; e3eqt bnXXY$] V*a6 bTtb ~ 4 0 C |1 ?.002 -1LEVEL CONVERSI ON CI RCU T AND

SEM CONDUCTOR | RCUI T DEVI CE EMPLOYI NG THE LEVEL CONVERSI 700
Cl RCU T BACK | NVENTI ON Field of the Invention The pr@ e ’
invention rel a ally to sem conductor integrated circuit devices and

| evel conversion ci®tlits, and nore particularly, to seniconductor
integrated circuit devices in which a plurality of circuit units driven by
a plural 1455k GPNTRRSHOT UT St Ty B ICRRYICHOR [OTRSFARED, CIRGGS
substrate, and t oPFeGeE BRRY NG AN RS ERST P& N onduct or
integrated circuit devices. Description of the Related Art The trend in
manuf acturing sem conduct of_ j é e i I.L..devices (such as | arge-scale
integrated circuit devi cesy= 5 ply voltages to reduce

power caonps tiogn, . Recent [ ntegrated circuit devices are driven by 1.2 V
power s8%%%?@5?£e$%%—gﬂﬁﬁﬁhigﬁput/output units (I1/0 units), the interfaces
Wi th circuitsqgLi ag er pal P Y, o s, drdven by
a 3.3V pomerTgép ?gsgﬁﬁdP??éﬁéfﬁé,r§;§$%%l &géﬁfggﬁ J%tor chip may have

two or npre-SLheHlt Rhecks hbatcasea i Ve PY-difdai M Joshentd veursuipply

vol tages. Suth circuit blocks require | evel conversion circuits for raising
or | owerhége vehi-ageulgyel,s bet vegNcshdestdr bl awead ngh eid frerdntices
respective supply voltages. Fig. 1(a) schematically illustrates a circuit

di agram Dt @héenvenpiloralitevek- donwsuct renits (Grorec byt 4 qrluonvient iofy a

| ar ge- anpl i tude signal output by a circuit bl ock operating on Z40CT
2002 - 2adBf Be¥epowppweupplippliyovobkagps eare nfarreed nml |a agrplgtaide signal for
input to a circuit block operating on a 1.2 V power supply, for exanple),
and Fi g.s@payrsthemandcabl yevelusonversion cotwenttipnzed eMelthp circuit (a
circuit for converting a snall-anplitude signal output by a circuit block
oper at i NgEBRCANAUZLYTrPARERLIEAEAAYCIFERIEXARHIEES i nto a | arge-anplitude
signal for input to a _circuit_block operating on a 3.3 V power supply, for
exanpl e)2eggEERLLO —t s a33Vinput, VDDis a 1.2 V power
supply, and VSS a _reference, Q ound otential._ Thus, V [ s a
Iarge-anplituigesFaﬁg ,lgn@aPHéagé 5ﬁ?gi§e%l%%%1$q%ﬁﬁ¢% %F S|%%al based
upon t he.V t L I 0.1 a.B=typ &Qﬁ: MOS) i stor 200
and an hf%%%%gﬁcgeyh%gg)(?Pghsﬁgtg?%gslsg%ggsﬁ%mm, %gnnec%%%§?€ receive on
their re ' t [ I Vi #oPt e Of r S yhipsy- | ow
and 3.3 %pﬁﬁgﬁgﬁig%,%éo?ggxgﬁgFg.ﬁ§kE?igﬁgﬁgg cons?%ered to be a

| ar ge- anpbhsuflprSoanal rebpdt. inBegehtedi tisbavh dévitds df&)dOikantisy a

smal | -anplitude signal outO having an output value of 1.2 V, for exanple,
based upon2ttiieppeeer sapppliysyYDBvehi gholgh) inphusduapes dmets eSpaeti ve
wavefornms of INO and outO0. Since, in the PMOS transistor 200 and NMOS
transi stenripel, &heainmemfackbtagetbf cdrguitangr becnppy iy ¢etoweenl gate and
source, PMOS transistor 200 and NMOS transistor 201 are fornmed with a thick
gate oxi de3| YyBPWern SEPELY2( ayf BhECI 8Y&VeBpPRiFchil Y sPeomst FYRR B by PMOS

transi stors 202,203 and NS tragei stors 204, 205, SIEL oo tuo or

more circuit blocks that are driven by different respective
supply voltages. Such circuit blocks require level conversion
circuits for raising or lowering voltage levels between
circuit blocks having different respective supply voltages.
Fig. 1l(a) schematically illustrates a circuit diagram of a
conventional level-down circuit (a circuit for converting a

large-amplitude signal output by a circuit block operating on

T
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240 CT 2002 -3anplitude input signals in0O and inCb are conpl enentary
dual rail signals. Qutput signal OQUTOis a | arge-anplitude out put §MQﬂﬂHWZ
of, for exanple, 3.3 V, based upon power supply VDDQ MOS transistors

202- 205 each have a thick gate oxide layer simlar to that of the MOS
transi stors 200, 201 of Fig. 1(a). Fig _2(b) illustrates the respective

wgvefornms of _input signals_inO, inCb and output signal. QUTQ, In. a
conventﬁ%h%13I%v%@W%BMﬁUEP}Kui%ogu%ﬁaﬁgl?ha&géQKﬁw§ﬁ$1%ﬁiﬁéﬁkEﬁqethe | ogi c
threshol d. is_typically VDD 2, or_clos 0 0.6 V. Large-anpljt i nput

si gnal s,sﬁ%%%tsgof héﬁgu%%i %‘u‘a?agc‘éjrté%i?ﬁlfi ?/%‘Piﬁﬁja‘%gge?“ gnagnlle‘rjjaquyp? end to
pr oduce i of t t g d f t.uat Wﬁg& he
ground I%8%$P¥IUE ua%ggméggg’tggé %ri'Vé?%Eeséﬁé%gl%%#%%:ge %ﬁroné%usly
to be a hi | Loqt {reyif. LO¢a1 s | 0 <k 12 | evel
out put a1 SO FeREE o P oRvERITbi Tova i Gonn ol FEUT TR he. DD
supply degieasgspl Peygbt eggnaihs%w@iccb hg eshplgi bacsms bowess i and@an
incorrect |ogic value nay be produced at the output outO i'n the presence of
even very sl ﬁ@@vé@-shgpli)? FeveblzsRpChl Clhito of Rihe HAplLivhen the VDDQ
power supply is on but the 1nput power VDD is off, the values of inO and
inCb aresidnileli fed, inpusi bg a througb-vlsecendbpéatd iy detaern VDXpwead VSS.
Hence, in a systemwhere VDD is produced from VDDQ by a DC-DC converter, a
heavy | osigpp 5y ex€otedxamplee. VDDQ power supply, causing a phenonenon, in
whi ch the VDD power supply cannot be turned on. If the VDD power supply
cannot be turfhedFdd) Lk8) andDPACHepEa@EnAts @ H~D'T2ﬁn9@@2'Vg%nﬁ%fined,

| eavi ng the system pernmanently unable to start normally. Not only when the
pover isltérVeBOBAr BUPPW | 8RENESYDBQrpEREeNS IpPY FOW/ RO bbssi bl e

to cut off the VDD power supply because the cutoff_of the VDD power renders
the val uB8u®f YHBQahd Pnéﬁraﬁdémp%éEPdﬁaﬁégﬁ@la M oURfh- FUFRENt1E P F | ow

-__-th h,.the--V nd_ - | ti ' igni fi t, i

comsumpt FORL by~TRL Y SPe AT OPa1  REF AT B0ORNERE GRURR YT GHAF T hput/ out put
onsumpt Ton By~ FRE BPfiBr EPOPNE"Eofiverit T o o

orobl em 10 et BHIGLRLEL: ahobe WEn'Pishiuet] et e AR &

circuit wnifneVWg8 t(ﬁﬂoyPDQrQHE@EtéﬂpEbi ggetyﬁ&@ﬁ, Ofoud cthe MDD power s
| val ue u

not, the input signa of the output ffer of the iInput/output

circuit beeoips aﬂdehém@dreggéétmggagalaégugh-Q@ﬁ@nim ond+ Dy bet ween VDDQ
and VSS of the output buffer circuit. SUMVARY THE | NVENTI ON An obj ect of

this invemplodoutis b@ pr.ovivdehan! dyel agdaws.gi vcwhén thith dofsr natamebhdi | y
produce an erroneous output in the presence of ground |level fluctuation in
| ar ge- anpiidt idethnputoskdgdaked andbeoapilavgdeamp semdonsigtal impeyr at ed
circuit device enploying the | evel-down circuit. ‘

The circuit shown in Fig. 1(a) outputs a small-amplitude

signal out0 having an output value of 1.2 V, for example,

based upon the power supply VDD. Fig. 1(b) illustrates the

respective waveforms of INO and outO.

Since, in the PMOS transistor 200 and NMOS transistor

201, a maximum voltage of 3.3 V may be applied between gate

and source, PMOS transistor 200 and NMOS transistor 201 are

formed with a thick gate oxide layer.

In Fig. 2(a), the level-up circuit is constituted by PMOS

transistors 202, 203 and NMOS transistors 204, 205. Small-



Anot her object of this invention is to provide a |level conversion circuit
in which no through-current flows between a high-voltage power SUD@';%’ ﬂnmla
ground power supply, and to provide a sem conductor integrated circu ? ,
devi ce enpl oyi ng 2 40 CT 2002 -sthe level conversion circuit, even when
t he hi gh-voltage power supply is tur n\?;d on but the | owvoltage power is

e

not . Anothg%%oq%gct of the present inventign is torﬁ{ovide a sem conduct or
i nt egr atBP T rEEE (1R IR BIGHY 3D IR 1358 FONR IR BTG bower ed

by diff J [ |y vol el d | |, . [

) roui t SERL T IRG T o, (HE Ny SRR TOTL rahel ak1TRP VO Hs d VA S et ven
th I O | iteDb) hy | |.ect h
nvent GO Th SETS BRI Bt of | ne MG Tt DURE prusrt PiR&nt i on

| nel udesyone. or, gnceof $be 464 | Nnad eatunas b e, vari us sppdi ront

di scussed 1 n greater al e input to a lev circuit is

provi deds hifer end i @hdy; of 2Dhd éde-+avel sidown Lig cuidy MOFid ansisfors

that do not receive 3.3 V between gate and drain or between gate and source
have thirigate(oxi el hayedsSss (Sle Ard Y&t U Gidwdidrdiaso@ 1ggical operation

function; and (4) An output buffer circuit provided with a |level-up circuit
i ncl udess impeanls preyeninoly #nd dwtiehe Cigealt Jumm

In a conventional level-down circuit such as that shown
in Fig. 1(a), the logic threshold is typically VDD/2, or close
to 0.6 V. Large-amplitude input signals, because their
amplitudes are relatively large, generally tend to produce
noise of a type such that the ground level fluctuates. When
the ground level fluctuates more than 0.6 V, the signal is
judged erroneously to be a high level in the circuit of Fig.
l(a), resulting in a low-level output at out0. Hence, in the
conventional level-down circuit, as the VDD supply decreases
in voltage, the logic threshold becomes lower, and an
incorrect logic value may be produced at the output out0 in
the presence of even very small noise.

In the level-up circuit of Fig. 2(a), when the VDDQ power
supply is on but the input power VDD is off, the values of in0
and inOb are undefined, causing a through-current to flow
between VDDQ and VSS. Hence, in a system where VDD is
produced from VDDQ by a DC-DC converter, a heavy load is
exerted on the VDDQ power supply, causing a phenomenon, in
which the VDD power supply cannot be turned on. If the VDD

power supply cannot be turned on, in0 and inCb remain



flowi ng through the output buffer when only one of the MOS transistors of
the output buffer is turned on. BRI EF DESCRI PTI ON OF THE DRAW NGS Fk%ﬁﬁ%%l
1(a) and 1(b) respectively show a circuit diagramof a convent i onaf

| evel -down circuit and its operation waveform di agram E40CT 2002
-6Figures 2(a) and 2(b) respectively show a circuit diagramof a
conventional |evel-up circuit and its operating waveform di agram Figures
3(a) andHfinedpeteaviny GhowsBstevPeHmRERS Nt Wk drdistdto a
preferred enbodi nent of the present invention and its operating waveform
di agr amnqifwjeié- 4(a) and 4(b) respectively show a circuit diagramof a
preferred emhodi nenf of a level-up circuit of the present,.invention and its
operating wa ?%r?ﬁliﬂ‘-(a‘@l?%% Che JRPERT 5¥3) CHES (- &%’stp 5 M el S WS

o routt o amalyanel gy efborl Tl m ] velatp Sig SUd i Wheesent
o 5 LU CTHOUED! 6L 8L el sHB Ll tofled T B aned iy

of in0 and inOb undefined, causing a through-current to flow
___._through the VDDQ-and resulting-in-a-signifieant—inerease in--————

power consumption by the system.

Furthermore, the conventional input/output circuit unit

that includes an output buffer circuit unit also has a similar

problem to that discussed above with respect to the level

conversion circuit unit. When the VDDQ power supply is turned

on but the VDD power is not, the input signal value of the

output buffer of the input/output circuit becomes undefined,

causing a through-current to flow between VDDQ and VSS of the

output buffer circuit.

SUMMARY OF THE INVENTION

An object of this invention is to provide a level-down
circuit that does not readily produce an erroneous output in
the presence of ground level fluctuation in large-amplitude
input signals, and to provide a semiconductor integrated
circuit device employing the level-down circuit.

Another object of this invention is to provide a level
conversion circuit in which no through-current flows between a
high-voltage power supply and a ground power supply, and to

provide a semiconductor integrated circuit device employing



of a further enbodinment of a level-up circuit of the present invention, and

its operating waveform Figure 8 is a diagramshowing a circuit configured

by adding a I ogic operation function to the level-up circuit of Fi gur@CT 2001

4(a). Figure 9 shows an exanple of providing the | evel conversion circuit

of Figure 8 wth an output fixing fung%{pn. Fi gure 10 shows anot her exanple

of applyi%% the l.evel conversion circuit of Figure 8 with an output fixing
[

funct i onthE g&VE L1 Fosews ionf witieari tex mehe wbkna thev Blighp voiltegiet phaxirng an

out put fixinq fuynction. 2 4 0 CT 2002 Figure 12 shows still another
exanpl e SFPRIVeddl FUETED Q& OWrailey law-velpaoef pRWRY fisnooiton. Figure 13
shows an exanB%g %% a level -up. circuit having an output fixing function of
a type that hoPES ERe PACAE Sdnldet BISEENuL RVERGEPE 18 SROREOXispsBem

using a | version,.circuit. according to the present invention. Figure
D o SEHELRALLELS gRE S EEGEE L SAvEREFo eBFFéuFngFdPﬁﬁsaiH&éﬁ?#éﬁYMMen a

15 shows a systemusin C
circuit Bogk cQIRr hebags Ru LSy & M08, Lransislars,ig diyided into two.
voltage levels, and level conversion circuits according to the
invention for translating voltage levels between the various
circuit blocks.
To achieve these and other objects of the invention, and
Lo solve problems of the prior art, the present invention
includes one or more of the following features in the various
embodiments discussed in greater detail below:
(1) The input to a level-down circuit is provided
differentially;
(2) In the level-down circuit, MOS transistors that do
not receive 3.3 V between gate and drain or between gate and

source have thin gate oxide layers;

(3) A level-up circuit has a logical operation function;

7

and

(4) An output buffer circuit provided with a level-up
circuit includes means preventing a through-current from
flowing through the output buffer when only one of the MOS
transistors of the output buffer is turned on.

BRIEF DESCRIPTION OF THE DRAWINGS

Figures 1l(a) and 1(b) respectively show a circuit diagram
of a conventional level-down circuit and 1its operation

waveform diagram.



Figure 16 shows the systemof Figure 15 with a substrate bias contro
added. Figure 17(a) shows an enbodi nent for controlling a power SW?MCMHQEM
Figures 15 and 16, and Figure 17(b) shows an exanple of a nethod o
controlling the power switch of Figures 15 and 16 when a | owthreshold MOS
transistor is used for the power switch. Figure 18 shows an enbodi ment for
generating a %ate voltage for the enbodi nent shown in Figure 17(a). Figure
19 shows an eXafpresof (an BRgue/(But pasPeFEEuetY coRPEcE edlt ¥ 1t hedex¥ & Ral
t erm nal épin) of an I C (sem conductor integrated circuit) according to a
pref er r if erbodnentionathéeprésvnt Cihvehti and FiyuereDDTH)I st arm
exanpl e of an INV used in the enbodi nent of Figure 19, Figure 20(b) shows
an exanpieagfam.HAND circuit used in the enbodi ment of Figure 19, Figure
20(c) t 40 CT 2002 g_ shows an exanple of a NOR circuit used in the
enmbodi nent of FEgguee Bd2)Fiegdr 8 (RO( dpsphotiévahyeshopl @ bfvah-@wetrostatic
protective device used in the enbodi nent of Figure 19, and Figure 20(e)
shows ancexewnpteaoftoaddnhetoekbepredsruedceproteneiVeoleviieeLupERNT n t he
enbodi ment of Figure 19. Figure 21 shows an exanple of an input/output
circuit imaentéodersdunhecepsaryivpreavefpontdbngraf. Figure 19 that are
substantially inoperable. Figure 22(a) and 22(b) respectively show a
further enbodfmngntesf 4t(ae endcdi(b)f oesperetémelngshovhaoaghcelt réhtgfamm
flowi ng through the output buffers PB1 and NB1 at the tinme of power supply
turn-on,ofnd mnefperati enbudirkotnother dével-Ep guiec2Bt showsharp exsaipt e of
the layout of the input/output circuit of Figure 19.

invention and its cperating waveform diagram.

Figures 5(a) and 5(b) respectively show a circuit diagram
of another embodiment of a level-up circuit of the present
invention and its operation waveform diagram.

Figure 6 is a circuit diagram of a further embodiment of
a level-up circuit of the present invention.

Figures 7(a) and 7(b) respectively show a circuit diagram
of a further embodiment of a level-up circuit of the present
invention, and its operating waveform.

Figure 8 is a diagram showing a circuit configured by
adding a logic operation function to the level-up circuit of
Figure 4 (a).

Figure 9 shows an example of providing the level
conversion circuit of Figure 8 with an output fixing function.

Figure 10 shows another example of applying the level
conversion circuit of Figure 8 with an output fixing function.

Figure 11 shows a further example of a level-up circuit

having an output fixing function.



Figure 24 shows an exanple of the configuration of an inter-power supply
protective device. Figure 25 shows another exanple of the configu*a&hgpzwi
an inter-power supply protective device. DETAI LED DESCRI PTI ON OF

PREFERRED EMBODI MENTS In the foll ow ng description, insulated gate
field-effect transistors (FETs) and nejal -i nsul ator sem conductor FETs
represented b¥ the metal oxide seniconductor FET ( NCSFE&% are referred to
sinply as MOS LIRS SPoPECWAN SILehaARBE DS eKARRS Ps Por 2WhEYE LidlPori ty
carriers are electrons is referred to as an NMOS transistor, and a

P- channef M8 £r BA¥LEEoANVWABERUE ﬁl&lOng¢n20@Qn-9najorlty carriers are
holes is referred to as a PMOS transistor. A "threshold voltage" (vth)

qual i t ati vel y FdeiGEed 3} shovs| eagexarpier efce BevRacHDt bé Tgaté RAd HFe
source when the drain current starts to flow. Quantitatively, a neasured

t hreshol @ veRERYE éanibe bbrarhed by pl svprenghssverafspshAt seVAla MOS
transi stor saturated region in which the drain current is expressed by the
squar e c@pvEesfedheudirtiter ence bet ween the gate-source vol tage and the
threshol d voltage. The threshold voltage depends on certain paraneters,

such as the c&aguwer dtdi shoiWs Bhé vsEeic oisduct or 1evlsdt cangesgiPac € lweeid an

i nversion channel is induced and the thickness of the gate insulating

| ayer. \Wweferdonpatisbhs premaphi tnvestépnthreshol d voltage val ues are nade
in the follow ng enbodinments, it should be understood that both PMOS

transi stors afdoNVES 1t shoist er syopermats ing enRavednesnvesde onand rchidity
threshol d vol tage val ues are conpared as absol ute values. If process

par anet ep§ thas deventine whenchamhekudsnddotincempdigiadgt Aewsame, a MOS
transi stor having a greater drain current for the sane gate-source voltage
may be cbhsedbréd MOShavenaibowes thr déékdgdvahtagéwoassumi ng that the
channel width Wand the channel length L are the sanme. Although the source
and drain of &imOSet rldnsihomwsr thee sdsttemiofed igsgentlicaMiyhby s sthirgs eof t he
circuit, in the acconpanying drawi ngs, the source of a PMOS transistor is

| abel ed byaancantowlpeiddeidng toward the gate el ectrode, and that of an NMOS
transistor with an arrow pointing away from 2 4 0 CT 2002 - to the gate
el ectrode. AnFélgggter dde alhstewsi as embectinen tc Hamgeo ndunoildg nepér MOAWEF (such
as a transmission gate) is |abeled by a bi-directional arrow. Wen the
source afdid@chi pfakdggersr APl pndofléd anchddguary 1di(bli sepWeNnant keprele
cal l ed source-drains. In many integrated circuits, the gates and
source-d@ﬁiﬁsm@thwgsoﬁr@@Qﬁgpéﬁénghéhen@@@eraﬁqét@bn@@cféﬁ@é§saﬂé éhden
commonly connected (the current paths between the sources and drains are
connect edi6i Whpar al lLleW)-tbreshe 1di ¥OSi bukeed isqoirvalsenskeyd fornihg ©a8€s. In
this specification, such M3XS transistors are represented by a single M3XS
transi st ewitshess ot herwi se specifically stated. Likew se, where a
plurality of MOS transistors have current paths between source and drain
connected in $éigivgs difd sfatwss aappricod iwent tive gene rsitgnal 2 sigdle MOS
transistors are represented by a single MOS transistor in this

speci fi cipléagenifess toehempiosd nenat sdowr gn Jigprehdvdaa .ci rcuit di agram of
a level -down circuit according to a preferred enbodi nent of the present
invention. Fi gig3s L9 |slsmwsates axasind copdr @t dmpndyefudiovs efindvd ircuit .
In Fig. 3(a), 3.3 V (large-anplitude) conplenentary dual rail input signals
are repré@éﬁ?@@e@ytDNQh@n@XWN@BalTW@rmiZaQ ((eril) | ofimpini tIGde) out put si gnal
is denoted by outO0. Throughout the specification, and particularly with

r ef er encésenifpgsiuctor3 indiegmalts ddenstced thy acapinddng &t ér $rEINredr) are
3.3 V (large-anplitude) signals, and signals denoted by |lower-case letters
(i n, outpmhpdibetVo(fs bl pamplentudeyesitgoal.s.

