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, €3eccOR6T5M z s ~uN Zooz -1 SEMICONDUTOR | NTEGRATED Cl RCUI T DEVI CE, G/()
STORAGE MEDTUNI ON WHI CH CELL LIBRARY IS STORED AND DESI GNI NG ME

SEM CONDUCTOR | NTEGRATED Cl RCUI T BACKGROUND OF THE INVENTICN Field of the

I nventi on The present invention relates to a sem conduct or integrated
circuit device, particularly to a seniconductor integr | rcuit device
suitable for a high speed and | ow vol tage operati on, W@w Wm{mw medi um
on which a cell library is stored. Description of t he re are
wi dely used MOSFETs each having features of a high integratéss density and
| ow consunption power, in sem conductor integrated circuit devices
currently fabricated. A MOSFET has a threshold voltage by which O\ OFF
characteristics of S$EEIEENDACEOREINTRGRATED QISCHET DEVIUH ease a drive
ability and inprove an operating speed in a circuit, there is a need for
setting a thrcSMBAGE MERDEMt QN aWHDGHVEELE. LESRARET I SMSEWREDR MM hol d
voltage is set to an excessively |low value, there arise problens that an
MOSFET cannobPEfEGNad:l YIEFEODu Fved SeMLUANDY T GRbIRFESRBTBDcAARETIEY i sti cs
(tailing characteristics) of the MOSFET, a subthreshold current

(hereinafter "l eakage current" is nnu~~~-~o0 2 6 JUV 2002 -2 used) is
i ncreased and thereby consunption power er Iar(g as described in 1993
Synposi um on VLSl G rcui t SASKGER GIFecWCEFeW’B% ¥ pp. 45 - 46 (May)

1993. Field of the Invention

The present invention relates to a semiconductor
( integrated circuit device, particularly to a semiconductor
integrated circuit device suitable for a high speed and low
voltage operation, and a storage medium on which a cell
library is stored.

Description of the Prior Art

There are widely used MOSFETs each having features of
a high integration density and low consumption power, in
semiconductor integrated cilrcuit devices currently
fabricated. A MOSFET has a threshold voltage by which ON-OFF
characteristics of the FET are determined. In order to
increase a drive ability and improve an operating speed in
a éircuit, there is a need for setting a threshold voltage
to a low value.

However, when a threshold voltage is set to an
excessively low value, there arise problems that an MOSFET
cannot perfectly be turned off due to subthreshold
characteristics (tailing characteristics) of the MOSFET, a

subthreshold current (hereinafter "“leakage current” is
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Generally, in order to increase a threshold voltage of a MOSFET, there have
been enpl oyed net hods in which a thicker gate oxide filmis adoptedgojuNa00?
hi gher inmpurity density is provided under a gate oxide film 1In other
words, in designing a sem conductor integrated circuit device which is
constructed of MOSFETs, a desired operating frequency and consunption power
are first considered and a threshold voltage is then determ ned, which is
finally followed by determ nation of process conditions in sem conductor
fabrication. MOSFETs in a sem conductor integrated circuit device generally
have a constant threshold voltage. According to an invention made in
recent  years, however, there has been proposed a sem conductor integrated
circuit in weéh dssiubsreasedbpad \oleraiy ihameorceovdl ngst veary
operating state, standby or active, and thereby a threshold voltage of a
MOSFET is cbatgel | @d, dascyabed had 199 3| EERHIRIEHMAR ofaf L SBLFAUSESt e
Circuits Conference D gest of Technical Papers, pp. 166-167, 1996. According
to the publ PE%edt UnExBrirhedcadpiness sPatent ¥ppt i‘E%tIWNo.wPIéi- 8- 274620,
t here has been proposed a technique that in the case where_a sem conductor
circuit is 2 6CGRIGZIOOY . AeRcieUctRIBFFREaS pR uF BT PECOF VaAERSENa
bl ocks, a substrate hias voltage is_ independently selected,in each
functional BFoRkMIREEE MOREET F 29w EH PGl PsWBEEYi Ged in a
il e a.MOXS a

bl ock in wh ' . hi . dis.i wWh EET with
i gh by cShOMEC OB A055 SXAPBVIAR Aif ATHIHCE |5t vhoLEo ok, &t Poh&¥hi gh
d i ' t. h f : |\ I
PO o PP hTROy LA TRk 830 RSPBaR ol ki fere pePORal oty REEalov e
poWer sour ce,syapk ynh hge,a8da BIEMAR JIOWE]t SAM & SHPPY1 E1 §8vake Provi ded

inacircuit and a“swiching MOSFET 1s di sposed therebetween, wherein a

mai n CircuiynhiénsuppbbadcwitiRea seUMBIHAIS age dsHimddeopspeadongoner source
supply line and in a standby state, the main circuit is not supplied with

the source ¥pktraghchyahd@rdbmgundtishepcmet chiand IMIFebnsidddel armva
consunption power is realized. In the article, there has al so been proposed
that the swthrbshgl®#OSEEtakas ia hihgheddtumeshed, witidyeliasfioapayed with
MOSTETs constituting the main circuit in order that the swtching MOSFET is
kept the ONfsidewefinbyhéegerimiaaggoratdh@rwirid i endithieesaéhi ng no
switching. As descri bed above, there has been proposed in the prior art
that a threSRBLECVEHELEE SAPEIMESELT i s control l ed by changing a substrate

bi I ' ! I, . dh ive; .

Cubstrate bias valCHREnT & B Sgr BReg s Ok, 1Pk BRR Bl o Ry cudreaBkiTen cach

f ti I T W t [ i.ded i

bl ock 1 whiSheSREa Fahoa Rl e e BF A PSRl kT 2

hi gh threshgld; NoLh896ni RafE oMl detkdit & ALK Hl RS e LARSALIAN LR R 9N
speed is not inportant. Besides, there has been proposed in the prior art

that a hi ghptbpeskel 8 vehtiagedug tesed v shatiditcMBFE fmich which a
switching speed is not required in an operation.
substrate bias voltage is changed according to an operating
state, standby or active, and thereby a threshold voltage
of a MOSFET 1is controlled, as described in IEEE
International Solid State Circuits Conference Digest of
Technical Papers, pp. 166-167,1996.
According to the published Unexamined Japanese Patent

Application No. Hei 8-274620, there has been proposed a

technique that in the case where a semiconductor circuit is



However, in the nethod that threshold voltages of MOSFETs are uniforni
increased in a standby state and those are again uniformy decr easﬁewNZﬁﬂzan
active operating state, increase in consunption po~nrer due to | eakage
current cannot be avoided in order to secure a high speed operation in the
active operating state. Besides, the inventors of the present invention has
di scovered through a study conducted by themthat there is actually present
a case where a necessary operating speed is different in a different logic
gate anong | ogic gates even in the sane functional block. FIG 11 shows a
frequency distribution of delays in paths between flip-flops in a

sem conductor integrated circuit operated at 100 MHz. The abscissa is used
for plottingonatnestefl dékhys plupatllisyarnd tthenaridbmel eblesclassi gned to

val ues of the nunber of paths respectively corresponding to the del ay

val ues . | nsebderate bpesavelarnge0l svHndependepencyselsttreéduinomaoch del ay
val ues in the 2 6 JUN 200 5 entire paths is necessary to be confined

wi thin a rahgectéesaihbhoakoridy VEISFEDWitR Aséew tkéesg@lfir@qhém?
distribution (1) shown in the figure. Wen an operating speed of the

sem conduct 8¢ PhReE§fatednchrielPeKi snopepacedrarat2gnvpzhigheseaedr éspat hs
has to fall (in a frequenpx distribution | ess than a delay value of 8 nsec.
To match sueRPArEBRE: t YRkl M Fg Wik Rehpelorhapeholhereliraget #6

choi ces; one is,to_chan rocess conditions and the other is to uniformy
| oner t hr esRBPYLGEF éﬁe‘g Om%%ﬁqetr&tﬁ?dlé it &’u??eﬁg ¢RafgFng a
substrate bias source. As a result, for exanple, a distribution of delay
val ues is chgﬁaggaplke the frequency distribution (2) of FIG 11. In this
case, however, C.OE}E 400 Rover, tfléxrach'e ; tb%%gao%‘éﬁr gﬁt 1ESE B6LEAgedognd
there arises a risk that a required condi fion posed on consunption power is

not met . BgshdassthRelder&@se, Wear e360n&UNBL iGN NOYessh S AL gdgk0 be
further reduced, according to the prior art, there was again two choices;

one is to chpAgeadphieeesSSuEEBIEtpODyandnt hgn@thepsdsdd optmet osHhyckncr ease
t hreshol d vol tages of MOSFETs constituting a circuit by changing a
substrate bsappigulile aA® proesdet] il destreubutdnd obwdekay ngall08BETS
changed |i ke the frequency distribution (3), for exanple. That is, an

oper ati ng speeil s0 3 @t hed eed weleer, ettie 1 60n MHradcamiot cbet Aeasugetied 2 6 J
U N 2002 -6 Consequently, a conprom se nust be_accepted determ ni ng whet her
an oper ati njl§peddsperaeteehedodi £A0R HRAtRFSVAPOPPHAE eSORL FBVBYPREVer
consunption_i,s chosen with priorit¥. SUMVARY OF, THE,INVENTION It_is _an

obj ect of théRFrIBAL F AFENFTVNSEETE0l Va° MR pFOBFBAE WhTOK THRPh+ESr art

has had. That is., it is an _object of the.presepnt .invention t ide a
;eniconduct8%thﬁ?@%F&P@EebY?gh?ge&@@ﬁggnf%gWﬁfgﬁjga%g%%gﬁﬁéﬁgFgégﬁ%rncrease
I n consunpt lﬁgntH%Wovg%%nts%ng)éi%{(?)%%eﬁ:uEg%af{'ge&. ORgl @hbng-Speed, i s
properly achieved, and thereby, not only I's increase in consunption power

by a | eakagenhever gt £f{s@ MEFBEL U EIRE Bl awhzitgﬁi%g?ﬁ@sﬁa@rﬁagon is

achi evable in an active operation. It is another object of the present

invention te phigtiede tarskhoage vdayn ok Wingnidereitls sd9redsa cel |
i brary necessary for designing a harnony between increase in consunption
power due taoaskéakajegcuheentiandiacaoper ahi ogdepeedatnthesswiabhénganner.
MOSFET 1is kept the ON state in the active operating
condition, while acting no switching.
As described above, there has been proposed in the
prior art that a threshold voltage of a MOSFET is controlled

by changing a substrate bias voltage according to operating

states, standby or active; or a substrate bias voltage is



It is a further object of the present invention to provide a designin
nmet hod of a sem conductor integrated circuit device for designing aﬁhﬁﬂH@Wy
bet ween increase in consunption power due a | eakage current and a operating
speed in a suitable manner. 2 6 JUN ?007 An essential point of the
present invention for solving the above*problens is to construct a

sem conductor integrated circuit device using MOSFETs with different

t hreshol d voltages even in the sanme functional block in a given operating
condition, for exanple in an active operating condition in which a high
speed is required. In particular, a first feature of a sem conductor i,
integrated circuit device of the present invention is that the

seni conductigrdéprrdent & s ratiad daveaeh ifancdrisinalcbédckiandrdédSFBTsat i sfy
a requirenment for an operating frequency, in such a manner that in a
plurality ofigh gnapwpdirgsheleneo kfagaiits pyoyatedvanch tHeskalnawlgpaei n
delay is constructed with MOSFETs each with a high _threshold voltage in
each of whi RFLERC bpRrathid SR’ iiS LEROBHETE: /| éfg’&é@eacﬂpﬁgﬁff Vithnal |,
whereas a path which has no pargin.in delay is constructed wth MOSFETs
each with 1% thresheld VBHQ%@ LF PaoV iRt Pikale WRFent is

| ar ge but an %ggratin ﬁ eed is gigh, in consideration of tinme, that is a
del ay, reqlfReRFbras 89 | SP§eHe 16 RSmit&F Hing a signal path. A

d feat £, a.seni conduct or i ted circuit, device of th t
hvention 15 ChaBRHER 1 HA 6 JAaIRaT Rieh e S Pl BHAE Reent BaPar e
S L . t | . Cah
Chr ashol d Vol T b, o Sray T 151 208" LR GhERacin X JRRt b ey B8P Rr SiRP 2602
_9_ an operg@ting £r%EEEHYn&aBBQEdb%ss?ab:tSfx‘e;%ﬁariﬂ%& id DS 18n.

constructed of only MOSFETs each wth a | ow eshol d vol tage, a margin
arises in dediyvend CONSKHETHE OHodOoMEs £ diterd ShalHeakBELgEHr s ENtosBESE! essly
i ncreased, then MOSFETs each with a | ow threshol d voltage and MOSFETs each
with a hi ghatdreshodbamipl tageecasedmixed istanmdbyoptatmraed chosyg ahe signa
path and thereby, a delay which satisfies a requirenent for an operating
frequency iagatrunedfandlat deheesamd tinmena dadadkeyeomrateing i stauppr essed
toamnmm Athird feature of a sem conductor integrated circuit device
of the presEREreagent GONSIMIHAOT ROWRE €4S HEakadgencurseasnsaeRdbct or
integrated circuit device, when a constructiqn in which a signal gath from
one starti nge ORI PraRcHeF 5P 3CRBHR AAH ThEPHLRPRES Y1OTd Lo e
plurality of node contains a m xture_of . FETs each with a | t hreshol d
Vol t age and* WORFETEORERRTUPL o4 Chi gh RS0l & Wl TAGE TTES BF oper manner
as descri be . NGFRLS, L8600 W4 t (o) e are
used al ong ?ﬁ%Q%%EhIW%%?%% star%t-g'l%ng noc?(,aéi %@ﬁlﬂﬁﬁ%ﬁ?&g&%ﬁ%&%%&m der
to m nim zeyfhendger gl - MOBEEES 1826k tiahil ya Jra ddy eshol gk vphd Agea i n nunber,
on the other” hand, when a construction in which signal paths froma
plurality ofhe8tasitRHFOELS] A e RNy esgedr abranAofe -na6 rebeand sbggte
sitgnal path leads to one final node contains a m xture of MOSFETs each with
a | ow t hreshatd andbhagroaind dSEETsveacinwihd sahegfundreshal dolozks ~uN
02 -9
@ FIG. 11 shows a frequency distribution of delays in

paths between flip-flops in a semiconductor integrated
circuit operated at 100 MHz. The abscissa is used for
plotting values of delays in paths and the ordinate is
assigned to values of the number of paths respectively
corresponding to the delay values. In order to operate at

100 MHz, a fregquency distribution of delay values in the



voltage in a proper manner as descri bed above, nore of MOSFETs each with a
| ow t hreshol d voltage are used along the path fromthe convergi ng noge JUN 2002
the final node in order to mnimze the use of MOSFETs each with a | ow

t hreshold voltage in nunber. First nmeans for constructing a sem conductor
integrated circuit with MOSFETs with di¥ferent threshold vol t ages according
to the present invention is that an inpurity density of a sem conductor
substrate under a gate oxide filmof a MOSFET is changed, second neans of
the constructing the sem conductor integrated circuit is that a bias

vol tage val ue supplied to a substrate of the MOSFET is changed, third neans
is that a thickness of a gate oxide filmof the MOSFET and fourth neans is
t hat a gat eeheingg Ipadfths he MOSEETary thimgednfAntdavitleinfa rhager ésest
invention is that MOSFETs with different threshold voltages are constructed
with conbi néhdmmrsdetay e furipfnkhnsecAl t katihreefopquRacpr@sehributenni on is
that, in the second neans for constructing MOSFETs with different threshold
vol t ages, albl uplarwryinf thasfigrreel | Wheg s o e speefa®BdthReom each
other are constructed in order to change a bias voltage val ue supplied to

t he subst r at@n b oRANEBRETL R MOSEE TS RgUHH Hﬁfqﬁéﬁ@fﬁegﬁﬁe%%%lwzv’ogbéges are
di sposed on different. well regions, . 2 6 _JUN 2002 -10 A feature_of the
present inveREiBR PRERRAR2S| ROoFdkt 1D 3 SpEeeMESFESt M PREAPRT RESL

th hol d |t diff t [ i ;o i t s d
(v eshol d velt0es.on, o igrenl cvel L Lo ong., Logh gayeg are.orianoed one
arranged '”agc':é%tlhg{??’p&\[,\lgengié’w§£Ftcotﬁh§e°x9§s'W‘ﬁu@gai‘%?%ﬁ/og:gépﬁée logic

gates two di rension erern | 0g gatres cons TS each

wiith the Saﬂ& éhé?ﬂé&ﬁ%& O%’Q'é 2 Sh AT A098ML QR e 13208 ﬁﬂi"f@?ﬂl%mFETS

each with the sanet S d voltage are constructed on the sane we

regi on di sppsHdraONGsh HEA WY £ ANEs WMIeMRIST Er Pds SN & i asEPRELeE by a
wire in the sanme direction as that of a row A feature of the present

invention igyt8BRANYAAE ROGUBsEabES DAMChHAIR-«constructed with MOSFETs each
with the sane threshold voltage, are arranged on one row and the | ogic
gates are fabricated areshet safier wekbnpegi, oa dispasédtdloongf elone row, a
plurality of rows of |ogic gates which are arranged an adjacent nanner to
one anot hervalnesoasorhpngied vekle rég diremenry s ilbheiphufali g of

| ogi c gates are constructed with MOSFETs each with the same threshold

vol tage. A F&&tutké-of IPh&EhdSeSase i MAMAVSH iCRHHIL &t QR oPAYRT nBYi &m on

whi ch there is stored a cell Iibrar

't ogr at od LPREGRE FErPEGroLar bACAPRACE: “PaaErotaosRERGS B TL8M CRAA ch has
e T o S G
thereby, haygsdibber enteylelans andr-di EHREERb EONSHES Ok RRWRfired to
be further reduced, according to the prior art, there was
again two choices; one is to change a process condition and
the other is to uniformly increase threshold voltages of
MOSFETs constituting a circuit by changing a substrate bias
source. As a result, a distribution of delay values is
changed like the frequency distribution (3), for example.

That i1s, an operating speed is lowered and thereby 100 MHz

cannot be realized.



A feature of the present invention is that there is adopted a designing

met hod for the sem conductor integrated circuit device which uses 5Qﬁ UN 2002
storage nediumon which the ( cell library is stored and conprises 4 é
steps of: calculating a delay of a sng?L path; and assigning to a logic
circuit one cell selected anong at |east two kinds of cells constructed of
switching el enents, which have the sane function and the sane size, but

whi ch have different threshold voltages, using a calculation result by the
step of calculating a delay of a signal path. A feature of the present
invention is that there is adopted another designing nethod for the

sem conductor integrated circuit device which uses the storage nedi um on
whi ch the cell |ifemssauensivred GANPEOMBSEs&StthdsstagseRtedesi gning a

l ogic circuit using only cells constructed of smﬁtqhin% el ements each with
a hi gh thr eSfbPENGBLDE; WBGLERIrafingPEraday 6P8Silgn At Geaed aHdy &pl aci ng
part of cells of the Iogic circuit designed using only cells constructed of
switching ePEABRTSIBRRACMER U HiOGIRL RPESROFANSAFBELRY 25 EIISoHdt uct ed
of switching elenents each with 2 6 JUN Z002 -12 a |l ow threshold val ue,
each of mhigﬁlﬂﬁ§ ¥he sanme function and the sane size. A feature of the
present invention is that in application, a sem conductor integrated
circuit conprises a signal path containing a plurality of circuits each of

whi ch holds a state of a Si%%ﬂmq§¥“3b5¥h§‘fﬁ@ﬁﬁﬁf.ﬁC“it’ aflip-flop
a

circuit, a signal output termnal or a sign rnput term nal, wherein there
are provided a plyf ald by GbjLlansistpeoyddn diLaeni oL eI Yaldes in
pat hs between circuits . Peature of the present 1nvention iIs that 1n

appl i cati onprapsemsCondes! ¢hd Hramatat cidsuidgconphhsessa pusal bty of
first circurts controlled by a clock signal in a signal path and a second
circuit incbudeng arfpthe drdyerof dmesnst Sdwts wirtidid besent cohaeskold

val ues inserted between first circuits. As a designing concept, a designing
met hod of thetppgesért icnventitorldwsi e diosiygnialy aetdodohyr batwernconduct or
integrated circuit device in which a plurality of first circuits controlled
by a clock shghngksgrénieensdedtinnapsyvghaiupaih sadeadkags evd rentc aind
constructed of a plurality of transistors with different threshold val ues
are insertedt PREPACASILEPRSEH S RUORSTENi A 141t ei Ad ERPESRYI dTP& ue of

each of transistors,constituting the second circyit i set so that a signa
del ay time BBLVelR HTTEEREE i TROTIRRCHOE RONTed ™A i ok oes GEE T eRtue.
S ~u~r toa~ -1 bS,..it s _unavqi l.e. t.ha r i a.path which
has the |ar 855?‘ @éﬁgﬁisﬁl@pr\ﬁnslsc gé%%%?é?ﬁkhjéiﬁa%p%%%rﬁ &%gérg%t %%g speed

among pat hs bet weem1a RULR 1ok Qfe fdgStaCidgui ts. However, a delay tinme of
the path can be snaller and an operating frequency of the entire circuit

can in a proper naAnes H8ctHBrO¥BdeblY W Rhehipiesmpred Avamsisd fs each
with a low threshold value in such a path

provide a storage medium on which there is stored a cell
\ library necessary for designing a harmony between increase
in consumption power due to a leakage current and a operating
speed in a suitable manner.
It is a further object of the present invention to
provide a designing method of a semiconductor integrated
circuit device for designing a harmony between increase in

consumption power due a leakage current and a operating

speed in a suitable manner.



having a | arge delay tinme. BRI EF DESCRI PTI ON OF THE DRAW NGS These and
other features, objects and advantages of the present invention wil6 JU§gme
apparent fromthe follow ng description when taken in conjunction with the
acconpanyi ng drawi ngs wherein: FIG 1 is a diagramof a typical enbodi nent
of a logic gate circuit in a senicondutfor integrated circuit device of the
present invention. FIG 2 is a diagramof a second enbodi nent of a |logic
gate circuit in a sem conductor integrated circuit device of the present
invention. FIG 3 is a diagramof a third enbodi nent of a |logic gate
circuit in a sem conductor integrated circuit device of the present
I nventi on. 2 6 JUN 2002 -14 FIG 4 is a diagramo~ a fourth enbodi nent of
a logic An essential point of the present invention for

solving the above problems is to construct a semiconductor

integrated circuit device using MOSFETs with different

threshold voltages even in the same functional block in a

given operating condition, for example in an active

operating condition in which a high speed is required.

In particular, a first feature of a semiconductor

L integrated circuit device of the present invention is that

the semiconductor integrated circuit device is constructed,

in order to satisfy a requirement for an operating

frequency, in such a manner that in a plurality of signal

paths of the circuit, a path which has a margin in delay is

constructed with MOSFETs each with a high threshold voltage

in each of which an operating speed is low but a leakage

current is small, whereas a path which has no margin in delay

is constructed with MOSFETs each with a low threshold

voltage in each of which a leakage current is large but an

operating speed is high, in consideration of time, that is

a delay, required for a signal to be transmitted along a

signal path.

A second feature of a semiconductor integrated
circuit device of the present invention is that when, in a
signal path in the semiconductor integrated circuit device,

if the path is constructed of only MOSFETs each with a high

threshold voltage, a delay is large and a requirement for



gate circuit in a sem conductor integrated circuit device of the present
invention. FIG 5 is a diagramshow ng a configuration of |ogic gaggsjyNypn
enbodi ment of a sem conductor integrated circuit of the present invention.
FIG 6 is a graph showing a relation between a gate length and a threshold
voltage. FIG 7 is a representation of~-& structure of an enbodi ment of a
well region in a sem conductor integrated circuit device of the present
invention. FIG 8 is a sectional view of a device structure in an
enbodi nent of a sem conductor integrated circuit device of the present
I nvention. FIGS. 9A, 9B are representations of a structure of a second
enbodi nent of a well region in a sem conductor integrated circuit device of
t he presentan mypentatdmg Eréquibciyscannepries entais tiedf e efbode penth of a
storage nmedi um on which there is stored a cell library of the present
i nvention. iH Gordtiscedraphoshpwagrafiseranpl erich & dicst ribdndshonld
voltage, a margin arises in delay and consumption power due
to a leakage current is uselessly increased, then MOSFETs
each with a low threshold voltage and MOSFETs each with a
high threshold voltage are mixed in a proper manner along
the signal path and thereby, a delay which satisfies a
requirement for an operating frequency is secured and at the
same time a leakage current is suppressed to a minimum.

A third feature of a semiconductor integrated circuit
device of the present invention is that in the case where,
in the semiconductor integrated circuit device, when a
construction in which a signal path from one starting node
is branched at a node and then branches lead to a plurality
of node contains a mixture of MOSFETs each with a low
threshold voltage and MOSFETs each with a high threshold
voltage in a proper manner as described above, more of
MOSFETs each with a low threshold voltage are used along the
path from the starting node to the branching node in order
to minimize the use of MOSFETs each with a low threshold
voltage in number, on the other hand, when a construction
in which signal paths from a plurality of starting nodes are
converged at a node and then a single signal path leads to

one final node contains a mixture of MOSFETs each with a low

threshold voltage and MOSFETs each with a high threshold



of delay values in general signal paths. FIG 12 is a diagram of an

embodi ment of a MOSFET circuit in a sem conductor integrated circgift fempsce
of the present invention. 2 6 JtIN 2002 -15 FIG 13 is a diagramof a
second enbodi nent of a MoSFET circuit in a sem conductor integrated circuit
device of the present invention. FIG I4-is a di agram of a third enbodi nent
of a MOSFET circuit in a sem conductor integrated circuit device of the
present invention. FIG 15 is a diagram of an enbodi nent of a | ayout of a
sem conductor integrated circuit device of the present invention. FIG 16
Is a diagram of a second enbodi nent of a |ayout of a sem conductor
Integrated circuit device of the present invention.

voltage in a proper manner as described above, more of

MOSFETs each with a low threshold voltage are used along the

path from the converging node to the final node in order to
minimize the use of MOSFETs each with a low threshold voltage

in number.

