.7 shows a circuit diagram of the VBC 80. Numeral
120 is a 2-input NAND, 121 is a 2-input AND provided with
Schmitt characteristics, 122 is an inverter, 123 is a NOR,
124 is a buffer provided with Schmitt characteristics, and
125 is a buffer provided with a differential output. 126
is a power-on resetting circuit, whose output 127 is charged
to 1.8V from OV step by step after the power source VDD is

activated. Consequently, the 2-input AND 121 outputs OV for



to flowin said main circuit; and a first pad connected to an output of
sai d negative voltage generating circu it; wherein the negative vol,t
generated by the negative voltage genergiing circuit can be nonitoﬂéﬁ%ﬁiﬂm
said first pad in a test of said sem conductor integrated circuit. 2. A
sem conductor integrated circuit in accordance with claim | 2 0 JUN 2002
-57 wherein said sem conductor integrated circuit further having a
plurality of output pads and a package i ncorporating said sem conduct or
integrated circuit and having a plurality of external pins, and said each

o oUtPUL Pats LS coeC ot 8,00 91 gy SELOLTEL.LIR, i, 8 0l ot pad
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a standby contro clircult used rswiching the,state sal d

sem conduct Qo i egr alad (G i &5 Retneem atshoast s L wpi gt at es gingeti ve and
standby by controlling sald substrate bias controlliing circuit, said active
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and said standby state all ow ng second subt hreshol d | eakage current |ess
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stabilized power source VDD.
The signals d_vbbenb, d_cbpr, and d_cbnr are obtained
by converting the signals vbbenb, cbpr, and cbnr to dual rail
signals respectively. Those dual rail signals are used to
activate the substrate contreolling when the power-on state
is reset. The d_vbbenbr, which is a dual rail signal used
to generate the vbbenbr shown in Fig.5, is generated from
cbpr and cbnr.
Fig.8 is a circuit diagram of the VBC 30. Numeral 130
is a level converting circuit used to generate 3.3V-
amplitude signals 133 (VWELL to VSS) from 1l.8V-amplitude
dual rail signals (VDD to VSS) of both d_vbbenb and d_reset
signals. A signal 133 enters 'L’ in the active state or when
the power-on signal is reset.
Numeral 131 is also a level converting circuit used
to generate 3.3V-amplitude signals 134 (VWELL to VSS) from
1.8V-amplitude dual rail signals (VDD to VSS) of both d_cbpr

and d_reset signals. A signal 134 becomes 0V when the signal

cbpr is 0V or when the power-on signal is reset. If a signal



wherein said substrate bias controlling circuit drives the substrate or the
well so that a first substrate bias applied to the substrate or t@g\nmb@i n
the active state is shallower than a secgnd substrate bias applied tot
substrate or the well in the standby state, and an inpedance for driving
the substrate or the well to apply the first substrate bias in the active
state is lower than the inpedance for driving the substrate or the well to
apply the second substrate bias in the standby state. -58 2 0 JUN 2002 4.
A sem conductor integrated circuit in accordance with claim3, wherein said

bstrate bi trol ci it.includ bst.rat.e bi I d at
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substrate or e gate potenti al sal d substrate
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5. A sem conductor integrated circuit in accordance with claim4, further

conprising: a gatenamHd D152 gdlaldden tYARSIT ddrividr 81 A3t €1 £0ni £ Als &b gnal
used for controlling the gate potential of each of said substrate driving
i Vi OS transi sbosstpwhiehei $1i geal dyats € EebmstignalBd B0esHamwiheri o7 as to
be connected to the gates of said substrate driving MOS transistors, then
returned to sai d SuBStempéibude cdrmnedl Mdbernidrer eby said substrate bias
controller can detect that the substrate bias applied to the substrate or
the well is stabilized svoos dioy the thegpot elrval of chpdis ethameed gat e
control signal

The cutput impedance of the cbp is changed in two steps. The

cbp is driven by the inverter 135 controlled by a signal 133.

If both signals 133 and 134 are 0V, the NMOS 136 is activated,

thereby the cbp is driven. 1In this embodiment, the gate

width of the NMOS 136 is set more wider than that of the NMOS

in the inverter 135. If the semiconductor IC unit enters

the active state and the signal 133 becomes 0V, then the

inverter 135 drives the cbp intec 0V. However, since the cbp

is wired in the whole main circuit and it is provided with

a large load capacity, the cbp is driven into 0V slowly. This

shift of the cbp is detected according to a shift of the

signal cbpr, which is a return signal of the cbp. The signal

d cbpr is thus changed in level. Consequently, the signal

134 is driven into OV and the NMOS 136 is activated.

Consequently, the cbp is driven into 0V at a low impedance.

Such way, the cbp is driven at a low impedance in the active

state and less affected by anoise caused by an operation



6. A sem conductor integrated circuit in accordance with claim 4, 2 0 JUN
2002 -59 wherein a threshold voltage of said substrate driving MOS
transistor is set larger than that of M33transistors conposing sai @l Junig?
circuit. 7. A sem conductor integrated circuit in accordance with claim 3,
further conprising: an I/Ocircuit used for interfacing with external of
sai d sem conductor integrated circuit wherein a gate oxide insulation film
of at |least one of MOS transistors conposing said I[/Ocircuit is thicker
than that of said MOS transistors conposing said main circuit. 8. A

conductor integrated circuit .in cord with clajim3, furth
conpri si ng; 8%8%1'\?\%‘?@01 rcé’gé:tutlltrig ?‘?btﬁ?{%ﬁseeabPojrs 5%:tlé’c & ﬁatfjha ’s%l?ed mai n
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sai d substrate bias so 0 app Irst las for a

predet er m nednbi BBoALLeHrIed TRID G GllidylyS ROWRRE: & pidft $EIN conduct or

integrated circuit in accordance with claim'8) further conprising first and

second suppl yoyalbageshonpeneiin s9kdyf ishile 1ISURRIY peoldrafe fasy an absol ute
val ue | arger that that of said secona, supply voltage 'which is 2V or under)

significantly from a simultaneous switching noise.

Fig.1l0 shows a circuit diagram of the VBC 85. 140 is
a level converting circuit used to generate 3.3V-—amplitude
signals 142 (VDD to VSUB) from 1.8V-amplitude dual rail
signals (VDD to VSS) of both d_vbbenb and d_reset signals.
A signal 142 becomes 1.8V in the active state or when the
power-on signal is reset.

141 is also a level converting circuit used to
generate 3.3V-amplitude signals 143 (VDD to VSUR) from
l.8V-amplitude dual rail signals (VDD to VSS) of both d_cbnr
and d_reset signals. A signal 143 becomes 1.8V when the
signal cbnr is 1.8V or when the power-on signal is reset.
If a signal 142 is driven into 1.8V, the signal vbn enters
the high impedance state and the signal cbn is driven into
1.8V. If the signal cbn is driven into 1.8V, the MN1 in every
swcell in the main circuit is activated. The signal vbn is
thus driven into 0V.

Fig.1ll shows how the cbn is shifted. The output
impedance of the cbn is changed in two steps just like the
cbp. The cbn is driven by the inverter 144 controlled by

the signal 143. When the signal 142 is 1.8V and the signal



2 0 JUN 2002 -GO said second supply voltage is supplied to said nmain
circuit, said first supply voltage is supplied to both said substrate bias
controlling circuit and standby controllssng circuit, said first sugd JUN 2002
voltage is activated earlier than second supply vol tage and said substrate
bias controlling circuit controls so that said main circuit is kept in said
active state for said predetermned tine after said second supply voltage
is activated. 10. A sem conductor integrated circuit in accordance with
claim4, wherein an inpedance for driving the substrate or the well to

h b bi lied h t th [ f th
ECTS SALTHIC L SRR B T R L,
whi ch d d
which 2 ot 5oL, ol Sl Egndietgnd Me et ol la Al LigdhLiom oo

than the i ”p@%@fxto@{ Qré@{cbé‘gléé‘elss%sct ﬁ%&ge‘}r thilq WRL! gLe.apphyntoe first

substrate bias after t e state 1s set conplétely in said”active state,

thereby adj ushingvbses shirfd '1%9e§|%%%d1f14Omlsﬁtt@zesgéﬂqgﬁnﬁgcﬁ‘t%'rdlécﬁhifw? state
to reduce the inrush current generated in said shifting process. 11.