Figure 20(a) shows an example of an INV used in the
embodiment of Figure 19, Figure 20(b) shows an example of a

NAND circuit used in the embodiment of Figure 19, Figure 20 (c)



z ~o0c T zoo2 -11In Fig. 3(a) NMOS transistors 102, 103 have a thick gate
oxide layer simlar to that of NMOS transistor 201 shown in Fig. léﬁé 6&%5
transi stors 100, 101 have thin oxide |ayers by conparison. Voltage B%I d
bet ween the gate and drain and between the gate and source of PMOS

transi stors 100, 101 are snuall-anplityde voltages VDD (1.2 V) at nost, and
thus the PMOS transistors 100, 101 do not require gate oxide Iagers havi ng
the | ar geaVel 8Bt PrE™BLPeRGt A VPRt Rergath B??@elWaQ%ﬁse%ﬁogwﬁﬁl rahsi stors
102, 103, which receive |arge-anplitude signals. Hence, the PMOS

transi st b €UI801910F 1HEVE QaédénﬁhPB? gat exanpde Phydt theckressasicand
(though not limted) |ower threshold values than those of NMOS transistors
102, 103PTP5PAGIPROSCVESRsHSEEr $07E00, enbadifent t B nf HAt e ok? de2dyer s
makes the circuit capable of higher-speed operation. In this enbodi nent,
because Fh8UEPr&di(e)r é8erFedndERprBP AL PAI 2NAPNEE AtSTNEP AT INOB, erroneous
l ogic levels are not output.fromoutO even in the presence of ground |evel
fluct uatPRgtARGILITE NEVé6eersehiB ERFcAMPOPENABE @gsﬂ@umﬂ%enced by noi se
even when VDD is | owered. Another advantage of the present enbodinment is
that the manufagtins Ag phoressncaknapelsi apl ahi édrvy/ cetPithgciAeUgat e oxi de
| ayer thickness and threshold voltage of PMOS transistors 100, 101 equal to
t hose of tiVBE readsicst onserkasatyr firheiti peariond ohi Ehoere batpr@tout0 is
connected, and by setting the gate oxide |ayer thickness and threshold
vol t age ®FeNwmaEBstpagdipdtygr $npperabds.equal to those of the MOS transistors
formng a circuit that provides the inputs |INQ 2 ~0C1 2002 -121 NOB
For exanpl e, NMSSTEr @asiadt ensl 262b) 108 spaygtbEcdlt pueWseafer MBIt r ansi stors
of an I/0 circuit or the MOS transistors used in the protective circuit.
Fig. 4(ajmspewgeat etatpeecércniti Fedi Pravagranyfarthroegktcyprertcuit, and
Fig. 4(b) shows exanpl e operation wavefornms for the circuit of Fig. 4(a).

Si gnal s fAOMafdowal tagpesentheonptertnbatfedaalBl arnd shal | 2anphet ude

i nput signals of VDD (1.2 V). The circuit provides a 3.3 V (large

anpl i t ude}mguPpuPoErOINBPlPMOSrRransi sndr n30peraddion 3g@veBoBnhave t hi ck
gate oxide layers simlar to PMOS transistor 200 of Fig. 1(a). NMOS
transi st 6herg@ar.305 al so have thick gate oxide layers |ike that of NMOS
transi stor 201 of Fig. 1(a). As shown in Fig. 4éb), the logic |evel of in0
is increased Fragams iudaohsr apuepanpae ofTOheBeesose of the differential
inputs, this circuit features strong imunity to noise. Figs . 5 (a) and 5
(b) , |ikBPREgouULtPAL( glraRdtaofbFigushonda | evel -up circuit diagramand its
associ ated operation waveforns. However, while the circuit of Fig. 4(a)
converts a Figure 24 shows an example of the configuration of an

inter-power supply protective device.
Figure 25 shows another example of the configuration of
an inter-power supply protective device.

DETATLED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description, insulated gate field-effect
transistors (FETs) and metal-insulator semiconductor FETs
represented by the metal oxide semiconductor FET (MOSFET) are
referred to simply as MOS transistors. An N-channel MOS
transistor whose majority carriers are electrons is referred

to as an NMOS transistor, and a P-channel MOS transistor whose



1.2 V-anplitude signal spanning VDD (1.2 V) to VSS (0 V) into a 3.3
V-anplitude signal spanning VDDQ (3.3 V) to VSS (0 V), the circuit of Fﬁﬁ
5(a) converts a 1.2 V-anplitude signal spanning VDD (1.2 V) to \EEIQ@Cﬁﬂ !
into a 3.3 V-anplitude signal spanning VDD (1.2 V) to VSSQ (-2.1V) VSSQ is
a negative power supply of -2.1 V. Lrput signal inO and inob are
smal | -anpl jtude conpl enmentary dual rail input signals Qutput OUTO has a 3.3
V anpl i (ALY} &Y ge2 BRpeT S uded rapgeagls heetereed ttofaFiy) BY@) converts a 1.2
V-anmplitude sjgnal into a 3.3 V-anplitude 3Q (-2.1 V). VSSQ is a Input
si gnal s FERPEMICPRCD dual rail input signals. (large-anplitude) ranging 2
4 0 CT 2002 -1§betmeen é.z \Y and”-2.1 V. PMOS trans'stgrs 400, 401, 402,
and 403 are thi ckMEEROb%i URLFager (VERALI GL/rLcaFhe FPMB 2D of Fi g.
1(a). N transistors 404, 405 are_thick gate.oxide |ayer transistors
St iar (O NS TTERET ST BBYTGERFEC ST6e 5 SHOWCTICH YoB(He the
| ogi c | . of i 1S | S I npl j . . ut_t Because of
t he dif?%%%H?i%+P$%%€t%€£%§?sggi#ga?f f%%%ur%gggif%ﬁg'i%ﬁﬁ%%%g B noi se,
like thatndshd0a dBags B8 LOCELEEHLE SpPTp TGS nd (Sdvand] SfMnhave a
conplenmentary relationship, features of the level conversion foor both
embodi e sz WibE BLaleSEF bBedaOirhPEAPASY SoRf 1K1 ehid adhal @hgin Hovever,
such features, including the expansion of the voltage range, are equally
appl i cabhertent hes céxstbssef Hi 9ch8(8duand behtvé ot heneegat faeemits ection in
the circuit of Fig. 5 (a) . Fig. 6 illustrates a level-up circuit which is
a nodi f imsttwesn ofhé hgacer sttt cof vblgagd(and tioe behtssidobhd wolvawgs . VDD
voltage. Fig. 6 uses an additional PMOS transistor 306 as a current source.
When t helThwl tlagesihdél&/Diol sadecdepseds woi hc&BDDU 1 | paxhme ther s onsuclyraent s
(the current existing when the potential differences between the source and
gate of NMDSFPREARFERBEGN3DA, tRESSaMECYDDRCHPE SWRFFERte halnr ERes "wrere
currents (the current existing when the potential differences between the
sour ce AR B OPMERPERGhsT 8t HREUSEY, 2BA3C At S RABICHE S T BR%I §95F he
cross-coq&%eﬂ PMOS ;ransistﬁrs 300, 301,do not providg Lnversion. To
prevent THT S 2EHaS ght¥eT -+ t WUSBE CCTMBRHLS 017 vp Tt HRISY ?T ansi stors 300,
301, 30 reduced nd_the. gat j NMOS transi stors
h@@gh§9§ 98%%%%% g%?u%%m%rg gaﬁ%ah@ ?ﬁew%gifgwfﬁ

304, 30577 'htréeased. Ver, 0 an |ncreé%ed area and

| nor eas eyl dithe #8001 £ 200691 1RSGLADGSL 0S| BPUL S0@abR0EN0 and | nCh,

Thus, i transi stor I's connected to the power supply VDDQ.
This arrepgeaeatogki #haakmest PBangedtbosr §HuELL & Nen 08k 8 ME &8 Oho &M
transi stors 300, 301, 302, and 303 and to increase the gate w dths of NMOS
transi stoé S04ir30brefNbYdPYVEbLLhEanshstos 306 conpirdbates sbsanuesea

i ncrease, keeping the input capacitances respecting the input signals from
i ncreasivgluést holfhptoaasssparaf8bers shawndaseamPMOShe apsésher, it may
be an NMOS. transistor or any other elenment for limting the current.

Furt her ,céhe@ubblcér pnsist Ohe 308maRY a bROE NSLah &l bet weeni YOS dresmseést ors
300 and 302 or between PMOS transistors 301 and 303. Fig. 7(a) shows

anot her apglihi e@it8At OFokhenei EaMkt gQEeEbguréféa*}eltﬁk:[;Mhéi‘l) Ba inverter
circuit 331 is connected to the output stage of the Tevel conversion
circuit.cohoteetbe o0t pate WTO-QErt RBrEEHo14(0d1EAGE VI As@l@OngetNes as an

i nner node (designated by reference nuneral 333 in Fig. 7(a)) of the |evel
conver si tome cthannhé]l whétheWashdr thk thenmelt Agegoh Lhasei ther sande may
change dependi ng upon the circuit connected to the output. This affects the
del ay tinme ofAtbkohghetheomverseoandebkainhpEhai MOfurnanaysecauseran
erroneous operation. By inserting the inverter 331 at the output stage as
shown i iAgFrgrmypgy espentipddyt brosRecbédst eft Beeogipguibf 1n the

accompanying drawings, the source of a PMOS transistor is

labeled by an arrow pointing toward the gate electrode, and

that of an NMOS transistor with an arrow pointing away from



2 40 CT 2002 -15the level conversion circuit is prevented from adversely
affecting the node in the level conversion cell. Further, because the

out put i npedance at OUTO can be reduced, conpared with that of Fig. Mzﬂ)ﬁ 2002
the total delay time when a | arge nunber of circuits are connected to OUTO
can be reduced. Wen the | evel conversion cell is to be registered by an
automati ¢,arrangi ng/ routing tool, by use of the configuration of Fig. 7(a)

a hi gh- sg:eheed gfag%eeleg{c%%%% on AeIFLerhRHE ehese digsnsiise atasinstcimegesan be
confi gur%d_l.[ £ rtoherr t_‘b.ecau(se t he dependence of delay on the |oad of the
output is the Sans aa tHhat BFCh 7s NFRESSden gRé edependabed est bvhe CMOS

can be diyieci. plied to the timng analysis. Fig. 7(b) is a waveform
di agr am fb(r)lr ﬁlhﬁe/e(%olrécr{uall B . % g;lzhlen iG%g 2R dridver et ITDerRdrldases

the thro - t : Q_whereas the through-rate of the inner
node 333%?{&5{3&?%%{05\{%%&&0031%%1% hverter a&er Eﬁ‘iqtl SONE SEaCFGE TS t he

circuit of Figqg %(aq,), a simlar _effect.. Moreover, i.n the
enbodi nent s di sncussedqbqule?v]\:/%%te?e%ﬂmrlt%esr’ E:%lﬁ ES‘%Sédé&dt & HRESo oS
ciroul t, ofl Musudltdrss saddied o SRl 198! opaLLY JTRALT aned, Eig, 8 shows
a circuit configured by adding a | ogic operation functionto ffhe | evel -up

circuit cbmFicglyd(@nneStgdal (& HeNQuaténitnhaahe belw¥ehS ¥R kkudgl it nput

| -
signals, and inCb and inlb are their conplenmentary si gna:e .S%'Hl'ﬁe Ci rcui
out puts Ara3iZsVadeargenzapleid dedepaautipell )siognake OISO rCopaned with Fig.
4(a), the inverter conprising MO 2 4 0 CT 2002 -16transistors 302 and
304 and ERBVlENtdly donpeny wgstlse MIB thassspteisid@liand 3Q5nhames

replaced by a NOR circuit conprising MOS transistors 502, 504, 506, and
508, andtﬁéné1|‘§)§<|QI§SCiafr@ufftepé@@]gﬁtﬂdn@}fl\/%minghsi MOB8r sr80381s665, uhléssand
509. Wth

his .arrangenent provides the |ogic operation QUTO - in0 ORinl.
If the SFW&EﬁtS@%ﬁﬁ?F§P &Ywﬁsaﬁﬁénsi@ﬂgﬁylgez,wseng BOpluandibP8okts

r epl acedefthr%nlsg i% circuit that Eerforms an operation LOGL and a circuit
conpl enent ary £ tRE L SGL2EPr EHFESPE PapPEcRECWRER ERBTRANBAE fain

conpri si ansi 'S D 505, 507, ,and SP9, a level-up, circuit

havi ng tﬁgn%{ggit%ﬁoggr %%?é%sf 85’@1 SSEEM@;@HOG&WV\EE?@&U‘@ FepPadents an

i nver si og)chembkt : Ll i it illustrated Ln Fig. 8 has
two i nputs (foulrs ?ﬁgﬁ?%g\?\ggﬁ tygg ggh%%%%%\%ér?ys?gﬁﬁgfgrgogonsi dered), a
circuit coahkgueati o BﬁygngpécQEEéEEEoHUHHEésgfotﬂ89§§sga¥tgfe8°”5FrUCFed-
Fig. 9 illustrates a circuit configured by providing e level-up circuit
of Fig. 8 witRign BuUtputhbiv¥i 89chYRGLE0ALadPsn! S¥E) - LLEMLL W e
output fixing function is designated by re%e?%n%g %lukr;éé)‘rfﬁ% %%ﬂ u%?’ﬁ%?rmr e,
an inver2egosdngstpravpdefleasedhombodingnt Sf oNed pAtPehs (RPLACES W th a
3.3 V (large-anplitude) signal INl, and inl is derived fromsignal INL by
usi ng th%l‘-'ﬁnvégérl%lQStrﬁtFSgbagicaopératlidmb&bmkfc&?ﬁ:@sOc@fir@lh@S on a power
supply voltage of 1.2 V, and a circuit block 511 operates on a power supply
vol tage ©f*8Y3ty. FRuELIgt hd(akved- ApVcitange-H1sl flunde ) onsmp betemnstat e
fromthe ciicuit bl ock 510 to_the 2 40CT 2002 -17circuit block 511.
Setting TRIT=F o1 TRRYF{SIPRAERTRYS Bepreseried diesENOfandel NGB t agkhsi gnal s

in0 and 4 ' is_state, .no through-current flows fromthe power supply
VDD~ t o i\/ of k?‘ﬂ‘g“em'e% fb%)‘i%?)r c?l?'fp‘é'gflaiﬁ%l POt RRUPE YOBfOUthHe- ci r cui t

bl ock S £y u d : etting_ |l =0 V..  At_this tinme, although
the i npl]jj;fh si gnlg sEitFllggasrﬂé%ln C%Fleo%hd%?aln%%r,tln%ﬂt%]dﬁdﬁl-%rlf%ﬁ'ﬁrqﬂ%

through gderd@yel 1 up; Ci éﬁ#&%léléen@@éid i ﬁ}gt%’éi

t is d rm.ned, so
that the circuit block 5 oes not operaté erptraolneoeuts%%/r.s Fltl\? TBU,F)

are 3.3 V (large-amplitude) signals, and signals denoted by

lower-case letters (in, out) are 1.2 V (small-amplitude)

signals.



When the circuit block 510 is constructed of |ow threshold MOS transistors,
a subt hreshol d | eakage current flows, consum ng power even during standby,
when the circuit block is not operated. By adopting the configuratigqlﬁﬁszn
Fig. 9, however, the power supply of the circuit block 510 can be off
during standby, thus suppressing the_gﬂm@r consunption due to the

subt hreshol d |ﬁ9H§ e gairent. Fig. 9 does not expressly show such circuit
constants as the g]g?e U AMRF RN 9Fankd Bt ok&3 eV e & higtyeazats i t ude
signal i ginput the gate |engths of MOS transistors 503, 509, S04
and 508 shcﬁ% ]b%t%}el\gjs%ﬁ%rt? Wit HeE JIQS |Sermptsiss torr M tShnet sitor s 505,
507, 502piand PAH. F r . al t ho the | evel cqQnversion circuits

di scussed t?gl OW&QI so%d%&ﬁotfwge@%lr %ﬁ/ujs e M iR T SRS tIRY S TS t he

CMOS cir e ted ; uct nsi staors having | argeanpljtude inputs
(such as%?;os t@%%g%}s @%%g%%%%'}edaibc?%n a I@%etgraﬁldﬁa&r”s havi ng
smal | - amplnid tée Wauattshd el T - transistars 505,
507, 502, and 506), ttﬁleé syrmetaflgd ggf&lcﬁ%recuﬁ&?%gn ﬁ:g%?lgl!%ﬁr%arq%& aﬁ)ﬁnt ai ned
by setti aget enagal-angEndhlte ofo 1theyMOSHD anSizskAr 15 H‘r{g)%ltlle t e e

| ar geanpl i tude inputs smaller than the gate | engths of the transistors
suppl i ed PiiOSh tideen ssinitid rsampd 6t UdEL i WHSE: rERRL117QV fatdd oxiilieUirty 214 shown in
Fig. 10 has an output fixing function for fixing its output to"QUTO = 0 V
when | N1havang \hepyl dngratd iregl ddter ficn\sertesigthl 2 fas hehouie bwitkenmmies t he
output of the Fig. 10 circuit is taken fromthe node common to the drains
of MOS tPgnWQSO?%TaS@&StSGSS, 0% 508, twhidh cleceioegategef- aMpS ittud@esi st or
501 is also cqonnected. Qrherwi se, the circuit configuration shown in |evel
10 i s suB$ERAtSal | YSAGR1 dhe PMAfat rensEisgors. 1Der 0dr bavehehei t i s

necessary to.fix the output at OUTO.- 3.3 V, the level-up circuit 513 of
Fig. 9 i8" sef" FREWAS Loy stedlddsknesssst i anchd thgupht nat dumdt=dy V,
the | evel - (o] i f. Fig. .10 is used. Figs. 11 and 12 respectively
iIIustra%gugfrgﬁggg%fﬁéﬁvggéffgéhFﬁet%ﬁﬁ@tP5n§Mg§ Ergesi§tangd 162with a

di fferen ons i L - i.rcuit, 5 and 516.0of Figs. 11 .and 12,
respecti%g?y, Egggb;%ﬁggtgégnﬁﬁgfnésfER@fiéﬁ; Wﬁéa ?Hénpg P SEPPPy of the
circuit bhoeksSkQxie n f; raugh- cuyr t flows between the power
suppl i es o? circuit? E%E,%gngﬁﬁe%%P%%&% galﬁggkggt898e§ﬁ°885$§bPPate

| evel , ther ebgnstabls! kaboa i coubRbuHTOe! B1£RGR: OLFROFa0- 12, | evel -up
circuits having an output fixing function have been shown, mﬁereby t he

out put CUNCEesent2ad ©aHuR@OAt- 18D wed tNo8, PeedehebikNedgh 8vekye CONDI ni ng
each of these circuits with a latch circuit fornms a circuit that holds the
out put |3¥%@| neTOarheh ENtmbensmesvanpiadeher pragdnyal ve. gFbGndl3=680Ws a
preferreg exanpl e. Level-up circuit 513 of Fig. 9 is shown, with a latch
circuit SP9Ch¥eftagdonPpEe. WHenepNerchahgesciromiB. 8s\nbb Ba¥ilyhe | atch
circuit 52 Iatchgs the signal level of the output 521 of level-up circuit
513 to GJTO-UTAERYI R Pelgevexsndeber BB adoleyerad. power supply of the
circuit block,510 can ge turned of f. Although at this tinme the voltages of

i nputs in0 and T hih* bRCEABEAAGePfnERS RECERRBUGRDRERERE 15 oWBat nthde

| evel -u i i and its output OQUTO |s determ ned, so that the circuit
bl ock 5??5g%€§&%%?%§%epﬁ?gegFrSﬁgoégl??mﬁLéf}%@cﬁyc??EE%¥959Qec%ﬁtﬁlso be

applied d0i dber Lenel ey j i h I Lgs..10-12 in imlar manner,
provi ding a sinifar ef?%%?%ggié?algﬂgﬁ%ag %ﬁv%§5ﬁ%?e°%fpgp ircuit system
enpl oyi ngrdhei ebove- describedabgy el £ YPr ghL LUl vip ut, fixing
function, and | evel -down circﬁ?ts. A I%mé%%l ggggéié%%?ff%ﬁgég %%ﬁ?is
suppl i ecEautt he MDD £r du 2t Ve o aRHi 6BNEhHE USH G, Of ok O+ L Air eshol d é\?
transistors. A high-voltage circuit bIocQgéOZO?s supp ?@ﬁ wft ’\?ﬁgggys.s
V, and c@mistingtete ofadoktansisyer sthavkngs @ bh@heird biesholsh than t hat
of the MOS transistors formng circuit block 601. Hence, the subthreshold
| eakage UMD  taowé hgt des weed, ppoereGupD! & @St hdsd hee ci k& Uids bl ock 602 is
negligible conpared with that of the circuit block 601. Level-up circuits
6031 to "OEBIEYsheds aborming a circuit that provides the inputs INO,