First means for constructing a semiconductor
integrated circuit with MOSFETs with different threshold
voltages according to the present invention is that an
impurity density of a semiconductor substrate under a gate
oxide £ilm of a MOSFET is changed, second means of the
constructing the semiconductor integrated circuit is that
a bias voltage value supplied to a substrate of the MOSFET
is changed, third means is that a thickness of a gate oxide
film of the MOSFET and fourth means is that a gate length
of the MOSFET is changed.

A feature of the present invention is that MOSFETs
with different threshold voltages are constructed with
combinations of the four means.

A feature of the present invention is that, in the
second means for constructing MOSFETs with different
threshold voltages, a plurality of insular well regions
which are insulated from each other are constructed in order
to change a bias voltage value supplied to the substrate of

a MOSFET and MOSFETs with different threshold voltages are

disposed on different well regions.



FIG 17 is a graph showing a relation between a delay and consunpt.i on ,&ower
in an enbodi ment of the present invention. FIG 18 is a graph shovifnd/fa002
distribution of delay values in an enbodi nent of the present invention.
FIG 19 is a diagramof a fifth enbodiment of a logic gate circuit in a
sem conductor integrated circuit of thepresent invention. FIG 20 is a
di agram of a sixth enbodinment of a logic gate circuit in a sem conductor
integrated circuit of the present invention. FIG 21 is a diagramof an
enbodi nent of a MOSFET circuit in which a pass transistor and a
conpl enment ary 2 6 JUN Z002 -16 MOSFET are m xed in a sem conductor
integrated circuit device of the present invention. FIG 22 is a |ayout
di agram of a senifedifiiféi of the present invention is that, in order
to dispose MOSFETs with different threshold voltages on
different well regions, logic gates are arranged one
dimensionally in one line and a plurality of rows of logic
gates are arranged in directions perpendicular to the one
line so as to dispose logic gates two dimensionally, wherein
logic gates constituted of MOSFETs each with the same
{ threshold voltage are arranged on the same row and MOSFETs
each with the same threshold voltage are constructed on the
same well region disposed along the row, and wherein a bias
source is supplied by a wire in the same direction as that
of a row.

A feature of the present invention is that when logic
gates, which are constructed with MOSFETs each with the same
threshold voltage, are arranged on one row and the logic
gates are fabricated on the same well region disposed along
the one row, a plurality of rows of logic gates which are
arranged an adjacent manner to one another own commonly one
well region among them if the plurality of logic gates are
constructed with MOSFETs each with the same threshold
voltage.

A feature of the present invention is that a storage
medium on which there is stored a cell library used for

designing the semiconductor integrated circuit is

registered with at least two kinds of cell, which has the



integrated circuit device in the case where the present invention jst N
executed using an SO device structure. FIG 23 is a representation S%OQW%Q
an enbodi ment of a designing nmethod for a sem conductor integrated circuit
of the present invention. FIG 24 is a.epresentation show ng a second
enbodi mrent of a designing nethod for a"sem conductor integrated circuit of
the present invention. FIG 25 is a sectional view of a device structure in
a second enbodi nent of a semi conductor integrated circuit device of the
present invention. FIG 26 is a sectional view of a device structure in a
third enbodi mrent of a sem conductor integrated circuit device of the
present invention. FIG 27 is . a sectional view of ,a device structure in a

fourth embotentURFtOREEFHRISEIE Sitiegr BCAVER FEURE S deINEBTBF tefle.

Sem conducter = h MRS R a e B GER C & AP T radeAB T v ERe BRFE appl | od

to a ”‘CrOpQSSFSEQT'have different delays and different consumption
power.

A feature of the present invention is that there is
adopted a designing method for the semiconductor integrated
circuit device which uses the storage medium on which the

( cell library is stored and comprises the steps of:
calculating a delay of a signal path; and assigning to a
logic circult one cell selected among at least two kinds of
cells constructed of switching elements, which have the same
function and the same size, but which have different
threshold voltages, using a calculation result by the step
of calculating a delay of a signal path.

A feature of the present invention is that there is
adop?ed another designing method for the semiconductor
integrated circuit device which uses the storage medium on
which the cell library is stored and comprises the steps of:
designing a logic circuit using only cells constructed of
switching elements each with a high threshold value;
calculating a delay of a signal path; and replacing part of
cells of the logic circuit designed using only cells
constructed of switching elements each with a high threshold

value by a cell constructed of switching elements each with



DESCRI PTI ON OF THE PREFERRED OF THE EMBODI MENTS 2 6 JUN 2002 -172EFZW§ 0
w Il be described bel ow enbodi nents of the present invention in refe @
to the acconpanying drawings. FIG 1 is a diagramof a typical enbodi nent
of the present invention. The circuit-98-FIG 1 is constructed of
flip-flops f11 to f14 and NAND el enents gl1 to g19. Wile the | ogic gates
gll to gl9 are all shown as the NANDs for sinplification of description,
there is no limtation that a sem conductor integrated circuit device of
the present invention is constructed of NAND el enents only. There are
omtted signals in the figure which have no relation with description. It
is assuned Lpt th . CHi I A 1S

oper at ed at’ SSg’em%.%g%lﬁgrae%g?g?’i %a?}sl gﬁn‘}é%gé%ﬁ??lg?ﬁg% Sgang;'reIf|aﬂyncéitnlJDa1Jl pat h
after a cl i is, input to the flip-flop f11 till the signal is
input to t%%k%ﬁ#%?%%ﬁgﬂ%é?%hd a delay in a path after a clock signal CKis
nput 10 the fIig ELaRUrLS e Idnd iz cldinal idven byl 10 thecfihp-flop f14
are both within S nsec or less. Hére, it is assuned that a delay when a
NAND el ementoand ifdrd p-of s iGOMHRITHAY IMRIEES: €2 Mt it _%amf;méég eshol d
voltage is f nsec and a delay when a NAND el enent and a flip-flop

cont ai ni ng MaSkzESL gacih WdMc@ihDngthrgshebdivyl bIgeireudt& nset dn FIG
1, the logic gates shown in half tone, that is f13, f15 to gl19 contain
MOSFETs eacathiwl haddow tdteashalfd a sA ghall)N 20P ad & Vaddge iandiithe

el ements shown in white contain MOSFETs each wth a high threshold voltage.
Wth such a& stlrigetfire cdiumslidy ian stilgemadatdu tfoutm feldmiaredl g & hedaoghl g14 to
f12 is 5 nsec and a delay in the path fromf13 and gl5 through g19 to f14
i 4.8 nsecinmid tssthirpat hyhrnal pdihgre efitalpr oted as o Burslety v ch
enables the circuit to operate at a target 200 MHz.. In this case, when al
the | ogi c e OO FlycR bt ar ent EF50edc NSS4 hiRgFRshr eshol d

voltage as jin the prior art, a delag i tge ath fromf13 ,and,gl5 through
919 1o f 14 BEEWESR BETaHd ohePof 67 BUL e Ak LOFRART SR AT HE N erat B RAT y at
167 MHz. Then,_attention w]l . pal A a rrent. .Here, it is
assuned théf%f?%%ﬁ&ﬁﬁ}%ﬁfr%n%gﬁ%gﬁﬁgu%ga?clgg?gggg% Sir Yéit t he circui t

is construcg&;%ﬂ'ogf&o%?%fgg? gk B asbi ob:ERneShOlG crahtiage whid e a

| eakage curr eIs 5 pAwhen the circuit 1s constructed

wi th MOSFETs &#aeliWnian anlOWilthizaspatd ared bagecoAll ditsuit Mhelidashg
t hreshol d voltage of MOSFETs constituting logic gates of a signal path is

di fferent fg4 @manratingr osi gpahspatbraswithF{Zfdrefhberintusiolalvafudseakage
currents amount to 37 pA. On the other hand, if threshold vol tages of
MOSFETs forinderted pathsemr£itbe saneuhigh threshold voltage as in the
prior art, the sumtotal of |eakage currents anount to 13 pA and if

t hreshol d vol t agés & IASSRETRSS GrondRPtmor pd@hitgning method of the

present invention is a designing method for a semiconductor
integrated circuit device in which a plurality of first

circuits controlled by a clock signal are included in a

signal path and a second circuit constructed of a plurality
of transistors with different threshold values are inserted
in paths between first circuits, wherein a threshold value
of each of transistors constituting the second circuit is
set so that a signal delay time between first circuits does

not exceed a given target value.



2 6 ~~~ Zooa -19 are the sanme |ow threshold voltage, the sum total 2¢f fj 2002
| eakage currents anount to 65 pA. In other words, while in the exanpl es of
the prior art of FIG 1, the operating frequencies can only be chosen as
167 MHz at a | eakage current in total -gf-I 3pA or as 200 MHz at a | eakage
current in total of 65 pA, an operating frequency of 200 MHz can be
realized at a total |eakage current of 37 pAin paths according to the
present invention. The essential feature of the enbodi ment shown in FIG 1
is that MOSFETs each with a | ow threshold voltage and MOSFETs each with a
hi gh threshold voltage are selectively conbined according to delays in
paths constitutingag sem qanductar Jiearal el il le 141 OLder , L, SHPPY ess
a |l eakage current "While'réalizing a target operating frequency. Sécond
enbodi nent . of; 8, o G At £ £LESUI Eoh B arSRE C et i circuit
devi ce of thé’presentk?%vent o% m??? Be sﬁ%&n%ﬁgiﬁg IH%P@¥H§%§£%ircuit of
FIG 2 is aRsalditelondhe ; S L lidorRS pEk s bePibelNh Yol ih1 eXGEPET ON
that a |logic gate 5%5 ofJFI Eb 'S coﬁngucted aﬁthewtsﬁ%Ts %aoEgﬁfth a

high thresholdswaltage cd N Hdgedor 2ld dda) 0ike 93% S & QNG thgn PaLh from
f13 and g15 through g19 to f14 are constructed of MOSFETs each wth a | ow

threshol d waldiage: and @n )t indt FreBrRSRE, of lthdeans Hhat rthekecds left a
margin of 0.2 nsec in order to operate at an operating frequency. In the
case of Fl Gn 3 phegeoneamhenebé impgr6vedNby0Q24 in20 hhenstspedded of MOSFETs
each wth a high threshold voltage is mxed in a path fromf13 and gl15

t hr ough gl randigliotmeach deltdy sacdrvwbhehmedaotld ssduseib sseb anckht ot al

| eakage current can further be decreased to 33pA. That is, an essential

poi nt of tHeEmHE MegeshdheyntEne. 2 is that MOSFETs with different
threshold voltages are m xed in a proper manner even in one signal circuit
in order to suppress | a | eakage current to a mnimumwhich realizes a
target operating frequency. A third enbodiment of_ a quic gate circuit in a

sem conduct or i nt egr at &G ARFTIRA & AF 1 HEE g BARHGP nvent i on is shown

i FIG 3. | FI 3, th i it t t f flip-fl f31, 32,
:‘23 and Iogi(r:] ga?@?s 611%1 %It Cl%;.fe:at%ui%gen%s; : ecefzqisfc':ﬁni [ﬁpdgveatr? > %?/sé%f t he
path f31 tocﬁe%@%wsdeo Meilgféﬁt{é&_ &791%3%e%ﬁeb%gﬁ§gg@g§%ﬁ@ﬁevs and a

| eakage current each enent is the sane as 1 and 2

Ei ther of tihe nafind r&é@ééﬂ—%& 90h3¢nandchiRenpahh chdluard ifo33 wiScie ansd r uct ed

of eleven logic gates and there is a necessity that at least 5 el enents

anong the el®weipdogitg gatesinge whaskiucted with MOSFETs each with a | ow
threshold voltage in order to realize a delay of 10 nsec. Wien a common
portion on both pathsifiom dlayrbom 9305 typicmisemboidchanitt b EMOSF e each
with a low threshold as shown in FIG 3, the nunber of |ogic gates
construct eddafe cixrgripyNrp@osergronductor integrated circuit device

of the present invention.

FIG. 2 is a diagram of a second embodiment of a logic
gate circuit in a semiconductor integrated circuit device
of the present invention.

FIG. 3 is a diagram of a third embodiment of a logic
gate circuit in a semiconductor integrated circuit device

of the present invention.



MOSFETs each with a |low threshold can be mnimzed in the whole ci rﬂpHBthp
this case, a total |eakage current is 37 pA. Wen | ogic gates other than
those included in the common portion, for exanple logic gates g307 to g311
and | ogic gates g313 to g317 are constructed of MOSFETs each with a | ow

t hreshol d voltage, a total |eakage curtént is 57 pA. Wen all the logic
gates are constructed of MOSFETs each with a low threshold voltage as in
the prior art, a total |eakage current is 85 pA An essential point of the
enbodi nent shown in FIG 3 is that in a circuit in which a signal path

whi ch starts froma node as one starting is branched at a node so that
branches lead to a plurality of nodes, when MOSFETs each with a | ow

t hreshol d vol t ag&Isnd4MOSRETS seacdm wid la &ohicgh ehbesholedtvolft agkogie ni xed
in a proper manner, nore of MOSFETs each with a | ow threshold voltage are
m xed in a gete Fingrmithelrsteasemigongtie tayr timd doeaiedd el rodet i devider to

m nimze the use of MOSFETs each with a |low threshold in nunber. A fourth
enmbodi ment ®f e deieseat elgvesuionin a seni conductor integrated circuit
device of the present invention is shown using FIG 4. FIG 4 is
constructed of fEL-fPops #4diaguan $AGVERY ¢ RRRE HEwEat§2010f ole@iq.
Target delays of a path fromf4l to f43 and a path fromf42 to f43 are both
10 nsec as JH-¥F @&n & eparslignegfdof eaR 8B COBFMERC ot NERIFBEEAVRL BF éhEnt s are
sanme as thosge in FIGS. 2,6 JIINTOQZ -22 1 to 3. Either of the path

ext endi ng f?’ie)n’ikfﬁ?llp’f%s?ﬁ'é tRYethtCPat h extending fromf42 to f43 contains
el even | ogi c gat %%Gan% t.here is % t% cessity th I gast five elenents

t_.at
anong the el even'I"0gi C glést &s 9 QB"em(,gor‘?strreﬂlc tgjuo%f TOEEET 2 ehSwi th a
I h h i i del f 10 . W h
agw t hres Oj&d%t%%?héggﬁﬁgséﬁw GS%E%?%."" elay o nsec en the

conmon portion 10 g as shown in FIG 4, is

constructed of MgSkETS each Wddirasdovat 16.e5hpl 4 velhadgret B¢ Bwber of
| ogi ¢ gates constructed of N OSFETs each with a | ow threshold voltage is

mnimzed idgnbb@imbet EoEid Gl Adyidh SirCas&end doH@lcdl reded Satdd PA.
When | ogi c gates other than those in the conmon portion, for exanple, l|logic
gates 0401 ¢or@405 asdigd13ft ohgdpbeaeatcanskntdioed of MOSFETs each with a
| ow t hreshol d voltage, a total |eakage current is 57 pA. rnlhen all the

| ogi ¢ gates are ddSst rluctsecd cfedVISEFENs waph ofi teh devtigve tdrmshiolde vioht age as
inthe prior art, a total |eakage current is 85 pA That is, an essenti al
poi nt of t O anfiment sHodnsepirraiugtps ipgegratadcsFearitideviieh
signal paths_froma plurality of ,nodes as starting points are converged so
that one co‘?n@e?]@%dpﬁg?ﬁn\:eéﬂée%lBHe node, when MOSFETs each with a I ow

t hreshol d vol tag d FELs_each with a _high threshold vo | Cage are
mxed w th each%oﬂﬁ'e%n';% SFSpE?pﬁgﬁﬁgFafgﬁﬁgFE sae%gﬂu(\?mt?ﬁeagfoﬁv

t hreshold v j e.c n rtion. fro d node to
t he final n%éd%@%(?_e&grr%?g%e%%gg %ﬁ%o%ggiglrﬁ Enre?tirgo t%an t Cgc'rscgref or use in
t he ot her pﬁx‘i@égré@earfoc&Qt”liB{rEbéeotfh%h@U@%%eQﬂ‘t NeeREksi gach with a | ow

t hreshold voltage for use. Afifth enbodinent of a logic gate circuit in a
FIG. 10 is a representation of an embodiment of a
storage medium on which there is stored a cell library of
the present invention.
FIG. 11 is a graph showing an example of a distribution
of delay values in general signal paths.
FIG. 12 is a diagram of an embodiment of a MOSFET

circuit in a semiconductor integrated circuit device of the

present invention.



sem conductor integrated circuit device of the present invention mZﬁNUB&WZ
described using FIG 19. FIG 19 is the enbodi nent conprising: a first
signal path containing a flip-flop f191 as a start, through a circuit c191
constructed of one or plural logic gates, a logic gate gl91, a logic gate
g192 and a logic gate group ggl9l, andqf‘hally aflip-flop 1192 and a
second signal path containing a flip-flop f191 as a start, through a
circuit cl191 constructed of one or plural logic gates, a logic gate gl91, a
l ogic gate g193 and a logic gate group ggl92 , and f finally a flip-flop
f193. It is assuned that if both paths are uniformy constructed of only
MOSFETs each with a high threshold voltage, delays of both paths exceed a
target delay. |t PEG. ddehsdeddriced ofiaa siavorid embadémnenteo £ enMOSFESYi C
gate gl191 is constructed of MOSFETs each with a | ow threshol d voltage.
Attention wrircpétphid semipendygiteorgansegrages gguoul t gigopce Te theyi ¢
gate group ggl92 conprises logic gates of a N stage structure and the |ogic
gate group BEEOEEOAPVEEESOMNogi ¢ gates of a N + M stage-structure which is
nore than ggl92) that is the |ogic gates of ,a_N stage 2 6_JUN 2002 -24
structure, by M stges b s dFEYRBLE Pnthhrd eBRATtIeRt ¢heé MPEFETs gnal

path including the |ogic gate group ggl9l has | arger delay th he
second si gn‘éFgﬁHtlﬁ ’r‘ﬁ% ﬁ&?‘ﬁ&of’%é‘clt(?&i gnﬁﬁgéa&eg’uﬁlﬁg‘ié? cfeq%cgﬁt Scase,
the logic gate %%2. \é/hich is fanned out by the logic gate gl191 which is
const r uct ed®bFSRESFEFY S ™ i th a | ow t hreshol d voltage, is constructed of

MOSFETs each wit I t I t . gi a f | ogi c
gate group gg19~%g?é%%n£% ﬁalsjc ea%r\é?rl lﬁ%ghgg)%vé@h Og ?‘oév%?ﬁr%ets_tﬁgfd
vel tage as pegdfdcoWaeh JiS 1Bty A Sdd eabpds ”?f‘ttﬁé Brkagh¢ gate

circuit in a semconductor integrated circuit device of the present
i nvention wihi,ehe idescri bed using FIG 20. The enbodi nent of FIG 20
conprises: a first signal path containing a flip-flop f201 as a start,

through a |l ogic gpie. yotp §FlR@Lrat btk Gegalrel gABdIimchagd £ Hateog202 and
a circuit c201 constructed of one or plural logic gates, and finally a

flip-flop f263a awhiacaehortbsiigiaigrpdidd cantaiin dgvacéldptihleopredetas a
start, through a |ogic gate group gg202, a logic gate g203, a logic gate
g202 and a &hwvenittos201 constructed of one or plural |ogic gates, and

finally a fIip-rog f203. It is assuned that if both paths are constructed
of only MOSFETs e&th- vk { H-512ufF RBRF RPYMRE I dHiA T o RefgeEe& 8943yt bot h
pat hs exceed target del ay. 2 6 _JUN ~Or§ =25 1t has, peen_descri bed that
inthis cas@flat ﬁé’n% qr%éﬁoé"edfatlél GIHETRLHRSPT u%feﬁh%fpﬁﬁﬁﬁf’s each
with a low &ggfgﬁgglglvoltage. Attention will be paid to the logic gate
groups gg201, gg 5™ The | ogi ¢ gate group gg202 conprises |ogic gates of a

K stage structureppgd {he;Logi grgghesabQMR oIS 0h LIS |99 g oy es of a
K + L stage structure which is nore than gg202, that is the |ogic gates of

a(K stage values in an embodiment of the present invention.

FIG. 19 is a diagram of a £ifth embodiment of a logic
gate circuit in a semiconductor integrated circuit of the
present invention.

FIG. 20 is a diagram of a sixth embodiment of a logic
gate circuit in a semiconductor integrated circuit of the
present invention.

FIG. 21 is a diagram of an embodiment of a MOSFET

circuit in which a pass transistor and a complementary



( structure, by L stages of logic gates . In this condition, the figgtyn
signal path including the logic gate group gg201 has a Iarger del ay than

the second signal path including the |ogic gate group gg202 . In such a
case, the logic gate. g201 of the first path is constructed of MOSFETs each
with a |low threshold voltage. Sone Iog%@ gates of the |logic gate group
gg201 are constructed of MOSFETs each with a | ow threshold vol tage as
needed, which is not shown. In FIG 12, there will be described an

enbodi ment using a conpl enentary MOSFET constructed of a p-channel MOSFET
and an n-channel MOSFET. An output pin of a flip-flop f121 is connected
wth a gate of a first p-channel MOSFET pnt and a gate electrode of a first
n- channel MOSEET vk tthirR@himne senptondiic MOBFETS egraltedp-cdlvanmied MOSFET
pnmt is connected with a first operating potential supply line Vddl21 and a
first nodedsyiasd athdihe mReeRy diavenpaen-|ies therebetween and the n
channel MOSFET nnil is connected with = 2 6 JUN 2002 -26 the first node ndl
and the second opéFat PRg goreAEVAN s fHiAdF an el \&s99m1 genenatoy
source/drain path lies therebetween. The first node ndl is in turn

connect ed WRHPH e BT W 5ecdidt pechanhBf SRBPEYERE &RE PTRAYEl ectrode
of a second n-channel, MOSFET nn2. The p-channel. MOSFET pnt is connected
with the'h%%ﬁeQﬂkﬂ%u4$uf¥ﬁﬁ¥ﬁﬁ@a$5§99pF9 ﬁpﬁedgﬁafflséﬁHQF%ﬁ%ond node nd2

t hat / th th t d t I FET nn®
S connect od i t FiPne 4080 TR T2 At A SAEONES GHer BTG BoRbrttal |

supply i ”eam\)égass]i%%% tAt, B oy t%g/s%%'c%n%t&ér' I ae'b%f;ea%eﬁ%"éfﬁ f‘?s' des,

t he second connecte anin in o f122

through ong orepl Wals MBFEISant fohhe interior of the flip-flops f121 f122
of the figure, an inverter, a trlstate gate, transfer gate and the I|ke are

shown by | ogic gate. SEWbQ@Sa rRAoddn s e SowrSnd NRUEetBntihe flip-flops
f121, f122. In the figure, a thin solid line is used for drawi ng a MOSFET
each with arbghidditeshpla dosiqgengnaeahbll gorsal iséniicomdu:tsed for
drawi ng a MOSFET each with a | ow threshold voltage. Hereinafter, such

not ati on widtdyerarssdl ¢ iroupgh dhetieadppésdascinpenadion.n FIG . 12 , the

p- channel bl OSF ET pnt and the n-channel MOSFET nn2 are MOSFETs each with a
| ow t hreshol d voFtl&ge25ahd &heeptibaaheVi®OSFER plavigrl $theuatehaniz|
MOSFET nml are MOSFETs each with a high threshold voltage. As enclosed with
frames, theé FESIRIhEREREnHAL %&W%mllnt%@% Dgoiny

MOSFET nml onstltu an_inverter gk ﬁate invl and the p-channel MOSFET
pmt and the‘% Han Itﬁﬁfﬁﬁﬁsﬁﬂ% b%ﬂg tt'es an inverter logic gate inv2.

In the circuit, gddmgel ?Egéh %éé‘?aihv%e&'é’ kasd&pfée]g%%éc# Pé‘t;f o the

flip-flop f121, a’signal “is out rom an ou put pin o op f121
and then the gjgnal erﬁ@@&hﬁén@nofngugemeoaaue%rf Ilme@ﬂr%&édl?@lfmﬂggh the

inverters invl, 1nv2, that Is a delay of th, 1s necessary t
within a ongeyed eo@ftl@eCﬂapégeﬁtgnﬁbe%mn
| FIG. 27 is a sectional view of a device structure in
a fourth embodiment of a semiconductor integrated circuit
device of the present invention.
FIG. 28 is a representation of an embodiment in which

a semiconductor integrated circuit device of the present

invention is applied to a microprocessor.