sem conduct ok si g} £ Sd Q¢+l fﬁé"atc‘dlnieag‘é@'tgaeﬂ‘:‘&t\l’ﬂet Blﬁham@ 1WheF e &n an_
i npedance for driving the substrate or the well to change a substrate bias

applied to thatsubsdv att@eof ntBervelled aomreberisee®rdifubyv atigobedsrf 0 t he
first substrate bias in a shifting process in which a state of said

sem conduct othentkgr asedieiericunt the siofiieethafiromisadul tStamdlibycstadedto sai d
active state is controlled so as to becone |arger than the inpedance for
driving the sabstiaveier leligenel Thegedppley tthe fdbrstisdsivernt elbtasOaft er
the state is set_conpletely in said active state, thereby adjusting the
shifting spegdonly.2 Thirughidopis detected according to a shift of the
return signal cbnr of the cbn, thereby the signal d_cbnr is
changed in level. This drives the signal 143 into 1.8V and
the PMOS 145 is activated. Consequently, the cbn is driven
into 1.8V at a low impedance. Such way, when the
semiconductor IC unit is active, the cbn is driven at a low
impedance just like the cbp, thereby the semiconductor IC
unit can be protected effectively from noise caused by the
operation of the main circuit. If the cbn is driven into
1.8V, the MN1l in every swell in the main circuit is
activated. If the cbn is driven into 1.8V slowly as shown
in Fig.1l1l, however, the simultaneous switching noise of the
MN1 can be reduced in every swell.
As described above, according to the substrate bias
controlling method of the present invention, the substrate

driving impedance is smaller in the active state in which

no bias voltage is applied to each substrate (the substrate



- @ fromsaid standby state to said active state to reduce the inrush
current generated in said shifting process, and vuherein said returned gate
control signal is used to detect that thg_state is conpletely set 'Qrg @ﬁmﬂ?
active state. 12. A sem conductor integrated circuit in accordance w

claim 10, wherein the anplitude of said gate control signal is set |arger
than a gate breakdown voltage of said substrate driving MOS transistor. 13.
A sem conductor integrated circuit in accordance with claim, 3, further
conprising: a negative voltage generating circuit, wherein said substrate

bi trolling circuit controls the. output_imped f _sai d_negati
Vol tage genctBtiriy 4 PAFToFh i b Sy SO & TG ShaTct AR ONpb

i npedance of_sai d negative .voltage geperating uit i ai d.,active state.
14. A seni co%f?ulc or' 9 act‘_:‘egger Ae@PEHET £°i R° ch(’)‘f?ﬂc)i%nﬁ Wi l§ecls’zflbrﬁ ]lif,ag%vher ein
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punp circuits; sal e bias contr ng circuit uses said first

chargi ng punpy, £f rcigh ;i ok d o3t RRdby- 81 ot & ANk YsRS 3a1 JsSs6Rafghay gi ng
punp circuit in sald active state to generate a negative voltage

respectivel yge£bfibed SpdWl, 202:i56308 sRYIRI ARG GIRAG oW eniigk fdr St

charging punp circuit is larger than that of said second charging punp

circult. increase of a current, owing to unstableness of the
substrate potential, that goes through power sources at a
power-on time, as well as a latch-up problem. In addition,
although the substrate noise is increased by the operation
of the main circuit in the active state, the noise can be
reduced thereby preventing the main circuit from problems
such as malfunction, latch-up, etc., if the substrate
driving impedance is suppressed low.

Fig.l1l2 shows an internal configuration of the
negative voltage generating circuit VSUBGEN. The circuit
is composed of three circuit blocks. VSUBSEN is a substrate
bias sensing circuit, PMPl is a charging pump circuit 1, and
PMP2 is a charging pump circuit 2. The substrate bias
sensing circuit VSUBSEN monitors the VSUB potential, as well
as both active and standby sggtes using the signal vbpenb.
And accordingly, PMP1l and PMP2 can be controlled using
contrel signals pmplenb and pmp2enb so as to satisfy VSUB
= VDD + VS8S - VWELL.

PMPl is started when the signal pmplenb is asserted

and PMP2 is started when the signal pmp2enb is asserted. The



15. A sem conductor integrated circuit in accordance with claim 13, further
conprising first and second voltages, wherein said negative volta 0
generating circuit generates a third voliage and said first suppl V&PFQHQ
is larger than said second supply voltage which is 2V or under, wherein
said second voltage is supplied to said main circuit, said first voltage is
supplied at least to both substrate bias controlling circuit and said
standby controlling circuit, and wherein said substrate bias controlling
circuit controls a voltage of a substrate or a well of PMOS transistor of

said nmain ci Eﬁgkggagﬁgé?ggtggggggglatqchlo%q §ot e?)teit%leeof Pmilda;}i rﬁl‘t“op%o' t age
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sem conductor integrated circuit in accordance with claim 15, erein said
negative vol tage genenat kg it GHatd nGlddepiati d easdy a chaidi HgaPuwP, a
conparator, a first reference voltage circuit used for generating a
potential of saahalf of that of second voltage and a second reference

vol tage circuit used for generating an 2 0 JUN 2002 -63 internedi ate
potenti al between Bae SUR potesitiage iandssdichihiindthel sagetrand whesei n
sai d conparator conpares the voltage output fromsaid first reference

vol t age generanthgléinguiirouwth whem vbhetsgel cuiquitdr dO said sedonche
reference voltage generating circuit, thereby controlling said at |east a
char gi ng punﬁcgbvgssﬁ%ﬁgtaghppzesormuﬂlcurrent,does not flows into the

VSUB. Consequently, the PMP2, whose pumping capacity is
small, is used. 1In the standby state, the VSUB potential
is supplied to the whole main circuit. Such a current as
a junction current, etc. thus flows into the VSUB.
Consequently, the PMPl, whose pumping capacity is large, is
used.

Fig.1l3 shows a circuit diagram of the charging pump
1 PMP1 of the present invention. OSC is a ring oscillator,
which ocillates to charge the VSUB to a negative voltage only
when the signal pmplenb is asserted.

Fig.l4 shows a circuit diagram of a charging pump
obtained by adding PMOSs 162 and 163 to a charging pump
circuit described in “VLSI memory (p266)” written by Kiyoo
Ito and published by Baifukan. The charging pump charges
the VSUB using PMOSs 160 and 162 twice during one cycle
oscillation of the ring oscillator. According to the

present invention, NMOSs 164 and 165 are further added to



the potential of the third voltage. 17. A sem conductor integrated unit in
accordance with claim 16, wherein each of said first and second r @fled i
vol tage generating circuits conprising-agserial circuit in which a
plurality of same type MOS transistors are connected serially and the
substrate termnal is connected to the source termnal and the gate
termnal is connected to the drain termnal in each of said sane type MOS
transi stors, and each of said sane type MOS transistors is selected so as
to be operated in a saturation area. 18. ' A sem conductor integrated

[ it ith claimi16, .whetei [ t itt
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furthermore, , apother asl%me@g-tswgl YsBElcdS AR W A SEGRIG M Iy RE drayer s

above said fiTst net I'evel s so as to be orthogonal to said first netal

level s, and & swyiigh €§i£a![q§ dhspasednat mAaeh WWEeLsget BoBvpoitie of said
power - supply net formed wih said first nmetal |evels and said power-supply

net formed .2nPidPhe00R skéwhi th saipdlseeand obitkiing dndyeVSUB=her eby said
power -supply net formed with said first netal levels is connected to said

power =suppl y3 n@tviep medcvb+ hatsedonk ivhresheg d dgered b kath RMO3hdsed swit ch
cells, and furthernore, said substrate driving NIOS transistor is disposed
in said switghdcebl) ; 20t Wwosddi bend@tBer 2i. 3Vaetohdahes twi t Prcltdiem 19,
wherein a decoupling capacitor is further di sposed between a power source
and a groundcomtsard, sswedatdind [to the method of the present invention,

it is possible to reach VSUB=-3.3V or so.

No circuit diagram is shown specially for the charging
pump circuit 2 PMP2 in this embodiment. However, the
capacity of each of the PMOSs CP3 and CP4 used as capacitors
in Fig.13 can be reduced thereby to reduce the capacity of
each of the capacitors. Of course, the sizes of other MOS
transistors can be optimized to be suited for this CP3 or
Cp4.