240 CT 2002 -20 those shown in Figs. 9-14) having an output fixing
function and | evel -down circuit 6041 to 604n (such as that shown i? '?.
3(a)) are used to transfer signals between the circuit blocks 601, é@£.2M2
Because the circuit block 601 is constructed with | ow threshold MOS
transistors, a subthreshold | eakage f{pws, consum ng pomer even during

cuit block 601 is not bein B i nputting

t andb wh th i d
Znagpp¥dg$ﬁ§te ngu%§%§£éﬁchNMRE bFaBS yf beohS of 0% eve 3dﬁ a?%u??% $®3 during

dby, _.h h h bl.o b d
o STt S  HETBBREROEONGRrBRI HD dGEEEEt HEF St HIGaNT o ERRAtE
current. ;gﬁtfgr xtlQecau e%%he ogtguts QUTO of the level-up circuits 603 are

fixed, HeE i TRt 2V does operate erroneously. AIthough t he
circuit funct r ed. i iLreuit limted,
the circuit b#ng %ggpn%§6?%cgud§x% %%i%f %a%?%ggft ? io% and
Menor i es) RO e, POMBE-sYUPP! LES ﬁﬁgnoiiﬁ %6@§de££ gpytgéﬁoming the
power supply of " the circuit bloc e turne off requently. For

turni ng widetbemporer euepbyr@ﬁlth@fcpi§UIn 8] ocks 18 BMSandoinexanpl e,
may be inserted between the circuit block 60I and the power supply VDD.

| nt egr atiayprédenti coupledystapy680al nraisi sgh el chipl et ude natest t he need to
provide a switch outside the chip for turning off the circuit block 601

2 4 0 CHig0@2s-281 VPDQg(11% ¥howsThe pcefeuiedpeobbdesreat 3 wheV el hathe-
circuit block 601 is divided into two systens, circuit block 60la and
circuit ¥mptktedeb. oThputi atuPVTHLock 601 as shown in Fig. 14 has a
drawback that when its power su is turned off, the voltages on the
nodes i nsi de PM@ScFrénsiSEPéék3581 %@éon@oandéiinb@veahul¢hf%@ﬁ9t@§hde
contained in menpry_circuits such as SRAMs and DRAMs, |f &%in t he
circuit %ﬁ%%R56®imgéﬁﬁoF°b3M EFéPﬁéEtOFnZ&Pg°f1§19C|}&%its @2h as
menories,_whose,_ powe up canpot be turned off are jncorporated in the
i rout o HTARRIERERE 5\&%e%héaﬁ%ﬂmsahbsiie%agapwi%% WERECTERECS or
are inc at ed t ck-6 wer cont circuit
PSC i o prBor dog YiOs PRaBRLERbE, 0808 PRI LR e B FRene. To2b

with sigpabs 704a, 18@19 ié@@ltl’-} E§(§ égeméregsgarﬂi'sﬁp_@%@d@néo@%b have

an output fiXing function, and evel -down circuits 604a and 604b are al so

DVOVIded@ufpﬁtXéBQOQTbCU'Eeb&uBéeéﬁr@HEYdhE§§£é§Q19EtM§$@t§'r@HiE bl ocks
60l1a and 601b to prevent the erroneous operation of the circuit block 60la

when thecpoweftsapatyMreer sthengl iemihibloek A81beis turned of f; however,
the fixing circuit is not showm. It can be easily realized by using CNCS
circuits suchFagsa SAAID and BICR) , TheksyBlem condl gandt & on) of skbg. al5 has
two standby states. One is a state in which the power swtch PMOS

transi stbeved2upi sirauabddobyren endnibsfashecpaned spppryieor the circuit
bl ock 601b (standby 1). The other is a state in which, in addition to

st andby %3V?ﬁ@rﬁémerH§WFY§H pypsle pha gircyipopd Fpg- 4(a) converts a

1.2 V-amplitude signal spanning VDD (1.2 V) to VSS (0 V) into
a 3.3 V-amplitude signal spanning VDDQ (3.3 V) to VSS (0 V),
the circuit of Fig. 5(a) converts a 1.2 V-amplitude signal
spanning VDD (1.2 V) to VSS (0 V) into a 3.3 V-amplitude
signal spanning VDD (1.2 V) to VSSQ (-2.1 V). VSSQ is a
negative power supply of -2.1 V. Input signals in0 and inOb
are small-amplitude complementary dual rail input signals.

Output OUTO has a 3.3 V amplitude (large-amplitude) ranging



transistor 702a is also turned off to turn off the power supply of the
circuit block 60la (standby 2). Standby 1 can reduce the subthreshofd 0CT 72002
| eakage current of the circuit block 601b. The circuit block 601b, because
it does not incorporate such circuits as nenories, is free from erroneous
operation when its power supply changg;_fron1"on" to "off". Hence, recovery
fron1staggbg 1 can he_accaqonplished at high speed. On the ot her hand, when
the standby%t8telshi ¥t 87€0- 3t dntby BMOfesanhisponer4GUpphyl pfa0he ghacuit
bl ock 601gy4s off. . th coEtents of the nmenories in the circuit block 60la
are erased: - ahd cOREEQUERE Py OKhEe  LR¥OES JrrRBHF soBRdDiMPlankes BNOS. 200

However , y nr e_the subthreshol d | eakage current of the
circuit bﬁﬁggblg(lgﬁadgﬁ{jgoﬁr?ﬁséﬁ‘??ﬁ& U st @hdbye 15hi Bl sgakdi evide

| ower po ! f _the, operat| of the circuit bl ocks 60la and
601b i s ;%%%’ggé#%ﬁggg?‘éfgt?%‘éwa h%?tmg@%%’aa%?lﬁl?%?%@%t%wbyl &t e

shoul d be stangdbysfe e o} tion is stopped for_a |ong period, the
standby state shoul d be gt%ﬁ%bygggﬁﬁ tgr.lel O%h%\?\ge‘éﬁ'ﬂ' Mbadttrerit i n which
substr at el riosa SOM 1Bl akh I L1 dS MBELA, \Y/ added to the circuit of
Fig. 15. As descri bed alg%ve, a subt hr‘ggkﬂ‘b? Elé?eog‘gog'e %eﬁ'aéfﬁe fSovdS n the
circuit hlidiflefied auringuss Angbys lei JRe: S UASET ' - Gl.J qul t
VBCa controls the substrate voltage of the N[B%%ng%foorgggmﬂﬂrh%}ﬁi Tui t

bl ock 60F®iHE i ngilet anitdy df aBidold aws: (1) For PMOS transistors, the
substrate voltage is controlled at a |level higher than the power supply

vol t age. 2 £ TthroicrcX s (& HHays NMOS)t rats i55t0r Siaeh substrate
voltage is caontrolled at a level |ower than the power supply voltage. This
control & MERE 3y dshld il arsiltigye ffatithee MOF tthan Qiestedr SonraE ogi F Cui t
bl ock 60§a, %ﬂd redyces, the subt hreshol d | eakage current. Because the power
supply ré&fdi RO HUSTRPGen e Wik dret slasfoninedremp tihes bamitshe feimieui t bl ock
601la are main gined. e substrate bias control circuit VBCb t;onnected to
the circuit blfock* 015" T He B ffatvgedn IDodudday. ther iengpatnise onDDQ
test, a gier ¢yt ured is cut off from,a power supply line, and
thus the pO\“;Cvere gv?ﬁi‘%%e%%’?@ff a?r%laad'é’b a@é’&ﬁ@ta%l%é tQr ﬁ%@ 6t cutive ofse of
the substhateshias comdid! 4G eyl Ga a Vng, whi ch_rai se the

t hreshol d \%ol tagg of tﬁirel(%l\/fgJ ttﬁ‘;%néq‘lsegt\é(?rlgef (r‘ﬁﬁleﬁ 10Re 18 F8Gi €1BFYeks 9601a
and 601brtg.reduge the subthreshol d | eakage current, allows the |DDQ test
to be executed. The use of the substrate bias control circuits VBCa, VBCb
is not |imte®8iga Bha lQseWat: «oRf 1@yeat i,on of Fiqure. 18, -hut can be
applied to any system which conprises a PI rgt gﬁkgupgléﬁoég Eéonstruct ed of
hi gh- t hresfidEd cBESotr arfsitsieord rand tsuppkigd @Yad | ahggzagpLit yde,vol t age,
and a second circuit block constructed of |owthreshold MOS transistors and
suppl i ed*AWeH HDBneiolltagel-i t ude voltage, and in which the first and second
circuit blocks interface with each other via level-up circuits with an

out put fixi ngF¥+dncfi Baeanar eddidonnadi PEQBt srafhbstorssosi aguat bl ock may
incorporgtgr E 4 0 CT 2002 -24 circuits which need to operate at

hi gh- speed: “aRd ERE*SEcon§Renr EBFt vBLEeRenay VBRI udederreaséd whah can
operate %Déoy.%ggedtgnd"do,not consune_much power, such as an RTC. The
first circurt block 8%di ¥Pded FhEBLE fEBRt CBFBRRS @xnianéndByhehetkér cuit

bl ock | Aygomtal Qi ng. ¢l its_such as a _yenory that takes tinme for recovery
when théb pover g%p%f';f;klégg%lu?ﬁegeE’fJ?,enaFlggt ﬁ%gﬁ??c%ﬁi@ BR B2 koL BMSRt ai ni ng
other cit€ahdssrdPeseodi vhged, gLrGyi | ocks 1B control thejir power
supplies and incorporaté a gu%g%rgftjgg blgﬁg %‘Bﬁi’f%ﬁf Eﬁ“?%uﬁdﬁ‘? FPhtre 17(a)

shows amerdeh genthé opy £084 £ 0Lkt 095 ] P 02a used in
Fi gures 15 and 16.n I'n FLilgu?;éE1%%%€?l%§:w%%%$h§x§€%n%l\% %331_2 - rences

hi gh-t hiesthoteh PVES $oansé S108 - gYVENGE heybs apsi | 55 activey 1 he vol tage
701la on the gate termnal is co%trol?ed at ggnéelgéé%%%lsﬁla?%ée’ 3;50# cahIQe as the

di el ect MIP)str eks gt hrefulthe giad ecoxsdechhb o Resmpd Sy U S nabl g5, a | arge
current to flow through the PMOS transistor. The negative voltage to be
appl i ed 3Py dse ndtorpexaigd ei nve neyed | v@d%ﬁ@\%@s&diglortg@%é&@st rate bias
control. In the standby (inactive) state, the gate voltage la is
controlled at 1.2 V (VDD). Because the power switch PMOS transistor 702a is
a high-threshold MOS transistor, this gate voltage is high enough to turn
of f the power switch PMOS 702a. Figure 17(b) shows an enbodi nent for
controlling a lowt hreshold PMOS transistor power switch 702a. Wen active,
the gate voltage 70la of the power switch PMOS transistor 7C2a is



240C 2002 - 25 controlled at 0 V. Because the power sw tch PMOS

transi stor 702a is a lowthreshold M3S transistor, a large current £ag(T 2001
flow. In the standby state, the gate voltage 70la is controlled at a
positive value as long as the dielectric strength of the gate oxide film
permts. Here, it is illustratively cgntrolled at 3.3 V, and the power
switch PMOS 702a, although a |owthreshold MOS transistor, can have a

sat i sf atgeitylsopfoffMQeh dizrotsard tetrisc 3 0Phe 38dnt 3812 /s [8&¥h 308 PGl & 17(a) and
17(b) is not limted to PMOS transistor control, but can _|ikew se be

appl | ed TRELIFSEh WSS Brneda nivic fo Qf SRR ERessavoTer £dér, 3@8cept t hat
gt votsgb e SHully eetiie frlaf odheguefc Rarealls £REAHG '
pover sWCERoESHt rotP r%atﬁatc%fceﬁngeﬁa%ecr% S%‘r? &gﬁﬁéolﬂ Pedi t A 1,
\'?mhiect] 2?%%@ g'll? f%ﬂt 'Sev%ﬁ{sgg\e/ior%%%e's 762%2934 dtsﬁ etalls‘_’largssj'tsc‘#%ﬁ‘J ei3g)i%a\s%:) P:gﬁagec(ﬁ% nle
circuit bl egle & U Rl 8 S URSIS et 896 HesS M

transi stors, via VBCa. "By ‘cormonly using the hegative supply voltage 712

for thenaustatedias Qtdde ANGHHY dhoMaNtd@inQfstldie pAWEr 394 tch 702a
enables a significant reduction in the size of the circuit required to
realizeawphe coid rs aindiirndrdae thd bt GiEL2R0DE 2BMaXt, an exanpl e
of an input/output circuit using the above-nentioned conversion circuits
and connmeeined stwran 304 er3cs . t @nliynaMqPityarcsiddver 130 6 semitonridustsorco
integrated circuit) will be described with reference to Figure 19. In

Fi gure 28 agyasbolrsRBiseanckdBiimngpridie PMOS tqapasiidtagras sams SHMOS 1ng

transi stors, respectively, both having conductances sufficiently high to
drive t &g daPuwf sirgnaderfizdn dirgifasing be connected to external terninals

/0. Both PBL and NB1 constjtute an output buffer circuit. An inverter
INV' 7, a NANB-GRQURANDRRSREQF NOR dat SHORL 3o tiMaR SR EY 0 that

POLTOT T8 L SLegdoaLe, opsraty on by uhl gh vhenan UL ool i ona
t put ff to th t | t i /0 t i s t put

output Wid s lothe stsonl Lsianls 110,18 065 Yansiator Ly e out po

st at ©) | g dah, WG, e M0 LOE d 540l 2 DOHY NS 4 @RSt Of the out put

buffer are turn regardl ess of the state o out put signal Qut to

bring the e uffer 403 &add gh out put i npedance state. The external
termnal 1/0 is also connected to the input side of a NOR gate NOR2 and

used as a commf. tefdl NBodHraddyir el o drl i oW gHp Wi eonity ad£ si gnal
/[1Eis logic "0", the NGR gate NOR2 transfers information, which has been
suppl i edritep tdhe extior natidleran nalvd /@ f ranrdhies Ailsiide amndmddC,tdo a
terminal /In (the /In termnal is the inverted |evel of a signal supplied
to the &heermdiputersiasg 9§ Mhe areie Wronversiq@ Cigopix02 Sipe &hee i nput
control signal /IEis logic "1", blocks the transfer of the information
(the /1 PR fHTE OF drleedfJ9 het RlatCligil ' Yso F=rves 2H AT - P~ CS

transistor_whjch js used to suppl
node (designated by reég2g%ce numeral 333 in Fig. 7(a)) of the

level conversion circuit, the behavior of the voltage on this
inner node may change depending upon the circuit connected to
the output. This affects the delay time of the level
conversion cell, which in turn may cause an erroneous
operation. By inserting the inverter 331 at the output stage

as shown in Fig. 7(a), the circuit connected to the output of



the external input - which takes on either a logic "0" or an open state
(high inpedance state) - to the I/0 terminal. Wien pull-up control &idtdl2002
/PUis logic "0", P3 conducts to transfer to the NOR gate NOR2 a signal of
logic "0" when the external input is logic "0", and a signal of logic "1"
when the external input is in an open;state. The channel Iength of
transistor P3 is set larger than its channel width Wso that the inpedance
of P3 whilhe levedndasverssosuftfirciént iy baeyentefahrohardvidrselyhe external
input is "0". A lowvoltage power supply circuit block is shown at the

| ef t hand@Ef@etdngrrhar aods wht kha develt ednvereieectahyt e, FRREBATch, in the
range shown, an N-type substrate (N-type well) N-SUB for all PMOS
transist%?§3P§ecéﬁﬁe€P§BUFol&PPﬁEBCﬁePE PURRr CIBPPE Y BPCERd OPPRYPE
substrate, (P-type 1) P-SUB for all N transjstors i s connected to an
NVOS melvl%gméﬁg§u§%|§19bn4 Fhe §BEpF9thF9§§%¥ 5%%6\%Ee%oav¥aaﬂﬁ vdd (1.2
V). Alnost_all transistors have | r_th old voltages than that of a
high-voI?%@ﬁeﬁoagfcéﬁﬁﬁﬁbSCPFEUFPnaggggngB é@fgmfa%n%etﬁggbg?g'insulating
| ayers are thj T b AL aum . le i.S_ClJ i cK. i for
exapi e, 0. 2 Mhsn ! bfeCn B LEHFR8s choBE £ 0%, LY Brckidtt e be SrEn | -
0CT 20 = ™ L gh- age.,p ro8u Y& i t he
inverterQ%F?%ﬁggg ?R%%B?%%a?ggﬁg&g?rggég'o?yF?§§r3§2g?%)Cﬁ%§£%%£%§£§§ and
for the dANPigi.rouht BANDEhardethe 1MERI ChbavbtsNeRlcel Dengligyits of Figure
20(b) and 20(c), respectively, may be used. A high-voltage power supply
circuit &koeskleatshowseatrekhettngbt Bandbsi deneightgare &9renetpsed by a
dotted-line rectangle. This circuit block has power supply voltages Vssq (0
V) and Vdega(8e3t¥e. depenhdenrangé shawpg on the Hoad of), tha dhtype ssbstrate
(N-type well) N-SUB for all PMOS transistors is connected to the power
supply \Vddg sateaak- type sfibsheaC¥OEPinypetearl | fhe- Sepehdenas| ofiMIs:e
transistors is connected to the power supply Vssq. All MOS transistors have
a hi gh tBYeShera bel dagecsad ﬁﬁpgkeéaﬁé tﬁ@uFé@iﬂ@ PBFEYSLSAl t hough the

power supplies,hVss_and Vssgq may be connected together outside the IC (for
exanpl e, on tRe&9priiPediEi AcHPYeheaFd bAIHAMCROL hENE CCLIECHDENPEAT 1Tt hei r

I i nal I, bondi d ad i [ ' inspd h
TC aro sBia! at od"e8 R BvLRES ATVAEEBR 971 RECFBAG-E o PentREPURREREEF ng  he
power Suppl yui 1i,0g, 8nd,5aus|Ag Qe 8LLODAL NGhoEa: YBPOLLLSPhAD.  HEge
| ow- vol t age power “supply ci'r &t denctes “a-Pevel SEIf (Fevel'-down) cCircuit

t hat conyggt§tgeﬁkggéaggbupude signal of 3.3 V, supplied through the
hi ghvol t age power supply circuit, into a | owanplitude signal of 1.2 V that

can be procesggdihg the Laveyekiage pawer t8URREYoutgut 8fCile2092c0129

circuit. The LSD may be the circuit shown in Figure 3(a), in which MOS

transi stoesri62 and)l@3anhavect brekugat @ kastbati sgreayer smbhabvate in

preferably forned by the sane gate oxide |layer form ng process used to form

t he MOS thansimbbdiseot st e skuglsed badewpowee soppkyeri ceni be dféedhannel

|l ength of the MOS transistors |02 and 103 is the m ni rum channel |ength of

t he hi ghthel pugeusomsr cydppl pléhought ite. 3gditday, 1aonotheParhEAamLLENgt h

of the | owvoltage power supply circuit of (0.2 Vim. The MOS transistors

of the 1B8PF6PR&Fe circuit of Figure 19, in the range shown, have thin gate

i nsul ati ng Ia&ers , , , . .
1g. 8 shows a circuit configured by adding a logic

operation function to the level-up circuit of Fig. 4(a).

Signals in0 and inl are 1.2 V (small-amplitude) input signals,

and inOb and inlb are their complementary signals. The

circuit outputs a 3.3 V (large-amplitude) output signal OUTO.

Compared with Fig. 4(a), the inverter comprising MOS



except for the level-down circuit LSD, and have channel |engths equal to
the m ni mrum channel |ength of the | ow voltage power supply circuit fﬁﬂgpmm
dun) . LSUl-LSU4 in the high-voltage power supply circuit are level shif
circuits for raising the level of the 1.2 V | owanplitude signal supplied
fromthe | owvoltage power supply circyit to a high-anplitude signal of 3.3
V, using the circuit shown in Figure 4(a) or any of the other |evel-up

ci rcui t s "FESSITF hed® Rnd Gr04eéntbltde |iNwe et |9WD wicnistg thitee MDS
pre-buff%r circuit to drive the output buffers PB1, NBI. INV1 and I NV2 nay
be consti TGSt PP ahe IhvdrsidF ane war anssh n sFNQR e i207H)E.  The out put

buffers P Bl ar rmed in a large area so as to have | ow out put
i npedancecs%,ilnpaljr\llltflhn@nwstoﬁﬁaﬁsﬁ‘?ﬁtﬂrs( g’g}ze) padi%andes! 08 /| @tge byThe

- buf f ghgoh fol | qui d__.24 0 CT 2002 -30 confi tion.
(1) The Do barPerat s amied Seb Ehansiasness S0 RO5 codl oid

circuits UL, LiS42, ing of t.he design paraneters .of the |eve
shift ci?E?itswkgyhggﬂ%gé%ﬂﬁ%ﬁiéﬁ %}tﬁﬁ?“l q&e%ﬁﬁnggéébﬁﬁqﬁﬁiﬁQ?'of t he

out put buatifrer . i) okhe N i npedances of the PMOS transistors (e. g., PMOS
transi stors 300-303) on the cross-coupled side is set larger than that of
the NMOS trangifsSt@es NOB: G.r i h , i t side,
so that the previous output?gggggghggﬂﬁﬁgkfgggfgéﬁfggééf%%hﬁpg’L%@%/ LSU2
can be i A06ért eddboBhd si Rl a%ed walth la ARG cifeudicr eetly pdhirkedshen

out put buffer by reducing the inpedance on'the cross-coupleg side, the

i npedanceretratien APGL MO8 tr aisicstier couptl cbenturi/heo reduced: whirehsirs not
advant ageous in terns of the area occupied and the power consunption.
Hence, th& FBPéacadewishalthec diPd® tchHatcutite coepet stanv 8Os erahisAetioer i S
performed by the level shift circuit and the output buffer is driven by the
pre-buf f2P37 WA8R t RE7i npad §0de BadeNWISUPr ansicetior baviihg abeplbgirpedance
of each circuit when outputtin% a logic "1" is so deternmined as to be

i ncr easedPSF ACASBe AHPAG L6PdEF TV &r -LRELlodwpereblff ereprheepts- baf fer, and

t he Ieve&néggft circuit._ The outgﬁt i npedance_ of each circuit when
outputting a-rogre *65UtESdet EPREREY i WRADSt thes64TFHitNe ldumbTaEGEr in
Consi der j t he i (e aracteristics of the putput buffer described

| ater, tﬁggbu?pﬁgg:%%gdgﬁgggﬁasgﬁgrsﬁnagggrWFﬁBdtgg EBmB SMREFBA¥ed, in
ascendi ngi , r : byf 4 . :31. the | eve
shift circg?g?éaﬁgetﬁgﬁgﬁggggpgérg é?%?PéF|§én§ﬁ§H;a§%§%i%%H%ngi8e has PMOS
transi stgrsatéhenoubpyt okMpagARSenAl, BaCRLRLECHLEheN outputting a |ogic
"0" is so determined as to be increased, in ascending order, for the out put

buffer, the pFeghubfelluasdatbe hevekcshif bofiEhgUiba At Podghathg eHEput
i npedance of each circuit when outputting a logic "1" 1s determhned in the

sane or deeveéh-wpsticaseés, ofhBigr der wathi apedanpet mayxhegchangedoho t he
ascendi ng order of the output buffer, the level shift circuit, and the
pre-buf fERE t®VSlidepi Agrendtswitbhthg ohapatt Bikshgcsunttiba bet put buffer
describqg | at er. é3% When the out put buffer shifts fromthe previous out put
state t “ETEIPRAVRAtRY seheEenERAensnALRlaRedus Furphenmofeboah MBerter
transistgif shoul d bg gvoided, or at least the

ided as sh

1s prov own, 1input signal inlb is replaced with a
3.3 V (large-amplitude) signal IN1, and inl is derived from
signal IN1 by using the inverter 512.