DESCRIPTION OF THE PREFERRED OF THE EMBODIMENTS



Wil e additional consideration, actually, has to be given to a ti"?EJUNZOZ
required for set-up of flip-flop, deviation in tine for a signal to reac%
the flip-flop and the like. Here, such circunmstances are negl ected because
of no relevancy to essence to description. That is, A delay of the path is
the sumof a delay in the course in whitdhi a cl ock signal is input in the
flip-flop f121 and an signal is output fromthe flip-flop f121, a delay in
the inverter invl and a delay in the inverter inv2. Here, it is assuned

t hat when the p-channel MOSFET pmi, the n-channel MOSFET nm, the p-channel
MOSFET pnt and the n-channel MOSFET nnR all are of MOSFETs each with a high
threshol d voltage, the delay of the path is |onger than one clock cycle,
whil e when all t MéadveSkETSL drve ddsMISEd sbehow ambhdameaovst krfestiad d

vol tage, the delay of the path has a margin as conpared to a clock cycle
(that is, usetesstpbomeentisoponsuredprence UGz omBMNAE in such a
manner, according to the prior art, a delay and consunption power have
not - been opd¥adWIR@Sso as to be on bal ance, when the p-channel MOSFET pnt
and the n-channel MOSFET nnR only are made to be_constructed with a | ow

vol tage threshol §%s il ihet chsitiaerf a HéPagailseripdireat: @bhLht the
requi renment and in addition consunption, power_can be suppressed. i In FIG

13, there WTPSHRt ddbesi b a IBCoRATERbEIP FEMIC udi #§ BORBRPHERER: 8fy

MOSFET t f -ch I FET d - I FET. . t put
i ot ot Efogt £, S0P ERRRD S8R0ty QIS MEERLR (kP
mL31 d t | ectrod fi -ch |, MOSFET nmil h -ch I
PSSR T S PRI W b e

V@d131 and &; fi - d hat. a s rai ' t bet ween
and the n-c a[fr\\%{efkﬁgggﬁ?ﬁn%ﬁ%dl&%sh _onln%(l:'t 3—_3{%6% %S?hg ?%2%%%%3 ﬁg%gl and a
second operatisg; POh&ALESL $HBBLYakiebe V33t sdidd & Sk Gerdsahhn |ies

t her ebet ween. Besides the first node ndl31 is connected with a gate of a
second p- champeht MBFE qUHS2ru@od @ o Oivaars eqerd it bangel MSEETapgl32 and
a third p-channel MOSFET pnil34, and a gate of a third nchannel MOSFET
nml34. The gritacdes iGASEETipniB32 figeoanetied matd nberélastionpetahi ng
potential supply line Vdd131 and a second node 2 6 J UN 2002 -29 ndi132
so that a s@éesceidradn.pdithiki @ssthedelretdssar igrdien tdatt hhp-chaondt MOSFET

pnl33 is also connected with the first operating potential |ine Vdd131 and
t he second PHRN B3R ] [9dt FAGsolrk2/MeM - Fadt [R0OsMERer ehevREAreThe

second n-channel MOSFET nnﬁS%ggnd éhi fourth n- haPneI FET nml33_are in
seri es connkbtiet 2pRENRER EH A Gnde 6&&%6’1@?’:%@ t9% &SELBRE DPhBRALi ng
otential s ly line_Vss131 r_so t S c aLn th i e_therebetween.
ghe.third pggﬁé%n%?p%ifgéhg%%nigﬁpéﬁgg% ?#itﬁ{g%h%%%2$1%§%$Eﬁsp% %%Eare in
series connggtggeﬁg%ggggég efﬁbr%thQE@@”d%JﬂH“é”Edéﬂ 5¥$§§yaléfgcyﬁd131

and a third no hat a source/drain paths |ie therebetween. The

second n-chapgghi B P32 do crNrected 1Wd kitshe ithi edengdgndi3dsand the
second operating potential supply line Vss131 so that a source/drain path

| i es therebehpgento Likke s fiod if1d ar< haviekviMBSMET AB&350ks1a8580
connected with the third node nd133 and the second operating potential |ine
Vss131l so tHatea $buiselshaned paidt ld e lishemwdizet weNANDBededesat &hd aecond
node nd132 is connected with an input pin of a second flip-flop f132
through a cEtépirflop3tonsastingt ¥PSFETsneamh ptiktala |loghle Yaresheld t he
figure, shown as an ellipse as a synbol). The third node nd133 is connected
with an i npuelppeieofsalt Bseg PRdpaf I9sd avi 3R arhro bR eherent and2a
constructedfot one or plural logic gates (shoum as an ellipse i%g cl31).

I
lip-flop containing MOSFETs each with a low thresho
voltage is 0.8 nsec.

In FIG. 1, the logic gates shown in half tone, that

is £13, £15 to gl9 contain MOSFETs each with a low threshold



2 6 JI1f~ ~p2 -30 In the figure, gates inside a flip-flop is omitZBdUNAN
clock signal CKis input to a flip-flop. As enclosed by a frane, the

p- channel MOSFET pnil31 and the n-channel MOSFET nnil31 constitutes an
inverter logic gate invl3l; the pchannel MOSFETs pnil32, pml33 and the

n- channel MOSFETs nml32, nmil33 constith®e a NAND | ogi ¢ gate NAND131; and

t he p-channel MOSFETs pnil34, pnl35 and the n-channel MOSFETs ' nnl34, nnil35
constitute a NOR logic gate NORL31. A signal in2 is input to the NAND131 in
addition to an output of the invl3l and a signal in3 is input to the NORL31
in addition to an output invl13l. In the circuit, there are necessities that
atime length after a clock signal CKis input to the flip-flop f131 till a
si gnal out putl Hfagemaad tte plter@nt sofholm it whrifdeopohtdinr Mag8RESsaechput pin
of the flip-flop 132 through the inverter inv131 and the NAND131l, and
further thndugh a e gl 3dhresho kd tvokt deagt hWathesughsiagsdlrucuog pud from
the output pin of the flip-flop f131 till the signal reaches an input pin
of the fli plefliagp in38hehpotgh frhe FhleandrolhviBional ghé MoORiB2, iand
further through the c132 are within a cycle of the clock signal CK In the
enbodi ment NS€50 a0G & sledgduingd tivaPakief NAmSHES advh<stit R IhMed NAND131,
the NOR131 and the invl3lare all _of MOSFETs each with a high threshol d

vol tage, edchIdr d&l 4y§ BFefhnePAoPPERR2FRS| Bryerdehans fdtatkteyere,

whi | e when MOSFETs constituytin he 2 6 JUN 2002 -31 NAND131, the NOR131
And the | NV EEr aTSAY TE6ToP REBRE TS 60 O ' 08 TRAF 21 GendiCAYERE age,

t he del ay cbfoot Qﬁ_{zoath has a margin as conpared to a clock cycle (that is,
usel ess power i's ‘consuned) . Wiile in the enbodi ment of FIG 12, no
difference in co | ri t t [ ' tructed
of MOSFETs each \?\nﬁtj‘%@ %é Iodcq)clw%)’hwr%fglse,3 0 %E}nkgee\%h\ggﬁ‘r}:t ﬁg%?rslvgfle sfﬂb \élosnesltﬁ‘%ct%%]%d wth

MOSFETs eagh oM b ddue sl o i Jherase yhereoifiggpald 4,5 byanched
at the node ndl 31 as in the enbodi nent” , the MOSFETs pm 31 and nml31 o f

the |ogic gatipmpsitr,eamiblap thecky e kede ®d13inat §as tisrsoghonly owned
by both paths, are made of MOSFETs each with a | ow t hreshol d voltage.

Ther eby, t hey € 14si g nsezednthehemutrere pft MSIEE ks dachaw bd cpd e édr eshol d
which are required for confining delays within a target tinme |ength and
besi des, i torilyy possidl M. suppress consunption power nore. VWiile in the
enbodi ment, the case where a path is branched to two paths is described,
the cases where aNEaLh atdByamiheti o RhELPatAs2 ot eAbRrES EBAESNS -t he
fan-out is 3 or nore, are in(gl ded in the scope of th Plre ent invention
and the safiPef ot S8 ARF FTR TG 8 1PRNEES CHIZTHE AnBH6r LNEhSPRET hs can

be ALl B G ST G sl R L o

n- channel W-g hf@hoéﬁrpéghcpi@ v(3>flt%gfeI iﬂﬂifLEOQ lea%caﬁge] HNr%%Q:% of one
logic gate is 5 pA when the circuit is constructed with
MOSFETs each with a low threshold voltage. At this time,
if a threshold voltage of MOSFETs constituting logic gates
of a signal path is different from another signal path as
in FIG. 1, the sum total of leakage currents amount to 37
pPA. On the other hand, if threshold voltages of MOSFETs for
the two paths are the same high threshold voltage as in the
prior art, the sum total of leakage currents amount to 13

pA and if threshold voltages of MOSFETs for the two paths



-32 f141 is connected to gate el ectrodes of a first p-channel NCSFET’%&ﬂﬂM]%?
and a first n-channel MOSFET nnil41l through a logic gate circuit cl4l. The
p- channel MOSFET pnil4l is connected to a first operating potential supply
| ine vVdd141 and a first node ndl4l so that a source/drain path lies
t her ebet ween. A second p-channel NCSFEﬂ%ﬂmAQ is al so connected to the
first operating potential supply line ( Vvdd141l and the first node ndl41l so
that a source/drain path Iies therebetween. The n-channel MOSFET nnil4land a
second n-channel MOSFET nnil42 are in series connected with the first node
nd1l41 and a second operating potential supply line Vssl14l so that
source/drain paths |ie therebetween. An output pin of a flip-flop f142 is
connect ed targatiee edoact Loveshidslzol dival rahanhel siMoSKER potdBeakdga t hird
n- channel MOSFET nnl43 through a logic gate circuit cl42. The p-channel
MOSFET pnil4gursepssnaooad twitioh 66heA.i r st operating potential supply line
Vdd141 and a second node ndl42 so that a source/drain path |ies
t her ebet ween. A fBurdthgr whadsel wIVDEFEM ikl 8 XREI0ARS00 & dHtRe Prdd Lt t he
first operatin otential supply |ine Vdd141l and the second node ndl142 so
that a sour @é/glgi- nl pate 19ReE athidke FeiQmBesTIC I GRit kariePeVEBPERMARS143 and
a fourth n-channel MOSFET nml44 are in series connected with the second
node nd142 4Ad ¥HZerbrit [G508E RYTFEIEntRalosappPy 110 s £642 080 MiRgat
source/drain patﬁs i e therebetween. 256 éL%#ZOOZ -33 Besides, the first
node nd14l P§ BolFELAEE WHER STkt & Tol G F b 2P £ iR CRSERGAREl MOSFET
pnmi45 and a_fifth _p-channel FET nni45. Furtherpore,, the,secopd node
N0142 1o coFECUREH Ch G20 Brectrbats H1A hLATSIIE it channbi WORREF prids
and a sixth_n- n IV%E I e p 46 are
cgnnected mfpﬁ9?ﬁ2'§#ﬁst oggﬁgggﬁgaﬁﬁgﬁ% #%?digﬁ FFE%“N%%?%Etgn ‘a third
node | ndl43ngoethahrgaur eghdnabnopaths ddusod ivEebeivgan Bngride n+sghannel
MOSFET nml45 and the n-channel MOSFET nnil46 are in series connected with
the third nedecnsd4Brardeste WOl 1R RArdMhIe! edtlicalyesupal yobFresVss141
so that source/drain paths |lie therebetween. Besides, the third node ndl143
I S connect egawit hiah 4 gt phheshoadtviwIdadtigrd kefebtdFelyncohpibiegur e, as
well, gates inside the flip-flip are omtted. A clock signal is input to
the flip-flepcossliancitosddlbysaifirpathst henptéhanneb MSEETsopdtdtorpnils?2
and the nchannel MOSFETs nml4l, nnl42 constitute a NAND | ogi c gate NAND141
and the p- cREYSErAASSFEES CHAEA3n pHESZ 5RdSERBLRSEhanheRKRESFETS rRR43,
nml44 constituyte a NAND | ogi c gate NALVD142 and_t he p-channel MOSFETs
pnil45, prldB A e A Rgnfelt P ALY n%i%%‘l%%?ﬁéti tute a NAND | ogic
gate NAND143. In §h LI cui here _are necessity that .a time length after
CKL‘ Segona er%%o%hzgteﬁti Bi%f r‘:m Ci%?fz?l)éﬁ‘ﬁ c:.rqu.rEe 1rg

a cl ock signal i S rnput op a sighal output from

an out put pigRQfe SR JddP-ifd Ry Ll ¢ 28, 9INZPD2 of the present

invention will be shown using FIG. 2. The circuit of FIG.
2 is absolutely the same circuit as FIG. 1 but only with
exception that a logic gate gl7 of FIG. 2 is constructed with
MOSFETs each with a high threshold voltage. In FIG. 1, all
the logic gates along the path from £13 and gl5 through gl9
to £14 are constructed of MOSFETs each with a low threshold
voltage and a delay is 4.8 nsec. It means that there is left
a margin of 0.2 nsec in order to operate at an operating

frequency. In the case of FIG. 2, when one element



-34 reaches an input pin of the flip-flop 143 through c141, the NAMDL4UN 26y
the NAND143; and a tinme length after a signal is output fromthe output pin
of the flip-flop f142 and a CK signal is input the flip-flop f142 till a
signal output froman output pin of thg flip-flop f142 reaches the input
pin of a flip-flop f143 through c142, "~ He NAND 142 and further the NAND 143
are within a cycle of the clock signal CK It is assuned that when all
MOSFETs constituting the NAND141, the NAND142 and the NAND143 are nade of
MOSFETs each with a high threshold voltage even in the enbodi nent, del ays
of the above described two paths are larger than a clock cycle, while when
all the MOSFETs are nmade of MOSFETs each with a | ow threshold, the delay of
t he path hasorsmpeefied asf MIFRERS eack witdtle dyigle fhieghd sl uskiags power
is consuned) . tnlhile in the enbodiment of FIG 12, no difference in power
consunpt i orisafigest bat eetwiaen B 3i and ¢35 ddnsuaieisd® 6p MOBFET®o each
with a low threshold and when the inv2 is constructed with MOSFETs each
with a | owa Hekhol RN i bethedeate AREHBSt ReNFEChSNG emidHak viea kade s
converge as in the enbodi nent, the MOSFETs of the | ogic gate commonly owned
by both patHrefle t¥hstriteen Be NesrERsefadr Wit -a I Hrestd vol t age
with a higher priprjty over the others_as described,in FIG_13. That is, in
the fi gure,eﬁﬁ%‘bﬁilé?lom : n??ﬁ%‘?l‘ﬁ?ﬁﬁ@]ﬁ?‘éncbﬂswguct%dl%ftl'l*ﬂ'SFETs

2 6 JUN 20 5 each wth | ow t hreshold vol e. Therefore,.there is

ni ni ni zed tqﬁDeSEﬁ%Tn%e"i’l%kf‘ ég&ﬁﬁ’% géEﬁsg‘nogﬁl Xo}lo I oI GG H e e
required f iLnl d : WL hi [ N I i des, it
< Tpossi bl o Rt SArs S b e B e P F R S B

the case wherg.dyup,paths, & E‘V@E)gsdmiiﬁiég\gﬁlf:%ll%% Mﬁi‘%etsah%feé hree

paths or nore are tonverged are Inc in the scope e present

i nvention adtgle]w@irs@nprg%ﬁg@t;@and actions as the case of the two paths are
converged can be attaine In FIG 21, an enbodi nent of the present

i nvention using a pasyd residingngad® avtegdé gata- ehapnek MRSEET and a
conpl ementary |~ OSFET constructed of a p-channel N OSFET and an n-channel
MOSFET and semicohdnnedr MOSEEFrabadi nputusitgdavig®l bfi SHevmredenta drain

el ectrode of a first n-channel MOSFET nnR12; an input signal nRl12 is input
in a drain Ereerbee b3 ahewrohd HAlGhadnel INOSHET R ide busiaiest &% i nput
signal in213 is input to a_gate_el ectrode of the second n-channel_ MOSFET
nnR213 ; andPRYEFrORCHPL AAIPABLPPS| Hhhl T3R8 FRPUrGis d2§8Eg P ket rode

f the fi t n- MOSFET 1 | d f the fi
O ool | R I s N oSk er EhaCa e R R e R R Eeat ohss arh Ebhnect ed

ith fi 2 fi - F d
Second . chenna? PR ETe BRte L e 3230a L0 NG JORSRE MBS G R RA RS
sel ect or | 0gi Lo g1k Ge SAL2AIn N &P 4400, | SDMASAONES OUhBUSame 25 B ol 2092 - 36

Besides, the first node nd211 is connected to gate el ectrodes of a first
p-channel MOGEET pradid and pa thikid @ tncebapaeh WESREF3nn2d1s3Thendi fisd
p-‘channel MOSFET pnR1l1l is connected with a first operating potential supply
i ne Vdd21llpamnd £35emohdf Iddes nddHsx soctddtod sbaver/ val @ gat ds | aed

t her ebetween and the third n-channel MOSFET nnR1l is connected with a
second oper@lténg potenheakssuppl thhicnetVis25l &nck lidmerser aubmpdehad212 so
that a source/drain |ies therebetween. Thereby, an inverter logic gate
inv212 is cohesvelcledliqi Jateheafe reangtrhaheel wMOSRETSPRPS 1eadid wheht hird
n- channel MOSFET nrn2l1l1l. The circuif shown in FIG _21 is a circuit in which
a pass trandi sP6rtMeRFROHALE AFRTA EBnPY @RENEAr Yo WOEFETR | 881y gafel?s

m xed. In this case, the first and second n-channel MOSFET nnR212, nnR13,
whi ch are pasSCtransistors, are constructed of MOSFETs each with a | ow

h hol d I Si | ogi be f d i i
= conpact manner ST ApaetTPRaREF SE0R PRI LG OB FO0% FRATIOR i n
recent yearsy Bl LhecLoventors Aave.d scoverad,a probl erptic, | ssug.t hat
_ _ g Speed of "a~pass transi'stor 1r Tow voltage operation
the-enbod! nebt Bt bl T Esent or e nA S PaE  Anl Sty STVE T ot Sor e 26 usi ng

a pass transistor with a low threshold voltage in a sem conductor
integrated circuit in which a conplenentary MOSFET and a



2 6 JUN 2002 -37 pass transistor are m xed, and thus a | ow voltage zaglguwﬂgzrﬂl
speed operation have been possible in a sem conductor integrated circurt i
whi ch a conpl enmentary MOSFET and a pass transistor are mxed with each

ot her without decrease in operating speed of the pass transistor. Then,
there will be described an enbodi ment “¢f-"neans to real i zed MOSFETs with
different threshold voltages. Ar first nmeans to construct a sem conductor
integrated circuit of MOSFETs with different threshold voltages is to
change a inpurity density of a sem conductor substrate under a gate oxide
filmof a MOSFET. FIG 15 shows an enbodi nent of a |layout of the circuit of
FIG 12 in which the above described nethod is enployed. In FIG 15, the
flip-flops YASHETS 1@2chrel i 2t kolv taresipld pan be mheiniiedf fopthe21 is
connected to ternml2l. The terml2l is connected to a first gate el ectrode
gatel21. Thehgieecii@ett oddrngahes2gapasses sl leakrgpeueargitais 32égi on
dareal?2l and thereby a first p-channel MOSFET pnl is formed, while the gate
el ectrode gedelbhepasuss gadesnotBetrden tiios er 89Fdndadrigntae eemmener eby a
first n channel MOSFET nnil is forned. The p_ source/drain_regi on dareal2l
is formed oPCBRLIANWEIQY EEBTBASNYADIC Sifdashe3R” tHErdd/MAILRILEgWdRSBar eal 22

is formed on_a_p wel]l region pwl2l. A source of the channel MOSFET pnt is
connect ed t%3§3fF?39£65e35Fi RETS GRS Osfum%}:‘?ﬂ%egaﬁfdl"?’it M %°¥rain Z

o on 2 RO oSO ELESe 0 A58 n of e 0, chagnel, MOECET g and o
second Operéii”tgné(oﬂégfzh%g%"cﬁeoé x]én%%nt\ésc%?c%ed“otk' Bl a%%ch”w%@fi Ligure
€ 1'hr oug i €

shows a through hol V\ﬁ)’%i C nterconnection I's effected wWeen a

different neggl tﬁpé%{&?@rk?&i%é@é’%s f‘i{}g theS pPicenduet og §HE§U§%€1§%§I$N ougz

Electricity 1s supplied to the"n we regi on nml21 fromt V

a through helierdhit2ls 8802l efhrdLddve i1 %baeltsasnm@@mﬁo@dti&%n@_ ¥Ebim'r egion
pwl21l fromthe Vssl121l through a through hole TH122. Thus, the inverter

| ogi ¢ gate invFIEf FliG tBaksihoaredccdhe fi melidmheestighalloghehgahechnvl is
formed wth the first p channel MOSFET pnmt and the first n channel MOSFET
nm . Li kew searthefsecanchogiechannak $MEBFEInp s danthnidieed edordnndehaanel
MOSFET nn2 are forned with a second gate el ectrode 122, a p+ source/drain
regi on dar ebhl28 kuahcremlesdure e/ plaraliegicdnnddesaiden YRSFEEsondchnvert er
| ogic gate inv2 is formed with the second p channel NDSFET,Em and the
second n ch¥hABl aMBEETREPROLANveLEREE 2RAMARRFETEr RS2 WiChh@ RAYR and an
i nput termn f the inv2.,are connected to each other and_t hus the

i Foui t vt FAERSPAGerPaFaT8naHA i HEFGL A2 (Y ARA T IGE oURPEE €Er m nal

L o HOSEERNA 3 RIINCR S WU AL Ul MO SSERTL LD 1

6 JUN 2002 from the starting node to the branching node in order to
minimize the use of MOSFETs each with a low threshold in
number.

A fourth embodiment of a logic gate circuit in a
semiconductor integrated circuit device of the present
invention is shown using FIG. 4. FIG. 4 is constructed of
flip-flops £f41, £42, £43 and logic gates g40l to g4l7.

Target delays of a path from £41 to £43 and a path from £42

to f43 are both 10 nsec as in FIG. 3. Delays and leakage

current of respective elements are same as those in FIGs.



-39 the first gate electrode gatel2l. In a fabrication process of a

sem conductor integrated circuit, an inpurity is distributed in th?ﬁMﬂNZ%Z
regions pwl2l, nwl2l1l as shallow |l ayers, thereafter, again an inpurity Is
additionally distributed only in the rggions areal2l, areal22 in a

sel ective manner and thereby inpurity dénsities in the regions only are

i ncreased, which enables only each of ! MOSFETs pml, nml to have a high

t hreshol d voltage. As shown in FIG 5, according to this nethod, a threshold
vol tage of a MOSFET constituting a logic gate located in any place in a

sem conductor integrated circuit can be freely changed. In FIG 5, a logic
gate is indicated by a square in a synbolic manner . A square which is
shown in hdl fta éne, EidgthesxampldrgyTrtils extegitngatromohéli tat 843 oAnNNOSFETs
each with a |ow threshold voltage and a square which is shown in white, for
exanpl e g5Xhs Rpthgretgadéengofseint Giad tof D¥CsHETEaanh shevera hpghc '
threshold voltage ._In the figure, a path fromthe f11 to the f12 of FIG 2
i s shown agFRHIhidSx pdtsh af BRREEFI Lo tPRE AE4LBRSEI ELVE $5°BRBHA as

path 52. However, in this nmethod, the nunber of steps in each 8f whi ch an
inpurity i SRR ribRteHeYRRaledbSt Pates eV @ TS HHbEeR 0P st eps of

ion inplantati i S necessary to be equ ta .the nunber of Kkinds, of
MOBFETS vhiMOE S b Gasd: Wit 86¥9UI\'Ph?ff0§"9ﬁ% Y4555 LB e S BRARAZe
dept hwi se ggqgifn of .a,device structure in a second enbodi ment of two

inverters cons?r%%t%% % MIBFETs with respective two kinds of threshold

vol t ages, hi gher , . When thi ! dpopt ed++Si nce
t he enbodi nent ofv\%rJG%\@% Ceoqn‘tﬁ?d;r%/?oa]:l%oar(ﬁbl%%e@nc%grrl?%%E%?O?hgdrgeglg%lédopt ed
a (doubl e weld S{gpcturer&hatl 1k welds drs didded BsPart Ohch WwidyRe1sybstrate

surface. N type source/drain regions diff2501, a diff2504, gate oxide filns

0x2501, ox250desiolatielasd f ede gaheds0dr angl e gl s288Asarachkeed in the
surface |l ayer of p substrate and thus n channel MOSFETs nn2501, nnR504 are

const ruct eddoFFEhanseth MSEETs ot 5612y e @ bA3ve espget ivehyntmhseduthed of
p' type source/drain regions diff2502, diff2503, gate oxide filnms 0x2502,
0x2503, gatthelvwoi¥odds quie2502 ahisgaeefs08 ot eumsktron 1s W&l bAr egi on
surface layer. The Vdd is connected to a source and an n well of the p
channel MOSHET l@etq HaLessotBeE gHIRR AP S0 1R BRICEEmTT PRE tA OBhaRAEl
MOSFET and t he substrate. Here, it is assunmed that. the inverter invl of
FIG 12 1's FERBHOw LAOL RoTRRBS0E 4R tanEid? éﬁ‘dﬁj‘t%‘lel% nRr{ete i of FIG
12 is forned with the._nm2504 nn2503 . _Since the invl s constructed of
VOSFETS eachong Hhea R oRE AP SEREr cs o i T rbey vyt St & ESDERREGr Ty
density 1 of fE%fi f Eq% eni_cgpdygt on stihatgeungdes ~t he-gate
oxide filns 3% t e]h Egéﬁl pﬁ%Sg% grggsétmhlg , whilg ?n%u?i?y 2 6 JUN
200Z -41  are constructed of MOSFETs each with a low threshold voltage

as in the prior art, a total leakage current is 85 pA. That

is, an essential point of the embodiment shown in FIG. 4 is

that in a circuit in which signal paths from a plurality of

nodes as starting points are converged so that one converged

path leads to one node, when MOSFETs each with a low

threshold voltage and MOSFETs each with a high threshold

voltage are mixed with each other in a proper manner, MOSFETs

each with a low threshold voltage for use in the common

portion from the converged node to the final node are more



densities (inpurity density 2 of the figure) under gate oxide filns of the
nm2504 and pnk503 are set low. A third nmeans for fabricating a 26 JUN 2002
sem conductor integrated circuit with MOSFETs with respective different
threshold voltages is to change a thickness of a gate oxide filmof a
MOSFET. Wth the nmeans in use, too, th€P€ can be freely changed a threshold
vol tage of a MOSFET constituting a logic gate in any place of a

sem conductor integrated circuit as shown in FIG 5. However, with this

met hod, too, in a fabrication process of a sem conductor integrated
circuit, the nunber of steps, for exanple steps of thermal oxidation is
necessary to be equal to the nunber of kinds of MOSFETs in use. FIG 26
shows a vi eiwm iratdaptthsins éhoset fom vbecalnethie e HigwEants i nnaotrkierdto

enbodi ment of two inverters constructed of MOSFETs with respective two

ki nds of thmbsholdevoheagesbehi giie MOSE HTowaaclofwiiG a 1powhepr eahsldet hod
is adopted. As in FIG 25, the device structure assunes a double well
structure thattage Herluse.forned in part of a p type substrate surface

| ayer. N+ type source/drain regions diff2601, diff2604, gate oxide filns
0x2601, 0x2604 arfd fgeitdr careRadBerRat gaf e2606291§a082604 148 orlfed® i n part of
the surface region_of a p.,type substrate gnd thus n channel MOSFETs nnR2601,
nn2604 are ?%‘B?FE%@%BFOP &ﬁgﬁﬂéﬁtﬁésﬁléﬁuﬂﬁrz@(ﬁ{l%ﬁ% FROMBIFEEPEd of p+

type sourcel/drain.reqipo 2.6 J 200Z -42 diff 2, diff2603, te oxide
1P ox 2609 830508 ol Feke GIFSA e e (i A8 1 e | &G TenL8ABPES on
Vdd is conn . rce a el ] aof e , .and Vss
s connect e b cihgad, SBHBF PRES A 2 ANET R R R At BLiTafe. Hre.
it is assu 1 h he,phaverter i of.+F I S1.Lapst r d of the
nm2601 andngg‘béogi%%d?tlag ?%vgrtsé:r@fjitﬁv hcéoﬁﬂkga leﬁcs_ cong':slﬁgct ed of the
nm2604 and pHREL3u-FBcknesses (PN £kDasyild ghRelhea i€ yatk gave,oxide
films of the nnk601, pnR602 are set large in order to consfruct the invl
with MOSFETs eegic Wdde g1bi2ghntihs esdwl € gendd ageuwigtibe i Al andally

t hi cknesses (thickness t2 in the figure) of gate oxide filnms of the nnk604
and pnR2603 ar £lsptfdaoml E1PA eander tsecoombtsigtal hmathmvw@omid tn MUSFETS each
with a low threshold voltage. A fourth nmeans for fabricating a

seni conduct 8kipnfégpatéflciscai stanth NOSFERS i thir@shecel ¥k different
threshold voltages is to change a gate length. Wth the nmeans in_use, too,

there can bEOPFEERGLERMhORaCr R BEFR} d A 9§66 A MBFEFaEGnELPLuting a
|l ogic gate in ani’/'%pl ace of .a sem conductor integrate ircuit _as ﬁgown in