Fig.1l5 shows a circuit diagram of the substrate bias
sensing circuit VSUBSEN. VREFGEN is a reference voltage
generating circuit used to obtain an output of
VREF= (VDD-VSS) /2 from NMOS transistors 150 and 151
connected serially. VIGEN is a VSUB potential sensing
circuit used to obtain an output of V1=(VWELL-VSUB)/2 from
the NMOS transistors 152 to 155 connected serially. The

circuit is composed so that about 1V is applied to between

the source and drain of each NMOS transistor, as well as the



21. A sem conductor integrated circuit in accordance with claim 19, wherein
a power-supply net is further formed with fourth wiring |ayers abqu m@mﬁ
power - supply net forned with said secont gM ring layers so as to be aﬂlgned
in parallel to said power-supply net forned with said second wiring |ayers,
and said power-supply net formed with said second wiring layers is
connected to said power-supply net formed with fourth wiring | ayers outside
said switch cells. 22. A senmiconductor integrated circuit in accordance
with claim?2l, wherein another power source is further formed with fifth
wiring |layers, and saig Eomer-supply net formed with said fourth wiring

S
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first and secon%£mnr|n sem conductor integrated circuit in

accordance vyiLanchaigLiy, cuher QEQi%Fll%es.Pb%rﬁ%%ﬁ?riﬁse,SW Yoid 416 0f each

of MOS transistors conposSing said cells is formed wth said first neta

llevel s in paralbgtibn S8l ANPOYeE r SAPPL Yo PET A PRESW ddh Siad tth £4 I Bt al
| evels, as well as forned with second wiring layers in parallel to said

power - suppl ytAghsi otsed Wrkthesakd180€006 Wakhiig Hidyecha A48T Ehis Sid §1
substrate bias supply line of said first netal levels is connected to said
substrat e bimasrsuprlry PMOBer 1in siad th S€C oTitle Wirridug 1 ayarthidobakdnSWREEh
cells just like said above power-supply nets. 24. A sem conduct or

i ntegrated corciitinsensctidahgetw Bhvealrdiemc23 ameirgr AMOS & b rgeitseca@ont r ol
signal used for controlling the gate voltage of each of said substrate
driving MOS evemnsvBenrsniy shppki éd by gardiedgnttcolbefivgrl ddurcofandid
second mﬁring | ayers formed above said switch cells, in parallel to said
power - suppl y2hetforned with said second wiring |ayers and connected to the

Joi toh col 15, 25, BRom MBI AR P oR it ELPEBRELPH APBOTASRES w t h
claim which are combined to compose a differential amplifier. The
differential amplifier composed of AMP1l, AMP2, and AMP3
receives VREF and V1, and when in at VREF<V1l, pmplenb or
pmp2en is asserted. Consequently, VSUB is charged to a
negative voltage. When in VREF>V]l, pmplenb or pmp2enb is
negated. Since VSUB causes a leakage current toward VSS,
VWELL, and VDD, if both pmplenb and pmp2enb are negated, VSUB
is discharged to a positive potential. This pmplenb or
pmp2enb is asserted and negated repetitively, so that
V1=VREF, that is, VSUB=VDD-VWELL is kept. If vbpenb is 3.3V

(standby state) as described above, the pmplenb is asserted.

If vbpenb is 0V (active state), the pmp2enb is asserted.



24, wherein both said substrate bias supply Iine and said gate control
signal line of said second wiring |ayers forned above said swtch cells are
di sposed between power supply nets wiredgby said second wiring | agdr$N 200
fornmed above said switch cells. 2 0J UN 2002 -66 26. A sem conduct or
integrated circuit in accordance with claim19, wherein said sem conductor
integrated circuit includes a data path circuit, and data flows in said
data path circuit so as to be in parallel to sa id power-supply net forned
with said first netal levels for a plurality of said cells. 27. A

semi conduct or int goaLed, gifoUlLy i agepLpagce, WL hyab AlmAauher iy, said
as ' to nmak I'evel of at
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capaci tor; atﬁﬁgogﬁopyapa Ng; CAPAGL LRk s@sl hilraRrehanngl.dtrangistor; a
second P-channel ransistor; a first N-channel transistor whose

sour ce-drai Mpatdrdsi s UMBE Ok 410 01 SHORHEGR1GRINhPat minsal éndhgstor
P-channel transistor in parallel; a second N-channel transistor whose

sour ce-dr ai n:patdif Seconbest eflgt poAn8OUECE- didife reatdiadf asgild feaond
P-channel transistor in parallel; and an oscillating circuit,
caused by an output of the amplifier. 1In other words, it
means Schmitt characteristics. Consequently, it is
prevented that pmplenb or pmp2enb is asserted/negated many
times repetitively around V1=VREF, thereby to prevent an
increase of the power consumption.

Furthermore, the operation currxent of the
differential amplifier is changed within AMPl to AMP3
between when vbpenb is asserted and when it is negated. In
the standby state when vbp is asserted, the vbn of the main
circuit is connected to the VSUB. This means that a large
substrate capacity is connected to the main circuit. The
level of the VSUB is thus changed slowly. Since no fast
operation is needed between AMPl and AMP3, the operation
current can be limited so that the power consumption is
reduced in a process from AMPl to AMP3. On the other hand,
in the active state when the vbp is negated, only the
substrate bias controlling circuit VBC is connected to the
VSUB. This means that a comparatively small capacity is

connected to the VSUB. Consequently, the level of the VSUB

is changed quickly, so that a fast operation is needed in



wherei n when an output of said oscillating circuit is "H, said first
punpi ng capacitor, said first P-channel transistor, and said firStZUJUNZMZ
N-channel transistor are used to punp thg .charge of said first punping
capacitor, and -67 2 0 ~uN Zoo2 when an output of said oscillating
circuit is 'L', said second punping capacitor, said second P-channel
transistor, and said second N-chGinel transistor are used to punp the
charge of said second punping capacitor. 29. A sem conductor |C unit,
conprising; a main circuit including transistors forned on a sem conduct or
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a SWwmic ransi st or .usedad. 1 or ontr Ql n 0 age e | 0. Sal
Cunet oo R REr R A et Bk REihN0 & 1P Me faPRoR PR L ELL L0 22

circuit is e ed_to, t f ' It tr [ ' trol
signal is re?h?%ege olég‘iq'ldegg)u%sctoersa 2-} dﬁ“éé\gnconprlo?ﬁ?néﬁg?rgﬁgt : kglfﬁg
sem conduct o L€ Hgggakﬁoggqordance with claim?29, wherein said switch

transistor is disposed in a rectangular switch cell and said transistor is
di sposed in a rectpngithide st adakdpetirateaPtasahsh S iE het@ldd and1dpe

plurality of standard cells are disposed side by side in aline. 31. A
sem conduct ofetErtiBel 1N detandance aw tdhbddindnt of the present
invention.

Fig.1l6 shows a layout of both ncells and swcells. The
swcells are disposed continuously in the vertical (Y)
direction. Both swcells and ncells are aligned in height.
In the horizontal (X) direction, the swcells are disposed
at variable pitches L within a certain value. O0f course,
those cells can be disposed at equal pitches, but varying

the pitches would increase the freedom of the layout. 1In

any way, the pitch L can be decided considering the following

items.
(1) Power line impedance
| (2) Power wiring migration-
(3) substrate noise generated in vbp and vbn

according to the operation of ncells

Fig.1l7 shows an internal layout of an ncell. Just as
in the case shown in Fig.2, an inverter i1s taken as an
example. The vbp, the vbn, the VDD, and the VSS are powered
by the first layer metallic wiring consisting of four lines

disposed in parallel (hereafter, to be described as M1). The



30, wherein the wiring of a driving power source used for driving
transistors of said nmain circuit and the wiring of said substrate ?hquZWZ
power source supplied from said 2 0 JWYM_ 2002 -G8 substrate bias
controlling circuit are crossing said switch cell and a plurality of
standard cells vertically in the direction in which said cells are

di sposed. 32. A sem conductor integrated circuit iii accordance with any of
claim 28, wherein a threshold of said switch transistor is larger than a
threshold of said transistor. 33. A sem conductor IC unit in accordance

ith f ' cl 9, wh ds ' IS | d.b
Sai d drivi ng o §ﬁrc%nf?2r§hg%%?'w% g %ﬁ%f%?%féc's?“%%?ﬁs?e#is% 3R et
and sai d S”bf g@}% . PQYEf, SO rf§;4gg§a ARGoKb) s sybpLL edf rpogal d

substrate bidas control i Mg CIFCUIt seni conduct or
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connected to source an of said

transistor 'asreceeg%ts%@ 1R Sl 9e§‘ﬂ9%§aﬁaff) *a'ﬁ%o%qw sSUN €8 bSRhirtor

sem conductor 1 C unit in accordance wth any of claim?29, wherein said

substrate b'ﬁr$a§é’é“d§@'éé@]§l o@héEUhit@“%@ﬁé§eﬁ@bdtgo'ﬁh&@ neiigmal., then
detects that said control signal returned via said main circuit has reached

a predet er mowtka@ldgey , t betiebybgeart avbngcandpteshbitgdsbgnalcells- 69 2 0
JUN 2002 36. A sem conductor integrated circuit conprising: a main circuit
having a firstjadercuidt ivetudcag pofitsons; ansdatangoftha hicedtl earductivity
type and a second transistor of a second conductivity type which is

connected to saidgfiy sty Eh%@%'?tQE 5$|§§££§§n fngi@ws QQL pifgﬁi%hfburth

including a third t ansi stor o Fst conduct

tran~.istor 0fg {hgeseqand 190NLUGE Vb Y1 by %k%f@&fﬂ@@%ﬁ@ plQe3ai d

third transistor in series; a first power supply line Tor supplying a first

power pot entidaly £0yeaild fhiy ghreihgUki2 . a SeoNd POVRT NURPILY diisi sheer

supplying a second power potenti al lower than said first power potential to
deeper than N-well and P-well. In other words, the ncell

has a 3-layer well structure.