In Fig. 9, a circuit block 510 operates on a power supply
voltage of 1.2 V, and a circuit block 511 operates on a power

supply voltage of 3.3 V. Thus, the level-up circuit 513

functions to translate from the circuit block 510 to the



period during which they both conduct should be short. That is, it is
desirabl e that both MOS transistors be turned off relatively early ngl 200
turned on relatively late. The waveform of the signal to be fed to the
output termnal 1/0 is preferably nade gradual to sone degree because too
steep a trailing or |eading edge of_tqﬁ_signal waveformis likely to induce
differential noise in the surrounding external pins and in the wiring
around therguintedockrBlilt bSatdingolslderdng tdmsktpoimt@BITE e DR put

i npedances of the pre-buffers are determ ned. MOS transistors N and P1,
whose driée@eraiessonfiechedvodbtage #hpualsi del odind hengl e- bl fE@kis prevent a
| ar ge t hrough 2 40 CT 2002 -32current caused by the sinmultaneous
turn-on 92Efe BAf FRFONER-€RERSNEL B QWPBIraRdCINBIROWRT TR oftiR Yecause
t he signal m t he IOMFvoItage power_supply circuit is not defined when

f
t he poméYS§u%gl9h9o@?gﬁé"98dﬁ FSuifreddy established but the power supply
| t Vdd i t t t abl i d (th | | t t -
Sequonce s SHRBCPEVRFnSaPERE: Soainti 6 serap PLHEE T 118 Wt sucn
’ i f [
conduet Soherlt R shHE" Y 200" BF PRECTRRYPRLYG My hpeR ke S P

conduct s h a % g f i t hi el - 1ng a
nor mal d%e a%%%n?n?nggﬁegthhsggt%ﬁ?éF%%% én@% %%%%éﬁye%FEi%F%ﬁgﬁ%%% are

both of fenMNugnRdtRd aEGealsg BOLByOEfs18hugng@xerdifemo: iddtoense on the
normal operation. In the | ow output inpedance node when only one of PBl and

NBl is ofletéP@iheanskst enabllthe PirwhiehblscRnsartgodd doit nopéfatde ot her
that has been off, thus actually having no effect on the normal operation.

I n nor meéropeeatisdp, PB1 and NB1 cannot both be on, and thus the input

vol tages of an abnormal state (that is, when the gate voltage of PBl is | ow
and t he gate WbenhagbeofikBliktsbhbghk)5apeiaotonsipphceeld dhehowhe signal from
the | ow vol tage power supply circuit is undefined ~n the above case, such
an abnor@areskhale WAy bSrauelsHowneved, subthhesBobd el epprdRACHEBT SRE abnor mal
state, Nl1_and P1 begin to conduct and ac¢t to change the gate voltages of
PB1 and RB2WFn ERBSEBABIJPPWEE| BHENSBUERRE FFARRPY. oW§™ oRee of 1 PBilGnd NB1

is turned.on. , 2 4 OCT 2002 - 33 transistors N2-NS provid reater
osur andal Rkt iERPahORPEARTERT whY! SBObH B9 ehi e aur f AL AN Thr g i

out put s g RATFechr Ehe Peler EHPPEDCYF Lﬁ.h%“[f@fﬁtll%%g*?‘ﬁg%%c??éS%W%i art s
Lovard Re negh T Bvar ePRenroe” RBURFESShag Rie B Een et R TR e

out put /€ht ewar dubherkewohavekagidet hgreuhput Q toward the high level. That
is, N2 and N3 both act to pull thé output Q of the level shift circuit LSUlL

toward the highgl.evelosBenothexpeweslsuphby ESchutDeduon. cOustagt s hes nor nal

operation, when the input | is high, the output Qis high. At this tinme N2
and N3 achet gateveitihesootfpuheMDE thenhighokevel Since.a Largde sane
direction. Further, when the input | is low, N2 and N3 are off. Hence, N2

and N3 hawplhbudeéveigeadf fiectivpoh helINdgi theperbei banathshef cdiPPuts Q and
/ Q based on the inputs | and /1. N4 and N5 operate in a way_simlar to N2
and N3, BRaANERESOrFRePP3de58Pi pbPénandl FOBesBAPLtcEe FRE SRRAYLArfERfRnce is
that the connection to the input and qQutput termnals of the |l evel shift
circuit ER® E§t6pﬁ8§9F€St8ftW§§ srapféstevsl 58hi p0&i relitt 2381°%Gnd hence

the outpyt _Qis pulled to the | ow t the time of |
Lur n- on. PRECAREES A PRERPIHE bR opoRde Lt GPRYERS-RD. RE-ROFF ot AL BREBEE O of

t he LSU2 rd.the .low | evel and.the, output Q.of LSU t he-hj

| evel , tﬁéég%o?%sgcgot8OFuFﬁp5FFS§HeShOE §H6 %??CEbEZ 9é§@%é %Utﬁgukggrs
PB1 and 7 L ra=00n, N _P1
operat e gg%ﬁiE??%E%Fyggngbg%ggﬁg%gﬁt%Etgggfkgggggggoggdﬂﬁg?n?si?ﬁ?ﬁed on.

| f N2'N5aﬂ?§ﬁﬁh%eeéhbh%%7(Qﬂ%ﬂ ok Mbe euhpul huttesgsPBioandshiBl ang turned
off. In either case, the output buffers PBl and NB1 can be prevented from
turning gos$i AHGt AOEOWThYs 1N otisMhhaihy BHELS -tRg19ULAN 190t st heukrvel
shift circuit LSU3 to the high |evel en the power supply is turned on,
thereby preventing the state of the input/output termnal 1/0 from being
transmitted to the internal circuit /In. Mreover, N7 pulls the output Q of
the level shift circuit LSU4 to the high | evel when the power supply is
turned on, thus turning off the pull-up transistor P3.



One of N4 and N5 connected to LSU2 and one of N2 and N3 connected to LSUl

may be omtted as in LSU3, LSU4. ESD1 and ESD2 are el ectrostatic breaRQpo?

protective circuits as shown in Figure 20(d), for exanple, which prevent

the gate insulating |layers of the output buffers PBl, NBl from breaking

down when a surge voltage enters the Rggut/output termnal 1/0. Referring

back to Fiqyre 19, a resistor R and transi stors P2 and N8 constitute a
r

circui t ForMGR VeMF LR MB g3l i T ARKP Vayertt THE'RER f&te NOR2
170 Redh St B RISGH O o 8 7S NP BT LT U (4% FHent t he
Br caki ngt et aren e diol VertBLtEER U HET it ottt m nal 110,
const ruct S ae Shotep Tht AT BESSITH I A 1o g S R S R &

i nsul atidgs aYeE S O b i1 | ey el Shi fife C%rpgﬂlaﬁn%%&é%gﬁ@@ br eaki ng down

when a surge voltage erters between different power suppiies Vdd and Vddg,

bet ween Vdd afide VEs@e1 bgh VeLAYSE a0d Middon On Begveen Nes andoMssar (Vss
and Vssq are typically connected on the printed circuit board when the IC

i s mount@eikDig thenbossd bot pLRigpeitaencpbe t& dsThand) ed wserm single
device, where there is a particular need for neasures agai nst surges), and
flows thiough 3 he Voveyolbegeipowehe sippéytéoasilzi acustiovan. the | eft side
and the high-voltage power supply load circuit on the right side of Figure
19. In therthermpre of tiFe gomep20(ef, therksystbd ®RBreelaxes tdeemaledodrm of a
surge voltage at | in cooperation with the parasitic capacitor, and also
pr oducestie vipdageowreon Whekha Bypins efirMenttrapwssteFouyht a PP ot e2Bdve
device N16 or P16, thereby limting the surge voltage,inpressed on the
out put t2F%i nEP Bhiehnebecdrtd PRARDSTFRREESHPL t PRl BVt LRI ft circuit
LSUL- LSU4. \When surge nakes the potentjal of _the node | is nore positive
Chan t heETRIET-Sappl Y BEH-S6 he® BT LEC FHnCEPBIYRAT Htt T BRI of " P16
connect to,t node | side.is,biased forwardly to_f surge bypass
betmeeneﬂ%%e%ogg t°a %b?ﬁ%n%ﬁag%ysﬁb%+§aﬁﬁ%% €%¥%u§% ?%g!ﬁFéubstrate (N
wel ') copnec o] j upct Lo 4 02 -36 supply
vddg. Wen aégﬁféé %Qﬁ e?g %%eﬂﬁgggs%Pﬁnggmﬁgﬁa%gﬁeot%gggt%ge power supply
Vddq, theysgalnajsingli e (PALEUDGHT 00} @it PAf3 conNecy edot Os theedodend side
breaks down in the reverse direction to forma surge bypass between the
node | atifed het povefie s8PPhYy VEdArir enghotibsudl stibstrate (Nsywetheg (or
further through the source junction on the opposite side) connected to the
junctionlewdl tie pbneuisupptyo¥dellg. The patesed. P16 is connected to the
power supply Vddg, so that the electric field concentration is large in the
drain junctiofigsoweti agdt h2 abspeativedyuel blisthatéredkdenns vohaage. Wen
a surge voltage is inpressed between the node | and the _power supply Vssq,
N16 for mee@albypathe bEeneeRORAOROBETF - afdaRPel poeEn sapptHE84E3QLin a
positive-rngative relation contrarilg_to t he case descri bed abov%?.h In the
[ e

normal OPRPSETBRCIPRe abBVeldrBi A1FEWLEi oh° baRdeah® PA6 BhES N1BL oA si de

f th | i t  bi f dl N it ied

ol as oveb e ke pPe iR beR Ty o kRt b el o pxEng, GORBEL RS, o TR, ERECLe® ang
- Ci it h . - h ti

SPrEaT SOREL SLESKY 8¢ RO LDEERLPTEBEE BLD. 1 EORGERRTSE R OhEDL Ve

breakdowsy, pLOLECLL YL HEVE §8§sdSéE&%ngﬁﬁgggﬁwéEes&{pﬁﬂggdok Ncibeuits

hi gh-vol tage power supply circurt osed of" Figure 19. The gate
i nsul ations | ayegsS,RER iﬁbﬁEdIkE'§§ %Qgp%§¥§§56%5§08293€8tl&@eﬂ?v'Ces

t hensel ves from breaki ng  down.
thereby stabilizing the output 0OUTO.

In each of Figs. 9-12, level-up circuits having an output

fixing function have been shown, whereby the output OUTO is



-37The inputJoutput circuit shown in Figure 19 is preferably arranged as a
standard circuit around bondi ng pads of multiple chips. According %Qgtmgmz
use and kind of the IC, the input/output termnal 1/0 my be used Tor input
only or output only, or for both input and output. Unnecessary input/out put
circuits can be nade substantially ipf@@rable by the enbodi mrent shown in
Figure 21.. Cl1-Cl0 denote "broken line™ points for rendering a particular
circuit bixeflethi ghpvetiengempowdr leuppl y Comlpenimy ecdyh nof Hremea di ng t he

Wi ring between the |owvoltage power supply circuit and the high-voltage
power suppFguérfcuith s1lstohshowguihafornpud sCh¥elt xeibt dialPartheul ar

|l ogic with | ow i npedance when the input paths are cut off_in such a form
S1-S10 af'etRBhnédved PHTUsYheRdaNh BEFEWFS o NERKE R RFOW WS t he

i nt er nal mjrigg of %hehIC. When the tgrninal /0 js %fed for e agytf, as
an input - onl y* t8r niRaPPOYRed| PheECRFEdcEreBPiCar BoTht 1A By ring
pattern | tovided) and the iLpputs,l _and [| of t l evel, shift circuits
LSuU1, Léﬁg a%%'cgnﬁécﬁgawpo WﬁngSMé?tg pﬁffgglgsgg%dﬁﬁ %%ﬁréﬁéﬁﬁtboth t he
out put r B B f /{.h_the inp e j§t circuits
fixed tgwééga?FECénggF%B%EB eaégY%tﬁé Eu?fe?%édgé%%ﬁ %éﬁ?%ﬁ%:%gétching,
thus preyepbhag €neODeaUs ORELaL 88 8RO uAShE: Ob) £l S LFe PARTei By i XI N
the inputs of the preceding stage circuits as nmuch as possible, it Is

possi bl es{9 ebi giyrate whennesd faroagdhti 98aLr0aR! SXbty, Ofnd NeowdFcuits of
t he succeedi ng stage. 240 CT 2002 -38 Figure 22(a) shows anot her
enbodi meghppiyacegi eBei tiketipr BYeBki Byoachhr pegbuened edf £ 1 hatl tiyudh ow

t hrough the output buffers PB1 and NB1 at the tine of power supply turn-on.
In the fagutkispaite ktdentvbtabgest hfconpespondd ngngaingb dbeddrgrire 19 are
designated by like reference synbols. Synbol OG denotes a one-shot pul se
gener at i endefivedt nhathyenghatesrpubsésowsPifothe pavel cud agipetiod of
time after the power supply Vddq is turned on, as illustrated in Figure
22(b). APlarapHelpswertsuppPYTOuiE- BALErRiBeful 86 TBPC t URASCHRCWES
transistors N1 and P1, bringing the outputs of the inverters INV1 and | Nv2
to a | owPlegBl Sahddgehi GRLI BPEF2tRe8BECTLOBFYY and turning of f both the

out put buffers PBl1 and NBl at t succeedi ng, st age, . Connect. ng, t hi

el shot pul SEUGenBEAN GRECELEUPE 20 BommBA Yot BIERER o | HHE BT DAEP of
other in / p clrcui t hr,qu fie . b MPAE ' ration
of the iggkfﬁgﬁt%épwgigguﬁgggénégaggogﬁa eéi%%fggsé?%T%Pto s%¥i@%§§i%itial
state of sthejLevekeshift circuits LSUL-LSU4 at the tine of power supply
turn-on. Figure 23 shows one preferred enbodi ment of the | ayout of the

i nput/ out put @&gcuhu shows bR EkBWpeelfs AScshewnti ByEtedrengBoyangl urality
of 1/0O pads 2202 are arranged in parallel along a chip end portion 2201

Gi rcui t sthboaboia -Begutrébd8 aeeedrnpngedciess hheindi pneadtsitefining
direction perpendicular to the chip end side. NMOS buffer 2203 and PMOS
buf f er 220dcadent heniOSevedndiostiocs riiBitand RBLowfvboheaget putchbutfers o~
Figure 19 and arranged by the side of 240CT 2002 -39the I/0 pads as
shown. AbtafledOtowsr duphé iedsiwdéhoVDPhe &hRpVar anéheorbeticbstdapfc

br eakdown protective circuit ESDL and ESD2 (2205), the pull-up circuit
(2206), tAE-BRESEHPLEr MOS2GFRISEREOFEvel AshiBR-¥PLEASE €2DE8}C Bhackhe
tristate |l ogic oBeraLion Q&ﬁFUit (2209@. Power suggl¥ mﬁrinﬁ is laid on
third an8%fodft AURBLARH Wik VREY ayeérs Vo 8RfeRARBEFWEERIt AE UAF 0i ni ng
circuit plocks in_a direction. parall to.t i d _side,. Vs and Vvddq
are wired 8R52563% Sy S&lgﬁdav&&a%Sﬁ %%6 FheggqggﬁgzgﬁéF % dah%nﬁg§06, Vssq
on 2207, ! 08, \V, Vi 9. t configuration of
an intengg%g%ggﬁéélgoﬁﬁbgﬁkﬁﬁﬁgﬁggvggg%% %ﬁqbe Bgéé?fbggethat can suitably
be appl i edntArasERIR tlggﬁcagle' 516 5@ TLRORGUBLRLLR! BBLBLCduphIEUL! sdevi ce
of this invention, uses a plurality of power supply voltages.” The

sem condugkok i kRLEQr 31eEKCIseUIils w16 i8h ot bibhparaadi,AeAt t8ARI BYSthin
particular, a triple well construction” A particularly efficient

confi gur atirenief pllbeki Bloar.- pewrie 1SuRply rRhateckioye devieoenofistba ki ple
wel | construction will be described in the following. In chips that use a
plurality of power supplies of different voltages (or even power supplies
of the same voltage provi ded separately, depending on the nagnitude of
power supply noise), there are several kinds of power supply pins. To allow
static electricity to escape easily and thereby inprove the electrostatic
dielectric strength in such chips, it is effective to insert such devices
as MOS transistors and



240Ct 2002 - 40 diodes between power supp'_ies and ground and between
different power supplies. In this case, connections should be nade 29008 hz0?
no current flows in the forward direction under a bias present in the
normal use condition, but also so that a current flows in the reverse
direction only when static electricityyof several hundred to several

t housand Volts enters the chip. In the case of a triple well structure, a
di ode cahdse fttowrcatedrigs f ourl4li fHarieny awmysuthet ideting Fungeleaubstrat e
and an N-type el ement region, between an N-type el enent region and a P-type
wel |, béngeereeeP-dgpe okt ¢ubnds G4l Na ypeini fswsh e | Al S bet ween an
N-type well and a P-type diffusion |ayer. The nmethod by which the area is
i ni ni zéd-%Bnd (30 RFASIEFE &P e s £97 et gnal S RETWRRIp B BF FHEE ki nd of
power s%ngl to be connected to it. A particularly efficient configuration
of such &t veb Yevice of the enbodinent of this invention will be

Saéf For m i et Srﬁaﬁéﬁf‘%@@ﬁﬁ%@?é@ﬁﬁe 1 rae SRBe ﬁ%"ﬁa% Ll?%f%ﬂ} b) are
. . . ) i . . VSS,
rI?iagﬁr :anfjj(xg%grg%lm Cg@s?)fif%%%&g%%és‘t :??%?ﬁf%%%f%?on%gaﬁ@eﬁlg%e% t formation
: , N-
i £ usi o e Tere e KBSy raiihy hoas MBI e 307 forved by

a P-1ypg il 602 ¢ Hof He28920pédacd@! Mg, Omiine: £id Ve sihsdgaiLcand the
N-type diffusion I%yerOZS%-eS, g dlljodaet 2308 for rre% by Iﬁw N-type F\K/vell 2303

formed amie BY tepen dewi cer f Qr gBduPof €D @) 2392 {Ahesed dys \dAnand t he
P-type diffusion | ayer 2306, a di ode 2308a forned by the N-type well 2303
fornmed arcdriibN- tlypeedey| cehé opomdt oupEly onf 2802 ¢ i@asid hyodDFoand t he
P-type diffusion |ayer 2306, a diode 2309 formed by the P-type well 2304
formed orar Hee Neumped deff cestippnad § Dng rigdye opoRS0 e emelinitel dB tdpe ©fb f f usi on
| ayer 2305, and a di ode 2310 formed by an N-type well forned on the P-type
subst r attd12 3010 e 3 el ®- tgpeads f CwEToRE | ayBRIDizgis, hecawse cld® of a chip
where the silicon substrate is of P-type and supplied wwth VSS, first, the
di ode coRHeRted BT Y/SEE | BhaekfYabt YP f &F AEd &F r%@fl@r%nﬁﬁ%—iﬂﬁ%e substrate

by using the P-type wel he sane conductivity type as that of the
substratcel,r‘?/bﬁtho%fo?}% ﬁézt%%eﬁl-?%)eo%?’é%%te?’é%% 9 regi on. The di ode

t hus forned m.ni el area,. el innates. pa Ny t eration, and
can al so fee lf%htﬁ%e P?%/%gulslﬁb%%?%?%?g§e%%§%féélﬁae€%§g%g t_Z:l%gnect ed to
VDDQ i s i I 0 Vi el et regl ing the
N-type V\Cgl[ .ﬁ%a'tﬁey%cF%g@g%ugr%gﬁ%i%g%%&m %xl??ra ar eat,' kg%gnené;?lzegﬁ%%r asitic
el ement Qperadd O@ir@@ﬂt§aﬂa@i§ﬁ feeth MDD LG LHE Dhd Vst BaenhdoE mat i on
region. Third, a diode other than the above two kinds of diode is desirably
formed digwset |yupplide Cahnpe Sebsirmé® HFF USthgrée AN Igwpengwetthe w t hout
formng any N-type el enent fornation 240 CT 2002 -42region. The diode
t hus f orpradehasupp hy nofrathar earanilt eblorhases parlsitwcnedemeht operati on.
Figures 25(a), 25(b), and 25(c) show further exanples of the inter-power
suppl y prraesnivky devFer bhrnhng efbodheepovweF guprl 25¢6) thdonsraniexanpl e
of a particularly efficient way of formng a MOS transistor when the MOS
transi stokoPonmhett i BnEMES, sheBnSkA P gureagsps) 1aser pedeP Ve hipe havi ng a
P-type siJicon substrate and supplied with VSS. Figure 25(cg shows a

modi fi caAA1OTHb Rhecki PRYi #ndf thF goPwesspapply VDD Integrating the

circuit system 600 in a single chip eliminates the need to
provide a switch outside the chip for turning off the circuit

block 601.