FIG S. FIG 3howete fdP 3 PBA BetRth 32 fatd ABh§eH °4nd28% hiBehdvd
vol tage. For anpl t wo_poi.nt s shown t.he, gr.a of FIG _6 _are
sel ec'?ed an g%‘%é%@ﬁ%?%%s éEI% d‘ﬁt Iafsé’]hmaeﬁiggtgfart \Abpk]?cﬁt S %?t%/f)sf—"ﬁ?s wth

di f ferent t%@%B%%vebhegmt_@hgg? o1y W FERANen P R da hi%hs ~UuN

zoos -43 FIG 27 shows a view in pthw'se section of a device s
a fourth enbadbBBBYq0{ ol WagkNVeklehE GINYJdctra10f MEEEISa Wehhgeespective
two kinds of threshold voltages, higher or lower, of FIG 12 when this
method i s adepted. As in FIG 25, the device structure assunes a double
wel | structure that a n well is forned in part of a p type substrate
surface |layer. NIt yhes smercelesaribeégiions tnffR¥8lcadef f RE64¢cogmbe oxi de
films ox2701, ox2704 and gate el ectrodes gate2701, gate2704 are formed in
the surfacelbayer gofet tid%p itypeosabstraed afdMASERIANeRCNOBEERSankR2w01,
nn2704 are thus fabricated. P channel MOSFETs prr27.02% pn2703 constructed of
p'' type sotiREesBrarnvelErons AtenraoPn Wiltmpaighte g deofid ga8tex2702,
ox2703 are~forned on_n well region surface | ayer. Besides, Vdd is connected
to a sourceYaRYPE FBLPLlofI¥hed<p HEhACIUHOSPES JR@UPsEIL 22 OPRREL 8RSt 0 a

source of the n channel FET and t he g SubStl‘gt% Here, it i s assuned
that the i nvEFLEr9FheF @f Ffictage structure and the logic gate group

ggl9l comprises logic gates of a N + M stage-structure which

is more than ggl9%92, that is the logic gates of a N stage

ructure in ~



is constructed of the nm2701 and pn2702 and the inverter inv2 of FIG 12 is
constructed of the nnR2704, pnR703. Gate |lengths (gate length Lgl im]tmmung
figure) of the nnR701, pnR702 are set large in order to construct e 1 nv
wi th MOSFETs each with a high threshol%voltage and gate lengths (gate

| ength Lg2 in the figure) of the nnR70: 4ind pn2703 are set 2 6 J UN 2002
-44 small in order to construct the inv2 with MOSFETs each with a | ow
threshold voltage. In FIG 7, there will be described a second neans for
realizing MOSFETs each with different threshold voltages in an enbodi nent
of the present invention. The second neans for fabricating a sem conductor
integrated circuit with MOSFETs with different threshold voltages is to
change a bi asrvekvage bl Mestags iell tayic gfisis-at dnothiBecMBEETONLN order
to attain the change, well regions are required to be electrically

separ at ed i Aher 8e¥SE oS kaippl wakilt flereitd i sihatleodiagaks gagee g61RBSFETS
with respective different _threshold voltages. In addition, substrate bias
operating pBeerdilarisuppeyayiHean &he Fegornfediyne L Ryl yrelledinkthe to
respective well regions. For that reason, it is not realjstic that a

t hreshol d vbPEa§eIdEe §UAEFET L8P -aIIfb§P€hg%tCélﬁeh BReak ¥ 1¢ SAFpPAEE /i s
freely changed as.in FIG . , Since increase in an ﬁea fequirenent is

5
| arge. Ther BRoF8, 155 LeRBRA PHEFRE BRe d9eyo 25 BT ofiedlf 4Bri cat i ng
MOSFET ith_th t h | t I, in.th | i on.
ST L e SR LSS ka0t B o o
ddi ti | fabri | - f i f ith
fespective AraarSThiCeBs R uBrFaR S eReRiN A0k SO TR la YRERGR LT

i'§ shown a”s%ﬁgofiio?}g'&t gl g‘é’”!ocfh el Ilggs%g %%egl%gh%p;%?y\gil dpcare formed on

a sem conductor infegrated circuit LSI | regions well7l to

well74 are usedthoktMISEENMoSAONs Waddh & ilcoivat Tewshid bl d 308 Rk bhe wel |
region well 75 is used for MOSFETs each with a high threshold voltage. In

this case, skeged, hehecariisesiox regsdwr ction according to the value of a
threshol d voltage of a MOSFET on sel ection of a place where a |logic gate
i ncl udi ng t he MOSKETismthhembedihersholfdavdlogdge dasec@nstawict ety 4 here i s
needed to observe the restriction in layout of logic gates. FIG 7 is a
struct ure ofeadcomgoditeentintecnsitead |Digieifat@ecbpetpticthd BFeREBFETs each
with a low threshold and_| ogic gates constructed of MOSFETs each with a

hi gh t hr eshdPYSRSIEEEgH 14 ePai SpTREHOBH WS ERY F 1 P ar €5 PBRPPELIBENE to 3.
Thi ti i t i d di to t t ti

Chrget | eakge dtir ol Commra Sani cher et ooy Sgre L e o' Platetiiplh ©

. N ey . oL . t
oyt per SLiD-EABAEERE s SIEEAEET LS o TUERE' G BARR LBZ0nS T Shee

bet ween | ogi,c : te f#\J/_QSFT i e d
vol t age andal é%%tcl%;agfag%stg?r?gt'r%c?eo of éelzgz@zeg%%aw&tﬁggc%?ghé?ﬁlrleshol d

vol tage andcansuhsidirice o idhdiddf ysioml ayegsc abaeady habrecabedytherein is
prepared under the estimtion. Wen MOSFETs with
flip-flop £203 and a second signal path containing a
flip-flop £202 as a start, through a logic gate group gg202,
a logic gate g203, a logic gate ¢g202 and a circuit c201
constructed of one or plural logic gates, and finally a
flip-£flop £203. It is assumed that if both paths are
constructed of only MOSFETs each with a uniform high
threshold voltage, delays of both paths exceed a target

delay.



2 6 JUN 20Q2 -46 two kinds of threshold voltages are used as showd 6 dUN2082
7, there arises a necessity for provision of two kinds of operating
potential supply lines for two kinds of substrate bias supply. Wiile in
FIG 7, there is shown an enbodi nent in which either n channel MOSFETs or p
channel MOSFETs are used as a single kind, there will be described an
enbodi nent in which a sem conductor integrated circuit is constructed of a
conpl ement ary MOSFET conprising both of an n channel MOSFET and a p channel
MOSFET. In the case of a conplenentary MOSFET, there is a need fox a p well
for fabricating an n channel MOSFET and an n well for fabricating a p
channel MOSFET and a triple well structure is used for controlling
respective bias vblthRpdeen L2eTHpee Hamrhetn FRGS gashRowsha geprmiom se
structure of a,device which adopts a triple well structure in_the

enbodi nent 6?9%%9%%9?@?leOﬁQFFEEPgaeéf OROMRETETR PRoPWY Lkinads 16w

t hreshold vo t%gg <?J;er or lower of FIG 12.- The triple well structure
i s such thaf RV b7 ohs, Attlj“'r&l?ltlQ“awbl eFpﬁl\iv’;eFF’lt fidog s delte

-well2 which are el rica in uI ted are fornmed in rt of a
gubstrate sHFPHEE 93?@5’ £¢l¥ 9oL griLg Hﬁegér FO’E}Pr&S#f ace
| ayer of thg 5 vvell and. an part of a surface

| ayer of th 1\%3(1;? s %ﬁasguF}é\egar%Fﬁu?%‘dF%%mg tfrpfa% ]g]a§@4 ﬁé@e oxi de
films ox801gﬁ%§0éoa§efg@gel 2 Gl 2002 ¢ 47, eliagl %ggggg%&egg,gic%at €804

are forned sur I"ayer "and nn804

are thus fabgi Ex@’ir%dthg @QI ET p{}f@z #){@0 aLe n§t u QM th p’
type source/drain regl ong@gl ff802 di ff803 gate og;,?de f{f} ns féx%%?’ 0x803

and gate el Q%Eﬁ@@@%egab§892stﬂ@é§&9§ WY &h e d abrincahed Epnbheignvel |
region surface layer. Vdd is connected to a source of the p channel MOSFET

and Vss is caanéttred $Dgnasautle infc Iudimy diennelgiMOBREE gYbpdb g20annect ed
to an n well of the p channel MOSFET pnB802 and Vbnl is connected to a p

wel | of thehaschdrneteXMISERY nind0thBesicdes] s Vhpalima conimedied i tae n wel |
of the p channel MOSFET pnB03 and Vbn2 is connected to a p well of the n
channel MOSEETigng@04.gmie gd2402.s B siMm at haset hehe nvariegatewb26fL FI G
12 is constructed of the nnB0l1l and pnB02 and the inverter inv2 of FIG 12
s construcPdtBe THeS hEgoR &ﬁdcﬁﬁﬁggucltﬁdoPéeMO%%Eﬁﬁr%‘%?%d‘flttl’hél 16w wi th

MOSFET h t th ol t dt 2 t h MOSFET h
ha ) oo ptehot a VAT ABE SO 08 YOOL A% A o BrerYast g@etet ﬁaﬁu%bﬁgcand

VBN |8 5P ool hOUELNELLGIECKD MR T PSR LS loh aeRare et
1.5V, Von2.5:and <t bR ddde: whizrP 1HNRAQ& 548

In FIG. 12, there will be described an embodiment
using a complementary MOSFET constructed of a p-channel
MOSFET and an n-channel MOSFET. An output pinof a £lip-flop
£121 is connected with a gate of a first p-channel MOSFET
pml and a gate electrode of a first n-channel MOSFET nml
through one or plural MOSFETs. The p-channel MOSFET pml is
connected with a first operating potential supply line
vddl2l and a first node ndl so that a source/drain path lies

therebetween and the n channel MOSFET nml is connected with



FIG 16 shows a plan view of the |ayout of the circuit of FI1G 12
according a device having the structure of FIG 8. Wat is differeng JUN 2002
between FIGs . 16 and 15 is that a first p channel MOSFET pmt construct eéﬂ
of a first gate el ectrode gatel2l and a p+ source/drain region dareal2l and
a second p channel MOSFET pnt constructéd of a second gate el ectrode
gatel22 and a p' source/drain region dareal23 are respectively fornmed on
different n well regions nwl51, nwl52. Likew se, a first n channel MOSFET
nm constructed of a first gate el ectrode gatel2l and an n' source/drain
regi on dareal22 and a second n channel MOSFET nn2 constructed of a second
gate el ectrode gatel22 and an n° channel source/drain region dareal24 are
respect i velghd dimsd noddirfdleredt tpe weldondgipers tpwibpotents21 Flpslis
because there is a necessity for electrically separation between a MOSFET
with a | ow linedissl® hela dhe taads auMISFETawWt ha bhhl s thiresstiot tveeht age in
order to apply different potentials to respective well regions according to
whet her a pot ent iThle ifs revpplddsl ndl & MOSFEU SR tdPRReOved Hy bshoh do&bet age or
a MOSFET with a high threshold voltage . The nwl51 is supplied with a bias
vol tage by @f tthisag Bk Pachag ot MASFHT SuppRpd rnegatBp2bectrPggghfadt hr ough
hol e TH151, the nwl52 is supplied with a bias voltage by a fourth operating
potential sIRPPEC ITHEAARREMOPFBLGH A" t hF oRigh™ RN THIBRSFET hemhwa 81 | s
supplied with a bias vplta 2 6 J(INZ -49 by a fifth operating
Poront i | SHBHSE T oner Ubh 1555t AEBAG OB SERCOREh AR s S SR e haA52 | s
supplied w i_,as; vol tage. b Slxt rati ot i.a p l.i ne
Vbn152 thro%%%f%Pta%rdo%g%e%%I‘%%ﬁ%Sadﬁ %ngrg |§rtlgsr27tglor% a mt%lodp?lé%v\%%/%ﬁ a bias

val tage S“p&éﬁﬁbéﬁuéeﬁytéﬁc{ ahe (0f 12 MBF %Béﬁ%:@#l@?%%dco%hl:%e% wRypUt area

is larger for the reason at there ari se needs r a new operating

potential supplapdddie nosePaRatA0d Dekweem B?Eka&%&?&@étéﬁﬁgi)v‘éhﬂ)ﬁ]ﬂgse 16
and the like, there is an advantage that a thresho vol tage of a FET

can be changgge wddmat sddinkiton 8budcBeWrstappathal {@drdrcatd e peogess of a
sem conductor integrated circuit as in the case of FIG 15. FIGS. 9A, 9B
show an enbBes h@es, ofha setdrdntoids ond: ni egratedcced cto tadevnpet opihhe
present invention constructed of a conplenmentary MOSFET shown in FIG 8.
Fig. 9A is ¢hea esboehidrehtiv nt Whip chl2dgikr gagle sorag ecdishosel NOSBET$ ne al ong
a transverse direction and a plurality of rows row 91 to 97 are di sposed

al ong | ongi t udi ndin diYedfitosl an P dgie st ipes this! di Shvdedfi Bha two

di mensi onal _configuration. In the epbodinment, a | ogi . ate is i gdi cated by
a rect angl ef 3 &n FhtOVFRI Sat BethtP52R6t 93 WowE" eg: SR&FBPAVBRRETS and
n channel ETs are disposed upward and war.d. e..logic_gates on
the row 91 and- row §%‘°z¥'rne% 0?%8 P c?%geo? TS Aegéﬁ%vﬁﬁ Fﬁgggllloﬁ/gt h¥eshol d

vol t age 2. - 1| i at t €k are_-A:
construct edlg?&kj&%%'%ge efg%ﬁvn\?lt#% tﬂi%h ?ﬁlr%;'holrg[gl \Q/%Ft gjg%w?n %h?@}%ase,
there is negdedaf ouhep;¥elkehegbenarBWdhdt @ MEEFaMiddang disaligd from
each other. Since the rowd2, rowd3, rowd4 and rowd5, which arranged in an
adj acent napReéshale NS didlCiretlaofh MISERIS ceathew ¢ ustdie feankr i gghol d
voltage, therefore a p well region pw 92 are allocated for themas a conmon
regi on. Li kewSEFET heaclovwDTh aandl swowd8r @simoIdev @l vaedd . r édgomi gpaBderpnmonl y
with each other. In addition, five n well regions nwil to nwi5 are

requi red. |authenectaeiof wi helbe vsgidonsrougd checanstahctassauiimtior. p wel |
regions are held in the same way. The adjacent rowd2 and rowd3 comonly
ocvn one n well rByFEF -nkB2 the Pechenned MAGFESWPS aggatReoneChamee] region
nwo3, the rowd7 and rowd8 one n well region nwd5. FIG 9B shows operating
potential sHPPF5TITHés2ForMAePBTy Q@pRtYaER dikRWsHireEheltfrltage,

configuration _of_ Fl Ain FIG 9B ions_are omtted

G 9 . In Fl 9B, |
for avoi daneBloFPRoApFRIIRG: WFEST P%?m??gg'ﬁh%r%y@?%%%‘ggd@wﬁgr%‘NLeI to a
o ddi ti le in whjch int t
i shosed- al BRE TS TEL SRCTUE O eurar PP B=fRS, YhkETet 1 BF T Eerat B as
| o Bl one: | ; ( >
S sour ce 1 oVAER REPIESr Y FRErR SR Ra R A I A A SR S P05

to an n well of MOSFETs each with



2 6 JUN 200Z -51 a high threshold voltage, wire93 to a p well of NEEE?T@ 007
each with a low threshold voltage and wire94 to an n well of MOSFE H ﬂ
with a low threshold voltage. By such a |ayout, separation between wells is
m nimzed and increase in an area requu{;nent can be mnimzed in the case
where a sem conductor integrated circuit’is constructed of MOSFETs w th
respective different threshold voltages by use of neans to change a bias
vol tage val ue supplied to a substrate. Then, there is shown an enbodi nment
in which a second neans to realize MOSFETs each with different threshold
voltages is attained by use of an SO (Silicon On Insul ator? device
structure. Wien the SO device structure is adopted, well regions are not
necessary tHMOBBET nainyiqrms t yteeparan edivaneeef @l c tae invhendesde hat
MOSFETs each with the sane threshold voltage are grouped in one well

regi on. | n PhfBaeBSé, MASKESFEM 2 W@eﬁh%uQﬂQH%ﬁ@efhM@gﬁETdnméltage can be
di sposed in an arbitrary place on a_sem conductor .integrated circuit as
shown FI G SONEBhEVERS PRelB¥EERETNELAS Ct §aFEalPYe -MOSPEFS WL ECHiift er ent

threshol d voltages requjres operating potential supply lines for
achievenentatﬁé%ai}?ﬁgéﬂt thr EHSPdavSEPE e§?gPP%.8%21§h6ﬂ§uént8nﬁéﬁinent

th for. A 1 d i nt d ci it LSI220 is th mbodi t
whi ch | ogi oF DPES B8NS b rbd LGP adondl SHERE bry? WOAPERS RHER MaVing 14n SO

t t . di i . ln the fi . 1.0gi 2 .S ~uyN 2002 - 52
stiucture age g sngsedih Lo Li e LIOMELOOE, o S AR o2
which s dagkened; pnchalf cfopechikRa22hd adicates.a;loni c qgke capstruct ed

of MOSFETs each with ow t hres a white rectangl'e icates a

| qgic gate g@%hreq%gpsfoéh@/?%l%@,s i8asBcukshrg db gl fheashod dawkiage -
There are disposed, in parallel, a substrate bias potential supply line
Vbp221 for prfchasnekkMa®bhis exch with a | ow threshold voltage, a substrate
bi as potential supply line Vbp222 for p channel MOSFETs each with a high

t hreshol d vol t agejhBlesubddiat endi asopst datrnalioayppbyubilig, Vie22tof de n
channel MOSFETs each with a |low threshold voltage and a substrate bias
potential sgppey té metVbe22échiored Loarset-WDSEETS ipadh opit Hesibhowon
threshold voltage. In the figure, a potenti al ?Qmer supply line for a
source el ectPofémsf fetch 9tIMIBFETsTreachbniheelliPhélpst endi &hesbppey |ines

are connected to subgtrates t hrough t hrough-hol es_ TH221, TH222 and a bi as
source i s sUPpPredUF8 FLIGHESEAESS R H T ISHETRCCINERI Pht PRg a gate.
As in the figure, there are |laid, as interconnection, bias_patential. supply
lines in paFSrESRREY FRecTSRECH: EopRavr as T nunBor witeh ™ S5¢aYaP i o t he
nunber of kEHg%tt_htth ‘Eﬁ@oé&ny taacg.g§?§hﬁ(\ﬁt\ﬁeé’ coh?stehfn%df?l‘?fa clock

conpl enent ary FETs, potential supp es are required for a p channel

MOSFET and 8ighathannelbuVOBkEhd e3pectrivg ¥)2anthd QhOQQ%nQ@iesSoéEﬁutﬁored at
necessary positions according to threshold 2 6 J UN 2002

from the flip-flop £121, a delay in the inverter invl and
a delay in the inverter inv2. Here, it is assumed that when
the p-channel MOSFET pml, the n-channel MOSFET nml, the

p-channel MOSFET pm2 and the n-channel MOSFET nm2 all are
of MOSFETs each with a high threshold voltage, the delay of
the path is longer than one clock cycle, while when all the
MOSFETs are of MOSFETs each with a low threshold voltage,
the delay of the path has a margin as compared to a clock

cycle (that is, useless power is consumed) .