Fig.1l9 shows an internal layout of an swcell. H is
a cell height just as in the case of the ncell. The vbp,
the vbn, the VDD, and the VSS are powered by M1 in the same
way as those of the ncell. As shown in Fig.16, the swcells
) are disposed continuously in the vertical (Y) direction.
Horizontally, those cells are disposed at pitches
restricted within a certain value. With such a disposition,
it becomes possible to make wiring of power reinforcing
lines at the swcell places. In Fig.l1l9, the second layer
metallic lines disposed in parallel in the vertical
direction are two power reinforcing lines. Between these
two power reinforcing lines are disposed two reinforcing

lines vbp and vbn and two other lines cbp and cbn. The power



said first circuit; a third power supply line for supplying said first
power potential to said second circuit; a fourth power supply |ineZ0aUN 200
suppl ying said second power potential tq@ssaid second circuit; a first
substrate bias line for supplying a substrate potential of said first
transi stor; a second substrate bias line for supplying a substrate
potential of said third transistor; a fifth transistor having a
source-drain path between said first power supply line and said first
substrate bias |line; and 2 0 JUN 2002 -70 a sixth transistor having a

d b d | d
bt are bl sETh PRl yEer pal oLt §8L. Pl Ladhe BN 2R pece0d
said fi fthhﬁggﬁe hcﬁé 31 'Sgeﬁgtég%ebsfygfz}oaam a@n@gFfmt&f@&

pot enti al an said firs power “supply potential 1Ts suppli to said
first and seggnd.substrate bias lines, and when said main circuit is in a
second state, sald fifth and sixth transistors are brought into an ON
state. 37. A sem conductor integrated circuit in accordance mnth cl ai m 36,
further conprisi ng®flaithfPemedstiafespPasafrAc-Fus S Yi n§he FribBtrate

drain, and source of each transistor in the MP1 are connected
to cbp, vbp, and VDD respectively. MN1 is formed with 3
separated transistors. The gate, drain, and source of each
transistor in the MNl1l are connected to cbn, vbn, and VSS
respectively. Each of the decoupling capacitors CP1l and CP2
is divided into two transistors. The transistors of both
CPl and Cp2 are positioned at both ends of the MP1 and MN1
respectively. The capacity of each of CPl and CP2 is

generated using a MOS gate capacity.

The ratio of the decoupling capacitors CPl and CP2
to those of MPl and MN1l is not limited specially. In an
extreme example, one or both of the decoupling capacitors

} CPl and CP2 are omissible. Power noise can be reduced with
a decoupling capacitor if its size is increased. On the
other hand, if MPl and MNl are increased in size, the
substrate bias can be connected to a power source at a lower
impedance when the microprocessor is in the normal state so
as to be protected more effectively from noise, as well as

from a latch-up trouble.



potential of said second transistor; a fourth substrate bias line for
supplying a substrate potential of sald fourth transistor; a seventh

transi stor having a source-drain path betseen said second power supplyUNilbe
and said third substrate bias line; and an eighth transistor having a
source-drain path between said fourth power supply line and said fourth
substrate bias |line, 2 0 JUN 2002 -71 wherein when said main circuit is
inafirst state, said seventh and eighth transistors are brought into an
OFF state and a potential |ower than said second power supply potential is

suppl 1 ed_to sal d thihedyand,boust fospbstiaee bl ased igs 0d Wieyoghd min

circuit is in a second sal d seven transi stors are

brought intoan QN $ahe as %%e %I%?Hb@%EdEBE%rd'B%%Q@aBGQh%'Véﬁ'Elh@s

accordance with claim 37, further conmprising: a substrate bias controlling

circuit for gpphyhRe ﬁ2p9£§ﬂ&ﬁf%téwiﬂg¥e‘ﬂ&agl leEHEﬁk Qevetipetential
and a potential |ower than said second power entla wherein, in said

first state, as@izel BUbst kahepbi BSrmed at each 1ntersec rJ.on point of the

(
wiring.

Fig.20 shows a cross sectional view of Fig.1l92 at the
A-B line. Just as shown in Fig.18, P-well is a P-well for
forming the MN1 and Deep-N is an N-well disposed deeper than
the P-well. The swcell thus comes to have a so-called
3-layer well structure. In this case, VIA holes, which are
omitted in Fig.19, are illustrated actually between the VSS
lines of both Ml and M2. As shown in Fig.2, a thick
oxidization film transistor is used for MN2 so as to raise

the threshold level.

Fig.21 shows a concrete example for how to wire the
power lines VDD and VSS, as well as substrate bias contrel
lines vbp, vbn, cbp, and cbn. The layout of power lines shown
in Fig.21 is obtained by adding the above lines to the layout
shown in Fig.16. In the horizontal (X) direction, VDD, VSS,
vbp, and vbn are wired with Ml in parallel to each other.
As shown in Fig.17, the vbp is shared by two cells disposed
vertically with the vbp therebetween. And, two VDD lines
are laid in parallel above and under of those two cells. The
vbn is also shared by two cells disposed vertically with the

vbn therebetween. And, two VSS lines are laid in parallel



control circuit supplies the potential higher than said first power
potential to said first and second substrate bias |lines and the pggqug@@
| ower than said second power potential t45said third and fourth s s{

bias lines .and, in said second state, supplies no potential to said first
to fourth substrate bias Iines. 39. A sem conductor integrated circuit in
accordance with claim37, wherein said first to fourth power supply |ines
and said first to fourth substrate bias lines extend in a first direction,
and Z 0 ~uN zooz -72 said sem conductor integrated circuit further

[ nol udes: a_ Lol BOVPGehNLALSENguL Be 1wk Chokscalect! i sathyusanagst ed to

said first and third power supply I'ines and extends in a second direction

different fremssaijthdd ln B @il r arsacansh poverviei {es€i ng |ine which
is electrically connected to said second and fourth power supply |ines and

extends in said second direction; first substrate bjias reinforcing |ine
which is electri caﬁFys}BB‘f’lﬂeHﬁe‘?&QOlagsainDq'i VS aPPee¥BRd § Bst?aﬁe %{1

| i nes and extends, in.sa ion;. and a cond substrate bias
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sem conduct or egra circui't ance alm
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Fig.22 shows how power sources VDD and VSS are
reinforced. The power source lines VDD and VSS formed with
the fourth and fifth metallic wiring layers (M4 and M5) are
wired like a mesh in accordance with the basic repetition

unit shown in Fig.21.

Above the VDD and VSS formed with M2, which are wired
in the vertical (Y) direction, are wired both VDD and VSS
formed with M4. And, in order to connect those VDD and VSS
to each other, the third metallic wiring layer (M3) is
needed. If those VDD and VSS are connected at every swcell,

1 the M3 1is wired vertically. This will arise a problem that
no M3 path is formed in the horizontal (X) direction,

however.

In Fig.22, M2 and M4 power lines are connected every
three swcells shown as swcell2 or swcell3. With this
connection, M3 wiring paths can be secured in the horizontal

(X) direction.



gate of said fifth transistor and the gate of said sixth transistor are

connected; and a second substrate bias controlling line to which tgf Hﬁ&ﬁ
of said seventh transistor and the gate - said eighth transistor é !
connected, wherein a first control signal outputted fromsaid substrate

bias controlling circuit to said first substrate 2 0 JUN 2002 - 73 bias
controlling line is -entered to the gate of said fifth transistor and the
gate of said sixth transistor and, after that, returned to said substrate
bias controlling circuit, and a second control signal outputted fromsaid

bstrate bi ] ] ircui t id d substrate bi
controlling ine i Selerkaes thESgaf s *apt YedBntl trafsiSEot Hnd t he

gate of sald glghthtLgnsistor apd yafler thal, retuned 16, 5aLd. gubstrate

bi as controlflng cl J A'sem’C uctor 1Tntegrated circu

accordance wiih ¢)al P3G @’Q@Bewcéﬂﬁa‘;dﬂ%éh Statg %ﬁté‘r%é@%}{ ﬁéfrta{? and

sai d second state is an active state. sem conductor Integrate
circuit in aggogdaneg wyth claim36, wherein said fifth transistor is
di sposed near said first circuit in an area where said main circuit is

formed, and said sixth transistor is dispgsed near said second circuit in
the area where sai’tPf f&SFr&RECLRPOVE  fidi§gdne Pitch power source meshes

of M1 and M2 are reinforced by the rough pitch power source
meshes of M4 and M5, thereby to lower the impedance of each

of the VDD and VSS power source lines.