Figure 25(a) shows a silicon substrate (P-type) 2401, an elenent formation
region (N-type) 2402, an N-type well 2403, a P-type well 2404, anZWTHMQBM
di ffusion | ayer 2405, a P-type diffusion |ayer 2406, a gate 2411, "an
N-channel MOS transistor 2407 on a P-type well formed on the P-type
substrate, a Pchannel MOS transistor 08 on the N-type well 2403 formed on
the N-type el ement formation regi on 2402 (biased by VDDQ, an N-channel MOS
transi stor 24P89enl5hehpwsypepuef ér2ddlefiondinenn witerdin ypee et enent t
formati on region 2402 (biased by VDDQ, and a P-channel MOS transistor 2410
on an N-RipekwePl ierdedidadt hete- typeswebens atelpgoit Yioehesehzseant a
chip where the silicon substrate is of P-type and supplied with VSS, first,
the N-chahheh1BLPEANEP3Por connected to VSS, because it has the well of
the sane P-type as,the, substrate, is desirably forned directlg¥on t he

P-type substrab® GAFRBHE POPAKNEORNTS NEEGWR Bhefeht Foriddi dniFagPans The
N-ch | | St th f d 2 ~ C 2002 - 43 h 1 ni |
hrea o) AT hat BEApAF SSBPHEToPURBIY - bper GT7EM, Ohhd i 7 S TERP s o —he
P-t L e, . , the N-ch | t i St to VS5Q,
Chougn | 0Res Lt B8 ERE. ol PELTE CORDDE, o AP LA R TR Ty T cment

for mat ! of £ 600 BLASEH QY n DK, JONS,, VORRLGRDs DL E 10 0RuD Lype vell

of this N-channe transistor rrcalTy isolated fromthe
P-type spipsusat erSupp) i ed WhEhcYoouit NE16LY £b1 ARt PahAShE A Enédement
operation. Third, an”N-channel MOS transistor other than the above two
kinds of N-channeigMObstransteiess, s@thheughehbeYebavehdsd-pypervel |, is
formed on the N-type el enent formation region biased by VDD or VDDQ Thus,
VSSQ cansbeplédst oahhetPbeyparnell oof &héesidechponetedhttlaasestouiand
electrically isolated fromthe P-type substrate supplied with VSS,

el i m natbhgchaffsati ehelenentcopesavhose Maweousuppliés cedy dns ohrtheé
invention as set forth in the foregoing description will becone apparent to
t hose of OBfdeénar ynerrpprafedhénarhe adacyiiehbhodk 16t onsh thavebasi cal |y
rely on the teachings_through which the invention has advanced the state of
the art BY¥etpRopeRFFCLoREFEBEEIPAFt B NPEPEILPArFO BWER sedper of L § heower

i nvention. , o~ C T 2002 44 dajins:_;(cancel) (1 | evel -d | evel
conversi%ﬂlE?ﬁcﬁwg? EORAPPEEFAGS P3¢ éﬂébs%%B%ds$$%@ﬁEe? £t ?xggsistors
respecti rapged to_recejive conplene ry_inp ignal s_of first
ot ud o BEERPPE anfe B e P FETR B b e e LS 0 B afr eyt
opposit eeigshharuRbctBe TLhat 18081 sa6oRdcl ey e eT£0FL L£aNgbah0bse WNer ein
the sources of the irst and second |ela-e fect transistors are coupled to
a first ypkbageol eueh. thef%&!ﬂh@eéi%uibeiéh;%zfé’fé‘f‘&*biy?”;[ﬁ@git@iid'effeC_t
transistors are coupled to a second voltage Tevel, the drain o.f the first
field-efbeehetnansietiot b3oeREPEeUat anliheota, t6 pfetde: fOlE, éhAroneocus
field.~effect, transistor, and the drain of the second field-effect

transi stopeaatiionhefgahe ofirthétthiodkfeeld-ehéecths rpmeest oupptg; foare
coupled to an out put node of the |evel-down |evel conversion circuit; and
~. the circuit block 601lb is turned off; however, the fixing

circuit is not shown. It can be easily realized by using CMOS
circuits such as a NAND and NOR.

The system configuration of Fig. 15 has two standby
states. One is a state in which the power switch PMOS
transistor 702b is turned off to turn off the power supply of
the circuit block 601b (standby 1). The other is a state in

which, in addition to standby 1, the power switch PMOS



wherein the third and fourth fi-~el,d-effect transistors have thinner oxide
| axers than those of the. first and second field-effect transi stori. [ﬁﬂ

| evel -down | evel conversion.circuit as c~.ained in claiml , wherei 4 62002
ground | evel of said conplenentary input signals fluctuates nore than |
-b-e-~~a~-ee- tire-3-e-~" " "' 7] ~ hat hr as 1~ 0 1 d voltages of
said first and second field-effect trehsistors. .r4.(3J A level-down |evel
conver sitorans istivt , 7¢papt s sahge ufheStoNMED thansicioreireqeiwdmng one of a
pair of differential input signals at a gate thereof and having a source
connect ethinnla ¢f rstievoltaget bléckh Q0L T(200RINS 22 secHrehdiWO3 tqaamsi st or
receiving the other of said pair of differential input signals at a gate

t her eof ZERN¢RAVERY sulbureshebhnkealealde ocurend rakt it teigesuid falastk PMOS
transi stor having a source connected to a second voltage, a drain connected
to a drdhthof tHee feEseuiaNgr el andlat dpecatrr altysiee T dife dNGPURPEAE dr ai n
of the secqond NMOS, transi stor;, and a second PMD5 transi stor having a source
connect 1% FHeCERedndS VBFTSHESS a HF af TP T oSt B P U PR T t he

second N transistor, and a %ﬁte conpected to the,l(g{ jn the first NMOS
transi st'BIS" whief FAVEheSHPREY EMFLEET ontP PME! t ridhsi Eltlor s Shi nner

i de | t h f_th i rst d . t Si,St cq o~ =(9~ J~
oxi e | Melo10ap Lhage; oL by [1E8t gpcacoont MAD L1 ansstgrse (o )
d P kSt h i ; i th
and second PACR.L RSt 0L, \NE QPLEaON SEl pvarss s ale et giyner | han
- 7-. (J)ndrd emel - done, | gy 1§0<5‘fet51|§é Of; £hi LMY A8 @l dreds idecl alym 3.

further conprising an inverter coupled to~the drain of the second NMOS

transi st@ntént € 60f | thé m&Rst LOAAUSt Oie | PiLIBE el £dK ita derd cerdimdd ng a
plurality of cir'cvit blocks, at least two of said circuit bl ocks having

di f f er erdnd espeséquenoper glié Nge yot ¢ Agesdy o het amflyove mexke < onjord Si ng a

| evel -down | evel conversion circuit for converting the | evel of a signal

recei vedidwesnen, hé ghndoy t ageani reduce bt e ksilorhisegipd hd tleakdgav-auwt teyge

clreutt gﬁcgﬁg circuit block 60la in addition to setting up standby 1,
thus achieving lower power consumption. If the operation of
the circuit blocks 60la and 601b is stopped for a relatively
short period of time, the standby state should be standby 1.
When the operation is stopped for a long period, the standby
state should be standby 2.

Fig. 16 shows an embodiment in which substrate bias

control circuits VBCa and VBCb are added to the circuit of
Fig. 15. As described above, a subthreshold leakage current
flows in the circuit block 60la during standby 1. The
substrate bias control circuit VBCa controls the substrate
voltage of the MOS transistors in the circuit block 60la
during standby 1 as follows:

(1) For PMOS transistors, the substrate voltage is

controlled at a level higher than the power supply voltage.



240 CT 2002 46 wherein said | evel -down | evel conversion circuit~includes
1 3~"~-"H~a, -~3~c-an "a'~i first and second field-effect tmr@'T%@rs
respectively arranged to receive conplenentary input signals of a“first
anplitude; and third and fourth field-effect transistors of polarity
opposite to that of the first and second field-effect transistors; wherein
the sot~xces of the first and second Tleld-effect transistors axe coupl ed
to a first viRpaden V&S Lransistorses thle shbsthiate aod tiger tis fi el d- ef f ect
transi stors axe coupled to a second voltage level, the drain of the first
fiel d- eFPBSEOLlgsiadt v lieyedodpwed thamhshgabewst sh@rlyurMod.tRidsl-d- ef f ect
transistor) and the drain of the second field-effect transistor and the
gate of the thilEd cardirplefRedest tagsitdreshale vodprege ©8 t&s MOt put node
of the |evel -down | evel conver si,onpgi rcuit; and wherein the third and

fourth FFrERFLEFPESt 1Tt &hS SEFE HhaPdochi §ér ofPde TESPEES 80 those of the
first d figeld-effect t i st et I e 1-0: .

Lot PR e et Lang! ot Qs iz Enel popCE ko 10 it
conpri S&Q&aiﬁ-ﬂsf %hr@l%% %%CO@%ef 'c%lngb?lftfse%tf ttﬁ'xt%n LRH 2 AR gl%d Ligq¢el ve
conpl ementary | nput signdl s of a tirst anmplitude, wherein the sourcés of

the firsgyapdcsaconddf iglidrefifeqt transistors axe coupled to a first
vol t age Igvel; 2 480“%1T-t 01(5l 47 ' third and fourth field-effect

transistors aAnged{,0, 1LGRIME SR LOMPLLABR ARty ML & 1anals Hhesai d

first anplitude, the first and second field-effect transistors beii~g of

opposite; el t £t iohd f t ield-gf fe L@nsi stors,
wher ei n%tlﬁghgrta}b%gtcgﬁ‘ 6'?%%) %k?inr E)%aﬁll efdoS?J{}ﬁ"nfgfgﬁd&g st Tz il

fect transistors are

respect ikuel ¥ peeuRled tq _tc,JlEfccf!l][iﬁ:i 3 g e it 1and gegond f;rio%l d-ef f ect

transistors; fifth and sixth field-effect transistors [s-~ , the fifth

and si xpRykhelsdpghieal fJ ansis s RelN e rORRATICHE s RMARS I a @njghat  of

the first and second field-effect transistors., wherein the gate of the

fifth fhebd- ebiecl tANSISH JiF Coupleed <o Jfehe ndr aim of tde fiqur th
field-effect transistor and to an output node of the |evel conversion

cir PUi t Cotntﬁecogajrcqquuittl},e vied Rifd %‘B‘é':b?;f f@Glent FANSIStole It Rhed to t he
drain of the third field-effect transistor, and the sources of the third

and f oLkt h Jieelot @ffLaind nansiSlans A1 HASRLH:Y el £AUPlad 4o tde dr ai ns

of th_e fifth a_nd sixth field-effect transistors; and a seventh field-effect
transi stay RAVNG A rSOM. %n%%%tt%ciets%ﬁgs%% Jwolt age3Eevell APate

connected to ground, and a drain connected to the sources of the fifth and

si xth figldrefpfette e aRsiyt A& curkg. @ (8) A level-up | evel conversion
circuit, conprising: a first NMOS transistor receiving one of a pair of

differential 4puissSignalite audigalie tWiefLoRnd having, & SOHEEE aamect ed
to a first voltage; a second NMOS transistor receiving the other of said

pai r of jdi hierantdialed MR NalR a3t gl Lheeok nd s ng ameurce
connected to the first voltage;
can be applied to any system which comprises a first circuit
block constructed of high-threshold MOS transistors and
supplied by a large-amplitude voltage, and a second circuit
block constructed of low-threshold MOS transistors and
supplied with a small-amplitude voltage, and in which the
first and second circuit blocks interface with each other via

level-up circuits with an output fixing function and level-

down circuits. The first circuit block may incorporate



24 0CT 200 4~ a first PMOS transi stor receiving said one of said pair of
differential input signals at a gate thereof and having a drain conhée®Céadlll
to the drain of the first NMOS transi stoY~; a second PMOS transi stor
receiving said other of said pair of differential input signals at a gate
thereof and having a drain connected {p_the drain of the second NMOS
transistor; third and fourth PMOS transistors respectively having drains
connect ed roa itthse whowihcexeaf taicgefratet agnd igheepde®MOSntr 8hesi seopsd and a
fifth PMOS transi stor having a source connected to a second voltage, a gate
connect ed rtcmigr dlmdtk aredy arndXaide cdmeedted thatt hensopeceseoftsapd t hi xd and
fourth PMOS transistors, wherein,the drain of the first NMOS transistor is
coupl ed seechargatd® ofott e rfsaurd muRMOBoiveansksathr aandnt RECdr alfheof t he
second NMOS transistor is coupled to the sate of the third PMOS transistor.
~-4- ~~f F1rAd edelcudpr Ibevwelk denvErdided dnteuctiragicl Biloedsi bAckadni8,

further conprising an inverter coupled to the drain of the second NMOS
transi stove. civcuit eaned A Hontazaind lcevebiup kevrl agsoaveesbon eheeuit,
conprising: first and second NMOS transi stors having respective sources
coupl ed takea fuinsd Aeal trageyver f iWhsh BMeSpbivaRskabpl yhawi ngraedr afd, coupl ed
to the drains of the first and second NMOS transi stors; a second PMOS
transi skeyd s ng rauwdrail cupleddne slifheé ngoutherotitbaitkr st TRYES

transi stor; 2 ~0CT 2002 49 wherein the gates of said first NMOS
transi sidawiared sAirduit blocks 1A, 1B control their power supplies and
incorporate a substrate bias control circuit.
Figure 17 (a) shows an embodiment for controlling the
power switch PMOS 702a used in Figures 15 and 16. In Figure
17 (a), the power switch 702a is a high-threshold PMOS
transistor. When the transistor is active, the voltage 70la
on the gate terminal is controlled at a negative value as long
as the dielectric strength of the gate oxide film permits.
This enables a large current to flow through the PMOS
transistor. The negative voltage to be applied may be, for
example, a negative voltage used for the substrate bias
control. 1In the standby (inactive) state, the gate voltage
70la is controlled at 1.2 V (VDD). Because the power switch
PMOS transistor 702a is a high-threshold MOS transistor, this
gate voltage is high enough to turn off the power switch PMOS
702a.
Figure 17 (b) shows an embodiment for controlling a low-
threshold PMOS transistor power switch 702a. When active, the

gate voltage 70la of the power switch PMOS transistor 702a 1is



second PMOS transistor are arranged to receive one of a first pair of

conpl ementary input signals, and wherein the gates of the second NMOSCT 2001
transi stor and the first PMOS transistor are arranged to receive one of a
second pair of conplenentary input signals; third and fourth PMOS
transistors; a third NMOS transi stor Jhaving a drain coupled to the drains
of the third and fourth PMOS transi stors; a fourth NMOS transi stor having a

drai n coopkedlitied he sow.ce Bfcdte tdHid HINMDS shiarsl SMOUS andng isawrce
coupled to the first voltage; wherein the gates of the third PMOS

transi storaand the duiur: A d nasesitstels idt 9l :anged et eureeeitvehe ot her
of the first pair of conplenentary input signals, and wherein the gates of

the fourtbwPMOSH rtaRrsisstoidmnd dhe f ad haNMOSdiranrs stal alse arranged to
receive the other of the second pair of conplenentary input signals; a

fifth PYEBrtbansidstaar aht;i}i(ﬂsflgziafé%rl% ceupled @ ansecardeveltiage, a gate
coupled to the drains of the third and fourth PMOS transistors, and a drain

coupl edst@ehb@ hs U @ Ofgdthe sacnd AMOP dridnsi St @erednd ta 1§l Xt h PMOS
transi stor having a source coupled to the second voltage, a gate coupled to

the drainsuek rizhe JdirstcAd 8N NS 7, ansisS oS powd awdiainh paeigpl ed to

t he sources of the third and fourth PMOS transistors. 2 40CT 2002
702a, although a low-threshold MOS transistor, can have a
satisfactory on-off characteristic.

The control shown in Figures 17(a) and 17 (b) 1s not
limited to PMOS transistor control, but can likewise be
applied with an NMOS power switch to produce the same effect,
except that the polarity is inverted.

Figure 18 shows an embodiment for generating the gate
voltage 70la shown in Figure 17(a). A negative voltage
generating circuit 710 generates -2.1 V from 3.3 V (VDDQ) and
outputs it at 712 to a power switch control circuit 711. The
power switch control circuit 711, which controls the gate
voltage 70la, is also supplied with VDD (1.2 V). The -2.1 V
supply voltage 712 is also the substrate bias provided to the
circuit block 60la for control of the substrate voltage of its
MOS transistors, via VBCa. By commonly using the negative
supply voltage 712 for the substrate bias control and for the
control of the power switch 702a enables a significant

reduction in the size of the circuit required to realize the

control of Figure 17 (a).



50 -~lv'~ (1Z~ Alevel-~:p level conversion circuit as clainmed in clai m,gng
further conprising an inverter coupled to the drain of the third NasOCl 1
transistor. 1l-e-. (12) A level-up level conversion circuit, conprising: a
NOR circuit arranged to receive at |east two input signals; a NAND circuit
arranged to receive the conplenents of. said at |east two input signals ;
and neans functionally coupling said circuit and said NAND circuit such
that said | eWsdExup dre\edamgory erfsiagn gimduicupndyicdesvan oFtpet tdiegnal t hat
is the logical OR of said at |east two input signals, said output signal
havi ng apocapinenidonathtcdrydrariger ciilvamittisaengf coandcged dasent wo i nput
signal s when any of said at |least two input signals becones high. "1 9.(13)
A | evel exfelrenad]l teomderasi opici)r odi tthecdEpriissmngondufitpst 1hégios aciedcui t
arranged to receive at |east tw input signals; a [~3-ASH ] second |logic
circui t camcariged wid. Ir éxeides drid ecompltémenrtfe reh ceaitd ati ggastl St.wo i nput
signals wherein said second logic circuit is a conplenentary circuit
of ~sai d firstId agigumwd ricdyi tsymered. sredis afnech MR lonignloy: ec PMGISI g agai ich toirsst
logic circuit and said [~A#H~] second logic circuit such that said |evel-up
| evel comvet®iosn todarculdt ey, f arasp edie viedyer de tdf hikenlkogiocdhictances
operationperfornedby said logic circuit on said at |east two i nput signals,
sai d outspufif isiigamal 1 yhendigig t@n daniple tahde liokat oifs ahaegée rnhadn ctiratiiaf teai d at
| east two i nput signals when any of said at |east two input signals becones
hi gh. b2 £0necE2D02 =k tadnal9.terAineMeal IgonveBsitbn PBilr enidt NBdonpri si ng:
first and second NMOS transi stors having respective sources coupled to a
first vaoragetued iarstoRMIS tndifarstadrrdudwi.ngAa dnaien teauhNgd ,t @ NA&IDr ai ns
of the first and second NMOS transistors; a second PMOS transistor having a
drai n couapeediAND I hearsbur eBROfgatttee NOR1S tc MBS tirtensl stiacuiwheheitn t he gat es
of said first NMOS transistor and said

performs a tristate logic operation by which, when an output

control signal /OE is "Q0", the information of the output
signal Out is led through an output buffer to the external
terminal I/O (a MOS transistor in the output buffer is turned
on to bring the output buffer to a low output impedance
state), and in which, when /OE is "1", both MOS transistors of
the output buffer are turned off regardless of the state of
the output signal Out to bring the output buffer to a high
output impedance state.

The external terminal I/0 is also connected to the input
side of a NOR gate NOR2 and used as a common terminal for
input and output. When input control signal /IE is logic "0",
the NCR gate NORZ2 transfers information, which has been
supplied to the external terminal I/0 from the outside of the
IC, to a terminal /In (the /In terminal is the inverted level

of a signal supplied to the external terminal I/0Q), and, when



second PMOS transistor are arranged to receive one of a first pair of

conpl enentary input signals, and wherein the gates of the second EMQRTZWZ
transistor and the first PMOS transistor are arranged to receive One of a
second pair of conplenentary input signals; third and fourth PMOS
transistors; a third NMOS transi stor ving a drain coupled to the drains
of the third and fourth PMOS transistors; a fourth NMOS transistor having a
drain coif RGP G ¢ Bradt W B Hisr d oaes "tir'anSilocds dn¢ & Sowiss
coupled to the first voltage; wherein the gates of the third PMOS

transi s€&r SRfd e 5 T INMER & r/ds i ke narle I8 (farged o edckidke 1A ot her

of the first pair of conplenentary input signals, and wherein the gates of
the fourtn )PMOS transistor and the fourth NMOS 2 4 QCT 2002 52 transi stor
are arranged to receive the other of the second pair of conplenentary input
signal s; a fiflh PNMOPUFamsr sRPS Hanay S ot duplused da

vol tage, a gate coupled to the drains of the third and fourth PMOS

t ransi sttéyes exdag e driginv tcoupthedht - akes soureddhefr tehd csdcond "PVEs an

transistor; .
open state (high impedance state) — to the I/0 terminal. When

pull-up control signal /PU is logic "0", P3 conducts to
transfer to the NOR gate NOR2 a signal of logic "O" when the
external input is logic "0", and a signal of logic "1" when
the external input is in an open state. The channel length of
transistor P3 is set larger than its channel width W so that
the impedance of P3 while it conducts is sufficiently larger
than that while the external input is "0".