-53 voltages, higher or lower and thereby MOSFETs with different threshold
vol t ages can be placed in any places in the device . That is, in t@é JUN2002
present invention, since increase in area requirenent is snall in the case
where there is used nmeans in which a threshold voltage of a MOSFET is
changed by changi ng a substrate bias sébrce, it is nore preferred that an
SO device structure is adopted. Then, there will be described an

enbodi ment of a storage medi umon which there is stored a cell library
necessary for designing a sem conductor integrated circuit of the present

i nventi on which has been described. Prior to entry to description of the
enbodi nent, there will be given a brief description of a cell and a cel
library, first oWhalg. ihnsgeherahannieer, e sicsorskcha toormhen@rticdawinty, a | ogi c
function on a small scale, which is called a cell, and which has been

desi gned i m dév.ayceandrcaesimpt hgn o seat dunticosr beanegp airdzedraaias . A
cell is registered in acell library in the formof information conprising
i nternal citcdg Qﬂ(ﬁﬁ%ﬂ@ﬁ%ndwb%ﬂné%@iEnchhéﬂééfMoﬁFEEy@mﬁ gack éfye  and t he
i ke, which are alrea%y designed and in addition to them a shape, term na
posi tions florchaanghCHEHheEd ainly auR)inadaic ikeh CoRsItacIpst atittdt i sti cs,
consunption power performance and _the | ike, Wen stor%ge nmedi yns on each of

which a celd Y9"hréitade stioresnatd afsthi bite8MPPLirenhosd hitd o Ike
conponents, i ch e .been ranteed.,with 2 JUN 2002 .-54 respect to a
oo gned. ofEPIHT R 1 BF great ChanbERUoF B8R cBRGuSToR ITEAG At ed b T cui Ls.
FIG 10 shows an enbodi nment_of a storage._on m@jch a cell library of the
present | nVaRT BIPTORIGTAE TACIRE ERBBACRERL of FIG 10, three Kkinds of

pverter cell ar g ggstaned s £}y ] NOTHBLILD,08 @ Celbnathere are

witten on cells’in the enbodinment: a nane, a Size, a gate length, pin

del ay char agliyd Stdes, usi h§akagsmslbheRtard MBLESHOLE R & unction
and the like. A mark c101 indicates a standard inverter cell and a mark

€102 indi caf-eshangel IMOIFrhiagld angatehwhaeh MIOFER. MBRF&Itpattpontd fres as

| arge. When a plurality of cells having the sane function are prepared in
the prior attlhiipkélioh §,13hésecaneekeptl to asgatk «fehbl 5imdt ohdreavrendall f f er ent
gate widths and different delay characteristics. The c103, which is sanme as
the c102 i MQERHEET wirdBA and aspabe dlealifdde efta ffigett hechdoe ]l MQETEL
characteristics and consunption power characteristics only. That is, the
c103 is a d8d3konstructed of MOSFETs each with a | ow threshol d vol t age,

again in other words a cell ose_ | eakage_current is |arge,, but_whose del ay
Ol 11 or d9kS B aerie IR0 SF B0, Peasd. SecEHeBRaBaY SEER i doraTed
circuit device of.the present.invention.as ri.bed ove, | i ry shown
N HG 10 M et i EXBRve iy YoRIn B h e aodi

sem conductgfy 31 &5 AL & X %F;/&f%fﬂr &0 161dCUh b ABKL 6ROl ah A6 P& esent

i nvention, en MOSFETs w ferent ‘threshold voltages are enpl oyed,

speci fic mask-ipather NGosreTr SAYBLedsi BoPhRCRSIeViith WMHLIE iasd muddty iS
sel ectively added and thicknesses of gate oxide filnms are chosen accordi ng

to places asdles hen deswyridebaboying |po taui LT Uiy Shiche MaskL pat ters,
there arises a
so that a source/drain lies therebetween. Besides the first
node ndl3l is connected with a gate of a second p-channel
MOSFET pml32, gates of a second n-channel MOSFET nml32 and
a third p-channel MOSFET pml34, and a gate of a third n-
channel MOSFET nml34.
The p-channel MOSFET pml32 is connected with the first

operating potential supply line vddl3l and a second node



necessity for information on a cell and | ayout of interconnects of2&IUN 2007
integrated circuit which has been designed, on cell connection and for
recognition of which cell is constructed of MOSFETs each with what

t hreshol d vol tage val ue. The informati on a threshold voltage of a MOSFET
of each cell has been stored on a stof%%@'nediun1on which a cell library of
the present invention and therefore, when the information is applied, the
above descri bed nask patter can be manufactured. In this sense, in addition
to a storage nmediumon which a cell library is stored, the present
invention includes, in its scope, a storage nmedium on which there is
stored connecting relations of cells and interconnects, that is a net |ist,
on which t hed&3?ssé uthdiera ssorrece i dfoinapabh hhes ebiyeneMeEFEEIVMENL &
different threshold voltage is identified, since such a concept can be
attai ned w fbusbBepfebannhRé PPESEAT bhdentio@lso xaennectedowitbethe t he
enbodi ment, while an inverter is shown, the present invention can be

appl i ed i n £hEsSapReyRyine: Pebpnsisf PiRD, VERLINAMDS Ahsefeepsd, ngde
flip-flop and the ljke. It should be noted that application of the present

i nvention ha32ndCspReFf fcSPHATLACESHN AR Hpph ikt tisr ShftvcrRspetfeto a
kind of a cell. Then, there will be desgcribe n epbodi nent of a desi gni ng
met hod usi n§<a°% o?éﬁgaﬁﬁﬁ'uNpéﬁaﬁﬂqﬂ%%%u?qénﬁhﬁqgg@FE?o?éﬂbaﬁP%. 23 shows

steps in th se in which a |logic design.i rforned usin st.or age
medi um on WHPEREEREUGH PR bP &I 515 FPATStod REEHESR i 6 C R B8P IRgul ar
boxes step 0 2 L.odi 1 i ; I S

o ocessi ng FTBE Ah e pecaPiaBt a LR P e oL Wb TR a1,
LOG230 i's wght tanebYoa-Bbghrhevelhalad o desld Mvon.danguage, for exanpl e
VHDL or the like. In the course of |logic designing, the | ogic description
LOG230 is read anghd ogh Lr@pd - haaheNMPELEESS pnhd 38t epBQ IS e fipr med. The
| ogi ¢ optim zation processing step230 is optim zation processing which is
not dependentaffed MosRET @ay 33narfeorirexadmile) qmtessédgbetwabhchhehe
nunber of terns in a Bool ean expression which expresses a logic is

m nim zed. Atrthi speraeingheotphitiisdatsupplys Jperd ord@ils based anthiddl ay
estimated by a delay estinmation processing 2 6 JUN 2002 -57 step231.
Ther eaf t er, nedel nds g3 gheehna pracessr ag/ drapriavails pbi ok pebebEhRWSens

processing in which a cell library LIB230 is read and a | ogi ¢ which is not
dependent oR& FEERRAGI BFFIPENeds MTEdE o ActtdfoRREFEefieVe thgEhgy

| cul ati . ' 23 d ti | cul.ati [
Ctep2a4 ar e Repoarotl Spor | SRREHAT oo B TBOHEhf BaePanCapt Fim BB gnment
and a net |31, .06L230, | 3, QuAt, SL0ce ke GeLl Ao} ganenL BbaeassiNg | s

characteristic processing in a designing method of the present invention, a
detai | ed exgppkech s Shown fom hbenkhaehemobiet mlﬁqrgobq,socebhn@r%%annent

is now executed on part of a path Ato D. It is assunmed that cel

assignment @A tpaths thied Actie Bi1371 eRdCche Jadmeobeen taerppbetedrand del ays
are 3 .22 nsec and 1.70 nsec respectively. If alogic in a path fromBto C
i s expressediby CszlBbOts¢ Bhat ia sosirdedenrstiongathal i ebi shBpebeaweexpr essi on
shoul d be assigned to the inverter . If a target delay in a path fromAto
Dis 5 nsec, a deBagidasanthaveetendi sodecegsaryisocbenecf@dowiltéssen At
this time, it is already understood as a result of reading of the cel

| i brary LI B23@uthainthiesesgecengr 8sent féep| 5133 0xhepiedle 0T WivEF Kavé
different delay values since they are cells with the same function, that is
inverters, BQUSKEVE Y Oy O O SEHHTAL VIRT Hged2 LR r £1DgENGy S LGRS

consunption powers are calculated in the cases whe t he ,
P s%own as an e lgpse as a s ol). The t'il%rd{] node ndl33 is

connected with an input pinof a third flip-£flop £133 through
a circuit ¢l132 constructed of one or plural logic gates

(shown as an ellipse like cl131).



2 6 JUN 20Q2 -58 respective cells are in use and as a result, a ceblg ﬁﬂ@@
with a low threshold voltage is selected. There will be described a seco é
enbodi ment of a designing nmethod using a storage nmedi um on which the
library is stored using FIG 24. FIG ﬁ) shows steps in the course in which
a logic design is perfornmed using a storage nmedi um on which the cell
library of FIG 10. A rectangul ar boxes step 240 to step 244 indicate
processi ng, black arrows show processing flows and white arrows shows data
flows as in FIG 23. In the course of |ogic designing, the |logic
description LOXR40 is read and | ogic optim zation processing |ogic step240
is performed. This is sane as step230 in FIG 23. Thereafter, cel

assi gnment processi i st igatws cdnohlly xeflsowilop aisighithedshol d
voltage are used, is perforned. In a simlar manner to the enbodi nent of
FIG 23, detalemd skl af pomett ¢& eulfaiboh lpPocessi agchpeefepwat edl y
performed in order to achieve an optinmal cell assignnent under limtation
that only celfreng + hhg b grenre bIRSIEEY Brdadderad e NsBaChrRBLeHPEFET| ayout
processi ng step243 are perforned. Then, delay and consunption cal cul ation
step242 is Tt %e?OBEFFgPﬁﬁa PR EPYRESFE dPHEG Rty tEhgt BhafPer | ayout

and as a result of the_cal cul ations, | cul ation results wth higher
preci si on c%%a%%e;twgﬁﬁéas Bﬁﬁg 'agﬁﬁée% e (he rHﬂ%d%?%%Egﬁsults

bresent o CHBPE 7S WeM SRt b oceedt MO0 A5 R NCh Sdel o thRe del ay
violation patfiLa renlsednll Hf13 ,cell 00nSiiuichen of NOSEETS, saghnti (h 2

| ow t hreshol d"voltage w sang function an here 1s output a net |ist

net 240 att aghesl Wi 51?1§§Y&Es£fé&£éf9§ingfh ellﬁz_ﬁrcelaﬁé,tet N_@hﬁ.mn ﬁ”&?ﬁﬁgla”

advantage that a delay violation can be I'm nated wi thout any change in

its peripheigb iayoiut @b the eikelihand, aadenien de ay Bakgut bg takt as a
result delay calculation after cell assignnent and | ayout are perforned

usi ng only telril31candtas ucitarth ofirnliy VOpkETsoccabk MORD3a Lavaddiesbal d
voltage on the contrary to the enbodinment of FIG 24, it is conceivable a
met hod i n whochnaoueblitonnalpath which has a delay margin is replaced with
a cell constructed of MOSFETs each with a high threshold voltage. Then,
there will be deskribeRl airewbbd Hearei aArghneResHétpessEhati gvdniion is
performed on a sem conductor integrated circuit conprising about 8000

cel I's. In the8hBGH HEne, CeOeHFpiBRent-br iS MOBFETEUhth FhaS -4 1o& E1Péngt h
2 Cycl o 1] nE Lo SHaRARAT PREh FETROR TErHH DRG by A Danier A And e
e oL, CERARMBgSRACEoLR, BiEeGh Sausemandng, ot heslay vapue 1
inverter invl3l and the NaAND131l, and further through the
cl3l; and a time length after a signal is output from the
output pin of the £lip-flop £131 till the signal reaches an
input pin of the f£lip-£flop 133 through the inverter invl131l
and the NOR131l, and further through the cl32 are within a
cycle of the clock signal CK. In the embodiment, too, it
is assumed that when MOSFETs constituting the NAND131, the
NOR131 and the invl3lare all of MOSFETs each with a high
threshold voltage, each of delays of the two paths is larger

than a clock cycle, while when MOSFETs constituting the



-60 are included in a plurality of paths, the cells are included iQ@JW%qﬁy
whi ch shows the largest delay. Athin solid black line ( 1) indicates the
case where MOSFETs each with a high threshold voltage ( 0. 15 V) are
uniformy used, a thick solid black Iigﬁ (2) indicates a result of the case
where the present invention has been pérforned, wherein it is set that a

hi gh threshold voltage is 0.15 V and a | ow threshold voltage is - 0.05 V,
and the solid light black line (3) indicates the case where MOSFETs each
with a low threshold voltage are uniformy used. The thin solid black |ine
(1) has a path wth the maxi nrumof 5 nsec, while the thick solid black |ine
(2) and the solid light black Iine (3) has the maxi rum delay of 3.95 nsec,
bot h of whiNANREZL NPWB 1 e Hmpiwd brra al jinapect IHRFBETeN.
However, in the case where a threshold voltage is uniformy lowered as in
the case ofed@d) widhr aglom tkiieshokd gioddlade haseadshay|o Hélhgyrpshahas
affected to assune a hi gher speed, wherein in terns of a shape of graph, a
graph in tHereFgd 3y COINARER tonaFe Oftl EKHCILEe tHeAkdfe YESLRSE BPWERe case
of (1) with a parallel displacenent to the left. This shows that a path,
whose del ayl%a‘g%s?r%e%hual to or less than a target value even when the
path use MOSFETs each with.,a high . threshol.d | tage, is.also affected to
assume a hi gher g‘& in she ﬁfﬂ%o%@fn%ffc#ghe?gt he? %Ja‘h ?r?ﬂC?Z}ani ch

is the resul f e pr I io i stributi 15 noi_changed from
t hat of thecé:%%melég%%@iﬁ%ﬁgég?g%ggg ( Etglr? Inoﬁ?lyhyel?lpa#rht%o]fr&ﬁel%li stribution

in a range €$%§%?1g%9§%cof%§sﬁ§ § é&cﬁ%ﬁﬁ??a?%%ptk#@sﬂlgié andNghehs ) ( 2

) shows tha eed operatron is realized with no usel ess consunption
off power. Rz 1{,3Si@ GpARPrLACMAI Ghcd Selrarld B dH e vid Mg pat h del ay)
is plotted using an abscissa and a consunption power due to a | eakage
current is pheéérE1IASIIRY-AR sk Ralee The gt Uist biSn@h&drlitheWib8s
operates at a cycle time 5 nsec (200MHz) when MOSFETs each with a high

t hreshol d vediagead An the Enbacdd memtf,orciiey MOSEET sApmaBleantl coh3unpti on
power is normalized with consunption power when MOSFETs each with a high

t hreshol d volhe alges lar sans fosirpans édonastile Juandie nfadgundl3dat ahasrked by a
triangle are a result of the case where threshol d volta%es are uniformy

| oner ed andCeEranFErRERBPYabeiticPathfe aredtfde off MPREETEsB2RReY EEVMOSFETS

with two kinds of threshold voltages are used accordjng to, the present
i nvention. A tAYeHoPULE t EetRS res%%’a‘%ﬁ\j' t%l%r?)ljcﬁt #1287 sEBet ached

the side_of, th ta. . I in th t . tion, wh
T i sot (RGTORS| B FFEEhSI 2001 AGE o 10 o it BTN L cahol d
| t [ : 11 h [ t
loed 8 cycl S0 he oa e Spea OB 10 S 85 Reae (355 M) Aha" CaPadnt | on

power is abgHl BOsided, 6id 1k NZHIDH162 OsddisrSihedohantht Wbgnpéhepshol d

vol tages are uniformy set at - 0.05 V, a cycle tinme assunes 3.95 nsec in a
simlar managte.butheasuAPthen ep®WEimen teqitdle lda s wiHee thapa ). ikt is
under st ood that while, when threshold voltages are uniformy changed in a
condi ti on tbhadnchadutpttiwn geovies idueesacrddeghkappe caseenwvhesesappaeksed to
a level equal to or less than 10, a cycle tine is 4.33 nsec (231 VHz), but
accor di ng t bstiheapecks@nto itHvesr imathawoperst i haspeéedteantae-putreased up
to a cycle time 4 . 07 nsec (246 MHz) . In FIG 17, when the present

i nvention i3g PeRPsemerk e included in the scope of the present invention

and the same effects and actions as the case of the two
branched paths can be attained.

In FIG. 14, there will be described a third embodiment
using a complementary MOSFET constructed of a p-channel

MOSFET and an n-channel MOSFET. An output pinof a £lip-flop



a ratio of MOSFETs each with a low threshold voltage is 6 ~ for op2éalyNom;
at a low threshold voltage of 0.1 V, 15 ~ for operation at a | ow threshold
voltage of 0.05 V, 23 %for operation at a | ow threshold voltage of 0.0 V
and 30 % for operation at a |low threshqld voltage of - 0.05 V. It is
desirable to restrain a ratio of MOSFETS each with a | ow threshold vol t age
to a value equal to or |ess than about 30 because a | eakage current is

i ncreased as an exponential function is when a threshold voltage is
decreased. Besides, it is desirable to restrain the ratio to a val ue equal
to or less than 10 %in order to suppress consunption power down to a
proper value . According to the present invention, those are features of
the i nvent ik Het GHEFRIARICDITABRERS werdesiah aa §ig6 & mredmsrre Vol t age
can be mnimzed, and besi des 2 6 JUN ?70Q2 -63 a ratio of MOSFETs each
with a | owHIntEhAR4biang & i i R-ERANTHe MAFARS THHL AVOSHETRIGE 2 val ue
equal to or, less than 30 % , Fromthe above d crlbed enbodi nents, . it is

appar ent t&ﬁngquF?kﬁﬁfﬁ%éEn?lﬁ vent PFENPI R %@@&tMQ§F5¥MPW%ﬂ§ =in
FETs d t | k
SUppr essed GG SR (1ehans byh SR 1 h FGHeat At SHORCH: bERBPE 4 on, and
th b duct t d t h t t
i gh oper Aty Sreei caioBe Paufioa. Thrs = SOy ERd-in B S n

whi ch a sereondustooh t egr abedngi belhbodeyi GRsphr BRiBLesaNtyjayention i s

applied to a m croprocessor OWs nai n a mcro processor
and i nternaloGedd £QNEH IR AT EOPsESoBBRUR i YREleRlilaY %ylprfﬂg} angles. In the

enbodi ment of FIG. 28, the constituting bllocks are: entr al

priocessi ng wad141 arRUthi 0atkR0nsd: tndl OF @5 ithd tUR ddur Sadiea { h b £Emal
menory), BSC (bus control), DVA (direct nenory access), CPG (clock pul se
control) andidNEHdrdestiwpsn comtieoh) chahael MOSEET|smialdadifa taosneomfong
cells in each block has a | ow threshold voltage and each of cells in white
has a hi gh trleshneél NOSFEGenmEéR exanphe seirticiss condexcstedbdvittiattiePU, FPU,
cache and the like, which is critical in timng, have many cells with a | ow
t hreshol d v%lllt%l‘genO@@ pn@ekl| arcdapdserent kpegachngt pattiestrial) 1w 2001

-64 has a margin intimng is less inratio of cells with a_|ow threshold
vol t age. nljsr&l%hv%ts%%n%? tﬁ%Eo?BFﬁﬁe{Qrtaﬁél ﬁﬁé%ntlllenﬁéﬁﬂ]ﬁ% ¥iRftonl y is

b EQL?S%‘MS' gt ELTBr EL68 P EES sontonpeeerd EACRR LRt o
hi gh threshoj d.voliage.pre selegtLvely-usad it-a-Lann MNe and ysage of

MOSFETs ea oW t age can be mze nce,”a high

speed oper a{i o, angh | ¥s SARSUATA 3 O POVEH &aibéi@&at@é‘%%%dlr?eci@@ i zed.
Wiile the present invention is to realize a high speed operation at an

active opermié of-@fsindel oMOSPRTUPRL LAN ipOWRNnchRPRATENtLHNVEIHEON can be
performed in conbination with a publicly known technique of setting a

t hreshol d vabpéngeing pobeghinal vepphy ddnkr Middldd ansulstyaiendimsdsour ce
in a standby state. In the above descri bed enbodi nents, while there has
ndl42 so that a source/drain path lies therebetween. A
fourth p-channel MOSFET pml44 is also connected with the
first operating potential supply line Vddl41l and the second
node ndld2 so that a source/drain path lies therebetween.
The n-channel MOSFET nml43 and a fourth n-channel MOSFET
nml44 are in series connected with the second node ndl42 and

a second operating potential supply line Vssl4l so that

source/drain paths lie therebetween.



been descri bed the case where two kinds of MOSFETs with different t%@gﬁ&@@ﬁ
vol tages are used, there can be practiced with ease the case where

with three or nore kinds of threshold voltages are m xed, which is included
in the scope of the present invention. According to the present invention,
as described above, there can be attaimed a sem conductor integrated
circuit device which can operate at a high speed whil e suppressing increase
i n consunption power due to a | eakage 2 6 JUN 2Q02 -65 current at an
active operation by constructing the sem conductor integrated circuit

devi ce through proper selection of MOSFETs with different threshold

vol tages even in the same functional block in a given operating condition.
Wil e we have shd¥@firE deste ifhar savrdancdifdodisneptgeict esc wéidageden t h
our invention, it should be understood that disclosed enbodi nents are
suscepti bl eSbfCERAAGESCEnd dIdith enGreinad tHORETapRt4? ngndramttiEhscope

of the invention. Therefor we do not jntend to be bound_ by the de%ails

shown and d%éEF?BEElH@?%E%%BHWbﬁ%teﬁHrFBeEBQ§F'agﬁe§ﬁ%ﬁnﬁ%éﬁﬁgén§ﬁé

nodi fications a fall wi_ithin ,the anbit of the appended cl ai ns. UN

2.6 J
2002 - 66 VEATOPRCELRAMED SIS 9R ten & toF it BorhiBACRAPRELt devi ce
havi ng | ogi s C tructed af sw tchin I for on _
sem conductg?gghﬁsw@?g a\ﬂﬁi &n Splé?tf ﬂmcqbalrg'é%l éﬁ%@l%{rgg t hg%faogi c gates
on at | east LAp Lgna o] S iignal.,. .t i t ching
el enent s befﬁgg%%gpgééﬁhgg gpaggéspkg%g ﬁ?%déggﬁgg%ggb %%g gpgné%ﬁ%ﬂ
wherein at Lgash9n prigge 4,00 Aigh 81 bR YOoLhagg ARALI ed to
t he substra%g ortg é@?ﬁtgp'fhe Eﬁ%tcggnﬁjg?enents i's ifferen? Ee?&een a
fiirst kind ghiihessWwhghi gguekempbinepahny i heathbtebetteashahe vokt age
and a second kind of the switching el enents each with a second threshold
vol tage, sughchhahetambseETt helficr ahdkthd afchhansw MOBFEEG ahementgehas
| ower threshold voltage than each of the second kind of the swtching
el enents, whersemni¢heversgatal avictlethsitgniatd padesndbdposedl thfe aesogdal pat h
froma first node to a second node, a signal path fromthe second node to a
third node amératingredteathalrsmrhe ldacoldshddesq 6hatf sauraeddgeinnher ei n
a ratio of the nunmber of |ogic gates constructed of sw tching el enents each
with the fiP3EhFhléShBRETPRPGYERE -t hBeFSP&S  nGRBeFRord 8gPe §alds &8 the

path fromthe first node to the second node, .i.s rger t.han a ratiq of the
arber of | BGPCGAEES e B RFULTRRC b Rl Chich 16 S G M Th The 1 1ot
threshold v e-10 the total .number_of |.0gi s op th ath.tr t he
second node U8 THETRI AT HBAE: SICThABAE PP i Ehbo aT hote "E8 he
fourth nodey 2;,8ySeubGaRduct oLt egr ahedreipeyhbrdevicehayingd egi ¢
gates constructed of Swtching elenents formed on a sem conduct or
substrate, whifghmper oMy -GHneehdr oeessiTy diyld he pRULs gaseshennat | east
one input signal and outputs at |east one signal, the switching el enents
bei ng conposkdnaklaMokeasis tma4ki,ndmldR sonschicngeebeNBNDS logher gamneat

| east one of a process condition and a bias voltage applied to a substrate
or a well oNANRE4dwienchiting g-ermemtree] MABFESS ervldhet iewhd 4 &ndsthii nd of
the switching elenents each with a first threshold voltage and a second

ki nd of thenseheomedgleBEREAtRMEATh Milt4t gonstand ticha 8D d ogula gg&e such
that each of the first kind of the switching elenents has |ower threshold
vol t age t haNA¥RAH 20~ thdhee dorfdatnRl SOSTRI S ipREh? ngPRl feAnd, ther ein
there are provided signal %aths {gnposed of a signal path froma first node

to a second™&GEMNEISIGREET SN 47 o™ 15 FPESHIFY H0o2 (MR O 648 and a
si gnal pathN%&%qhghe 2 6 JUN 2002 - 67

In the circuit, there are necessity that a time length
after a clock signal CK is input to the flip-flop £141 till

a signal output from an output pin of the flip-flop fl141



second node to a fourth node, wherein a ratio of the nunber of Iog?g gﬁgﬁ?
constructed of switching elenments each with the first threshold va é

the total nunber of logic gates on the path fromthe second node to the
fourth node, is larger than a ratio otBEQe nunber of | ogic gates
constructed of switching elements each™w th the first threshold value to
the total nunber of |ogic gates on each of the paths fromthe first node to
t he second node and fromthe third node to the second node. 3. A

sem conductor integrated circuit device according to claim1 or 2, wherein
the signal paths fromwhich the signals are transmtted are three kinds of
paths: a first path is a path froman input_pin_of the sem conductor

i nt egr at ed X8&HLIRT 201 BRVYENDEE Of Fhs 3 lordftlomdiddi RErereBuri4hhi RSt he
signal reaches for the first time; a second path is a.gath from an out put

pin of the MR hAM e VR 410 andid i 1R th 3EEeSRE st €22 hol di ng
Sht bt 1 om i LR TR STl SER e O (e LR SEio BLAF tha e |
oot ok A SLen el € ihle ol B ket el e Bhincror
ol emants. 1 o st HRELEC AR LRI 8Tk 1 H2E FRCRRER HERERSQ AU LARLRO

i At ' t NPy, Si ts at
processi ng ﬁ%}hacf‘,ﬁ 4081 £, OR1 85 B4 th?@?bho'&%'zr!plthf;r@{l\}g\ﬁit hllazir‘% a'is’i’tx'cgpu S a

| east one sign conprising: at least first, secon te

hol di ng ci rqutéSer athd RASD fuBShre SRCORN 4 Riyde beUEhB, c1békhs 8251 Xt h
switching elenents; a first operating potential point which a fiTrst

operating pagential is supplied and a second operating potential point

whi ch a second operating potential is supplied; and a first node, a second
node and a thirditode, asbenhetnthatonhpntapl MofFrEhe dotististaiagheohdi ng
circuit or an input pin of the sem conductor integrated circuit is

connect ed tNANDRL 45, BledANidds ahdt ttiee NANSTL 4h d reguade cFMWOERERg ehehent s
directly or through at |east one |logic gate; the first switching elenent is
connect ed tWthée Righithsmrahnihyopsesnt fUPNpot fheap@oPAenenEstdabaesso t hat
a source/drain path |ies_therebetween; 2 6 JUN_2002 - 68 the second

swit chi ng ePenEht FROBNHEEEEUCPRE FHE BEEHRd 3T Fer@hIfT fotdhtd &F L pofnt
cycle, while when all the MOSFETs are made of MOSFETs each

with a low threshold, the delay of the path has a margin as
compared to a clock cycle (that is, useless power is

consumed) . While in the embodiment of FIG. 12, no difference
in power consumption arises between when the invl is

constructed of MOSFETs each with a low threshold and when
the inv2 is constructed with MOSFETs each with a low

threshold, in the case where the paths from the two inputs
converge as in the embodiment, the MOSFETs of the logic gate
commonly owned by both paths, are constructed of MOSFETS
each with a low threshold voltage with a higher priority over
the others as described in FIG. 13. That is, in the figure,

the pml145, pml4d6 and nml45, nmldé are constructed of MOSFETs



and the first node so that a sourceldrain path |ies therebetween; ?BQUN?@Et
node is connected to gate electrodes of the third, fourth, fifth and six
switching elenents; the third switching elenent is connected to the first
operating potential point and the seco; node so that a source/drain path

| i es therebetween; the fourth switchingelenment is connected the second
operating potential point and the second node so that a source/drain path
lies therebetween; the fifth switching elenent is connected to the first
operating potential point and the third node so that a source/drain path
lies therebetween; the sixth switching elenent is connected to the second
operating potential point and the third node so that a source/drain path
| i es therebeagBenithhe devondreede lidk vidmnsa ed TREEALPFHPuUt ERPASOR St he
second state,holdina circuit_or an outgut pin of the sem conductor
i nt egr at ed BiRénized et PymBert AfoigRTBE S| 8aSE WAEN BgileWghheeshRd & he
third node is connected to an_input pjn of the third state holding circuit
or an out putNprR &Fe FREVLERc BRE AT L RS Gt Witk 2 Fiare]t ¢ ise
t hrough at | east_ one quic %ate" wherein ,at. | east one of a Brocess
condi ti on ah8dChi 2aR\FT 5YeS appt iEdPRS S §h&0r SHBPHRSE GRIMPUBPHERE
switching elenents is dih&ﬁrent, ggfh that.a tq{es oéd goltaﬁe oftthe third
swi t chi ng eP8WEAt ™PEehi gher Lehan BRI SO t A of PP Re“FFFSt “¥Ri t chi ng
el ement, or gr Aol | §a9g.0F EESdf oupEn SWLChing el AIBAL JL§ Hal gher
than a thregggﬁ _gé ?ﬁggégbonq %mnfc_lng eﬁengnt. 5. % Ser condBet or
integrated giroubl dewl coRRvifag |0 G 9l RRFONStENET 86088 of the
{ present invention and the same effects and actions as the
case of the two paths are converged can be attained.
In FIG. 21, an embodiment of the present invention
using a pass transistor gate made of an n-channel MOSFET and
a complementary MOSFET constructed of a p-channel MOSFET and
an n-channel MOSFET and an n-channel MOSFET.
An input signal in2l1l is input to a drain electrode
of a first n-channel MOSFET nm212; an input signal in2l12 is
input in a drain electrode of a second n-channel MOSFET
nm213; besides, an input signal in2l13 is input to a gate
electrode of the second n-channel MOSFET nm213; and negation
of the input signal in213 is input to a gate electrode of
the first n-channel MOSFET nm212. Source electrodes of the
first n-channel MOSFET nm212 and the second n-channel MOSFET
nm213 are connected with a first node nd21l, and the first
n-channel MOSFET nm212 and the second n-channel MOSFET

nm213, both as pass transistors, constitute a selector logic

gate sel2ll with two inputs/one output.



switching elenents formed on a sem conductor substrate, which perforns

gi ven processing by the logic gates on at |east one input signalZéanZWZ
outputs at | east one signal, conprising: at least first, second and third
state holding circuits; at least first, second, third, fourth, fifth,

si xth, seventh and ei ghth switching eT%ﬁénts; 2 6 J UN2002 - 69 a
first operating potential point which a first operating potential is
supplied and a second operating potential point which a second operating
potential is supplied; and a first node, a second node and a third node,
wherein an output pin of the first state holding circuit or an input pin of
the sem conductor integrated circuit is connected to gate el ectrodes of the
first and secondBswildeli nghel drimstts rdidectd3lbris wougdcaed| tasvasree | ogic
gate; the first swtching elenment is connected to the first operating
potential Fdientrafes et {3 rEtrsode-cbanpnat HOSEETcEMGRdi Angarh thieed

t her ebet ween; the second switching elenent is connected to the second

operating pordRingl pRTREaMd e 1 iThg fHodd S draned YOREES dmd kL pat h

| i es therebhetween; an ouLp¥} pin of the second state haolding circuit or an
i nput pin ofs tquémected with a first operating potential supply line

vdd21ll and a second node nd212 so that a source/drain path
lies therebetween and the third n-channel MOSFET nm2ll is
connected with a second operating potential supply line

{ Vss2l1ll and the second node nd212 so that a source/drain lies
therebetween. Thereby, an inverter logic gate inv211l is
constructed with the first p-channel MOSFET pm2l1ll and the
third n-channel MOSFET nm211l. The circuit shown in FIG. 21
is a circuit in which a pass transistor logic gate and a
complementary MOSFET logic gate is mixed.