Although each of the M4 power source lines in the
vertical direction is wired at every swcell, the line may
also be wired roughly every two or three swcells. Although
the impedance of each of the power socurce lines increases,
this wiring method makes it possible to secure M4 paths in

the vertical direction.

Fig.23 shows the relationship between swcells and
wells disposed as shown in Fig.22. P-wells and N-wells are
disposed alternately like belts so that two ncells share one

well,

Fig.24 shows a layout of both memory circuit swcells
and power source lines. In Fig.24, none of word and bit lines
is illustrated, but word lines are disposed actually in the
horizontal (X) direction and bit lines are disposed actually
in the vertical (Y) direction respectively. The memory mat

power source lines wired horizontally in the memory cells



43. A sem conductor integrated circuit in accordance with claim37, wherein
said seventh transistor is disposed near said first circuit in an area
where said main circuit is forned, and-g&i-d eighth transistor is d$fpdiei?
near said second circuit in the area where said nmain circuit is forned. 2
0O JUN 2002 -74 44. A sem conductor integrated circuit conprising: first and
second rectangular switch cells; a first standa=d cell of a rectangul ar
shape, including a first transistor of a first conductivity type and a
second transistor of a second conductivity type connected to said first

transi stor igreefd BsrAULLORSERYGdNEr 3 1inQA1 $061 raMi t and 502 Sdrpov@Eq suppl y
line for supplying a first power ‘potential to said first standard cell; a

second poweraguppth bhBS tRErsupp! yidGedageoond ipowenpalentid fomer than
said first power potential to said first standard cell: a first substrate

bias |ine foguppppliygngnacsybsttat popeireid alachfl dfh&ddd siriveansiaidr in
said first standard cell; and a second substrate bias line for supplying a
substrat e pofleadvdaksof 2beé s$ecangdotveandiisteorfoirn ss@ipd yfiinstarstaldardicel |
wherein said second switch cell..is disposed at a predeterm ned interva
with said fipsveswttcdackldense tdpgplifier. Cells swcell are disposed

for each of the power lines 200 to 204 as shown in Fig.24.

Usually, only one or two of a plurality of word drivers
and a plurality of word decoders work simultaneously.
Consequently, substrate noise is not generated so much.
This is why only two swcells are disposed at both ends of

the power line 203 as shown in Fig.24.

On the contrary, many sense amplifiers work
simultaneously. However, the potentials inside the sense
amplifier are set so that the number of nodes in which the
level is shifted from ‘L’ to ‘H’ and the number of nodes in
which the level is shifted from ‘H’ to ‘L’ becomes almost
equal. Consegquently, even when many sense amplifiers work
simultanecusly, substrate noise is not generated so much.
In this case, swcells are disposed at positions other than
both ends of the power line 204 shown in Fig.24, thereby

effective to reduce substrate noise.

There will be considered many other methods for how
to dispose swcells. In short, however, what is important

is only that many more swcells should be disposed on the same



| ongi tudi nal direction of a first side of the second switch cell, said
first standard cell is disposed between said first and second switch cells,
-75 2 0 JUN 2002 in a first state, a~ pet&ntial higher than sai d20i Jutp
power potential is supplied to said first substrate bias line and a
potential |ower than said second power potential is supplied to said second
substrate bias line, and in a second state, said switch cell electrically
connects said first power supply line and said first substrate bias |ine,
and said second pcwer supply line and said second substrate bias |line, said

first power pahenhial -b$nguepisd r&alchysai‘i"eq/iféers?hﬁ‘ib%ﬁaéfrn@i@énéb €1 yand

sai d second power potential is suppli"ed to said second substrate |a¥ l'ine.

95. A sem cogduek Orsdnfd RENAL €d +Ch £ Gl o idsRGEAIARBCE M (4 &l didthifge
further conprising: a substrate bias controlling circuit for supplying a

potential higlies dhapusabt fadysi Powetip@tantd alelandya | Rat-anti/ah l(euer than
sai d second power potential, wherein, in said first state, said substrate
bi as control khegackeacuift teapplfessiba pavepsi akcbbghebrt has sardukibat
power potential to said first substrate bias |line and supplies the
potential | oweretrhaons@ictesecond poserr poiente alNH-6 slae dasesond substrate
bias line and, in said second state, supplies no potential to said first
and second sdbftfratienbivheski pesentéalAisemheogedcttarm nHegiat €@ ci Neait in
accordance with claim94, further conprising: -76 z o ~uN 2002

the area of adiffusion layer whose potential is changed from

‘L’ to *‘H’), then decide the number of swcells, the pitches

L of swcells, and the size of MOS transistors in a swcell

with reference to the evaluation result. In short, what is

needed is just minimizing the |NH-NL|/NA value.

For example, for a circuit that has a regular data flow
such as a data path, it is only needed to control so that
data flows in the X direction shown in Fig.22 in the data
path. Since the cells that are operated simultaneously are
distributed into a plurality of wells, the above |NH-NL|/NA

is reduced.

Fig.25 shows a cross secticonal view of a semiconductor
IC unit of the present invention. As shown in Fig.1l8, the
Ns shown as 302, 304, 306, 308, and 310 are the same as an
N-well respectively used to form a PMOS transistor. The Ps
shown as 301, 303, 305, 307, 309, and 311 are the same as
a P-well respectively used to form an NMOS transistor. The

Deep-Ns shown as 312 and 313 are N-wells formed at deeper



third and_fourth rectangular switch cells; a second standard cell of a

rect angul ar shape, which includes a third transistor of the first 0
conductivity type and a fourth transisteggef the second conductivit% PWHJWZ
connected to said third transistor in series and constructs a |logic
circuit; a third power supply line for supplying said first power potential

to said second standard cell; and a fourth power supply |line for supplying
said second power potential to said second standard cell, wherein said
third switch cell is disposed adjacent to said first switch cell in the

oo ae F%gl dﬂ%r%] af; NSSe%?lI&dFFI dsa| d %ourc?cgl @?gﬁ cell n\%’l rﬂ %agd

first side of sai irst switch sposed

adj acent to s «~in the Iongltudlnal dlrectlon of said
ALtk SEE AL B £l EEEL

second side, said second standard cell is disposed between said third
switch cell and said fourth switch cell, and said first and second standard
cells share either T8& Beeprie %h%§¥¥h§é3b?5% %?Hﬂi%ﬁeQR§%f9§éédﬁﬂl§UB¥trate
bias line. 47. A s nlconduc$0é qg ted f égz i.n accordance th claim
46, wherein SRR FIRLtT st At Pi AT TRe! | r spoSBASgBeRE Y BBS

sandw ched bet Vb\ee{]rast?é dpoftler s&:tJ.aB.OW%rthe MOS transistors A formed on 302,

304, 306, 308, and 310 can be decided independently of the
substrate potential of the MOS transistors B formed on 301,
! 303, 305, 307, 309, and 311, and vice versa. In addition,
the noise, etc. generated from the MOS transistors A can be
suppressed so as to effectively protect the MOS transistors

B from its influence.

Fig.26 shows the Deep-N structure of the
semiconductor IC unit of the present invention. CPG is a
clock controller and it includes analog circuits such as a
PLL (Phase Locked Loop), etc. TLB is an address converter
and CACHE is a cache memory. CPU is a central processing
unit, FPU is a floating-point arithmetic unit, LOGl is a
random logic 1, LOG2 is a random logic 2, and PAD is an I/0
unit. Each circuit block 1is formed such way on a Deep-N

different from others.

As shown in Fig.25, it is possible to reduce the
influence of a noise generated in each circuit block to be
exerted on other blocks. For example, since PAD drives

external pins with a larger amplitude than the internal



2 0 JUN 2002 _77_ supply line and.said third power supply line which are

di sposed in parallel. 98. A sem conductor integrated circuit in accordance
with claim96, wherein said second substegte bias line is di sposed BdUk#)l o
be sandw ched between said second power supply line and said fourth power
supply line which are disposed in parallel. 99. A sem conductor integrated
circuit in accordance with claim99, wherein said first state is a standby
state and said second state is an active state. 50. A sem conduct or
integrated circuit conprising: a cell of a rectangle shape, including a
first transistoréﬁ; a first conductivit a secqnd. transistor of a

d
second con]gucstjiq}'i af'%elt\ﬁlﬂec'h 3 5988ﬁﬁ@¥fet§égﬁ8g2ré?ﬂs?i rsti ¥ ansi®st 670 n
i es; i rst [ f. | vi fir. t i al
series, a ;rbzeegg(é%égsﬁgfpg%mp'%ngeq*ﬁ,zioﬁr’g ;glpgngi&g 9:8‘1 51 ROVEN JRot el al to

said cell; r-suppfying a second power
potenti al IOQQJ than said first power potential to said cell; a first
substrate bias 1ine for supplying a substrate potential of said first
transi stor; and a second substrate bias line for supplying a substrate

potential of said SBEGhErmeZRsi Stiewce a substrate poténtial can be

applied to each block independently of others, it is
possible to dispose circuits whose substrate is not
controlled by any of vbp, vbn, cbp, and cbn in LOG2. In other
words, it is possible to dispose a circuit in which a power
source is connected to the substrate potential (VDD=vbp,

VSS=vbn) in the LOGZ.