A low-voltage power supply circuit block 1s shown at the
lefthand side of Figure 19 within a dotted-line rectangle, in
which, in the range shown, an N-type substrate (N-type well)
N-SUB for all PMOS transistors is connected to a PMOS well
power supply Vbp and a P-type substrate (P-type well) P-SUB
for all NMOS transistors is connected to an NMOS well power
supply Vbn. The supply voltages are Vss (0 V) and vdd
(1.2 V). Almost all MOS transistors have lower threshold
voltages than that of a high-voltage power supply circuit
described below, and the gate insulating layers are thin. The

minimum channel length of this circuit block is, for example,

0.2 um, which is shorter than 0.32 um, the minimum channel



a sixth PMOS transistor having a source coupled to the second voltage, a
gate coupled to the drains of the first and second NMOS transi stcms ﬁbﬂ a
drain coupled to the sources of the third and fourth PMOS transis opg, %d
an inverter arranged to receive said one of the second pair of
conpl ementary input signals and to o ut said other of the second pair of
conpl ementary input ,signals to the gdtés of the fourth PMOS transistor and
the fourtdnaWNDfrisikior-voltage pows) Fudmhelcicomigrsion circuit as
claimed in claim 14, wherein when said one of the second pair of
conpl enent ar yFonpthesignatrserscioopithel it plfvVoOf the ¢evalittonfer sion
circuit is always high. z~2. (~s) A level conversion circuit as clainmed in
clai M 141iaures e2d(shem sabe oped of andef secdrel NFND @ifr @onpINedEHt @nd i npu t
signals is low, no through-current flows fromsaid second voltage to said
first vdlleagéOR . @Br¢ui) MOREBvetheomiersion «f riigureas? Clai el i3V ©l)ai m 14,
wherein the second NMOS transistor, the second PMOS transistor, the fourth
NMOS t r arssist ot i vahy, they floeirtded®MOS transi stor have gate |l engths that are
smal | er than the gate 240CT2Q2 53 lengths of the first |I~TM3S
transi stor, thehfghstoPMiSetpansrssopplyheitduiid DNMIS tiansiestiorat artk t he
third PMOS transistor. '~"~'"=1z8 A |evel conversion circuit as clainmed in
cl ai m 14;ighthand side of Figure 19 enclosed by a dotted-line

rectangle. This circuit block has power supply voltages Vssg

(0 V) and Vddg (3.3 V). In the range shown in the drawing, an

N-type substrate (N-type well) N-SUB for all PMOS transistors

is connected to the power supply Vddg and a P-type substrate

(P-type well) P-SUB for all NMOS transistors is connected to

the power supply Vssg. All MOS transistors have a high

threshold voltage and thick gate insulating layers. Although

the power supplies Vss and Vssq may be connected together

outside the IC (for example, on the printed circuit board on

which the IC is mounted), their external terminals (pins),

bonding pads, and internal circuits inside the IC are

separated to prevent variation of the load current from

entering the power supply wiring and causing operational

noise.

Symbol LSD in the low-voltage power supply circuit
denotes a level shift (level-down) circuit that converts a
high-amplitude signal of 3.3 V, supplied through the high-

voltage power supply circuit, into a low-amplitude signal of

1.2 V that can be processed in the low-voltage power supply



wherein when said one of the second pair of conplenmentary input signals is
hi gh, the output of the |evel conversion circuit is always |ow. 2-£ g@%bg@
| evel conversion circuit, conprising: a first NMOS transi stor arra 6 t
receive a first input. signal on a gate thereof; a second NMOs transi stor
arranged to receive the conplenent of,said first input signal on a gate
thereof; a first PMOS transistor arrafiged to receive said first input

signal 6Ar&Ugdt-e tThe ddiD ma dod it FEVOitl sisiver dm Haviuig & (@rai d-hcoupl ed
to the drain of said first NMOS transistor; a second PMOS transistor

arr angedhilely 63 vier aved i wonp | e randfl Ghind e ridti dhmatssiigsall adriing gat e

t hereof, said second PMOS transistor having a drain coupled to the drain of
sai d sederydVORalr st gtorfexaliy rith PMOS iy difsd staore RN *a dsouege ©
connected to a first voltage, a gate connected to the drains of said second
NMOS t r diogimsitngr ek esec ok PMOS fomamsitst MGQS dnchres idrtains cohridct éd gho- t he
source of said first PMOS transistor; a fourth PMOS transistor having a

sour ce coecteedpdwrsaupdly stinolitage,Tre gataewrconneuteth tof tihe dCl ns  of
sai d 240 CT ?D02 54
transistors 102 and 103 is the minimum channel length of the

high-voltage power supply circuit (0.32 um), not the minimum

length of the low-voltage power supply circuit of (0.2 pum).

The MOS transistors of the low-voltage circuit of Figure
19, in the range shown, have thin gate insulating layers
except for the level-down circuit LSD, and have channel
lengths equal to the minimum channel length of the low-voltage
power supply circuit of (0.2 pum).

LSU1-LSU4 in the high-voltage power supply circuit are
level shift circuits for raising the level of the 1.2 V low-
amplitude signal supplied from the low-voltage power supply
circuit to a high-amplitude signal of 3.3 V, using the circuit
shown in Figure 4 (a) or any of the other level-up circuits
described herein, for example.

INV1 and INV2 constitute a pre-buffer circuit to drive
the output buffers PB1l, NB1l. INV1 and INV2 may be constituted
by the inversion circuit shown in Figure 20(a). The output
buffers PB1l, NBl are formed in a large area so as to have low
output impedances, and hence their input (gate) capacitances

are large. The pre-buffers have the following role and



first NMOS transistor and said first PMOS transistor, and a drain connected
to the source of said second PMOS transistor; a third NMOS transhéé

havi ng a source coupled to a second voltage, a gate arranged to #F @ L 80%
second input signal, and a drain connected to the sources of the first and
second NMOS transistors; and a fifth transi stor having a source
coupled to said first voltage, a gate connected to the gate of said third
NMOS tr?gﬁ%ﬁt% at%ngla drain connected to the drains of said second NMOS

transis said 'second PMOS transistor. 2-s: -(20) A |l evel conversion
circuit, conprissing. a first.NMXS transistor jhayi qurce coupled to a
first vol tage(l)an a doaﬁe %L%fr ear% re(S:tel ve a sqacs r%CE§ nﬂc';lteh
second N nsistar havi n couC# i rst.,' vo and
a gate arrange% & receluvletst%‘e%cdrrp errent o sal %%Jlr%gfl nf;u heS|dgen %%

first PMOS_ tr ans st r cei,ve s id fi rst t S on a gate
tlhereof pagélf“(? |r|rsst Qfll;l\y% ?lr%ﬁeg]l sstqH‘rfethzf{}l\éﬁ:él SdrlaﬁI hoks %D It%tcﬂ 4r ai ngof
said first NMOS tr.ansistor; a second P tra r an ed to receive
sai d coﬁ%ﬁe&@ﬁt G Ay 3R THRS Sfg %fé;Jﬁ?éﬁ%&%gf sai d second

PDS 1 ransi st gy, hayi . 81211, SOUPI &9 L. e, e, o S84 pecond DS

PMOS transistors 300-303) on the cross-coupled side is set
larger than that of the NMOS transistors (e.g., NMOS
transistors 304, 305) on the input side, so that the previous
ocutput states of the level shift circduits LSUL, LSU2 can be
inverted by the input signals I and /I. To directly drive the
output buffer by reducing the impedance on the cross-coupled
side, the impedance of the input MOS transistor must be
further reduced, which is not advantageous in terms of the
area occupied and the power consumption. Hence, the roles are
so allocated that ?he level conversion function is performed
by the level shift circuit and the output buffer is driven by
the pre-buffer. When the input side has NMOS transistors, the
output impedance of each circuit when outputting a logic "1"
is so determined as to be increased, in ascending order, for
the output buffer, the pre~-buffer, and the level shift
circuit. The output impedance of each circuit when outputting
a logic "0" is determined in most cases in the same order.
Considering the switching characteristics of the output buffer
described later, the output impedance may be so determined as

to be increased, in ascending order, for the output buffer,



2 40CT 2002 55 athird PMOS transistor having a gate connected to the
drai ns of said second NMOS transi stor and second PMOS transistor, 2h4CH72002
drain connected to the source of said first PMOS transistor; a fourth PMOS
transi stor having a gate connected to the drains of said first NMOS
transistor and said first PMOS transigtor, and a drain connected to the

source of said second PMOS transisto a fifth PMOS transistor having a

source cowplled;dio shisecandMold,ag8d &ty MyETeed t gimgcairle,awseeond
i nput signal, and a drain connected to the sources of the third and fourth

PMOS tramel Strgnss aindk andipeb NG 13018 18 Ore i wutgud Sekeeaneenaect ed to
ground, a gate connected to the gate of said fifth PMOS transistor, and a

drain cenrected-dio ¢ hehdl al st iS58 & siecpnd NMOS ot sansiesleehiard Sai d
second PMOS transistor. (2Z) A circuit block, conprising: a |evel

conver sit@n e G ted $d Udi NG s ddditn ARE- £BCOoNS NVEE thaRsicS borFeRavi ng
respective sources coupled to a first voltage; a first PMOS transistor

havi ng andr fie-caupted tod hendradns ofhtie diidst rand asesend nNvies

transi stors;
output impedance of each circuit when outputting a logic "1"

is determined in the same order in most cases, the order of
impedance may be changed to the ascending order of the output
buffer, the level shift circuit, and the pre-buffer,
considering the switching characteristics of the output buffer
described later.

(3) When the output buffer shifts from the previous
output state to the inverted state, the simultaneous turn-on
of both MOS transistors should be avoided, or at least the
period during which they both conduct should be short. That
is, it is desirable that both MOS transistors be turned off
relatively early and turned on relatively late. The waveform
of the signal to be fed to the output terminal I/O is
preferably made gradual to some degree because too steep a
trailing or leading edge of the signal waveform is likely to
induce differential noise in the surrounding external pins and
in the wiring around the printed circuit board. Considering
these points, the output impedances of the pre-buffers are
determined.

MOS transistors N1 and Pl, whose drains are connected to

the input side of the pre-buffer, prevent a large through-



a second PMOS transistor having a drain coupled to the source of the first
PMOS transistor; wherein the gates of said first NMOS transistor anhgQgaiogh
second PMOS transistor are~arranged to receive one 2 4 OCT ?002 56 of a
first pair of conplenentary input signals, and wherein the gates of the
second NMOS transistor and the first 4BMOS transistor are arranged to
receive one of a second pai x of conplenentary input signals; third and
fourth PMIZantarsisiest LV ahai TidnNNeS eqemsiwtororhad gha [rkisr diipl ed to
the drains of the third and fourth PMOS transistors; a fourth NMOS
t ransi sttoransad tingr s RBlaianad dlfl edvitioch hears ourwer dfecddes @ hilrel Negves
transistor and a source coupled to the first voltage; wherein the gates of
t he t hi ridoRMOR ¢ rlanst st oragandaver thipel NMIS duiansi strort atefaredingeth t o
receive the other of the first pair of conplenentary input signals, and
wher ei n thee gyatess ofprlte folrade PMOBI tiarsl staty aamk avel $loeat th Vs
transistor are arranged to receive the other of the second pair of
conpl empatvay duprity stgned s &ld | f4 mEAEMEBt regtsistiorhdrivi tge psour ce
coupled to a second voltage, a gate coupled to the drains of the third and
fourth PME®ly ansistor stuantba sh@ienoouid exb tdetdmnismnt cehaf Yda segond
PMOS transi stor;

established earlier than Vdd), such as may occur when turning

on the power supply for an applied system. Pl conducts when

the gate voltage of PBl is at a low level "L", and N1 conducts

when the gate voltage of NB1l is at a high level "H". Assuming

a normal operation, in the high output impedance mocde when PBl

and NBl1 are both off, N1 and Pl are also both off, thus

exerting no influence on the normal operation. In the low

output impedance mode when only one of PBl and NB1l is on, the

transistor N1 or Pl which is on acts to turn off the other

that has been off, thus actually having no effect on the

normal operation. In normal operation, PBl and NBl1 cannot

both be on, and thus the input voltages of an abnormal state

(that is, when the gate voltage of PBl is low and the gate

voltage of NBl is high) are not supplied. When the signal

from the low-voltage power supply circuit is undefined in the

above case, such an abnormal state may occur. However, as the

state approcaches an abnormal state, N1 and Pl begin to conduct

and act to change the gate voltages of PBl and NBl in the same

direction, so that finally only one of PBl and NB1 is turned

on.



a sixth PMOS transistor having a source coupled to the second voltage, a
gate coupled to the drains of the first and second NMOS transistor?40@mqmg
drain coupled to the sources of the third and fourth PMOS transistors; an
an inverter arranged 'to receive said~one of the second pair of

conpl ementary input signals and to Qg%pyt 240CT 20Q2 57 said other of
the second pair of conplenentary input” signals to the gates of the fourth
PMOS transi stMi¥S arnmhrtshies oo N2 -INOP dorvanid strarateand sa uratncte datvadnged to
receive and hold the output |level of the |level conversion circuit. 2-a .
(22) A chrouigh-aluaclenas wdllai bed prevehaied d2ringhepeken Wwaen-sai dnom@eof the
second pair of conplenentary input signals is |ow, the output of the |evel
conver shbpvel roasie. | Sihalwaye pogler suppd y3)i sAtairhedi bnblaack as clainmed in
claim 21, wherein when said one of the second pair of conplenentary input
si gnal sakcsdraingly tdheowgltpaitsr @ntanfd o\gs offr aes dietredecanid tvalitrage tt o sai d
first voltage. -30.(24) A circuit block as clained in claim21, wherein the
second NED® trearisi 0 isthe NSecard tBMES tdoansicst, opultthedf atet AnkMBES /T
transistor, and the fourth PMOS transi stor have gate lengths that are

smal | er tohanrd hegaiosr l1lenvgihaindf thike ofuitipstt MESwiaranshet orght Re vieilr.st PMOS
transistor, the third NMOS transistor, and the third PMOS transi stor.

31. f25) LAkewicid,t NY ecalscabetfidised iddneh@itn Pulilvwher ehe whepusai/d one of
the second pair of conplenmentary input signals is high, the output of the
| evel canwerrsi aheCillotillevieS anapyse @utpdd. Iz shwArd tew hilhodkvel.
conprising: a level conversion circuit including: Z ~0cC ~ zoos 58 a
first N¥BRt riansinst eindAanNanget ey eeeipgia 1a dhd stutput Q of the level

shift circuit LSUl toward the high level when the power supply

is turned on. During the normal operation, when the input I

is high, the output Q is high. At this time N2 and N3 act to

move the output Q to the high level, i.e., in the same

direction. Further, when the input I is low, N2 and N3 are

off. Hence, N2 and N3 have no adverse effects on the logic

operation of the outputs Q and /Q based on the inputs I and

/1.

N4 and N5 operate in a way similar to N2 and N3, and thus

their description will be omitted. The only difference is

that the connection to the input and output terminals of the

level shift circuit LSU is opposite to that of the level shift

circuit LSUl, and hence the output Q is pulled to the low

level at the time of power supply turn-on.

Because, at the time of power turn-on, N2-N5 pull the

output Q of the LSU2 toward the low level and the output Q of

LSUl toward the high level, they both act to turn off the



i nput signal on a gate thereof; a' second NMXs transistor arranged,kto
receive the conplenent of said first input signal on a gate theregﬁﬂggzmz
first PMOS transi stor arranged to receive said first input s _gnal on a gate
t hereof, said first PMOS transistor having a drain coupled to the drain of
said first NMOS transistor; a second fMOS transistor arranged to receive
said conplenent of said first input signal on a gate thereof, said second
PMOS t ranspstobulfdeirag PaldeadnNeoupl gdnte, t he, dsai thef t smé do s epondr NMOS
transistor; a third PMOS transi stor having a source connected to a first

vol t agesuppygt euearnect &d tadt be dpaikrAscObtasaldrsecand dMESotransi stor and
second PMOS transistor, and a drain connected to the source of said first

PMOS trenspatobnrkteasl eant anBVMIB1t hanslighes bavi ngraNseNscepspanect ed to
said first voltage, a gate connected to the drains of said first NMOS

transi starlaned,sabdhf oEfsthBMbtbuansugtrers apd andreBn gpanecteddto the
source of said second PMOS transistor; a third NMOS transi stor having a

source e08pl ednt e iahsecendeyokhagentpugaberaeranged £0dreBei ¥enabsecond
i nput signal, and a drain connected to the sources of the first
prevented from turning on simultaneously.

N6 similarly pulls the output Q of the level shift
circuit LSU3 to the high level when the power supply is turned
on, thereby preventing the state of the input/output terminal
I/0 from being transmitted to the internal circuit /In.
Moreover, N7 pulls the output Q of the level shift circuit
LSU4 to the high level when the power supply is turned on,
thus turning off the pull-up transistor P3.

One of N4 and N5 connected to LSU2 and one of N2 and N3
connected to LSUl may be omitted as in LSU3, LSU4.

ESD1 and ESD2 are electrostatic breakdown protective
circuits as shown in Figure 20(d), for example, which prevent
the gate insulating layers of the output buffers PBl, NB1l from
breaking down when a surge voltage enters the input/output
terminal I/O.

Referring back to Figure 19, a resistor R1 and MOS
transistors P2 and N8 constitute a circuit for preventing the
MOS gate insulating layer of the NOR gate NOR2 from breaking
down when a surge voltage enters the input/output terminal

I/0. Resistor Rl and MOS transistor N9 constitute a circuit

to prevent the gate insulating layer of pull-up transistor P3



and second NMOS transistors; and 2 ~. acr ~ao2 59 a fifth PMOS transi stor
havi ng a source coupled to said first voltage, a gate connected to hﬁ pﬁ@f
of said third NMOS transistor, and a drain connected to the drains cﬁ 2
second NMOS transistor and said second PMOS transistor; and a | atch
arranged to receive and hold the out p% | evel of the |evel conversion

circuit.

~. ~~. (27) Acircuit block;” conprising: a |evel conversion

circuit firmed Uk aegk i rey fdawat WYMDS & rsair&‘gestwldaa;\é gyt soutee coupled to a
first voltage, and a gate arranged to receive a first input signal; a
second NMp®tfans st ofetaialg B source coupled to said first vol tage,
gate arranged to receive the conplenent of said first input signal; a

PMOS transi StREDHESMU@htd & BEet Mes 15t o fursd kddwputp:sdonat ivwn a gate

t her eof ,

said first PMOS transi stor having a drain coupled to the drai

said firstrNM¥E transigdPbe constructed as shown in Figure 20(e).

These circuits prevent the gate insulating layers of the level
shift circuits LSU1-LSU4 from breaking down when a surge
voltage enters between different power supplies Vdd and Vddq,
between Vdd and Vssq, between Vss and Vddg, or between Vss and
Vssqg (Vss and Vssq are typically connected on the printed
circuit board when the IC is mounted on the board but are open
when the IC is handled as a single device, where there is a
particular need for measures against surges), and flows
through the low-voltage power supply load circuit on the left
side and the high-voltage power supply load circuit on the
right side of Figure 19. 1In the circuit of Figure 20{(e), a
resistor R3 relaxes the waveform of a surge voltage at I in
cooperation with the parasitic capacitor, and also produces a
voltage drop when a bypass current flows through a protective
device N16 or Pl6, thereby limiting the surge voltage
impressed on the output terminal O connected to the MOS gates
of the level shift circuilt LSUl1-LSU4. When a surge makes the
potential of the node I is more positive than the power supply
Vddg, the source junction (PN junction) of Pl6 connected to
the node I side is biased forwardly to form a surge bypass
between the node I and the power supply Vddg through the N

substrate (N well) connected to the junction and the power

and a
first

n of



a second PMOS transistor arranged to receive said conplenent of said first
i nput signal on a gate thereof, said second PMOS transistor havi nd 40@k&0h
coupled to the drain of said second NMOS transistor; a third PMOS

transi stor having a gate connected to the drains of said second NMOS
transi stor and second PMOS 2 4 OCTPgQL!? 60 transistor, and a drain

connected to the source of said firsf PMOS transistor; a fourth PMOS

t ransi stoprlaviviigida gathercenreciged readelre dhai nedef Isabpdef hegt tANES
transistor and said first PMOS transistor, and a drain connected to the
sour ce thasaitihes poord RMDS Uty alkliqst ahe drbiift HuBMOSohr 4BYiI Stiocthami ng a
source coupled to a second voltage, a gate arranged to receive a second
i nput sbdgn&ll6 amchnzodreai rtoc ameeciceld tTo stthie daerngesdofnt he thier deaadskourth
PMOS transistors; and a third NMOS transi stor having a source connected to
gr ound, da rgatte ocormedicath ta0 dureregatypacts deaitdekenf thePMOBet Tanadsthoe, and a
drain connected to the drains of said second NMOS transistor and said
second BbWBrt samppilst 0iddg through the N substrate (N well) (or further
through the source junction on the opposite side) connected to
the junction and the power supply Vddg. The gate of P16 is
connected to the power supply Vddg, so that the electric field
concentration is large in the drain junction, lowering the
absolute value of the breakdown voltage.
When a surge voltage i1s impressed between the node I and
the power supply Vssqg, N16 forms a bypass between the node I
and the power supply Vssq in a positive-negative relation,
contrarily to the case described above.
In the normal operation, the above drain junction between
P16 and N16 on the side of the node I is not biased forwardly,
nor is it applied with a reverse bias over the breakdown
voltage. Further, Pl6é and N16 have their gates and sources
short-circuited and therefore are off. Hence, the protective
clrcuits do not affect the normal logic operation.
The electrostatic breakdown protective devices described
above are provided in the high-voltage power supply circuit
block enclosed of Figure 19. The gate insulation layers are

formed thick to prevent the protective devices themselves from

breaking down.



and a latch arranged to receive and hold the output |evel of the |evel
conversion circuit. 3~9-~: (zay In a sem conductor integrated circui24 0CT 2007
device having a plurality of circuit blocks, at least two of said circuit
bl ocks having different respective operating voltages, the inprovenent
conprising a level-up level conversiogn,circuit for converting the |evel of
a signal received froma lowvoltage Circuit block for supply to a
hi gh-vol t age Wig cuinu i @tkouwhesneiul tsahbwrevie] Eignrdevd icomaafsbmwmdly reuit
i ncludes: first and second NMOS transi stors having respective sources
coupl ed atrg aadfeid sts wolatagelard <ixcodlt Z20QZnell benfdimst pRMISS otfr awditdrdre
having a drain coupled to the drains of the first and second NMOS
transi scorigs .a FeowmliPMOS ¢ rares ivsteoranvakiimgl & fdrtdien ICouplhed to t he source
of the first PMOS transistor; wherein the gates of said first NMOS
t ransi sttapudndsaiut seoonichaRMIS G merys ibst arsear & car riapged ond wr eceioveparie of a
first pair of conplenentary input signals, and wherein the gates of the
second NMDF,t rransficat drotandirhe: fands touRMDS .t r Agiestenrs aarve 1ampnanged tho:
recei ve one of a second pair of conplenentary input signals; third and
fourth PMDSUiransiast dres;maale b ubds SdMDS atlrlandirstoerr divd\e iy dhdy ai n coupl ed to
the drains of the third and fourth PMOS transistors; a fourth NMOS
t ransi seobdtiwierg ashdnai nircdlpheat: t2d .t he 1sairtc elesfo tieh €' tirtoikrech NMD@ "
transi stor and a source coupled to the first voltage; wherein the gates of
t he t hi pd iPMSS ficansirgtearirand tdewe ikl NG duiansifstuore drierharvcdngek t o
receive the other of the first pair of conplenentary input signals, and
wher ei npiohergatigsp lof i drenlid Mot mansiisiiong ang thie ifheutddt WS
transi stor are arranged to receive the other of the second pair of
conpl engmfearly>w-npLit Sjegnadvisr asddfiivh FAMIB ity ansd Hhey Hiapn-ve lecaseur ce
coupled to a second voltage, a gate coupled to the drains of the third and
fourth BMYE ransgi St awixcwintd a Ar-ad 10 chigplsedHanr tie ssurace ofidde tecond
PMOS transi stor; 240CT?0(l2

particular logic with low impedance when the input paths are

cut off in such a form. S1-S10 are connected to Vssqg (down
arrow) or Vddg (up arrow) via the internal wiring of the IC.
When the terminal I/0 is used, for example, as an input-only
terminal, the lines are cut off at points C7-Cl0 (no wiring
pattern is provided) and the inputs I and /I of the level
shift circuits LSUl, LSU2 are connected to the power supplies
as shown to render both the output buffers PBl and NBl off.
With the inputs of the level shift circuits fixed to a
particular logic level, the buffers do not perform switching,
thus preventing erroneous operation and waste of electric
power. By fixing the inputs of the preceding stage circuits
as much as possible, it is possible to eliminate the need for

additional complexity of the circuits of the succeeding stage.