In this case, the first and second n-channel MOSFET
nm2l12, nm2l3, which are pass transistors, are constructed
of MOSFETs each with a low threshold voltage. Since a logic
gate can be formed by a pass transistor in a compact manner,
the pass transistor has attracted public attention in recent
years, but the inventors have discovered a problematic issue
that reduction in switching speed of a pass transistor in
low voltage operation is conspicuous as compared with a
complementary MOSFET. Therefore, as in the embodiment, the
inventors have been able to solve the problem by using a pass
transistor with a low threshold voltage in a semiconductor

integrated circuit in which a complementary MOSFET and a



sem conductor integrated circuit is connected to gate el ectrodes of btJu8 2002
third and fourth switching elenents directly or through at | east one |logic
gate; the third switching elenment is connected to the first operating
potential point and the second node soqt-hat a source/drain path lies

t her ebetween; the fourth switching element is connected to the second
operating potential point and the second node so that a source/drain path
lies therebetween; the first node is connected to gate el ectrodes of the
fifth and sixth switching elenents; the second node is connected to gate
el ectrodes of the seventh and eighth switching elenents; the fifth and

seventh switching elements are connected tq the first ogerati n ggtenti al
poi nt and tPRSEhFIRFbYECS P IR ERr GHUTHYF FatlRY VPETRASr 8BEt We8h; the

sixth and eighth sw tchin | ements are connected to the second operating
Sorent tal pOPRESaRHCE AELOR aVAoBE st R gy ride ST G HLC £ 98

State hol di HACEPTREPE BREBHIGUERUITHN &f A9 L HaOOIRT ER e ated
circuit directly pr_thgou h PI_Leas an Eo 'cO ge,wm@ 5e'n at geagt one
of & procesELSEN TN anE % bIHSb I agh SAoH P EaCE o b BUBGt Far Eo8eca wel |
oo 1 S L, B ELETR SRl Sha e sl voltage of |
or seventh Then, there will be described an embodiment of means
to realized MOSFETs with different threshold voltages. A
{ first means to construct a semiconductor integrated circuit
of MOSFETs with different threshold voltages is to change
a impurity density of a semiconductor substrate under a gate
oxide film of a MOSFET.
FIG. 15 shows an embodiment of a layout of the circuit
of FIG. 12 in which the above described method is employed.
In FIG. 15, the flip-flops £121, £122 are omitted. An output
pin of the flip-flop £f121 is connected to terml2l. The
terml2l is connected to a first gate electrode gatel2l. The
gate electrode gatel2l passes over a p’ source/drain region
dareal2l and thereby a first p-channel MOSFET pml is formed,
while the gate electrode gatel2l passes over n" source/drain
region dareal22 and thereby a first n channel MOSFET nml is
formed. The p* source/drain region dareal2l is formed on
an n well region nwl2l and the n" source/drain region
dareal22 is formed on a p well region pwl2l.

A source of the p channel MOSFET pml is connected to

a first operating potential supply line vddl2l and a drain



26 J UNZ2002 - 70 switching elenent, or a threshold voltage of QQF 0
second switching elenent is higher than a threshold voltage of the S|§HW¥Q%
eighth switching elenment. 6. A sem conductor integrated circuit device
havi ng | ogi c gates constructed of sw tgygng elements forned on a

sem conductor substrate, which perforns given processing by the | ogic gates
on at |east one input signal and outputs at |east one signal, conprising:

at least first, second and third state holding circuits; at |east first,
second, third, fourth, fifth and sixth switching elenents; a first
operating potential point which a first operating potential is supplied and

2 sorond ooetaLuna.poLentlal oLk bl oheo;serondooogest IO Rt gpl g, 1o

supplied; a TifFs secon an and and

second | ogi r by € i Lur.al.i o] i t are in
series co%ng%%@%ﬁaghgggﬁ%bgh ?ﬁ?ﬁﬁ%n%?ﬁﬁgféfﬁg'F?P?%ﬁétggggggfggﬁgg§ircuit

or an_{ npulcie0tebiie SN £PBINELY A BIRALEIGHBEYI 1 1hs AR (0

gate el ectrodes of the first and second switching el enents

through at heask QPfdoghceRtre qurkeshbiysta sWrbobhng B emefudrswagenect ed
to the first operating potential point and the first node so that a

sour ce/ dr ai inPakBohhBE thBar ehekweelic dHtrMl $VicreAenel feeal 1S
connected to the second operating potential point
interconnect layer and a semiconductor substrate.
Electricity is supplied to the n well region nmi2l from the
| Vddl2l through a through hole TH121 and electricity is also
supplied to the p well region pwl2l from the Vssl1l21l through
a through hole TH122.
Thus, the inverter logic gate invl of FIG. 2 is formed.
The first inverter logic gate invl is formed with the first
p channel MOSFET pml and the first n channel MOSFET nml.
Likewise, the second p channel MOSFET pm2 and the second n
channel MOSFET nm2 are formed with a second gate electrode
122, a p' source/drain region dareal23 and an n* source/drain
region dareal24. The second inverter logic gate inv2 is
formed with the second p channel MOSFET pmZ and the second
n channel MOSFET nm2. An output terminal terml22 of the invl
and an input terminal terml23 of the inv2 are connected to
each other and thus the circuit with two inverters shown in
FIG. 12 is formed.
An output terminal terml24 of the inv2 is connected

with an input pin of the second flip-flop £122. Here,

regions areal2l, areal22 which are hatched are shown under



and the first node so that a source/drain path |ies therebetween; 2g§g{irst
node is connected to gate el ectrodes of the third, fourth, fifth a MR
switching elenents; the third switching elenent is connected to the first
operating potential point and the secog node so that a source/drain path

i es therebetween; the fourth switching-€lenent is connected to the second

operating potential point and the second node so that a source/drain path

lies therebetween; the fifth switching elenent is connected to the first

operating potential point and the third node so that source/drain paths lie

t her ebet ween; the sixth switching elenent is connected to the second

operating potential point and the third node so that source/drain paths lie

t her ebet weethe fixs aN2e02ctrpta getedldnd Iwde fiedrdoatecredrooess i nput

pin of the second state holding circuit through the first |ogic gate group;

and the thi?8 aocdenisongnasoredntegartiath Riprief dhelPRRFHCYEt aSe hol di ng

circuit through the second Iogiclgate group, wherein the first logic gate

group is | afgeEriRupafbér 6P vgild Fae Gradeslthanthel segofBaldgic gate
roup, and , . . .

g P layers, thereafter, again an impurity is additionally
distributed only in the regions areal2l, areal22 in a
selective manner and thereby impurity densities in the
regions only are increased, which enables only each of

! MOSFETs pml, nml to have a high threshold voltage.

As shown in FIG 5, according to this method, a
threshold voltage of a MOSFET constituting a logic gate
located in any place in a semiconductor integrated circuit
can be freely changed. In FIG. 5, a logic gate is indicated
by a square in a symbolic manner. A square which is shown
in half-tone, for example g51 is a logic gate constituted
of MOSFETs each with a low threshold voltage and a square
which is shown in white, for example g52 is a logic gate
constituted of MOSFETs each with a high threshold voltage.
In the figure, a path from the £11 to the £12 of FIG. 2 is
shown as pathS51 and a path form £13 to the £14 of FIG. 2 is
shown as path 52.

However, in this method, the number of steps in each
of which an impurity is distributed in a substrate, for
example the number of steps of ion implantation, is

necessary to be equal to the number of kinds of MOSFETs which

are used.



wherein at | east one of a process condition and a bias voltage appliﬁqwm% a
substrate or a well of the switching elenents is different, such th 002
threshold voltage of the fifth switching elenment is higher than a threshold
vol tage of each of the first and thirdggw tching el enents, or a threshold
vol tage of the sixth switching elenent is higher than a threshold voltage
of each of the second and fourth switching elenents. 7. A sem conductor
integrated circuit device having | ogic gates constructed of sw tching

el ements fornmed on a sem conductor substrate, which perfornms given
processing by the logic gates on at |east one input signal and outputs at

east one 'si gnal 160mps! shifis 2L, 150S HutbepsRpaud ang Lot gl ale

hol ding circuits; at least first, secon ourt

seventh anog@mmrévuﬁc@lggcsﬁ&@mbédlaeﬁtfgtfa;& [ aldg hglent! al point

which a first operating potential is supp a second operating

pot enti al Rﬁ&ﬁﬁtﬂﬁﬁ@éﬁ%ﬁ%@@ﬁlﬂ’?&%%hng B ] gd a first
node, a second node and a third node; an(‘i3 %I rst an @egﬁ%% o‘S?c gate

groups in egofesioVhi<edl tagdsll ahidWePlfok ODbFegat 88 BEE, | 1n SRLLESL gPANECt ed;
wherein an output pin of the first state holding circuit is connected to

gate el ect mosesodfist hdobitest. atthseeaniyl cadTiMar: elrerrat s1i uioh, Lhe
first logic gate group; the first switching elenment is connected to the

first oper at iowuplctesnt taty pod sFEANdthbeef isstdopdedse dmaibla searce/ drain
path |lies therebetween; the second switching element is connected to the
second operstiu-ypot éieitaln wolhtl safdrinbd in petrtnofex potybatsdosotrkes/ dr ai n

path |ies therebet Ween 2 6 JUN 2002 - 72
; surface. type source/drain regions diff2501, a diff2504,

gate oxide films ox2501, 0x2504, a gate electrode gate2501
and a gate 2504 are formed in the surface layer of P substrate
and thus n channel MOSFETs nm2501, nm2504 are constructed.
P channel MOSFETs pm2502, pm2503 respectively constructed
of p* type source/drain regions diff£2502, diff2503, gate
oxide films 0x2502, 0x2503, gate electrodes gate2502 and
gate2503 are formed on n well region surface layer. The vdd
is connected to a source and an n well of the P channel

MOSFET, and the Vss is connected to a source of the n channel
MOSFET and the p substrate.

Here, it is assumed that the inverter invl of FIG. 12
is formed with the nm2501 and nm2502 and the inverter inv
of FIG. 12 is formed with the nm2504 and nm2503. Since the
invl is constructed of MOSFETs each with a high threshold
voltage, impurity densities (impurity density 1 of the
figure) of the semiconductor substrate under the gate oxide

films of the nm2501 and pm2502 are set high, while impurity



an output pin of the second state holding circuit is connected to gate

el ectrodes of the third and fourth switching el enents through t he 25N 2802
| ogic gate group; the third switching eenment is connected to the first
operating potential point and the second node so that a source/drain path
|ies therebetween; the fourth switching element is connected to the second
operating potential point and the second node so that a source/drain path
lies therebetween; the first node is connected to gate el ectrodes of the
fifth and sixth switching elenents; the second node is connected to gate
el ectrodes .Sev [ i4 chi I ngsy th ifth_and
sevent h smﬁ?%H%Egl%%eﬁgﬁ?§&§3€ﬁé%%%§€§£3$to t égf?$§¥£%beé%§?%ggégﬁentiaI
poi nt -and { be.il 41000 SN EnaS GANAlIE PRLse | Lo thgebetween; the

sixth and eighth swtching el ements are connected to the second operating
potential point agdchheqthbadsnede gavthahcIQW ce/dhdidbRaldisie

t herebetween; and the third note is connectedto an input pin of the third

state hol di Rateigirelticda enranieuipuh RbBrefrst hecaepteppdusiar gi pkegeated
circuit directly or through at | east one logic gate, wherein the first

| ogi c gate gheephiodd ablerngeB Nseicheinde0di €hdakfestages Lhar bReggecond
| ogi ¢ gate group, and wherein at | east one of a process condition and a

bi as vol t ag€iappbifed N@SEEBUbStiat ehermaanel inafisé hecsw tughimg celrement s i s
different, such that a threshold voltage of the third switching elenment is
hi gher thanfaeeirveshahdeid ttage sbfoldavhlobgehef fa MOSFamdcdngthtawihehi ng
el ements or a threshold voltage of the seventh switching elenent, or a

t hr eshol d vél Lagé cofatiee ipwrivh Ba ihg eenerendgchdéghéntegantad

t hreshol d voltage of each of the second and sixth switching elenents or a
t hreshol d vEREEYe toR StHOWER it RISwi T chilAYeErREmewt thathis §@%ih&§hdﬁ@90r

integrated circuigt . device according to any of, clains 1 to 3 or 4 to 7,
wher ei n t he*Pr vitdhgC 'HﬂﬂﬂHﬁTQ9é%nﬂﬁ59\ﬁ?WF?ﬁ?$%?Eﬂ¥ tRF8ghBFE ol t ages

R A SR T TR R e N
oxidation is necessary to be equal to the number of kinds
of MOSFETs in use.

FIG. 26 shows a view in depthwise section of a device
structure in a third embodiment of two inverters constructed
of MOSFETs with respective two kinds of threshold voltages,
highe; or lower, of FIG. 12 when this method is adopted.

As in FIG. 25, the device structure assumes a double
well structure that a n well is formed in part of a p type
substrate surface layer. N+ type source/drain regions
diff2601, diff2604, gate oxide films ox2601, ox2604 and gate
electrodes gate2601, gate2604 are formed in part of the
surface region of a p type substrate and thus n channel

MOSFETs nm2601, nm2604 are fabricated. P channel MOSFETs

pm2602, pm2603 constructed of p+ type source/drain regions



2 6 JUN 2002 - 73 9. A semconductor integrated circuit device acigtghgﬁg
to any of clains 1 to 3 or 4 to 7, wherein the providing swtching®el S
with different threshold voltages is tgojghange a bias voltage val ue
supplied to a substrate or a well of a switching elenent. 10. A

sem conductor integrated circuit device according to any of clains 1 to 3
or 4 to 7, wherein the providing swtching elenents with different
threshol d voltages is to change a thickness of a gate insulator filmof a
switching elenent. 11. A sem conductor integrated circuit device according
to any of clai o 3 .qr to 7, wherein_the praovidin i t.chi ng el ements
with di fferéﬁt{%%ﬁ?oeztsfh&lﬁ\?éfbéag8§t|es°%<688h%JnQES é”gfa‘{d;i gﬁétvgr?%ogo t chi ng
el enent. 12. A semiconductor integrated circuit device according to any of
clains 1 to %' dt Wfﬁi;ﬁﬁg%ﬁﬁﬂ%ﬁﬁf%%% FYHVT di ng switching el enents with

different threshold yokt ?‘gﬁiai\ﬁd‘{ gsc(gg;%ggtgmoog g@g&g%‘neﬁgd%yegm the

group consi sting of' $77s ns change an i npuarity densi

sem conduct ofz SYISL 26 EoHDY Yo 0aLEd R ALOLLLLLIL Ok Bosyidaliag g emont

second neans t nge a bias voltage value suppli fo a substrate or a

el | of a swichidihlemmptrariid JRAPS L Ghange metd ekness 2f apat e

insulator filmof a swtching elenent; and fourth neans to change a gate

length of a it eRknthwd ef@nt nvidef AT8ENC o8 HsHA ridt LI b&t ek G20 1t
device according to claim9, wherein logic gates are arranged one

di mensi onal lahd prend bRd and anpeutaki ixvdfof s 0f1d 4@ eogatesicerl
arranged in directions perpendicular to the one line so as to dispose |ogic

gates two digfen$iconalkbg4 aodpmd0ly. sthitkakeskisasthpekabssgt pairenttial
supply lines provided in parallel to the rows and in nunber equal to the
nunber of kifidsid) tdf esticd dxigle dgdsnsofo fi Hdnes wirt2@ilng pei2éfentasra satse. 14.
A sem conductor integrated circuit device according to claim9, conprising
a plurality GfrafRin pEERENEO IS BHQE flteuanvy WhEgll‘é@%ﬂE}TW@i wittHe

switching elenents with different threshold voltages are . forned on
differen?\Mﬁlh%¥§ﬁ§ﬂE§ShOld voltage for the gnv%gand t%ic%nesses

(thickness t2 in the figure) of gate oxide films of the
nm2604 and pm2603 are set small in order to construct the
inv2 with MOSFETs each with a low threshold voltage.

A fourth means for fabricating a semiconductor
integrated circuit with MOSFETs with respective different
threshold voltages is to change a gate length. With the
means in use, too, there can be freely changed a threshold
voltage of a MOSFET constituting a logic gate in any place
of a semiconductor integrated circuit as shown in FIG. 5.

FIG. 6 shows a relation between a gate length and a
threshold voltage. For example, when two points shown on
the graph of FIG. 6 are selected and a gate length is slightly

changed, two kinds of MOSFETs with different threshold

voltages, higher or lower, can be formed.



2 6 JUN 2002 - 74 15. A sem conductor integrated circuit device accggia@
to claim9, wherein |ogic gates are arranged one di nensionally in on V2002
and a plurality of rows of logic gates are arranged in directions

perpendi cular to the one |line so as to‘%l?’%pose | ogic gates two

di nrensional ly, and wherein | ogic gates which are constructed of sw tching

el ements with the sane threshold voltage are arranged on one row, and the
one row i s disposed on one well region aligned along the one row, and there
is provided with an operating potential supply line in parallel to a rowin
order to supply a substrate bias source. 16. A sem conductor integrated
circuit device acEdfdi 29 slwows & miks, inhdepthwikenséogicngaf es daviae
plurality of rows adjacent one another are constructed of sw tching

el ement s eastt miatirehel rs saref Quir s hemnldodoheagep £t hwopliovekiteysof rows own
commonly one well region anong them 17. A storage nmedi um on which there is
stored a celdonigtsrated iaf WRSFETherbtlar eeapeetéMeatvankings, oshape, del ay
and consunption power of each cel| being a logic circuit conponent having a
speci fic | oding gsivdd o9 ldedafed idhevindewsiherad F ihe 1@emhar Bldrsy i s
registered with at |least two_kinds of cells_which are different in a del ay
and consunpfeFRPovier AERERE: of ADethgf €89nstPuctBl BFVAGRL BhTHG W81 %Ehent s

whi ch have different threshol d,voltages while having t sa funct,ion and
a rectangul &Ssé’ﬁ%?pgeaofioflﬁ esgﬁé\isﬁgﬁgcigFeAtgégi@nﬁlgﬁeﬂgt%&wq‘rd?e in

' duct int t ' [ ' ' LIl L n which
Stor i ng dat AT 17T Gt G o PERCHT O, “CRBE:  HE7S) -and COHRBMpt 1 on pover
of each cel o uher ebn, data.plol diststy o Ja il of, GelJs WNgh Anee

different in a'delay and consunption power because of" bei ng const

swi t chi ng elgmenyss Wiz have diafderant dhyrsheld oroldages ciid gy had ng the

sane function and a rectangul ar shape of the sane size are stored In said
cel | libraryoGmnrsithe audRasd Ihestensdf p ey st LANSHHPLL on

power and a delay of a signal path; and assigning to a logic circuit one
cel | sel ect ethaamulg MUSHEES tnth 20 k) mas2904 cekbsthasstabet ed teld .swr chi ng
el ements which have different threshold voltages while having the sane

functi on andhammel MEGEEEMN 2802702 750m2 @8 angubarushepe off of heysane si ze,
using the result of the step of calculating consgqr%pti on power and a del ay

of a signal spamee/Brain gegignh@ifhAtE f ¢H L S c @i toari dantfdgimes ed

circuit using a cell library in which storing._data with regard to a
function, sﬁ’gﬁaozdeloéi?@r?d %gﬂﬂchl?rb&\é"re TELHP e ST, &Y% P dat a of

at least t Ki.nds of, l.ls which are different in _a,delay .and nsunption
power becausé 61" Ve rYéiCdgolr?stcroﬁl&eecateo tfsowi csh?ur{gceelaéqr%rﬁs“_' 'c%ﬁtg}/eep
different t th%ﬂ}fgld fERgesh L e b@vwﬂn&eSeaa% EUBBEF% i e 2
rectangul ar shape of the sanme size are stored in said cell library,
conpri sing ahdrgRst MdrSt eRsa Ofhe p substrate.

)

Here, it is assumed that the inverter invl of FIG. 12
is constructed of the nm2701 and pm2702 and the inverter inv2
of FIG. 12 is constructed of the nm2704, pm2703. Gate
lengths (gate length Lgl in the figure) of the nm2701, pm2702
are set large in order to construct the invl with MOSFETs

each with a high threshold voltage and gate lengths (gate

length Lg2 in the figure) of the nm2704 and pm2703 are set



designing a logic circuit using cells constructed of switching el enents
each with a first threshol d value: cal cul ating consunption power arfdJUEN 2002
delay of a signal path of the logic circuit; and replacing a part of the

| ogic circuit designed using cells condthuct ed of switchi ng el enments each
the first threshold value, by a cell constructed of switching el enents each
of which has a second threshold value |ower than the first threshold val ue
whi l e having the sanme function and the rectangul ar shape of the sane size.
20. A designing nethod for a sem conductor integrated circuit device using
a cell library in which storing data with regard to a function, shape,

del ay and cengddpinordgonmso obneschctethe inine? edit MOSFHETsacakbasith first
cel | including a switching element having a first threshold voltage and a
second cel | ai peWudhmgshoddi VeRitageel enent havi ng a second threshol d vol t age
| ower than said first threshold voltage, having the sane function and a
rect angul ar shapel®ff ke 7safBespzéi Ahdod derFidgereseciondangangyfand
consunption power, conprising the steps, of: calculating consunption power
and a del ay*6f1dZrgmiPShat heasitWassi dhf her eot FVSHRC S MeditedGFeibel |

sel ect ed anobng tge first aag second cells, usj ng the result of the step of
cal cul at i ng@PoRERRPLMERT pBher 8 ERE Het 2YSBF L Phe s?éﬁa?eSQPﬂ.mea§56 JUN

2002 -76 21_. A ~qgni hod i , ¢l ai 20. wh i i

2002 10, 21ech desanlagoaethod acoodl 0 o Rl abm 20, haeln sl

ggt Z”W?‘ﬂ]“fgo‘é‘?@%s' %%&hd?_gf%rreln%%%ﬁtresﬁgqldb‘\Foefl_ldxj.a égrfé yt6 nCMQlll Q gt oring
gard to a funefioni shape, delay an nsunpt i on"power of each

cel | W serghneaboheast daiacostbpsteandosacandspebls heviAg iperaare

function and s rectangul ar s the aanp size and being different in a
del ay $nd aepsyrgptiah :RWEH ahe Shohgd,ifel NG &hildnd ifarkquikerets said
first coil imconprising a first svitching el enment having a first threshold

vol t age, whieeiel csird caeeer s@pealdtd® Bomyddhro sesend diffeheng el esnnt
havi ng a sooond threshold voltage |ower than the first threshold voltage.
23. A cell bubrsargtacbded vy litegesaitn 2DSFER®e el th argsipecwideh of said
first ewmtchi8g elenent is the sane aP a gato wdth of said soeond
swi t chi ng eléigirenz4 thaestlold verldragescordir~g to aiaitn 22, wherein a
| esk current of said :first cell is smaller than a | eak current of said
second cel |, wher éRn2@@ibpeRat FHESEpaEs biasargesasdnd Aaiensidla~xt m= t han
an operating speed_qf said first cel])_ wherein one of power oonsunptioa and
del ay of a gluﬁ’ ¥ gatRSof Iy §€ﬁu6(¥r?d%cfc%rr ?L}E?Rn]é@t%]t%%t%?ta’t t9~e~e changed
by sel ectivgle)é usitn one .qf _sai.d fi rstFé:reléhag__nd eséasi(ginerrf nd erqll__ as a cell
i ncluded in saipﬁcsﬁgr?alwe& t K8 'd som eonduetor T nt egr atdd"@rsauit. 25.
Acell 11braeuiaceaedipdcl g ehabindda Jehglnod di ibgrance el yegast he
first threshold voltag and the second thsoahold voltage is gmned by a
difference ghtidmur thaﬂBﬂ@féf$Sppécél e aondutpgsakss nat erer. 8, wel |
under, a gat insulator filmof first and second sw tching el enepta.

since increase in an area requirement is large.