Fig.27 shows a guard band disposed between Deep-Ns.
A guard band gbandl is thus disposed between the Deep-Ns as

shown in Fig.27.

Fig.28 shows a cross sectional view of the guard band
shown in Fig.27. A P-well 307 provided between Deep—-Ns is
then grounded to the VSS potential through the P+ diffusicn

| layer 314. This makes it possible to further reduce the
transmission of a noise between the Deep-Ns. For example,
the substrate noise generated in a MOS transistor on the
P-well 305 is transmitted to the Deep-N 312 due to a
capacitive coupling, since the impedance of the Deep-N 312
is not so low. And, when this noise is to be transmitted
to the p-substrate 300 due to the capacitive coupling in the

same way as in the above case, the p-substrate is fixed to



2 0 JUN 2002

_78_ wherein said first and second power supply lines are

di sposed so as to be positioned between said first substrate bias ququmﬂ
sai d second substrate bias line on said-gell. 51. A sem conductor

i ntegrated c
supply line,

and said second substrate bias line are formed in a first wiring | ayer.

A sem conductor'intebrated circuit in accordance with claim?29, wherein a

t hreshol d of
transi stor.
wherein said
di st ance of

ircuit in accordance with claimb50, wherein said first power

said second power supply line, said first substrate bias |ine,

said switch transistor is larger than a threshold of said

e ér%ﬁ%%’c?%‘r%?é} '%Jg}; ﬁ&?ﬁ(?&' bcétinrdtcgjcta i‘Sx%Ogﬂéé‘@aﬁge ;![ fi‘g%‘ 4)

wo“substrate driv ransi stors are pose

Such way, it is suppressed effectively for the noise
generated from the MOS transistors formed on 302, 304, 306,
308, and 310 to be transmitted to the MOS transistors formed

on 301, 303, 305, 307, 309, and 311.

Fig.29 shows layout images of both cbp and cbpr on a
semiconductor IC unit and the position of the return cell
VBCR shown in Fig.2. The description of both cbn and cbnr
will be omitted here, since it is the same as that of both
cbp and cbpr. The vbp and the vbn are wired like a mesh,
since swcells are disposed side by side as shown in Fig.21.
However, the cbp and the cbn are not wired like a mesh; they
are wired like stripes. Fig.29 shows swcells disposed and
connected so as to shunt the stripe-like wiring. And, a
return cell is used to return entered cbp and cbn to the
substrate bias controlling circuit VBC as cbpr and cbnr. A
return cell is thus disposed so that cbpr is returned at a
later timing than the arrival of the cbp of the swcell whose
transmission time for cbpr is the latest among the swcells.
For example, such a return cell should be disposed farthest

from the substrate bias controlling circuit VBC.

In the above embodiment, the potential to be applied
to the substrate bias is 1.8V or 0.0V in the active state

and 3.3V or -1.5V in the standby state. The potential value

52.
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can be varied freely. In the active state, a proper
potential can be applied to the substrate bias thereby to
adjust the variance of the threshold level of the MOS

transistors.

The main circuit can also be divided into a plurality
of circuit blocks, so that each of those circuit blocks is
provided with a controlling circuit such as VBC 30, VBC 85,
etc., thereby each circuit block is provided with active and
standby states. Each circuit block can thus be controlled
so that other idle circuit blocks are set in the standby
state. Conseguently, power consumption can be controlled
for the semiconductor IC unit of the present invention more
effectively in detail. In some circuit blocks, it is no need
to apply a bias voltage to the substrates respectively even
in the standby state. For example, it is such a case that
an object circuit block is composed of MOS transistors whose
threshold level is high and the subthreshold leakage current

can be neglected.

According to the above embodiment, the threshold
level of the MOS transistors is set low in the active
operation mode and high in the standby operation mode of the
semiconductor IC unit respectively. However, the bias
voltage to be spplied to the substrate can be set so that
a high threshold level is assumed for an IDDQ test as

described in 1996 IEEE SPECTRUM (pp.66-71).
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be supplied from a diffusion layer or a silicide—-transformed
diffusion layer as described in 1997 Symposium on VLSI

circuits Digest of Technical Papers, pp.95-96.

The explanation of reference symbols in the drawings
of the present application is written together in the

following.

VBC: Substrate bias controlling circuit, LOG: Main
circuit, VBCC: Stand-by controlling circuit, I/0: I/O
circuit, vbbenb: Substrate bias controlling start signal,
vbbenbr: Substrate bias controlling-now signal, vbp: PMOS
substrate bias line, vbn: NMOS substrate bias line, cbp:
PMOS substrate controlling line, cbn: NMOS substrate
controlling line, cbpr: PMOS substrate control return line,
cbnr: NMOS substrate control return line, AMPl and AMP2Z:
Differential amplifier, AMP3: Schmitt input differential
amplifier, VBCR: Return cell, swcell: Switch cell, ncell:
Standard cell, P-sub: P-substrate, PLL: Phase locked loop,
CPG: Clock controller, TLB: Address transformer, CHCHE:
Cache memory, CPU: Central processing unit, FPU:

Floating-point arithmetic unit, PAD: I/O unit.
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As described above, the present invention can provide
a semiconductor IC unit, such as a microprocessor, etc.,

which can satisfy the following requirements with respect

to fast operation and lower power consumption properties:

(1) It is easy to test the substrate bias

controlling circuit.

(2) It is possible to prevent each CMOS circuit
from malfunction by controlling the substrate

bias.

{3) It is possible to minimize an increase of
each circuit area by contrelling the substrate

bias.

4) It is possible to prevent the semiconductor
IC unit from malfunction when the substrate bias

is changed over.
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voltage;

a substrate bias controlling circuit used for controlling a voltage to be

applied to a substrate or a well of said transistor and including a negative voltage
generating circuit supplied with an external positive supply voltage and generating a
negative voltage;

a standby controlling circuit used for switching the state of said
semiconductor integrated circuit device between at lest two states of active and standby
by controlling said substrate bias controlling circuit, said active state allowing a first
subthreshold Ieakgge current to flow in said main circuit and said standby state allowing
a second subthreshold leakage current less than the first subthreshold leakage current
to flow in said main circuit; and

a first pad connected to an output of said negative voltage generating
circuit;

wherein the negative voltage generated by the negative voltage
generating circuit can be monitored via said first pad in a test of said semiconductor

integrated circuit.

2. A semiconductor integrated circuit in accordance with

claim1,
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a main circuit including at least one MOS transistor;
a substrate bias controlling circuit used for controlling a voltage to be
applied to a substrate or a well of said MOS transistor; and
a standby controlling circuit used for switching the state of said
semiconductor integrated circuit between at least two states of active and standby by
controlling said substrate bias controlling circuit, said active state allowing first substrate
leakage current to flow in said main circuit and said standby state allowing second
subthreshold leakage current less than the first subthreshold leakage current to flow in
said main circuit;
wherein said substrate bias controlling circuit drives the substrate or the
well so that a first substrate bias applied to the substrate or the well in the active state is
shallower than a second substrate bias applied to the substrate or the well in the
standby state, and
an impedance for driving the substrate or the well to apply the first

substrate bias in the active state is lower than the impedance for driving the substrate or

the well to apply the second substrate bias in the standby state.
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substrate or the well o apply the first substrate bias in said active state, and
wherein the source-drain path of each of said substrate driving MOS
transistors is between a power supply line of said main circuit and the substrate or the

well and the gate potential of each of said substrate driving MOS transistors is

controlled by said substrate bias controller. \

5. A semiconductor integrated circuit in accordance with claim

4, further comprising:

a gate control signal line transmitting a gate control signal used for
controlling the gate potential of each of said substrate driving MOS transistors,

wherein said gate control signal line is wired so as to be connected to the
gates of said substrate driving MOS transistors, then returned to said substrate bias
controller, thereby said substrate bias controller can detect that the substrate bias
applied to the substrate or the well is stabilized, according to the potential of said
returned gate control signal. |

F

6. A semiconductor integrated circuit in accordance with claim
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7. A semiconductor integrated circuitl in accordance with claim
3, further comprising:
an 1/0 circuit used for interfacing with external of said semiconductor

integrated circuit

wherein a gate oxide insulation film of at least one of MOS transistors

composing said /O circuit is thicker than that of said MOS transistors composing said

main circuit.