62 a sixth PMOS transistor having a source coupled to the second vpl §apep] a
gate coupled to the drains of the first and second NMOS transistors, and a
drain coupled to the sources of the third and fourth PMOS transistors; and
an inverter arranged to receive said one of the second pair of

conpl ementary input signals and to oygput said other of the second pair of
conpl enentary input signals to the gates of the fourth PMOS transistor and
the fourth NVIQuUrearidd 6tlorsh@vs--anot@RY) eibzetfitcovidwdt or dimtcagitatfed circuit
device as clainmed in claim28, wherein when said one of the second pair of
conpl enpmeyeytiimputa dihgmailgh-icudrewt tthe toutaputt lofv tthe clugVie It heo pudipsiton
circuit is always high. a-a :. (30) A sem conductor integrated circuit

devi ce asfcleaisng®l rarcl albh 28 bheertdine wifepos@ird sope 1lof tlre-secondnpai r  of
conpl ementary input signals is Iow, no through-current flows fromsaid
second wbkt dggure,saat fd ristermdldadgeni th-cor3éspAnsiemac prduct arf ifngegrat ed
circuit device as clainmed in claim28, wherein the second NMOS transi stor,

t he secand aRPROSdriansitsddny tihékd awidr dNIaS styrrdirdisst osyméied. Oee fourth PMOS
transi stor have gate lengths that are smaller than the gate | engths of the
first NyEBottkeans siry—sHdte fulrssi JIMSS dgiansicstran,i tt éatthigreo < MYTE@S
transistor, and the third PMOS transistor. ...tee-.(32) A sem conductor

i nt egr abed seisr QSR favicpatichdiaregddmoce] aitintdde wieree mheheowsai d~one of

t he second pair of 2 4 DCT 2QQ2 63 conpl enentary input signals is high,

t he out pubpdfy thkld eweltwaderssi ok Ciirlduist nas eal vay § iloawe 22+5¥33~ I n a

sem conductor integrated circuit device having a plurality of circuit

bl ocks, Adttelreasie tpwvedf sSaigd Civuh-tol atks adisrg Odief frerrerst onesjoscti ve
operating vol tages, the inprovenment conprising one of said circuit blocks
havi ng a&rlaesdlsttrd eVelarebrigr Yramging e foartpuonryertt ivhg tinerdreeels of a
signal received froma |lowvoltage circuit block for supply to a

hi gh- voliNage agid axuw2 lock,land érdlataatd ar manged eve I, eceispe caridreligl,d t he
output level of the level-up | evel conversion circuit; wherein said

| evel - upnidevelr reiony ey Aot iy touteitides fea sf DBt aANMOSBIr artsitsieor
arranged to receive a first input signal on a gate thereof; a second NM3s
transi stsaccaacanged tayd ec adtm dde rop iy ieneite -Gh osaipth Ifser Sterienaitti osi gnal on
a gate thereof; a first PMOS transistor arranged to receive said first

i nput sicdmratuian GG gatrendriier exf ,tisaigdnfired IS drsard sttdrernavi ng a drain
coupled to the drain of said first NMOS transistor; a second PMOS

t ransi stiapuar/ranged: ta racei el Satahgonpl i) ehaddied fdongtadtmput signa

on a gate thereof, said second PMOS transistor having a drain coupled to

t he dr aiim tefyrsad ibrs echHnch ANNOH Ut /angimitorei meutinis nlPMES dor arsdest art havi ng a
source connected to a first voltage, a gate connected to the drains of said
2 4 0 CpbsQ®2e to set the initial state of the level shift circuits

LSU1-LSU4 at the time of power supply turn-on.

Figure 23 shows one preferred embodiment of the layout of
the input/output circuit shown in Figure 19.

As shown in Figure 23, a plurality of I/0 pads 2202 are
arranged in parallel along a chip end portion 2201. Circuits
shown in Figure 19 are arranged near the chip end side in a
direction perpendicular to the chip end side. NMOS buffer
2203 and PMOS buffer 2204 are the MOS transistors NBl and PBI1

of the output buffers of Figure 19 and arranged by the side of



64 second NMOS transistor and second PMOS transistor, and a drain connected
to the source of said first PMOS transistor; a fourth PMOS transis?qrquNNZ
havi ng a source connected to said first voltage, a gate connected f{o e
drains of said first NMOS transistor and said first PMOS transistor, and a
drain connected to the source of sai gagsecond PMOS transistor; a third NMOS
transi stor having a source coupled to’a second voltage, a gate arranged to
recei vetaesédongadsputs shgnal., andaagddaitowaoninéetieed nisd dehe Sdilreces igf t he
first and second NMOS transistors; and a fifth PMOS transistor having a
source eaepltéed ted exdird sfHatsic waldadgewra pgatte atdrveectied tia tHs®lgatel of said
third NMOS transistor, and a drain connected to the drains of said second
NMOS t r @sdi2st(@rR tend Saied psadeigh RVRG dirtansizster,. thiel e -ou L esem conduct or
integrated circuit device having a plurality of circuit blocks, at |east
two of gaizd70i,r and leiveckshiay rg rdififter @mosnespeet ithe apersaddtrg 1velitcages,
the i nprovenent conprising one of said circuit blocks having a | evel -up

| evel copeefasiion Girreuiitt f@2omgnverting the | evel of a signal received from
a lowvoltage circuit block for supply to a high-voltage circuit bl ock, and

a latch arramgedt sumgele) wei dindy hiad d die outiiiird evel ffudidre nevell-ip | evel
conversion circuit;

wiring layers to extend between the adjoining circuit blocks

in a direction parallel to the chip end side. Vssqg and Vddg

are wired on 2203, Vssq and Vddg on 2204, Vssg on 2205, Vddg

on 2206, Vssq on 2207, Vddg on 2208, and Vss and vdd on 22089.

Next, the configuration of an inter-power supply
protective device will be described that can suitably be
applied to a chip that, like the semiconductor integrated
clircuit device of this invention, uses a plurality of power
supply voltages. The semiconductor integrated circuit device
0of this embodiment employs, in particular, a triple well
construction. A particularly efficient configuration of the
inter-power supply protective device of the triple well
construction will be described in the following.

In chips that use a plurality of power supplies of
different voltages (or even power supplies of the same voltage
provided separately, depending on the magnitude of power
supply noise), there are several kinds of power supply pins.
To allow static electricity to escape easily and thereby

improve the electrostatic dielectric strength in such chips,

it 1s effective to insert such devices as MOS transistors and



240CT 20Q 65 wherein said |evel-up | evel conversion circuit includes:
a first NMOS transistor having a source coupled to a first voltageNa{n?Zﬁﬂz
gate arranged to receive a first input signal; a seccnd NMOS transi sto
having a source coupled to said first voltage, and a gate arranged to
recei ve the conpl enent of said firs[ionput signal; a first PMOS transistor
arranged to receive said first input signal on a gate thereof, said first

PMOS t r ansicrodiawd drg wouliai suiou £hid ddteindl aind ofe tsaieth fdirfste NMES
transi stor; a second PMOS transi stor arranged to receive said conpl enent of

said fipstvdpilpslignal om aciad e dder eQfnnesal idrsecond IIMOE tiaarsisst or
having a drain coupled to the drain of said second NMOS transistor; a third

PMOS tramnsitsty davidio: af g Gonectad- o d ke xdcaiirg ohdsal & $geend NMOS
transi stor and second PMOS transistor, and a drain connected to the source

of sai dpfdsan PMPS tHaNR SO jude fQHd I VOS5 duansisst @ hawithg a gate

connected to the drains of said first NMOS transistor and said first
current flows in the reverse direction only when static
electricity of several hundred to several thousand volts
enters the chip.

In the case of a triple well structure, a diode can be
fabricated in four different ways: between a P-type substrate
and an N-type element region, between an N-type element region
and a P-type well, between a P-type well and an N-type
diffusion layer, and between an N-type well and a P-type
diffusion layer. The method by which the area is minimized
and the parasitic element effect is small depends on the kind
of power supply to be connected to it.

A particularly efficient configuration of such a
protective device of the embodiment of this invention
will be described below.

Figure 24 (a) shows an example of a particularly efficient
way of forming a diode when the diode connections shown in
Figure 24 (b) are made in a chip having a P-type silicon
substrate and supplied with VSS.

Figure 24 (a) shows a silicon substrate (P-type) 2301, an
element formation region (N-type) 2302,'an N-type well 2303, a

P-type well 2304, an N-type diffusion layer 2305, a P-type

diffusion layer 2306, a diode 2307 formed by a P-type well



PMOS transistor, and a drain connected to the source of said second PMOS
transistor; a fifth PMOS transistor having a source coupled to a s&dpngl 2007
voltage, a gate arranged to receive a second i nput 2 4 DC12D02 66 signal
and a drain connected to the sources of the third and fourth PMOS
transistors; and a third NMOS transi_s%f[ having a source connected to
ground, a gate connected to the gate said fifth PMOS transistor, and a
drai n cdomecidecrt a-He-dramansufstaaitte sarbnth NVWES ytrea sl fStueri cand. asad rd
second PMOS transistor.

AT ARRIALS,. A AKL ARG K0 i rAG{ DOpAN. AR AR WA(ILL A D63AMAN D A L. A&a, . A
@®. A(S. A A .AAL.A A A . AUf LAY?. A9 AA . A@. A(S,.Au. Ay. Au . A, A
F. Af, . A@R@A LA AUe A AN @ rnatA orAUSG iAin 2302 (biliased by VDDQ) and
y. Af. A A AU . Aa" . A Af. A(L. AN. A AaS. Aa. A ;f.AL. AN. AFNSI . A" 4v w ~
the P-type diffusion layer 2306, a diode 2308a formed by the
N-type well 2303 formed on the N-type device formation region
2302 (biased by VDD) and the P-type diffusion layer 2306, a
diode 2309 formed by the P-type well 2304 formed on the N-type
device formation region 2302 and the N-type diffusion layer
2305, and a diode 2310 formed by an N-type well formed on the
P-type substrate 2301 and the P-type diffusion layer 2306.
In the case of a chip where the silicon substrate is of
P-type and supplied with VSS, first, the diode connected to
VSS is desirably formed directly on the P-type substrate by
using the P~type well, the same conductivity type as that of
the substrate, without using the N-type element formation
region. The diode thus formed has a minimal area, eliminates
parasitic element operation, and can also feed VSS to the P-
type substrate.
Second, the diode connected to VDDQ is desirably formed
on the N-type device element region by using the N-type well.
The diode thus formed has a minimal area, eliminates parasitic
element operation, and can also feed VDDQ to the N-type
element formation region.
Third, a diode other than the above two kinds of diode 1s

desirably formed directly on the P-type substrate by using the

N-type well without forming any N-type element formation



~ytoj e [V] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]zcar] c[: a[] C
a] ca] ca] ca 4 0CT 2002
Ul c™a] ca] ca] c*a] c”a] ca] ca] cTa! ?@DeHRDe~JHK{ vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca]c
aJca] ca] ca]ca]ca]ca
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| w mhc”A Y99} ca] Bag cdl edd chlpea] Eadned cad s ad da]lmla]a:la]%:laﬁ%aﬁ]%] ca] c”*a] ca] ca]
ca]ca]ca]ca]ca]ca]ca]caJca]calcajcal .!m!lErrL"/mQ" S w "
#<#BHXHEMHISH$SSI8(D8 2864 Rsni dl et cca;]e:laa]taf]rca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 994 &S&&&&, ' @ Y’
Figures 25(a), 25(b), and 25(c) show further examples of
(o( (() BE)j)))*+*,,,-.H w/04}xrmhc”Y]]]ca] ca] ca] ca] ca] c”a] ca] ca] ca] ca] ca] ca]
ca] ca] cajlea] Jcra']ea]pa\]lea] sappd} caichdchl ca] caf ted caf cdl ta] ve)edl Me555666HI99
k:1:1;{;> @G\AASBBXBBBBBC;
Cx CCCEZEEE} xsHiduZ¢] Ppda) cahcakcahcakempta] cé] eapeat caltal trn] ebfcaleafcal ca
] ca] ca] c(a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! EEEI FKFFFFFFG. GQG GGGGE H Hb
JRL- N=NPQET\AGTUXforming a MOS transistor when the MOS transistor
Y/ Z>Z[ } xsnid_Z]]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cawajeat cahsabsakbajnaloafiajca) 2alh] 423 Seadel+in fRfghig | Hdv iRy 5l
nmo2r Ar Fr Asyuwwwwxy| } } }{vqal gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
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=@DEKQ ?c%-zupkfa\ W] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]calca
] caU] ca]eatfra] ealll caliod] cahcHtcapealicAfecajca] tayEBDR 4R +i 4 CH vgbgazkf a\ W |
c
U c”aU] ca Laheadoa) egkcabdapcakcahitlal ¢hnl caroafcahaapen] o catza$ tafen] cal c
aJcalc”a]jcalcalcaljcalcaljca .ORk z }
L1i.j~yt24@7 Zbkfa\ Weabkcakta] falnalicahcaheabenjypa] sapsatend cad chf cal cal cal
caV] ca] ca] cfa] ca] ca] ca]calcalUca U c”aU ca U c”*al ca
Dh. =@ 2| §xx3Ye ksmDd_Flreaktafoa] zapeapnatba] Bateaé cagth] Ea@&a]@amea] ca] ca] ca
] cal ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca]ca]calca]ca! 06;3 |!! "B "$a$$$$
YIRS SBEE- Aype' elEfmbEWEobnaY]ca] eaytahcajica] ¢aleadapeafoddra] em] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]caV]calcalcalcaln(((((/)T))*!
*XFrRx 47N cHamnel  MDS. trAhbKEEbEx8ADB N XhcVheabPeaypaVWeal cajed] Eatmadical ca] ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]cal/0B0\00
008101{ 1d1) 2R} R22YBe3838RpAt4444mBE55n region 2402 (biased by VDDQ),
6B6~6} xsni d_Z] cV]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] cajrwd] €aPecaheahed] Hafcakenkcafoca] 24l 66666IRPTY778>8| 88B839yONO499: +. " : :

; <N<r <<gxstohe PrcVpgcalibalkeakeakbéa]lcal ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! <=b5=i ===== >SWe>>>
?2@v???@ALAAAABOBBBBCGGEEFpxXsai adhYbcWikea] cakcalic¢aloa] eapsakeafcafkcalcal cal ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! FGGGEGEEH;

H HHHI Cl 24t yh&d ZddI3KpkY KKKK&EdhL VEE ]| weirbet Y] eNWEcH} cRahnal cdPEa] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]c

a] caV] caf cah & VB b MVivivNA Ble ARNNEOb O OOPPREVERBE# Qt Ch €y QAR RARR} xénitdeZ] cV] | ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]ca
] ca] ca] cadmwa] BalgakcasRRRESKEBSStZ e T WeYVYYWPY[ EpYhPd] diaaacdy on

e[ e} xsmhc”™Y] cV] ca] ca] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]calcalc(a]ca]c
a] ca] ca] cad ch} cgpeakanktakca] aalbahcakeahfalf thgoQyggab>bxbhbh®i siiiij #k\ kk
kkkk+l al ol I | wmhc”Y] cV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] ca]
ca] ca] cafcaneajea] eapecahcal cakcal-eahaakeajoa] eahhka@abmmanlip nopA&E=0000003
ppp| ppppaCGaqq} xs| w mhc”Y] cV] cal ca] ca] ca] ca]] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] caR A10%& ()-F

1096& ()-!'y "10%& ()-'y "10%& ()-&f Y1I0%&' ()-310%& ()-A dE9 "10W& ()-3 9
"10%& ()-3 &S109%& ()-&3"10%& () - &&3" 109%6& () - &SF10%& () -4

b@)&"10%"& ()-'10% & ()-3 105 105 105

3:10%& ()-&9,,"109%& () - MBL*10%& () -



“zZXJ<@10"" 10""19 "10%"& ()-3!9 "10%& ()-39

"109& ()-3!&"10983& ()-!&"10% " & ()-{+eoM @@ " 10%& ()- & " 109m5K4 0§71 20020%
5& ()-s!Y"10%& ()-! FY"109%%5& ()-9' f ml0%& ()- 10""HR~_ @®"1098" 10%<& () -
Z10%<&' ()-10%<& ()-!810% 4 & ()- @10%& ()- 105 105

105DeaB~_ @@ " 10% 10%<& ()-' 10%& () -, LO%& ()-!19" ' 10%<& ()- Y 10%& ()- &y
"10%& ()-e~JdE~_ @@ " 1098& 10%<& ()-&2"10%& ()-90: 10%<& () - &(! 10%& () - &ML
0%<&' () hsl@Yed n(mallHEE@4',1 090 IH00%a¥ 9 -pel0f8i& (9 - W (Per@LAPA & () - 10<
10< 10<5& 10%& () - HK+] dEbC@ " 1090 10% & () - &10% & ()-9G'10% & () -9

10% & ( pni0%ak (91-s% MR (93 §]drPRAEERC@YHDR(BIA%& ) - 9&

109% & ()-9%$10% & () - &#! 10% & ()-99! "' 10%°& () - &YS10% & () - Bx=wdEbC@ " 10%&34
10% & () - @1¥EEH{Q - A8 098 &1 4n OF . MAD W & {9 + Ko A QU WS & Q- w M
_@@"10%&F"10% & ()-!3 &10%#&' ()- @ @M0% & ()- 10" 10"

10" 9@ EOAWH )i-8BEL QR {JpdVNE1 1, il Ml 1@ TAD % rhQ% & r{ )1l 098 d - &
10% & ()-8& 10% & ()-&10% & ()-& mMLO% & ()-m 1" >"wW "dE_@® " 1090

10% & (12w & dmat 118 & ddord B Dy &G & (Dmi%, vsSsQ can be

109 & () - "" #B#x###dE_@® " 1099, 10% & ()-9*1 10% & ()-9(10% & ()-9& 10% & ()- &
$! 109 &'l Yol AR H)r R ShSP%B8EE s 3 channel MOS transistor and be

electrically isolated from the P-type substrate supplied with
VSS, thereby eliminating parasitic element operation.

Third, an N-channel MOS transistor other than the above
two kinds of N-channel MOS transistors, although they have a
P-type well, is formed on the N-type element formation region
biased by VDD or VDDQ. Thus, VSSQ can be fed to the P-type
well of this N-channel MOS transistor and electrically
isolated from the P-type substrate supplied with VSS,
eliminating parasitic element operation.

Various modifications of the invention as set forth in
the foregoing description will become apparent to those of
ordinary skill in the art. All such modifiations that
basically rely on the teachings through which the invention
has advanced the state of the art are properly considered

within the spirit and scope of the invention.
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S {;’>>§¥gnals of a first amplitude; and

third and fourth field-effect transistors of
pelarity opposite to that of the first and second
field-effect transistors;

wvhereiln the sources of the first and second
field-effect trxransistors are coupled toafirst voltage
level, the sources of the third and fourth field~-effect
transistors are coupled to a second voltage level, the
drain of the first field-effect transistor is cogé;ed
to the gate of the fourth fieldreffect trangistor,. and
the drain of the second field-effect transistor and
the gate of the third field-effect transistor[=] are
coupled te an output node of the level-down level

conversion circuit; and
wherein the third and fourth field-effect
transistors bave thinner oxide layers than those of
ﬁhe'firsg.andlﬁecona flield-effect transistors.
B (2) A level-down level conversion .circuit as
claimeéd in claim 1, wherein the'ground level qf.said

complementary input signals fluctuates more than [ +ehe

) hold 1 . Y I . 1 £4cra ce
%faﬁfHﬁHHH&&+——+eﬁe—%a%%—e%—%%e—pewef—ﬁapﬁ&y—wfaﬂﬁa?e
ef—the—level -eenversieon—eireunit)) the threshold

voltages of said first and second field-effect
;;pnéistgrs. . |
4. (3) A level-down level conversion circuit,
comprising:
afirst NMOS transistor receiving one of a pairx
of differential input signals at a gate thereof and

having a source connected to a first voltage;
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a second NMOS transistor receiving the other

of said pair of differential input signals at a gate

thereof and having a source connected to the first

voltage;

a first PMOS transistoxr having a source

connected to a second voltage, a drain connected to

a drain of the first NMOS transistor, and a gate

connected to the d;ain of the second NMOS transistor;

and

a second PMOS transistor having a source

conriected to the second voltage, a drain connected to

the

drain of the second NMOS transistor, and a gate

connected to the drain of the first NMOS transistor;

wherein the first and second PMOS transistors

have thinner oxide layer than those of the first and

second NMOS transistors.