Therefore, as shown in FIG. 7, a layout is performed
fabricating MOSFETs with the same threshold voltage in group
in the same well region. However, when this means is
employed, there is an advantage that no additional
fabrication steps are necessary for formation of MOSFETSs

with respective plural threshold voltages.



2 6 JUN 2002 26. A cell library according to claim22~, wherein a

di fference betveen the first th=eahold voltage and the second :hrqqp&”&bwz
voltage is gained by a differnoo of biqf Vol t age val ues applied to a

eeni oonduat or substrate or a well of fiT3t and second swi tching el enents.
2~, A cell library aeao=ding to claim22, whetin a differnce between the
titt threshold voltage rsd the second threshold voltage is gained by a

di fferanae of thickne$s of gate insulator films of first and second

swi tching ol pnents. 18. A sem conductor integrated airCGUit device
eo=npriaing: first logic gates each irscluding at least a girat tw tching
el enent havi ng a InrEiGt Hreshere sl shgen secmepdbgert gat ediedeweldcel udi ng
at |east s seoond ewitching el ement having a second threshold voltage

di fferent freaiens Meddi/ 1t Reesisd!ld Y ANQgeorBed ansagianiganAuChedr ain a
process condition is different such that the first thTeahoid voltage |a

di fferent frAsweoHetsecohtcCthfeshbld- vélarsge thghee bl nredl ens iwssklTbdic gates
acrd seaid Second logic gates are arzanged it one line to forma row of

| ogi ¢ gat esV&Ad 74 P eSS §OBMATFETDRE Cof Wi blyicc L guttdyr s kit Veddéda n a
direction different froma directiogn_of .the one |ens, wherein there_.is at
| east anothéPdrBasoweﬁggFEgéQPeyeﬂgr7§a&ﬁ Bﬁ&%réﬁfoM0§£6F€ §AC8s WiEh

di stribution pof idfirst.logi,c gates_o_the one row o 1Qqic gates bin
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gat included a east one o ality of rove ogic gates serially

arranged and el heagkione s0ond 400l o 0ateaLockided 8t 1b6ast ns of the

plurality of rows of logic gates serially arranged. 29 A Sem conductor
integrated Gincatidi RCeHdMEHRE Ghodin 28 , tMhEERbNGS@bdtakarals path is

included in one circuit block of said sem conductor integrated G .rCLxit,
30. A sen cereidtiic tidd, eghatedi gi iegiibdacs sk drgvé o ld algBtd8 ction in
layout of logic gates.

FIG. 7 is a structure of an embodiment in which logic
gate constructed of MOSFETs each with a low threshold and
logic gates constructed of MOSFETs each with a high
threshold voltage are disposed on a chip in an areal ratio
of 1 to 3. This ratio is determined according to a target
operating frequency, a target leakage current value and
characteristics of a logic circuit incorporated in the
device. When the present invention is applied to a gate
array, there is estimated in advance an approximate wvalue
of a ratio in use between logic gates constructed of MOSFETs
each with a low threshold voltage and logic gates
constructed of MOSFETs each with a high threshold voltage

and a substrate with diffusion layers already fabricated

therein is prepared under the estimation. When MOSFETs with



whezein a difference between the first threhold voltago and the sez$q@szz
threshold voltage is gained by a difference of inpurity densities

sem conductor substrate or a well under a gate insulator filmof first and
second switching el enents. 31 . ( A semi%onductor intgratod circuit
according to claim?28 , wherein a differenac between the first threshold
vol tage and the second threshold voltag is gaitaod by a difference ef

t hi ckness of gate insulator films of first and second switching el enents.
32. Asem conductorintegr$todaircuiteonprising: first |ogic gates each
including at least a fi=st swtc?sing elenent having a first threshold
vol t age: secondkiogiscodatbseehohd molltidioeg atrel eastl assebomtt swi Fdld.ng

el enent having a second threshold voltage higher than tho first threshold
vol tage; a fii,r shegier euiisebl ackecandisyséoongrovisdion blifotke Wheds mfa
proces condition is different such that the first threchald voltage is

| ower than Obpersddagspothneshdl sumply dgaies fRrotyonNs RodP of7gubgheedia. a
ratio o~ the nunber of said first logic gates of said first circuit block
tv the nunb&®iasft ss@pdyf-irst and ascend ~.ogic gates of said flat circuit

bl ock is higher than_a ratio of the nunber of said first |ogic gates of

sai d second circul'Ribeodk F& -t he HebHRrloS8QWE FR YR HNRRE JdWdgie gat es
of said $eeond circui%ablo A seeni eenductor integrated circuit

k., 33.
accordi ng t &1HETF3S ,nVﬁgrgpﬁF§§FdoFiPsF BRPEDi tIOBFEdR PLSoNE S oF
~tral i i1, ~a_float, S i nd h d id
Second i Fcdi T RPORR T R PUpE LB THT tnre Sai e Betr ity Reckod for
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bl ocks u$ing a raryin ich storing data w regard to a

f~net ~on, s%ﬁ@yleqr@r%@ﬂﬁoggﬁ@%ﬁfﬂsﬁﬁwoﬁ oF25R &%J.ﬂanﬁmfaﬁ%ist@ﬁat a of

at least a first cell 1ncluding a swtching elenent haying a firs

threshol d vekirge PArthadrzac bl | inel tigh nga ge W £ CHI Bemph emBerkRavi ng a
second threshold voltage |over than said first threshold voltage) having

tho sane fumoiSFraT ,anthexd a6t angekdr fakapepolvetihe feangadirieaaichdeirnc

different in a delay end consunption power, cot~prising the stps of ;

cal cul at i ng chamsiaipMOSF Howerd snd ra wiel hyf@f falsr joatipgt b: papttaasslgni ng

to alogic circuit one cell eeloctQ anorsg the =irst ar.d teeond cells,

usi ng the r&OFFETENEhe Y Eplefwekl ENEHS Hr o eSS derpeopérodnid riche

del ay of the signal, path, wherein a ratio of the nunber of said first cells

of said fir$esEesie Rlcc YU W@fehubed AT 5@PHe fPAEReAnd second cel | s of
an aratio of th

ol I's of “sai d SecbHR” of \TRIT BIFRETE The THRE DS Ao “Sd cend
cells of Sa%%oiﬁ%?%ﬁt&ﬁ&ﬁ@1w3¥fxgﬁructure in the embodiment of two
inverters constructed of MOSFETs with two kinds of threshold
voltages, higher or lower of FIG. 12. The triple well
structure is such that two well regions, that is a p well
p-welll and a p well p-well2 which are electrically
insulated are formed in part of a n type substrate surface
layer, ann well n-welll is formed in part of a surface layer
of the p-welll and an n well n-well2 is formed in part of

a surface layer of the p-well 2. N+ source/drain regions

diff801, diff804, gate oxide films ox801l, 0ox804 and gate
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] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 6x
xxy\yyy>zzz# bfifgh thkeghp2¥l voltage and the inv2 with MOSFETs each with

a low threshold voltage, Vbpl is set at a higher voltage than

Vbp2 and Vbnl is set at a lower voltage than Vbn2. The

respective voltages are set, for example at Vdd =1.5 V, Vss

=0V, Vbpl = 2.0V, Vbnl = - 0.5V, Vbp2 = 1.5V, Vbnz = 0V

and the like.
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respectively formed on different n well regions nwl51,
nwlb52. Likewise, a first n channel MOSFET nml constructed
of a first gate electrode gatel2l and an n* source/drain
region dareal22 and a second n channel MOSFET nm2
constructed of a second gate electrode gatel22 and an n’
channel source/drain region dareal24 are respectively
formed on different p well regions pwlbl, pwl52.

This is because there is a necessity for electrically

separation between a MOSFET with a low threshold voltage and
a MOSFET with a high threshold voltage in order to apply
different potentials to respective well regions according
to whether a potential is supplied to a MOSFET with a low
threshold voltage or a MOSFET with a high threshold voltage.
The nwl5]1 is supplied with a bias voltage by a third
operating potential supply line VbplS51l through a through
hole TH151, the nwl52 is supplied with a bias voltage by a
fourth operating potential supply line Vbpl52 through a

through hole TH153, the pwl51 is suppliedwith a bias voltage
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by a fifth operating potential supply line Vbnl51 through
a through hole TH152 and the nwlS52 is supplied with a bias
voltage by a sixth operating potential supply line VbnlS52
through a through hole TH154. According to a method in which
a bias voltage supplied to a substrate of a MOSFET 1is
changed, while a layout area is larger for the reason that
there arise needs for a new operating potential supply line,
separation between well regions as shown in FIG. 16 and the
like, there is an advantage that a threshold voltage of a
MOSFET can be changed without addition of a new step in a
fabrication process of a semiconductor integrated circuit
as in the case of FIG. 15.

FIGs. 927, 9B show an embodiment of a semiconductor
integrated circuit device of the present invention
constructed of a complementary MOSFET shown in FIG. 8. Fig.
9A is the embodiment in which logic gates are disposed in
a line along a transverse direction and a plurality of rows
row 91 to 97 are disposed along longitudinal directions and
logic gates are thus disposed in a two dimensional
configuration. In the embodiment, a logic gate is indicated
by a rectangle and an internal pattern is not shown, but p
channel MOSFETs and n channel MOSFETs are disposed upward
and downward. Here, logic gates on the row 91 and row 96

are constructed of MOSFETs each with a low threshold voltage
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and logic gates on the other rows are all constructed of
MOSFETs each with a high threshold voltage.

In this case, there is needed four p well regions pw9l
to pw94 which are insulated from each other. Since the
row92, row93, row94 and row95, which arranged in an adjacent
manner, are constructed of MOSFETs each with the same
threshold voltage, therefore a p well region pw 92 are
allocated for them as a common region. Likewise, the row
97 and row98 own the p well region pw24 commonly with each
other. 1In addition, five n well regions nw9l to nwé5 are
required. In the case of n well regions, the circumstances
with the p well regions are held in the same way. The
adjacent row92 and row93 commonly own one nwell regionnw92,
the row 94 and row 95 again one n well region nw33, the rowd7
and row98 one n well region nw95.

FIG. 9B shows operating potential supply lines for
supply substrate bias source in the configuration of FIG.
9A in FIG. 9B. In FIG. 9B, well regions are omitted for
avoidance of complexity. Wire9l to wire94 are disposed in
parallel to a row. In addition, there are shown an example
in which interconnects are disposed along directions
perpendicular to the rows for reinforcement. Bias sources
are respectively supplied to well regions; in which wire91l
supplies a source to a p well of MOSFETs each with a high

threshold voltage, wire92 to an n well of MOSFETs each with
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with a low threshold voltage and wire94 to an n well of
MOSFETs each with a low threshold voltage. By such a layout,
separation between wells is minimized and increase in an
area requirement can be minimized in the case where a
semiconductor integrated circuit is constructed of MOSFETs
with respective different threshold voltages by use of means
to change a bias voltage value supplied to a substrate.

Then, there is shown an embodiment in which a second
means to realize MOSFETs each with different threshold
voltages is attained by use of an SCI (Silicon On Insulator)
device structure. When the SOI device structure is adopted,
well regions are not necessary to be individually separated.
Therefore, there is no need that MOSFETs each with the same
threshold voltage are grouped in one well region. In this
case, a MOSFET with an arbitrary threshold voltage can be
disposed in an arbitrary place on a semiconductor integrated
circuit as shown FIG. 5. However, the second means to
realize MOSFETs with different threshold voltages requires
operating potential supply lines for achievement the
different threshold voltages.
FIG. 22 shows an embodiment therefor. A semiconductor

integrated circuit LSI220 is the embodiment in which logic

gates constructed of complementary MOSFETs each having an

SOI structure are disposed in rows. In the figure, logic



@O%E ()-!#&10%p& () -
109%V&' ()-HHHOI fI11dEDCO!!, 1 0*10%V& ()-) 109%V&' () - & 910%VE&' () - Y94 099 dUN&B@ﬂlO
WUVE' ()-!
109V ()-1JJUJ~JJIdEbCO! !, ! 0&610%VE ()—-SI'—QF410%/&' ()-f210%v& ()-010%w& ()-.91
0%V& ()-, 10%vE&' () - JIKKKKKMKKbCO!'!', 10, 10% & () -
10% & ()--10% & ()- &Z10% & ()- 10M 10M 10MB
109V () - KKKL" LM\LLdBbCO!' !, 1 0! a9%4.0%& () - Y1I0%U & ()-y 10% & ()-,
10% & ()-10% & ()-4
10% & () - LLLMVWMWEDCO!! , 10! S# 10% & ()-,!'10% & ()-yl1l0% & () -
10% & () -, 1684 &5() foylexesp(lye- MU Hdy NeBOCEH s | indidond by-,
10% & ()-,*10% & ()-(10% & ()-!Y #10%°P& () - F¥210% & () - yNNNN. GeOf OgOhOdYNC
Ol'!,10 10t 1ectaoglesu & fresenodeavii)ci34isigor&efpdsin half tone like
10% & ()- @010% & () - hCuOzOOOP9PAEYNCO! I, 1 0 10%vE&:' gﬁ) - f109%v& () - &10%VE&' () -
109%VE' () - 109RRL (I I 994RL PY 1 9 EFAFPPHPORCARYNEY ¢ L INAIBARS ©ACFyadmg: () - !
1090NN&' () -

O a low threshold and a white rectangle indicates a logic gate

constructed of MOSFETs each with a high threshold voltage.

There are disposed, in parallel, a substrate bias
potential supply line Vbp221 for p channel MOSFETs each with
a low threshold voltage, a substrate bias potential supply
line Vbp222 for p channel MOSFETs each with a high threshold
voltage, a substrate bias potential supply line Vbn221 for
n channel MOSFETs each with a low threshold voltage and a
substrate bias potential supply line Vbn22l for n channel
MOSFETs each with a low threshold voltage.

In the figure, a potential power supply line for a
source electrode of each of MOSFETs is omitted. The
potential supply lines are connected to substrates through
through-holes TH221, TH222 and a bias source is supplied to
a substrate of each of MOSFETs constituting a gate. As in
the figure, there are laid, as interconnection, bias
potential supply lines in parallel to the rows are provided
in number which is equal to the number of kinds of threshold
voltages (however, in the case of complementary MOSFETs,
potential supply lines are required for a p channel MOSFET

and an n channel MOSFET respectively) and through-holes are

bored at necessary positions according to threshold



|- 10%V& ()- 10%v& ()-10%V& ()- YQQQQRKRRAEYNCO!!, 10" 10%W&' () -
FOLOYME ()-f#109VE ()-! 109K ()- 10%VE' ()- 109V () - RRRS5SkSSAEYNEDWUN Ik,
10%v& ()- 010%& ()-.10%w& ()-, 10%WE& ()-
*109%vE' ()-(' 10%WK ()-SSSSTTTTTh@!!,!!® 30978 ()---10% & ()-& nl0% & () -
10M 10M 10M
810%VK' () - F4, 10%V&' () - TUXPYQYRYSY YeYr S40!, 10% & ()-&ml0% & ()- 10tt 10tt
10tt!'d,, 10%t& ()-,, 10% & ()-! ®RWOY' ()--eYZ[[[ " ""z[ PE: 0! 10t 10t
10tf#- 10% & ()-s!C@10% ()-@@10% & ()-@a nPdO%& ()--!
mAd0%& ()--"~""+_"azb}"<PE: 0! !>- 109K ()--
1098 () - ! StAdtGogRe ) hbi it 098, L Owe r 1884V HSr-ekhy MOOTIE's(y : tzth Bd @diRdSdidedeJf
=0! 11y GAO%& ()-'y

threshold voltages can be placed in any places in the device.

That is, in the present invention, since increase in
area requirement is small in the case where there is used
means in which a threshold voltage of a MOSFET is changed
by changing a substrate bias source, it is more preferred
that an SOI device structure is adopted.

Then, there will be described an embodiment of a
storage medium on which there is stored a cell library
necessary for designing a semiconductor integrated circuit
of the present invention which has been described. Prior
to entry to description of the embodiment, there will be
given a brief description of a cell and a cell library, first
of all. In general, there is used a component having a logic
function on a small scale, which is called a cell, and which
has been designed in advance in designing a semiconductor
integrated circuit. A cell is registered in a cell library
in the form of information comprising internal circuit
elements and connection thereof; a layout pattern; and the
like, which are already designed and in addition to them,

a shape, terminal positions for external connection, a logic
function, delay characteristics, consumption power
performance and the like. When storage mediums on each of

which a cell librafy is stored are distributed, it is

possible to use components, which have been guaranteed with
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respect to a designed operation, in a great number of
semiconductor integrated circuits.

FIG. 10 shows an embodiment of a storage on which a
cell library of the present invention is stored. 1In the
embodiment of FIG. 10, three kinds of inverter cell are
registered. As cell information ona cell, there arewritten
on cells in the embodiment: a name, a size, a gate length,
pin delay characteristics, a leakage current, a threshold
voltage, a function and the like. A mark cl0l indicates a
standard inverter cell and a mark cl02 indicates a cell in
which a gate width W of a MOSFET is two times as large.

When a plurality of cells having the same function are
prepared in the prior art like this, there are kept in stock
cells which have different gate widths and different delay
characteristics. The cl103, which is same as the ¢l102 in gate
width and size, is different from the cl02 in delay
characteristics and consumption power characteristics
only. That is, the cl03 is a cell constructed of MOSFETs
each with a low threshold voltage, again in other words a
cell whose leakage current is large, but whose delay is
small.

In order to design and fabricate a semiconductor
integrated circuit device of the present invention as
described above, a library shown in FIG. 10 is a necessity.

For example, in a fabrication process of a semiconductor
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integrated circuit device of the present invention, when
MOSFETs with different threshold voltages are employed,
specific mask patterns are required in processes in which
an impurity is selectively added and thicknesses of gate
oxide films are chosen according to places as has been
described above.

In manufacturing such mask patters, there arises a
necessity for information on a cell and layout of
interconnects of an integrated circuit which has been
designed, on cell connection and for recognition of which
cell is constructed of MOSFETs each with what threshold
voltage value. The information on a threshold voltage of
a MOSFET of each cell has been stored on a storage medium
on which a cell library of the present invention and
therefore, when the information is applied, the above
described mask patter can be manufactured. In this sense,
in addition to a storage medium on which a cell library is
stored, the present invention includes, in its scope, a
storage medium, on which there is stored connecting
relations of cells and interconnects, that is a net list,
on which there is further stored information whereby a
MOSFET with a different threshold voltage is identified,

since such a concept can be attained with ease from the

present invention.
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In the embodiment, while an inverter is shown, the
present invention can be applied in the same way on: cells
of AND, OR, NAND, a selector, a flip-flop and the like. It
should be noted that application of the present invention
has no specific limitation, in application, with respect to
a kind of a cell.

Then, there will be described an embodiment of a
designing method using a storage medium on which the library
is stored.

FIG. 23 shows steps in the course in which a logic
design is performed using a storage medium on which the cell
library of FIG. 10. In the figure, a rectangular boxes step
230 to step 232 indicate processing, black arrows show
processing flows and white arrows shows data flows. Logic
description L0OG230 is written by a high level logic
description language, for example VHDL or the like. In the
course of logic designing, the logic description LOG230 is
read and logic optimization processing step230 is
performed.

The logic optimization processing step230 is
optimization processing which is not dependent on a
technology and for example, processing in which the number
of terms in a Boolean expression which expresses a logic is
minimized. At this time, the optimization is performed

based on a delay estimated by a delay estimation processing



| 94.0% ()-!R | %09t & ()--10% & ()-&YZ10% & ()- 10t 10t’_=0 10t!#g,
YOROU& ()-! YUdOUyy& ()--10% & ()-'3Y10% & ()- 10" 10" 10 * JUN 2002
10% & ()- nz)*+, 9>uV70 10-10% & ()- & \27%5%%&'()- 100" 100 10! Q¥
10% & ()-* 10% & ()- @ 10% & () - ># ?2uVAY 10@ 10% & ()- '4- 109% ()- @
10% & () - @Y40% & ()-A ! 39409Kkk& ()-A 1 10% & ()-~_ @ 10 nbd0% & ()- ! 1:

step231. Thereafter, cell assignment processing step232 is
performed. This is processing in which a cell library LIB230
is read and a logic which is not dependent on a technology
is assigned on an actual cell.

Here, delay calculation processing step233 and
consumption power calculation processing step234 are
repeatedly performed in order to achieve an optimal
assignment and a net list net230 is output. Since the cell
assignment processing 1s characteristic processing in a
designing method of the present invention, a detailed
example is shown on the figure. In this example, cell
assignment is now executed on part of a path A to D. It is
assumed that cell assignment on paths from A to B, from C
to D have been completed and delays are 3.22 nsec and 1.70
nsec respectively. If a logic in a path from B to C is
expressed by C = not(B), it is understood that this Boolean
expression should be assigned to the inverter . If a target
delay in a path from A to D is 5 nsec, a delay in an inverter
is necessary to be 0.08 or less.

At this time, it is already understood as a result of
reading of the cell library LIB230 that there are present
cells c102 and ¢103 which have different delay values since
they are cells with the same function, that is inverters,
but have different threshold voltages. Here, delays and

consumption powers are calculated in the cases where the



nY4.0%& ()-10% & ()-' Z10% & ()- 10" 10° 10°*- 10% & () - BCDERWIV70

10- 1090V& () - &Z109V& ()- 10tt 10tt 10tt!V*, 10%t& ()- 0%&M\/?ng‘”2“92
10% & ()-W S10!; 9409%& ()-, 10%VE ()-&YZ%(Q%\/&' ()- 10MM 10MM 10

1090VE ()-! F9409%EE& ()-opqr{\=0!;-10%&°()- %r10% & ()- 10M 10M 10MB%
1090VE ()-!>- 109 ()-S!'H 109ME ()-SM* !.}rg\=0!;' Y10% & ()- 10: 10:

respective cells are in use and as a result, a cell ¢c103 with
a low threshold voltage is selected.

There will be described a second embodiment of a
designing method using a storage medium on which the library
is stored using FIG. 24. FIG. 24 shows steps in the course
in which a logic design is performed using a storage medium
on which the cell library of FIG. 10. A rectangular boxes
step 240 to step 244 indicate processing, black arrows show
processing flows and white arrows shows data flows as in FIG.
23. In the course of logic designing, the logic description
LOG240 is read and logic optimization processing logic
step240 is performed. This is same as step230 in FIG. 23.
Thereafter, cell assignment processing step24l, in which
only cells with a high threshold voltage are used, 1is
performed.

In a similar manner to the embodiment of FIG. 23, delay
and consumption power calculation processing are repeatedly
performed in order to achieve an optimal cell assignment
under limitation that only cells with a high threshold
voltage are used. Thereafter, layout processing step243 are
performed. Then, delay and consumption calculation step242
is further performed in light of an actual wire length after
layout and as a result of the calculations, calculation
results with higher precision can be attained. After

achievement of the calculation results with higher
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precision, if a delay violation path is present, there is
performed processing step244 in which a cell on the delay
violation path is replaced with a cell constructed of
MOSFETs each with a low threshold voltage with the same
function and there is output a net list net240 attached with
layout information. Thereby, there can enjoyed an advantage
that a delay violation can be eliminated without any change
in its peripheral layout.
On the other hand, when a delay margin is left as a
result delay calculation after cell assignment and layout
are performed using only cells constructed of only MOSFETs
each with a low threshold voltage on the contrary to the
embodiment of FIG. 24, it is conceivable a method in which
a cell on a path which has a delay margin is replaced with
a cell constructed of MOSFETs each with a high threshold
voltage.
Then, there will be described an embodiment in which
the present invention is performed on a semiconductor
integrated circuit comprising about 8000 cells. 1In the
embodiment, a complementary MOSFET which has a gate length
0.25m is operated at vdd = 1.6 V, Vss = 0 V.
FIG. 18 is a graph in which a cycle time (the maximum
path delay) is plotted using an abscissa and the number of

cells included in a path corresponding to the delay value

is potted using an ordinate. It is assumed that when cells
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are included in a plurality of paths, the cells are included
in a path which shows the largest delay. A thin solid black
line (1) indicates the case where MOSFETs each with a high
threshold voltage (0.15 V) are uniformly used, a thick solid
black line (2) indicates a result of the case where the
present invention has been performed, wherein it is set that
a high threshold voltage is 0.15 V and a low threshold
voltage is - 0.05 V, and the solid light black line (3)
indicates the case where MOSFETs each with a low threshold
voltage are uniformly used. The thin solid black line (1)
has a path with the maximum of 5 nsec, while the thick solid
black line (2) and the solid light black line (3) has the
maximum delay of 3.95 nsec, both of which are understood to
be adapted for a high speed operation.