8. A conductor integrated circuit in accordance with claim 3,

further comprising;

a power-on resetting circuit used for detecting that said main circuit is powered;
wherein said substrate driving MOS transistor controls said substrate bias so as
to apply the first substrate bias for a predetermined time after said main circuit is

powered.

9. . A semiconductor integrated circuit in accordance with claim

8, further comprising first and second supply voltages;

wherein said first supply voltage has an absolute vaiue larger that that of

said second supply voltage which is 2V or under,
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said substrate bias controlling circuit controls so that said main circuit is
kept in said active state for said predetermined time after said second supply voltage is

activated.

10. A semiconductor integrated circuit in accordance with claim
4, wherein an impgdance for driving the substrate or the well to change a subsirate bias
applied to the substrate or the well from the second substrate bias to the first substrate
bias in a shifting process in which a state of said semiconductor integrated. circuit is
shifted from said standby state to said active state is controlled so as to become larger
than the impedance for driving the substrate or the well to apply the first substrate bias
after the state is set completely in said active state, thereby adjusting the shifting speed
from said standby to said active state to reduce the inrush current generated in said

shifting process.

11. A semiconductor integrated circuit in accordance with ql_aim
5, wherein an impedance for driving the substrate or the well to change a substrate bias
applied to the substrate or the well from the second substrate bias to the first substrate
bias in a shifting process in which a state of said semiconductor integrated circuit is
shifted from said standby state to said active state is controlled so as to become larger
than the impedance for driving the substrate or the well to apply the first substrate bias

after the state is set completely in said active state, thereby adjusting the shifting speed



10 10 10610%&’ () - uEdEbC
10z3+10%& ()-yS) @O0%&' ()-ys' 10%&' ()-%0%& ()-#109%&' ()-y 10%& ()- | kzlmg@wm
10! h$10%hé& ()-! $109%h&' ()-fL-10%& () - &M0%& ()- 10 10 10f- 10%& ()-
yzodY: 1&F | 10%& ()- 10g 10g 10gS) 10%& {)- !HF 10%& ()- !9f10%g& ()-
1$10% r & ()-1#aBdY: 1' 10%&' ()-109%& ()-10%&' ()-! ("
%4098 ()-10%& ()-f-109%& ()-#U SbC 1s10%& ()-&m0%& ()- @, 10%& ()- 10 10
10yS 10%& ()-ss10%& ()- S7aaB7C 10zy910%& ()-3YS10% &' ()h-y _
1002 & () frprnseid tpndis etwento cpid salpgr sl tozregyee the inrush current generated in
said shifting process, and
wherein said returned gate control signal is used to detect that the slate is

completely set in said active state.

12. A semiconductor integrated circuit in accordance with ciaim
10, wherein the amplitude of said gate control signal is set larger than a gate breakdown

voltage of said substrate driving MOS transistor.

13. A semiconductor integrated circuit in accordance with claim

3, further comprising:
a negative voltage generating circuit,

wherein said substrate bias controlling circuit controls the output
impedance of said negative voltage generating circuit in said standby state lower than

the output impedance of said negative voltage generating circuit in said active state.

14. A semiconductor integrated circuit in accordance with claim

13, wherein said negative voltage generating circuit includes first and second charging
pump circuits;

said substrate bias controlling circuit uses said first charging pump circuit

in said standby state and uses said second charging pump circuit in said active state to

generate a negative voltage respectively, and
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of said second charging pump circuit.

18. A semiconductor integrated circuit in accordance with claim
13, further comprising first and second voltages,
wherein said negative voltage generating circuit generates a third voltage
and said first suppﬁly voltage is larger than said second supply voltage which is 2V or

under,

wherein said second voltage is supplied to said main circuit, said first
voltage is supplied at least to both substrate bias controlling circuit and said standby

controlling circuit, and

wherein said substrate bias controliing circuit controls a voltage of a
substrate or a well of PMOS transistor of said main circuit so as to be equal to the
potential of said first voltage and a voltage of a substrate‘or a well of NMOS transistor
so as to be equal to the potential of said third voltage in said standby state, and

wherein the potential of the third voltage is obtained by subtracting the

potential of the second voltage from the potential of the first voltage.

16. A semiconductor integrated circuit in accordance with claim
15, wherein said negative voltage generating circuit includes at least a charging pump,
a comparator, a first reference voltage circuit used for generating a potential of a half of

that of second voltage and a second reference voltage circuit used for generating an
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17. A semiconductor integrated unit in accordance with claim 16,
wherein each of said first and second reference voltage generating circuits comprising a
serial circuit in which a plurality of same type MOS transistors are connected serially
and the substrate terminal is connected to the source terminal and the gate terminal is
connected to the drain terminal in each of said same type MOS transistors, and each of

said same type MOS transistors is selected so as to be operated in a saturation area.

18. ) A semiconductor integrated circuit in accordance with claim

16, wherein said comparator has Schmitt characteristics.

19. A semiconductor integrated circuit in accordance with claim
4, wherein said main circuit comprises a plurality of cells and a power-supply net of
those cells is powered by first metal levels, and furthermore, another power-supply net
is formed with second wiring layers above said first metal levels so as to be orthogonal
1o said first metal levels, and a switch cell is disposed at each intersection point of said

power-supply net formed with said first metal levels and said power-supply net formed
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metal levels is connected 10 said power-supply net formed with $econd wiring layers in

each of those switch cells, and furthermore, said substrate driving MOS transistor is

disposed in said switch cell.

20. A semiconductor in accordance with claim 19, wherein a
decoupling capacitor is further disposed between a power source and a ground in said

switch cell.

21. A semiconductor integrated circuit in accordance with claim
19, wherein a power-supply net is further formed with fourth wiring layers above said
power-supply net formed with said second wiring layers so as to be aligned in parallel to
said power-supply net formed with said second wiring layers, and said power-supply net
formed with said second wiring layers is connected to said power-supply net formed

with fourth wiring layers outside said swiich cells.

22. A semiconductor integrated circuit in accordance with claim
21, wherein another power source is further formed with fifth wiring layers, and said
power-supply net formed with said fourth wiring layers is connected to said power-
supply net formed with said fifth wiring layers in switch cells, and a power source mesh
consisting of said power-supply nets formed with said fourth and fifth wiring layers is

formed more roughly than a power source mesh consisting of power-supply nets formed
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23. A semiconductor integrated circuit in accordance with claim
19, wherein the substrate bias supply line of each of MOS transistors composing said
cells is formed with said first metal levels in parallel to said power-supply net formed
with said first metgl levels, as well as formed with second wiring layers in parallel to said
power-supply net formed with said second wiring layers, thereby said substrate bias
supply line of said first metal levels is connected 1o said substrate bias supply line of

said second wiring layers in said switch cells just like said above power-supply nets.

24. A semiconductor integrated circuit in accordance with claim
_23, wherein said gate control signal used for controlling the gate voltage of each of said
substrate driving MOS transistors is supplied by gate control signal line of said second
wiring layers formed above said switch cells, in parallel to said power-supply net formed
with said second wiring layers and connected to the gate terminal of each of said

substrate driving MOS transistors in said switch cells.

25. A semiconductor integrated circuit in accordance with claim
24, wherein both said substrate bias supply line and said gate control signal line of said
second wiring layers formed above said switch cells are disposed between power-

supply nets wired by said second wiring layers formed above said switch cells.
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with said first metal levels for a plurality of said cells.

27. A semiconductor integrated circuit in accordance with claim

4, wherein said su_bstrate bias is set so as to make the threshoid level of at least one of

said MOS transistors high when said semiconductor integrated circuit is selected.

28. A charging pump circuit comprising:
a first pumping capacitor;

a second pumping capacitor;

a first P-channel transistor;

a second P-channel transistor;

a first N-channel transistor whose source-drain path
is connected to a source-drain path of said first P-channel

transistor in parallel;

a second N-channel transistor whose source-drain path
is connected to a source-drain path of said second P-channel

transistor in parallel; and

an oscillating circuit,

wherein when an output of said oscillating circuit is
‘H’, said first pumping capacit'or, said first P-channel
transistor, and said first N-channel transistor are used to

pump the charge of said first pumping capacitor, and
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said second pumping capacitor, said second P-channel

transistor, and said second N-channel transistor are used

to pump the charge of said second pumping capacitor.

29. A semiconductor IC unit, comprising;

a main circuit including transistors formed on a
semiconductor substrate and a substrate bias controlling
circuit used for controlling a voltage to be applied to said

substrate, wherein

said main circuit includes a switch transistor used

for controlling a voltage to be applied to said substrate;

a control signal output from said substrate bias
controlling circuit is entered to the gate of said switch
transistor and said control signal is returned to said

substrate bias controlling circuit.