~B-. (4)

claim 3,

A level-down level conversion circuit according to’

wherein the first and second PMOS transistors have

gate oxide layers that are thinner than gate oxide layers of

the first and second NMOS transistors.

-6 (cancel)

7. (5) A level-down level conversion circuit as claimed in

claim 3, further comprising an inverter coupled to' the drain

of the second NMOS transistor.

8.(6)

In a semiconductor integrated circuit device

having a plurality of cirxcuit blocks, at least two of

said circuit blocks having differxent respective

operating voltages,

the improvement comprising a

level~down level conversioncircuit for converting the

level of a sighal received from a high-voltage circuit

block for supply to a low-voltage circuit block;
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wvherein said level-down level conversion

circuit includes |[eifferenmtiol—inpuE—means—feor—

first and second field-effect transistors
respectively arranged to receive complementary input

signals of a first amplitude; and
third and fouxrth field-effect transistors of

polarity opposite to that of the first and second

field-effect transistoxs;

wherein the sources of the first and second
field-effect transistorsarecoupled toafirst voltage
level, the sources of the third and fouxth fie__ld—-effe_c"l.:
Eransistors axe coupled to a second voltage level, the
drain of the first field-effect transistor is coupled
to the gate of the fourth field-effect transistox, and
the drain of the second field-effect transistor and
the gate of the third field-effect transistor are
coupled to_an _output node of the level-down level

conversion eirecuit; and
vherein the third and fourth field-effect

transistors have thinner oxide layers than those of
the first and second field-effect transistors.

-8, (cancel)

-&B (cancel)

Ll.{cancel)

27 (7) A level~up level converxrsion circuit,
comprising:

first and second field-effect transistors

arranged to receive complementary input signals of a
first amplitude, wherein the sources of the first and

second field-effeet transistors are coupled toa first

voltage level;
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field-effect transistors beiihg of opposite polarity
tothatof the thirdand fourthfield-effect transistors,
wherein the drains of the third and fourth field-effect
transistors are respectively coupled to the drains of
the first and second field-effect transistors;

fifth and sixth field-effect transistors [ef
m&%ae%%y-ﬁ??eaé%e—p&}aﬁiéies], the fifth and sixth
field-effect transistors being of opposite polarity
tothatof the first andsecondfield-effect transistors,
wherein the gate of the fifth field~-effect transistor
is coupled to the drain of the fourth field-effect
transistor and to an output node of the level conversion
circuit, the gate of the sixth field-effect transistor
is coupled to the drain of the third field-effect
transistor, and the sources of the third ang fourth
field-effect transistors are respectively coupled to
the drains of the fifth and sixth field-effect
transistors; and

a seventh field-effect transistor having a
source connected to a second voltage'level, a gate
connected to ground, and a drain connected to the
sources of the fifth and sixth field-effect
transistors.

-3 (8) A level-up level conversion circuit,
comprising:

a first NMOS transistoxr receiving one of a pair
of differential input signals at a gate thereof and
having a source connected to a first voltage;

a second NMOS transistor receiving the otherx
of said pair of differential input signals at a gate

thereof and having a source connected to the first

voltage;
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said pair of differential input signals at a gate
thereof and having a drain connected to the drain of
the first NMOS transistor;

a second PMOS transistor receiving said other
of said pair of differential input signals at a gate
thereof and having a drain connected to the drain of
the second NMOS transistor;

third and fourth PMOS transistors respectively
having drains connected to the sources of said first
and second PMOS transistors; and

a fifth PMOS transistor having a souxrce
connected to a second voltage, a gate connected to
ground, and a drain connected to the sources of said
third and fourth PMOS transistors,

wherein tpe drain of the first NMOS transistor
is coupled to the gate of the fourth PMOS transistor
and the drain of the second NMOS transistor is coupled

toc the gate of the third PMOS transistor.
14--(9) A level-up level conversion circuit as claimed in
claim 8, further comprising an inverter coupled to the drain

of the second NMOS transistor.

157 (cancel)
6.(10) A level-up level conversion circuit, comprising:
first and second NMOS transistors having respective
sources coupled to a first voltage;
a first PMOS transistor having a drain coupled to the
drains of the first and second NMOS transistors;

a second PMOS transistor having a drain coupled to the

source of the first PMOS transistor:
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wherein the gates of said first NMOS transistor and said

second PMOS transistor are arranged to receive one of a first
pair of complementary input signals, and wherein the gates of
the second NMOS transistor and the first PMOS transistor are
arranged to receive one of a second pair of complementary
input signals; |

third and fourth PMOS transistors;

a third NMOS transistor having a drain coupled to the
drains of the third and fourth PMOS transistors;

a fourth NMOS transistor having a drain coupled to the
source of the third NMOS transistor and a source coupled to

the first voltage;

wherein the gates of the tbird PMOS transistor and the
third NMOS transistor are arranged to receive the other of the
first pair of complementary input signals, and wherein the
gates of the fourth PMOS transistor and the foﬁrth NMOS
transistor are arranged to receive the other of the second
pair of complementary input siénals;

a fifth PMOS transistor having a source coupled to a
a gate coupled to the drains of the third and

second voltage,

fourth PMOS transistors, and a drain coupled to the source of

the second PMOS transistor; and

a sixth PMOS transistor having a source coupled to the
second voltage, a gate coupled to the drains of the first and
second NMOS transistors, and a drain coupled to the sources of

the third and fourth PMOS transistors.
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~1%. (11) p level-up level conversion circuit as claimed in

claim 10, further comprising an inverter coupled to the drain

of the third NMOS transistor.

18- (12) A level-up level conversion circuit,

comprising:

a NOR circuit arranged to receive at least two
input signals;

a NAND circuit arranged to receive the
complements of said at least two input signals; and

means functionally coupling said NOR circuit
and said NAND circuit such that said level-up level
conversion circuit provides an output signal that is
the logical OR of said at Lleast two input signals, said
output signal having an amplitude that is larger than
that of said at least two input signals when any of

said at least two input signals becomes high.

1T9. (13) A level-up level conversion circuit,

comprising:

a firsQ logic circuit arranged to receive at
least two input signals;

a [NAND] second logic circuit arranged to
receive the complements of said at least two input
signals, wherein said second logic circuilt is a
complementary circuit of ' said first logic circuit; and

means functionally coupiing sald first logic
circuit and said [NAND] second logic circuit such that
said level-up level conversion circuit performs the
inverse of the logical operationperformedby saidlogic
circuiténsaidatleasttwoinputsignals,saidoutput
signal having an amplitude that is larger than that
of said at least two input signals when any of said

at least two input signals becomes high.

1" 10%
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first and second NMOS transistors having respective

sources coupled to a first voltage;

a first PMOS transistor having a drain coupled to the
drains of the first and second NMOS transistors;

a second PMOS transistor having a drain coupled to the
source of the first PMOS transistor;

wherein the gates of said first NMOS transistor and said
second PMOS transistor are arranged to receivé one of a first
pair of complementary input signals, and wherein the gates of
the second NMOS transistor and the first PMOS transistor are
arranged to receive one of a second pair of complementary
input signals;

third and fourth PMOS transistors;

a2 third NMOS transistor haviné a drain coupled to the
drains of the third and fourth PMOS transistors;

a fourth NMOS transistor having a drain coupled to the
source of the third NMOS transistor and a source coupled to
the first voltage;

wherein the gates of the third PMOS transistor and the
third NMOé transistor are arranged to receive the other of the
first pair of complemeﬁtary input signals, ana wherein the

gates of the fourth PMOS transistor and the fourth NMOS
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pair of complementary input signals;

a fifth PMOS transistor having a source coupled to a
second voltage, a gate coupled to the drains of the third and
fourth PMOS transistors, and a drain coupled to the source of
the second PMOS transistor;

a sixth PMOS transistor having a source coupled to the
second voltage, a gate coupled to the drains of the first and
second NMOS transistors, and a drain coupled to the sources of
the third and fourth PMOS transistors; and

an inverter arranged to receive said one of the second
pair of complementary input signals and to output said other
of the second pair of complementary input signals to the gates
of the fourth PMOS transistor and the fourth NMOS transistor.

21.(15) A level conversion circuit as claimed in claim 14,
wherein when said one of the second pair of complementary
input signéls is low, the output of the level conversion
circuit is always high.

22.(16) A level conversion circuit as claimed in claim 14,
wherein when said one of the second pair of complementary
input signals is low, no through-current flows from said
second voltage to said first voltage.

23.(17) A level conversion circuit as claimed in claim 14/

‘wherein the second NMOS transistor, the second PMOS

transistor, the fourth NMOS transistor, and the fourth PMOS

transistor have gate lengths that are smaller than the gate
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transistor.
4= (18) A level conversion circuit as claimed in claim 14,
wherein when said one of the second pair of complementary
input signals is.high, the output of the level conversion
circuit is always low.
25.(19) A level conversion circuilt, comprising:

a first NMOS transistor arranged to receive a first input.
signal on a gate thereof;

a second NMOs transistor arranged to receive the
complement of said first input signal on a gate thereof;

a first PMOS transistor arranged to receilve said first
input signal on a gate thereof, éaid first PMOS transistorx
having a drain coupled to the drain of said first NMOS

transistor;

a2 second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof, said

second PMOS transistor having a drain coupled to the drain of

., sald second NMOS transistor;

a third PMOS transistor having a source connected to a
first voltage, a gate connected to the drains of said second
NMOS transistor and second PMOS transistor, and a drain
connected to the source of said first PMOS transistor;

a fourth PMOS transistor having a source connected Fo

said first voltage, a gate connected to the drains of said
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drain connected to the source of said second PMOS transistor;

a third NMOS transistor having a source coupled to a
second voltage, a gate arranged to receive a second input

signal, and a drain connected to the sources of the first and

second NMOS transistors; and
a fifth PMOS transistor having a source coupled to said
first voltage, a gate connected to the gate of said third NMOS

transistor, and a drain connected to the drains of said second

NMOS transistor .and said second PMOS transistor.
-zév(za) A level conversion circuit, comprising:

a first NMOS transistor having a source coupled to a
first voltage, and a gate arranged to receive a first input
signal;

a second NMOS transistor having a source coupled to said
first vbltage, and a gate arranged to receive the complement
of said first input signal;

a first PMOS transistor arranged to receive said first

input signal on a gate thereof, said first PMOS transistor

having a drain coupled to the drain of said first NMOS

transistor;

a second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof, said

second PMOS transistor having a drain coupled to the drain of

said second NMOS transistor;
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a third PMOS transistor having a gate connected to the

drains of said second NMOS transistor and second PMOS

transistor, and a drain connected to the source of said first

PMOS transistor;

a fourth PMOS transistor having a gate connected to the
draing of said first NMOS transistor and said first PMOS
transistor, and a drain connected to the source of said second
PMOS transistor;

a fifth PMOS transistor having a source coupled to a
second voltage, a gate afranged to receive a second input
signal, and a drain connected to the sources of the third and

fourth PMOS transistors; and

a third NMOS transistor haﬁing a source connected to
ground, a gate connected to the gate of said fifth PMCS
transistor, and a drain connected to the drains of said second
NMOS transistor and said second PMOS transistor.
2°7T. (21) A circuit block, comprising:

- a level conversion circuit including:
first and second NMOS transistors having respective
sources coupled to a first voltage;
a first PMbS transistor having a drain coupled to
the drains of the first and second NMOS transistors;

a second PMOS transistor having a drain coupled to

the source of the first PMOS transistor:

wherein the gates of said first NMOS transistor and

said second PMOS transistor are- arranged to receive one
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first PMOS transistor are arranged to receive one of a
second pair of complementary input signals;

third and fourth PMOS transistors;

a third NMOS transistor having a drain coupled to
the drains of the third and fourth PMOS transistors;

a fourth NMOS transistor having a drain coupled to
the source of the third NMGOS transistor and a source

coupled to the first wvoltage;

wherein the gates of the third PMOS transistor and
the third NMOS transistor are arranged to receive the
other of the first pair of complementary input signals,
and wherein the gates of the fourth PMOS transistor and
the fourth NMOS transistor are arranged to receive the
other of the second pair of complementary input signals;

a fifth PMOS transistor having a source coupled to a

second voltage, a gate coupled to the drains of the third
and fourth PMOS transistors, and a drain coupled to the
source of the second PMOS transistor;

a sixth PMOS transistor having a source coupled to
the second voltage, a gate coupled to the drains of the

first and second NMOS transistors, and a drain coupled to

the sources of the third and fourth PMOS transistors; and
an inverter arranged to receive said-one of the

second pair of complementary input signals and to output
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signals to the gates of the fourth PMOS transistor and
the fourth NMOS transistor; and
a latch arranged to receive and hold the output level of
the level conversion circuit.

28, (22) A circuit block as claimed in claim 21, wherein when
said one of the second pair of complementary input signals 1is
low, the output of the level conversion circuit is always
high.

29, (23) A circuit block as claimed in claim 21, wherein when
said one of the second pair of complementary input signals is
low, no through-current flows from said second voltage to said
first voltage.

-30. (24) A circuit block as claimed in claim 21, wherein the
secona NMOS transistor, the second PMOS transistor, the fourth
NMOS transistor, and the fourth PMOS transistor have gate
lengths that are smaller than the gate lengths of thé first
NMOS transistor, the first PMOS transistor, the third NMOS
transistor, and the third PMOS transistor.

31.(25) A circuit block as claimed in claim 21, wherein when
said one of the second pair of cohplementary input signals is

high, the output of the level conversion circuit is always

low.

32.(26) A circuit block, comprising:

a level conversion circuit including:
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ve ()-Y complement of said first input signal on a gate thereof;

a first PMOS transistor arranged to receive said
first input signal on a gate thereof, said first PMOS
transistor having a drain coupled to the drain of said
first NMOS transistor;

a2 second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof,

said second PMOS transistor having a drain coupled to the
drain of said second NMOS transistor;

2 third PMOS transistor having a source connected to
a first voltage, a gate connected to the drains of said
second NMOS transistor and second PMOS transistor, and a
drain connected to the source of said first PMOS
transistor;

a fourth PMOS transistor having a source connected
to said first voltage, a gate connected to the drains of
said first NMOS transistor and said first PMOS
transistor, and a drain connected to the source of said
second PMOS transistor;

a third NMOS transistor having a source coupled to a
second voltage, a gate arranged to receive a second input

signal, and a drain connected to the sources of the first

and second NMOS transistors; and
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a fifth PMOS transistor having a source coupled to
said first voltage, a gate connected to the gate of said
third NMOS transistor, and a drain connected to the
drains of said second NMOS transistor and said second
PMOS transistor; and
a latch arranged to receive and hold the output level of

the level conversion circuit.
@3 (27) A circuit block, comprising:
a level conversion éircuit including:

a first NMOS transistor having a source coupled to a
first voltage, and a gate arranged to receive a first
input signal;

a second NMOS transistor having a source coupled to
said first voltage, and a gate arranged to receive the
complement of said first input signal;

a first PMOS transistor arranged to receive said
first input signal on a gate thereof, said first PMOS

transistorx having a drain coupled to the drain of said

first NMOS transistor:;

a second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof,
sald second PMOS transistor having a drain coupled to the
drain of said second NMOS transistor;

a third PMOS transistor having a gate connected to

the drains of said second NMOS transistor and second PMOS
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a fourth PMOS transistor having a gate connected to
the drains of said fixrst NMOS transistor and said first
PMOS transistor, and a drain connected to the source of
said second PMOS transistor;

a fifth PMOS transistor having a source coupled to a
second voltage, a gate arranged to receive a second input
signal, and a drain connected to the sources of the third
and fourth PMOS transistors; and

a third NMOS transistor having a source connected to
ground, a gate connected to the gate of said fifth PMOS
transistor, and a drain connected to the drains of said

second NMOS transistor and said second PMOS transistor;

and

a latch arranged to receive and hold the output level of

the level conversion circuit.

34 (28) Ih a semiconductor integrated circuit device having
a plurality of circuit blocks, at least two of said circuit
blocks having different respective operating voltages, the
improvement comprising a level-up level conversion circuit for
coﬁverting the level of a signal received from a low-voltage
circuit block for supply to a high-voltage circuit block:
wherein said level-up level conversion circuit includes:

first and second NMQOS transistors having respective

sources coupled to a first voltage;
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10281 10%& () - second PMOS transistor havind a drain coupled to
the source of the first PMOS transistor;
wherein the gates of said first NMbS transistor and
said second PMOS transistor are arranged to receive one
of a first pair of complementary input signals, and
wherein the gates of the second NMOS transistor and the
first PMOS transistor are arranged to receive one of a
second pair of complementary input signals;
third and fourth PMOS transistors;
a third NMOS transistor having a drain coupled to
the drains of the third and fourth PMOS transistors;
a fourth NMOS transistor having a drain coupled to
the source of the third NMOS transistor and a source

coﬁpled to the first voltage;

wherein the gates of the third PMOS transistor and
' the third NMOS transistor are arranged to receive the
other of the first pair of complementary input signals,
and wherein the gates of the fourth PMOS transistor and
the fourth NMOS transistor are arranged to receive the
other of the second pair of complementary input signals;
a fifth PMOS transistor having a source coupled to a
second voltage, a gate coupled to the drains of the third

and fourth PMOS transistors, and a drain coupled to the

source of the second PMOS transistor;
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the sources of the third and fourth PMOS transistors; and
an inverter arranged to receive said one of the
second pair of complementary input signals and to output
salid other of the second pair of complementary input
signals to the gates of the fourth PMOS transistor and
the fourth NMOS transistor.
35, (29) A semiconductor integrated circuit device as claimed
in claim 28, wherein when said one of the second pair of
complementary input signals is low, the output of the level

conversion circuit is always high.

361'(30) A semiconductor integrated circuit device as claimed
in claim 28, wherein when said one of the second pair of
complementary input signals is low, no through-current flows
from said second voltage to said first voltage.

37.(31) A semiconductor integrated circuit device as claimed
in claim 28, wherein the second NMOS transistor, the second
PMOS transistor, the fourth NMOS transistor, and the fourth
PMOS transistor have gate lengths that are smaller than the
gate lengths of the first NMOS trahsistor, the first PMOS
transistor, the third NMOS transistor, and the third PMOS
transistor.

-38-. (32) A semiconductor integrated circuit device as claimed

in claim 28, wherein when said one of the second pair of
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39+ (33) 1In a semiconductor integrated circuit device having
a plurality of circuit blocks, at least two of said circuit
blocks having different respective operating voltages, the
improvement comprising one of said circuit blocks having a
level~up level conversion circuit for converting the level of
a signal received from a low-voltage circuit block for supply
to a high-voltage circuit block, and a latch arranged to
receive and hold the output level of the level-up level
conversion circuit;

wherein said level-up level conversion circuit includes:

a first NMOS transistor arranged to receive a first
input signal on a gate thereof;

a2 second NMOs transistor arranged to receive the
complement of said first input signal on a gate thereof;

a first PMOS transistor arranged to receive said
first input signal on a gate thereof, said first PMOS
transistor having a drain coupled to the drain of said
first NMOS transistor;

a second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof,
said second PMOS transistor having a drain coupled to the
drain of said second NMOS transistor;

a third PMOS transistor having a source connected to

a first voltage, a gate connected to the drains of said
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transistor;

a fourth PMOS transistor having a source connected
to said first voltage, a gate connected to the drains of
salid first NMOS transistor and said first PMOS
transistor, and a drain connected to the source of said
second PMOS transistor;

a2 third NMOS transistor having a source coupled to a
second voltage, a gate arranged to receive a second input
signal, and a drain connected to the sources of the first
and second NMOS transistors; and

a fifth PMOS transistor having a source coupled to
said first voltage, a gate connected to the gate of said
third NMOS transistor, and a drain connected to the
drains of said second NMOS transistor and said second
PMOS transistor.

40+ (34) In a semiconductor integrated circuit device having
a plurality of circuit blocks, at least two of said circuit
blocks having different respective operating voltages, the
improvement comprising one of said circuit blocks having a
level-up level conversion circuit for converting the level of
a signal received from a low-voltage circu%t block for supply
to a high~voltage circuit block, and a latch arranged to
receive and hold the output le&el of the level-up level

conversion circuit;
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first voltage, and a gate arranged to receive a first
input signal;

a second NMOS transistor having a source coupled to
said first voltage, and a gate arranged to receive the

complement of said first input signal;

a first PMOS transistor arranged to receive said

first input signal on a gate thereof, said first PMOS

transistor having a drain coupled to the drain of said

first NMOS transistor;

a second PMOS transistor arranged to receive said
complement of said first input signal on a gate thereof,
said second PMOS transistor having a drain coupled to the
drain of said second NMOS transistor;

a third PMOS transistor having a gate connected to
the drains of said second NMOS transistor and second PMOS
transistor, and a drain connected to the source of said
first PMOS ‘transistor;

a fourth PMOS transistor having a gate connected to
the drains of said first NMOS transistor and said first

PMOS transistor, and a drain connected to the source of

said second PMOS transistor;

a fifth PMOS transistor having a source coupled to a

second voltage, a gate arranged to receive a second input
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