However, in the case where a threshold voltage is
uniformly lowered as in the case of (3), a region which
originally has a small delay is also affected to assume a
higher speed, wherein in terms of a shape of graph, a graph
in the case (3) assume a shape which is the same as that of
the case of (1) with a parallel displacement to the left.
This shows that a path, whose delay value is equal to or less
than a target value even when the path use MOSFETs each with
a high threshold voltage, is also affected to assume a higher

speed.
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On the other hand, in (2) which is the result of the
present invention, a distribution is not changed from that
of the corresponding region of (1) and only part of the
distribution in a range of 3.95 nsec to 5 nsec is compressed
to the left. That is, (2) shows that a high speed operation
is realized with no useless consumption of power.

FIG. 17 is a graph in which a cycle time (the maximum
path delay) is plotted using an abscissa and a consumption
power due to a leakage current is plotted using an ordinate.
The circuit is a circuit which operates at a cycle time 5
nsec (200MHz) when MOSFETs each with a high threshold
voltage (0.15 V) are uniformly used. A value of consumption
power is normalized with consumption power when MOSFETs each
with a high threshold voltage are uniformly used as 1.

In the figure, data marked by a triangle are a result
of the case where threshold voltages are uniformly lowered
and data marked by a circle are a result of the case where
MOSFETs with two kinds of threshold voltages are used
according to the present invention. A threshold voltage
corresponding to a plotted data is attached on the side of
the marked data. For example, in the present invention, when
it is set that a low threshold voltage is - 0.05 Vv and a high
threshold voltage is 0.15 V and MOSFETs with two kinds of
threshold voltages are used, a cycle time can be sped up to

3.95 nsec (253 MHz) and consumption power is about 20.
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On the other hand, when threshold voltages are
uniformly set at - 0.05 V, a cycle time assumes 3.95 nsec
in a similar manner, but consumption power is equal to orxr
more than 60. It is understood that while, when threshold
voltages are uniformly changed in a condition that
consumption power due to a leakage current is suppressed to
a level equal to or less than 10, a cycle time is 4.33 nsec
(231 MHz), but according to the present invention, an
operating speed can be increased up to a cycle time 4.07 nsec
(246 MHz) .
In FIG. 17, when the present invention is performed,
a ratio of MOSFETs each with a low threshold voltage is 6 %
for operation at a low threshold voltage of 0.1 v, 15 % for
operation at a low threshold voltage of 0.05 VvV, 23 % for
operation at a low threshold voltage of 0.0 V and 30 % for
operation at a low threshold voltage of - 0.05 V. It is
desirable to restrain a ratio of MOSFETs each with a low
threshold voltage to a value equal to or less than about 30 %
because a leakage current is increased as an exponential
function is when a threshold voltage is decreased. Besides,
it is desirable to restrain the ratio to a value equal to
or less than 10 % in order to suppress consumption power down
to a proper value. According to the present invention, those

are features of the invention that the number of MOSFETs each

with a low threshold voltage can be minimized, and besides
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a ratio of MOSFETs each with a low threshold voltage to the
total the number of MOSFETs is a value egqual to or less than

30

oe

From the above described embodiments, it is apparent
that, with the present invention in execution, not only can
increase in consumption power of MOSFETs due to a leakage
current is suppressed to the minimum even at a high speed
in an active operation, and thereby, a semiconductor
integrated circuit device which can operate at a high
operating speed can be realized.

FIG. 28 shows an embodiment in which a semiconductor
integrated circuit device of the present invention is
apprlied to a microprocessor. FIG. 28 shows main blocks of
a micro processor and internal cell configuration is shown
symbolically by rectangles.

In the embodiment of FIG. 28, the constituting blocks
are: CPU (central processing unit), FPU (floating unit
processing unit), cache (internal memory), BSC (bus
control), DMA (direct memory access), CPG {(clock pulse
control) and INT (interrupt control). Each of cells in half
tone among cells in each block has a low threshold voltage
and each of cells in white has a high threshold voltage. For
example, it is understood that CPU, FPU, cache and the like,
which is critical in timing, have many cells with a low

threshold voltage. A block INT and the like each of which
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has a margin in timing is less in ratio of cells with a low
threshold voltage. In such a manner, according to the
present invention, not only is a threshold voltage of each
block simply changed, but even within the same block,
MOSFETs each with a low threshold voltage and MOSFETs each
with a high threshold voltage are selectively used in a
proper manner and usage of MOSFETs each with a low threshold
voltage can be minimized. Hence, a high speed operation and
low consumption power can simultaneously be realized.

While the present invention is to realize a high speed
operation at an active operation and a low consumption
power, the present invention can be performed in combination
with a publicly known tecﬁnique of setting a threshold
voltage to a high value, by controlling a substrate bias
source in a standby state.

In the above described embodiments, while there has
been described the case where two kinds of MOSFETs with
different threshold voltages are used, there can be
practiced with ease the case where MOSFETs with three or more
kinds of threshold voltages are mixed, which is included in
the scope of the present invention.

According to the present invention, as described
above, there can be attained a semiconductor integrated
circuit device which can operate at a high speed while

suppressing increase in consumption power due to a leakage
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current at an active operation by constructing the
semiconductor integrated circuit device through proper
selection of MOSFETs with different threshold voltages even
in the same functional block in a given operating condition.
While we have shown and described several embodiments
in accordance with our invention, it should be understood
that disclosed embodiments are susceptible of changes and
modifications without departing from the scope of the
invention. Therefore, we do not intend to be bound by the
details shown and described herein but intend to cover all

such changes and modifications a fall within the ambit of

the appended claims.
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WHAT IS CLAIMED IS :

1. A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
the switching elements being composed of at least two kinds of switching elements,
wherein at least one of a process condition and a bias voltage applied to the substrate or a
well of the switching elements is different between a first kind of the switching elements
each with a first threshold voltage and a second kind of the switching elements each with
a second threshold voltage, such that each of the first kind of the switching elements has
lower threshold voltage than each of the second kind of the switching elements, wherein
there are provided signal paths composed of a signal path from a first node to a second
node, a signal path from the second node to a third node and a signal path from the
second node to a fourth node, wherein a ratio of the number of logic gates constructed of
switching elements each with the first threshold value to the total number of logic gates
on the path from-the first node to the second node, is larger than a ratio of the number of
logic gates constructed of switching elements each with the first threshold value to the
total number of logic gates on the path from the second node to the third node, or the path

from the second node to the fourth node.

2. A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
the switching elements being composed of at least two kinds of switching elements,
wherein at least one of a process condition and a bias voltage applied to a substrate or a
well of the switching elements is different between a first kind of the switching elements
each with a first threshold voltage and a second kind of the switching elements each with
a second threshold voltage, such that each of the first kind of the switching elements has
lower threshold voltage than each of the second kind of the switching elements, wherein
there are provided signal paths composed of a signal path from a first node to a second

node, a signal path from a third node to the second node and a signal path from the
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second node to a fourth node, wherein a ratio of the number of logic gates constructed of
switching elements each with the first threshold value to the total number of logic gates
on the path from the second node to the fourth node, is larger than a ratio of the number
of logic gates constructed of switching elements each with the first threshold value to the
total number of logic gates on each of the paths from the first node to the second node

and from the third node to the second node.

3. A semiconductor integrated circuit device according to claim 1 or 2, wherein the
signal paths from which the signals are transmitted are three kinds of paths: a first path is
a path from an input pin of the semiconductor integrated circuit to an input pin of a state
holding circuit which the signal reaches for the first time; a second path is a path from an
output pin of the state holding circuit to an input pin of a second state holding circuit
which the signal reaches for the second time; and a third path is a path from the second
state holding circuit to an output pin of the semiconductor integrated circuit without

transmitting a third state holding circuit, or part of each of the three kinds of paths.

4, A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
comprising:

at least first, second and third state holding circuits;

at least first, second, third, fourth, fifth and sixth switching elements;
a first operating potential point which a first operating potential is supplied and a second
operating potential point which a second operating potential is supplied; and

a first node, a second node and a third node,

wherein an output pin of the first state holding circuit or an input pin of the
semiconductor integrated circuit is connected to gates electrodes of the first and second
switching elements directly or through at least one logic gate;

the first switching element is connected to the first operating potential point and

the first node so that a source/drain path lies therebetween;
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the second switching element is connected to the second operating potential point
and the first node so that a source/drain path lies therebetween;

the first node is connected to gate electrodes of the third, fourth, fifth and sixth
switching elements;

the third switching element is connected to the first operating potential point and
the second node so that a source/drain path lies therebetween;

the fourth switching element is connected the second operating potential point and
the second node so that a source/drain path lies therebetween;

the fifth switching element is connected to the first operating potential point and
the third node so that a source/drain path lies therebetween;

the sixth switching element is connected to the second operating potential point
and the third node so that a source/drain path lies therebetween;

the second node is connected to an input pin of the second state holding circuit or
an output pin of the semiconductor integrated circuit directly or through at least one logic
gate; and

the third node is connected to an input pin of the third state holding circuit or an
output pin of the semiconductor integrated circuit directly or through at least one logic
gate,

wherein at least one of a process condition and a bias voltage applied to a
substrate or a well of the switching elements is different, such that a threshold voltage of
the third switching element is higher than a threshold voltage of the first switching
element, or a threshold voltage of the fourth switching element is higher than a threshold

of the second switching element.

5. A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
comprising:

at least first, second and third state holding circuits;

at least first, second, third, fourth, fifth, sixth, seventh and eighth switching

elements;



1 10% 0& () -f110% 0& () - egj 8kkkkdEbC 1
1s' Z10% & ()-% 10% & ()-L$! 10% & ()-@10% & ()-!110% & () - Y! 10% & (

mdEbC 1 111 10% & () -y/ 16 J?JNZU
10% & ()--10% & ()-S,10% & ()-*!10%

' ()-)10% & () -mm nynzn{n| nnnbC 1

[111M
!

110% 0& ()-$Z10% 0& ()- 10\ 10\ 107 5X0% & ()- Y410% & () - 210% & () - nn$0y000
pdEbC 1 1510% 0& ()- 10% 0& () - LmL0% o0& () -

1096 o0& ()11 TOVBE TS e AUl Ee! R0y BEFRE TR0 g obiemitf supmlied and 2. pc o

10% o0&’ (
bC 1

1"10% o0& ()-!110% g

dEbC

second operating potentlal point whlch a second operating potential is supplied; and
1rst n a(gecond no

wherein an output pin of the first state holding circuit or an input pin of the
semiconductor integrated circuit is connected to gate electrodes of the first and second
switching elements directly or through at least one logic gate;

the first switching element is connected to the first operating potential point and
the first node so that a source/drain path lies therebetween;

the second switching element is connected to the second operating potential point
and the tirst node so that a source/drain path lies therebetween;

an output pin of the second state holding circuit or an input pin of the
semiconductor integrated circuit is connected to gate electrodes of the third and fourth
switching elements directly or through at least one logic gate;

the third switching element is connected to the first operating potential point and
the second node so that a source/drain path lies therebetween;

the fourth switching element is connected to the second operating potential point
and the second node so that a source/drain path lies therebetween;

the first node is connected to gate electrodes of the fifth and sixth switching
elements;

the second node is connected to gate electrodes of the seventh and eighth
switching elements;

the fifth and seventh switching elements are connected to the first operating
potential point and the third node so that source/drain paths lie therebetween,;

the sixth and eighth switching elements are connected to the second operating
potential point and the third node so that source/drain paths lie therebetween; and

the third node is connected to an input pin of the third state holding circuit or an
output pin of the semiconductor integrated circuit directly or through at least one logic
gate,

wherein at least one of a process condition and a bias voltage applied to a
substrate or a well of the switching elements is different, such that a threshold voltage of
the first switching element is higher than a threshold voltage of the fifth or seventh
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6. A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
comprising:

at least first, second and third state holding circuits;

at least first, second, third, fourth, fifth and sixth switching elements;

a first operating potential point which a first operating potential is supplied and a
second operating potential point which a second operating potential is supplied;

a first node, a second node and a third node; and

first and second logic gate groups in each of which a plurality of logic gates are in
series connected;

wherein an output pin of the first state holding circuit or an input pin of the
semiconductor integrated circuit is connected to gate electrodes of the first and second
switching elements directly or through at least one logic gate;

the first switching element is connected to the first operating potential point and
the first node so that a source/drain path lies therebetween;

the second switching element is connected to the second operating potential point
and the first node so that a source/drain path lies therebetween;

the first node is connected to gate electrodes of the third, fourth, fifth and sixth
switching elements;

the third switching element is connected to the first operating potential point and
the second node so that a source/drain path lies therebetween;

the fourth switching element is connected to the second operating potential point
and the second node so that a source/drain path lies therebetween; )

the fifth switching element is connected to the first operating potential point and
the third node so that source/drain paths lie therebetween;

the sixth switching element is connected to the second operating potential point

and the third node so that source/drain paths lie therebetween;
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the third node is connected to an input pin of the third state holding circuit
through the second logic gate group,
wherein the first logic gate group is larger in number of logic gate stages than the
second logic gate group, and
wherein at least one of a process condition and a bias voltage applied to a
substrate or a well of the switching elements is different, such that a threshold voltage of
the fifth switching element is higher than a threshold voltage of each of the first and third
switching elements, or a threshold voltage of the sixth switching element is higher than a

threshold voltage of each of the second and fourth switching elements.

7. A semiconductor integrated circuit device having logic gates constructed of
switching elements formed on a semiconductor substrate, which performs given
processing by the logic gates on at least one input signal and outputs at least one signal,
comprising:

at least first, second and third state holding circuits;

at least first, second, third, fourth, fifth, sixth, seventh and eighth switching
elements;

a first operating potential point which a first operating potential is supplied and a
second operating potential point which a second operating potential is supplied;

a first node, a second node and a third node; and

first and second logic gate groups in each of which a plurality of logic gates are in
series connected;

wherein an output pin of the first state holding circuit is connected to gate
electrodes of the first and second switching elements through the first logic gate group;
the first switching element is connected to the first operating potential poin_t and the first
node so that a source/drain path lies therebetween;

the second switching element is connected to the second operating potential point

and the first node so that a source/drain path lies therebetween;
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A the third switching element is connected to the first operating potential point and
the second node so that a source/drain path lies therebetween;

the fourth switching element is connected to the second operating potential point
and the second node so that a source/drain path lies therebetween,;

the first node is connected to gate electrodes of the fifth and sixth switching
elements;

the second node is connected to gate electrodes of the seventh and eighth
switching elements;

the fifth and seventh switching elements are connected to the first operating
potential point and the third node so that source/drain paths lie therebetween;

the sixth and eighth switching elements are connected to the second operating
potential point and the third node so that source/drain paths lie therebetween; and

the third note is connected to an input pin of the third state holding circuit or an
output pin of the semiconductor integrated circuit directly or through at least one logic
gate,

wherein the first logic gate group is larger in number of logic gate stages than the
second logic gate group, and wherein at least one of a process condition and a bias
voltage applied to a substrate or a well of the switching elements is different, such that a
threshold voltage of the third switching element is higher than a threshold voltage of each
of the first and fifth switching elements or a threshold voltage of the seventh switching
element, or a threshold voltage of the fourth switching element is higher than a threshold
voltage of each of the second and sixth switching elements or a threshold voltage of the

eighth switching element.

8. A semiconductor integrated circuit device according to any of claims 1 to 3 or 4
to 7, wherein the providing switching elements with different threshold voltages is to
change an impurity density of a semiconductor substrate or a well under gate insulator

film of a switching element.
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to 7, wherein the providing switching elements with different threshold voltages is to

change a bias voltage value supplied to a substrate or a well of a switching element.

10. A semiconductor integrated circuit device according to any of claims 1 to 3 or 4
to 7, wherein the providing switching elements with different threshold voltages is to

change a thickness of a gate insulator film of a switching element.

11. A semiconductor integrated circuit device according to any of claims 1 to 3 or 4
to 7, wherein the providing switching elements with different threshold voltages is to

change a gate length of a switching element.

12. A semiconductor integrated circuit device according to any of claims 1 to 3 or 4
to 7, wherein the providing switching elements with different threshold voltages is to
combine two or more selected from the group consisting of first means to change an
impurity density. of a semiconductor substrate under a gate insulator film of a switching
element; second means to change a bias voltage value supplied to a substrate or a well
of a switching element; third means to change a thickness of a gate insulator film of a

switching element; and fourth means to change a gate length of a switching element.

13. A semiconductor integrated circuit device according to claim 9, wherein logic
gates are arranged one dimensionally in one line and a plurality of rows of logic gates are
arranged in directions perpendicular to the one line so as to dispose logic gates two
dimensionally, comprising substrate bias operating potential supply lines provided in
parallel to the rows and in number equal to the number of kinds of threshold voltages of

the switching elements in use.

14. A semiconductor integrated circuit device according to claim 9, comprising a
plurality of well regions which are mutually insulated, wherein the switching elements

with different threshold voltages are formed on different well regions.
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0% & (s 99! 4 Qe ohdictor Htpfartd <RI BN ad@réing to claim 9, wherein logic
gates are arranged one dimensionally in one line and a plurality of rows of logic gates are
arranged in directions perpendicular to the one line so as to dispose logic gates two
dimensionally, and wherein logic gates which are constructed of switching elements with
the same threshold voltage are arranged on one row; and the one row is disposed on one
well region aligned along the one row; and there is provided with an operating potential

supply line in parallel to a row in order to supply a substrate bias source.

16. A semiconductor integrated circuit device according to claim 15, wherein when
logic gates on a plurality of rows adjacent one another are constructed of switching
elements each with the same threshold voltage, the plurality of rows own commonly one

well region among them.

17. A storage medium on which there is stored a cell library, in which there are
written a function, shape, delay and consumption power of each cell being a logic circuit
component having a specific logic function designed in advance,

wherein the cell library is registered with at least two kinds of cells which are
different in a delay and consumption power because of being constructed of switching
elements which have different threshold voltages while having the same function and a

rectangular shape of the same size.

18. A designing method for a semiconductor integrated circuit device using a cell
library in which storing data with regard to a function, shape, delay and consumption
power of each cell, wherein data of at least two kinds of cells which are different in a
delay and consumption power because of being constructed of switching elements which
have different threshold voltages while having the same function and a rectangular shape
of the same size are stored in said cell library, comprising at least the steps of:

calculating consumption power and a delay of a signal path; and assigning to a logic
circuit one cell selected among at least two kinds of cells constructed of switching

elements which have different threshold voltages while having the same function and the
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power and a delay of a signal path.

19. A designing method for a semiconductor integrated circuit using a cell library in
which storing data with regard to a function, shape, delay and consumption power of each
cell, wherein data of at least two kinds of cells which are different in a delay and
consumption power because of being constructed of switching elements which have
different threshold voltages while having the same function and the a rectangular shape
of the same size are stored in said cell library, comprising at least the steps of:

designing a logic circuit using cells constructed of switching elements each with a first
threshold value;

calculating consumption power and a delay of a signal path of the logic circuit; and
replacing a part of the logic circuit designed using cells constructed of switching
elements each the first threshold value, by a cell constructed of switching elements each
of which has a second threshold value lower than the first threshold value while having

the same function and the rectangular shape of the same size.

20. A designing method for a semiconductor integrated circuit device using a cell
library in which storing data with regard to a function, shape, delay and consumption
power of each cell, wherein data of at least a first cell including a switching element
having a first threshold voltage and a second cell including a switching element having a
second threshold voltage lower than said first threshold voltage, having the same function
and a rectangular shape of the same size and being different in a delay and consumption
power, comprising the steps of:

calculating consumption power and a delay of a signal path; and

assigning to a logic circuit one cell selected among the first and second cells,
using the result of the step of calculating consumption power and the dela);_of the signal

path.
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22. Acell library inwhich storingdata with regard
to a funetion, shape, delay and censumption pover of
eaech cell,
wherein ot least data of £irst and secend cells
having the same functien and a zectangular shape of
the szame size and being different in a delay and
censumption power are stored in the cell library,
vherein said first call i5 compriring a first
svitching element having a fizet thresheld veltage,
wherein said second cell ig comprising a second
switching element having a second thresheld voltage
lower than the f£irst threshold voltage.
23. A cell library aceording to claim 22, wherein
a gate.width of said firet svitching elament is the
same of a gate vidth ¢f sald seceond switching elonent.
24, A cell library accoerding te slaim 22,
wharein a leak current of said first cell is
emaller than a leak curxent of said secend cell,
wherein an operating =speed of said second cell
ie faster than an eperating s=peed of said first cell,
wvhaerein one of power consumptien and delsy of
a signal path of a2 semiconductor integrated circuit
azre changed by selectively using cne of said first cell
and said second call as a cell included in said signal
path of said semiconducter integrated cirecuit,
25. A cell libzary according te claim 22,
wvherein a difference between the first
thzeshold veltage and the second threshold veltage is
gained by a difference of ilmpurity densitlies of a
samiconductor substrateor avwell under agate insulator

£ilm of first and second switching elements.
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to a eemiconductor substrate o2 a well of first and

second switching elements.

27. A cell library aceeording to elaim 22,

wheraein a difference between the first
thregheld veltage mand thae second threshold veltage is
gained by a differance of thicknesz of gate Lnsulater
£ilms of filrst and second switehing alements.
28. A semiconductar integrated circuit daevice
comprising:

£irst logiec gates each including at least a
first cwitching element having a first threghold
veoltage;

second logic gates each inecluding at least a
second switehing =lement having 2 secend threshold
veltage different from the first threshold veoltage;
and

a signal path;

whareln a process condition is diffezent such
that the first thresghold voltage 15 different from the
fecond thresheld voltagse,

wherein said firpt logic gates and 2aid second
logic gates are arranged in ene linme tc form a row of
logic gates and a plurality of the rows of logic gatas
are arranged 1in a direction differaent from a direction
of thae ene line,

wherein there is at least another zow of logic
gates for csach one row of logic gates, a distributien
of gsaid first legic gates of the one row of logic gates
being different f£rom a distribution of the ancther row
of the logle gates, and
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wvherein said signal path comprises at least ane
fizrst legic gate included at least sne of a plurality
of rows of legic gates gerially arranged and at least
one gzeccond loglic gates included a2t least one af the
pluralicy of rows of logic gates serially arranged.
29. A semiconducter integrated circuit accerding
to elaim 28,

whereln z2id esignal path is insluded in one

circult block of said semiconductor integrated

circuit,
30. A gemiconducter integrated circuit according
te claim 28,
wvherein a difference between the first
threshold veltage and the second threshold voltage is
gained by a difference of impurity densities of a
gemMiconductor substrateoravell underagate insulator
£ilm of firet and second zwitehing elements,
31. A semiconducter integratad ecircuit according
to elaim 28,
vherein 3 difference between the first
threshold voltage and the seceond threshold voltage is
gained by a difference of thieckness of gate insulatox
filmes of firet and seceond swltching elements.
32. Agemiconducter integratadaireuit comprising:
firgt logic gates each including at leaast a
first switeching element having a f£irst thresheld
vaoltage;
sxzcond logic gates each including at least a
second switching element having a mecend threshold
voltage higher than thae first thraeshold veltage;
a first circuit bloek; and -
a second eircult bloek;
wherein a procass condition iz different suceh
that the first threshold veltage is lewvaex than the
gecond threshold voltage,
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wherein aratiocoecf thenumber ef said first logic
gates of said £first circuit bleeck to the nu-mba: eof =said
firstandsecendlogi:gatesofsaidfi:stci:cuithlo:k
15 higher than a ratic of tha number of sald first logic
gates of gaid second circuit bloek te the number of
salid first and secend logic gates of 2said second circuit
bBleock.
33, A zemiceonductor integrzted eircuit aceording
to elaim 32,

wherezn sald first circuit bleck is ohe of a

central proecassing unit, 'a fleating prececsing unit

and cache and said second ecircuit block iz interzrupt
contrel unit,

34 . A designing methed for a szemiecsnductoer
integrated circuit device having firet and second
eircult blecks using a cell library in whiech stozxing
data with regard te a funetion, shape, dalay and
consumption power of eachcell, whereindata ef at least
a first cell inecluding a switching element having a
£irst thresheld veltage and a gsecond cell including
2 switching element having a second threshold voltage
lever than said f£irst thresheld veoltage, having the
same funetion and a rectangular ehape of the zame size
and being different in a delay and censumption power,
comprising the steps of:

caleulating consumption power and a delay of
a signal path; and

assighing to a logic circuit che cell selected
among the first and second calls, using the result aof
tha step of calculating consumptien pover and tha dalay
of the gsignal path, wherein a ratie of the n;mha: sf
said first cells of gaid first elreuit bleck teo the
number of said £irst and second cells of said first
clircuit bleck is higher than a ratieo of the number of
said fixst cells of said second eircuit block te the
number of said first and second cells of said second

circuit bleck,
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35. A desigrning method according to claim 34,
wherein said firet cirecuit bleock is one of 2

central processing unit, a £loating processing unit

and cache and gaid second eircult block is iLhterrupt

centrel unit,