30. A semiconductor IC unit in accordance with claim
29, wherein said switch transistor is disposed in a
rectangular switch cell and said transistor is disposed in
a rectangular standard cell, and said switch cell and a

plurality of standard cells are disposed side by side in a

line.

31. A semiconductor IC unit in accordance with claim
30, wherein the wiring of a driving power source used for
driving transistors of said main circuit and the wiring of

said substrate bias power source supplied from said
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32. A semiconductor integrated circuit in accordance
with any of claim 28, wherein a threshold of said
switch transistor is larger than a threshold of said

transistor.

33. A semiconductor IC unit in accordance with any of
' claim 29, wherein said switch transistor is inserted
between said driving power source used for driving
transistors of said main circuit and said substrate bias
power sources (vbp and vbn) supplied from said substrate

bias controlling circuit.

34. A semiconductor IC unit in accordance with claim
33, wherein the source or drain of said transistor is
connected tc said driving power source and the substrate

potential of said transistor is connected to said substrate

bias power source.

35. A semiconductor IC unit in accordance with any of

claim 29, wherein said substrate bias controlling:
circuit outputs said control signal, then detects that said
control signal returned via said main circuit has reached

a predetermined voltage, thereby generating a detecting

signal.
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a main circuit having a first circuit including a

first transistor of a first conductivity type and a second

transistor of a second conductivity type which is connected
to said first transistor in series, and a second circuit
including a third transistor of the first conductivity type
and a fourth transistor of the second conductivity type

which is connected to said third transistor in series;

a first power supply line for supplying a first power
rotential to said first circuit;

a second power supply line for supplying a second
power potential lower than said first power potential to

said first circuit;
a third power supply line for supplying said first

power potential to said second circuit;

a fourth power supply line for supplying said second

power potential to said second circuit;
a first substrate bias line for supplying a substrate

potential of said first transistor;

a second substrate bias line for supplying a substrate

potential of said third transistor;

a fifth transistor having a source-drain path between

sald first power supply line and said first substrate bias

line; and
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line,

wherein when said main circuit is in a first state,
said fifth and sixth transistors are brought into an OFF

state and a potential higher than said first power supply

potential is supplied to said first and second substrate
bias lines, and

when saidmain circuit is in a second state, said fifth

and sixth transistors are brought into an ON state.

37. A semiconductor integrated circuit in accordance
with claim 36, further comprising:

a third substrate bias line for supplying a substrate

potential of said second transistor:

a fourth substrate bias line for supplying a substrate
potential of said fourth transistor;

a seventh transistor having a source-drain path
between said second power supply line and said third

substrate bias line; and

an eighth transistor having a source-drain path
between said fourth power supply line and said fourth

substrate bias line,
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state and a potential lower than said second power supply

potential is supplied to said third and fourth substrate

bias lines, and

when said main circuit is in a second state, said

seventh and eighth transistors are brought into an ON state.

38. A semiconductor integrated circuit in accordance

with claim 37, further comprising:

a substrate bias controlling circuit for supplying a
potential higher than said first power potential and a
potential lower than said second power potential,

wherein, in said first state, said substrate bias
control circuit supplies the potential higher than said
first power potential to said first and second substrate
bias lines and the potential lower than said second power
potential to said third and fourth substrate bias lines .and,
in said second state, supplies no potential to said first

to fourth substrate bias lines.
39. A semiconductor integrated circuit in accordance

with claim 37, wherein

said first to fourth power supply lines and said first

to fourth substrate bias lines extend in a first direction,

and
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a first power reinforcing line which is electrically

connected to said first and third power supply lines and
extends in a second direction different from said first

direction;

a second power reinforcing line which is electrically
connected to said second and fourth power supply lines and

extends in said second direction;

a first substrate bias reinforcing line which is
electrically connected to said first and second substrate

bias lines and extends in said second direction; and

a second substrate bias reinforcing line which is
electrically connected to said third and fourth substrate

bias lines and extends in said second direction.

40, A semiconductor integrated circuit in accordance

with claim 37, further comprising:

a first substrate bias controlling line to which the
gate of said fifth transistor and the gate of said sixth

transistor are connected; and

a second substrate bias controlling line to which the
gate of said seventh transistor and the gate of said eighth

transistor are connected,

wherein a first control signal outputted from said

substrate bias controlling circuit to said first substrate
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and

a second control signal outputted from said substrate
bias controlling circuit to said second substrate bias
controlling line is entered to the gate of said seventh
transistor and the gate of said eighth transistor and, after

that, returned to said substrate bias controlling circuit.

41. A semiconductor integrated circuit in accorxdance
with claim 36, wherein said first state is a standby state

and said second state is an active state.

42. A semicondﬁctor integrated circuit in accordance
with claim 36, wherein said fifth transistor is disposed
near said first circuit in an area where said main circuit
is formed, and

sald sixth transistor is disposed near said second

circuit in the area where said main circuit is formed.

43. A semiconductor integrated circuit in accordance
with claim 37, wherein

said seventh transistor is disposed near said first
circuit in an area where said main circuit is formed, and

said eighth transistor is disposed near said second

cirecuit in the area where said main circuit is formed.
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44. A semiconductor integrated circult comprising:

first and second rectangular switch cells;

a first standard cell of a rectangular shape,
including a first transistor of a first conductivity type
and a second transistor of a second conductivity type
connected to said first transistor in series and
constructing a logic circuit;

a first power supply line for supplying a first power
potential to said first standard cell;

a second power supply line for supplying a second
power potential lower than said first power potential to

said first standard cell;
a first substrate bias line for supplying a substrate

potential of the first transistor in said first standard

cell; and
a second substrate bias line for supplying a substrate

potential of the second transistor in said first standard
cell,

wherein said second switch cell.is disposed at a
predetermined interval with said first switch cell in the
longitudinal direction of a first side of the second switch
cell,

said first standard cell is disposed between said

first and second switch cells,
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is supplied to said second substrate bias line, and
in a second state, said switch cell electrically
connects said first power supply line and said first
substrate bias line, and said second pcower supply line and
said second substrate bias line, said first power potential
is supplied to said first substrate bias line, and said
second power potential is supplied to said second substrate
bias line.
45. A semiconductor integrated circuit in accordance
with claim 44, further comprising:
a substrate bias controlling circuit for supplying a
potential higher than said first power potential and a
potential lower than said second power potential,
wherein, in said first state, said substrate bias
controlling circuit supplies the potential higher than said
first power potential to said first substrate bias line and
supplies the potential lower than said second power
potential to said second substrate bias line and, in said
second state, supplies no potential to said first and second

substrate bias lines.

46. A semiconductor integrated circuit in accordance

with claim 44, further comprising:
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a fourth power supply line for supplying said second
power potential to said second standard cell,
wherein said third switch cell is disposed adjacent
to said first switch cell in the longitudinal direction of
a second side which forms a corner with said first side of
sald first switch cell,
said fourth switch cell is disposed adjacent to said
second switch cell in the longitudinal direction of said
second side,
said second standard cell is disposed between said
third switch cell and said fourth switch cell, and
saild first and second standard cells share either said
first substrate bias line or said second substrate bias
line.
47. A semiconductor integrated circuit in accordance

with claim 46, wherein said first substrate bias line is

disposed so as to be sancwiched between said first power
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supply line and. said third power supply line which are
disposed in parailél.

48. A semiconductor integrated circuit in accordance
with claim 46, wherein said second substrate bias line is
disposed so as to be sandwiched between said second power
supply line and said fourth power supply line which are
disposed in parallel.

49. A semiconductor integrated circuit in accordance
with claim 44, wherein

said first state is a standby state and said

second state is an active state.

50. A semiconductor integrated circuit comprising:

a cell of a rectangle shape, including a first
transistor of a first conductivity type and a second
transistor of a second conductivity type which is connected
to said first transistor in series;

a first power supply line for supplying a first power
potential to said cell;

a second power supply line for supplying a second
power potential lower than said first power potential to
said cell;

a first substrate bias line for supplying a substrate
potential of said first transistor; and

a second substrate bias line for supplying a substrate

potential of said second transistor,
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wherein said first and second power supply lines are
disposed so.asix)be‘positioned between said first substrate
bias line and said second substrate bias line on said cell.

51. A semiconductor integrated circuit in accordance
with claim 50,

wherein said first power supply line, said

second power supply line, said first substrate bias line,
and said second substrate bias line are formed in a first
wiring layer.

52. A semiconductorintegrated circuit in accordance with claim 29, wherein a threshold

of said switch transistor is larger than a threshold of said transistor.

o3. A semiconductor integrated circuit according to claim 4, wherein
said two substrate driving MOS transistors aré disposed at a distance of 20 um or more

from each other.



