-;]1"e3eWr| "J6T: 20 mioou 1 SEM CONDUCTQCR | I\I'I'EG?Ammmmmm DEVI CE HAVI NG A
LEAKAGE CURRENT REDUCTI ON MEANS Background of th MW"IThe pr sﬁ?rw 00
.invention relates generally to sem conduct or desi gn 4gghnol ogy, ang rLe2
particularly, to a systemand nethod fof reducing | eakage current in a

sem conductor circuit. Due to many-technol ogi cal nces, 'integrated
circuits, or "chips," incorporate many mllions ﬁmﬂﬁ@ﬂmﬂwws on a single
nonol ithic device. This provides nany advant ages, ncreased speed
and reduced size, but the current drawn by each tran%o®ier becones nore of
a problem as the nunber of transistors on a single chip increases. The

probl emis sonewhgEMICONBECTORINTEGRATED eiR@OTThOEVRNE stors on a
single chip are CING tﬁ&%'}? LR RN ﬁgj)f ! ﬁﬁi?ﬁl‘g

transi stor only ﬁ%ws curipflg"nt I gypt I'S ac??l\slkg?ﬁ weg(gp? atr %sistor
does draw a small |eakage current while it is inactive. Al though the

magni t ude of the | eakage cungak%g{m@ of HBlecIdvamESbat Or is typically on
the order of a few pico-anperes, due to the [ arge nunber of transistors on
a single chip, The presept toverut selapes gemerallyvto semiminsustorhdedges a
significan nt, For.ex le) Figs..,la and 1b illusirate a conventional
p- channel %@%P@’@i%rgmégﬁ’ﬁg&y? S s g&eﬁ:o@é‘gr LHgrane

cor r espondigaltagel diagent i Geddmidbaldbctb@lrirclie transi stor 10a has a gate G a
source S, a drain D, and a well W The well Wis typically biased to the

sane vol t age applueeth mamhtechaglagica adwances aindegrated wiecuits, act ichinssd by

f i -ch | t f..m it i i , [l Whet
sour cear HichPRRRE ARY BHRMR o RARI b 8 it mb Rl feripe o PRk~
transi st or prdvidepenaty advahtaddeinahlageinésassd Bpaal ha)redieed lsiids bt Or

10a is active and draws a_drain current |ID as shown in the graph |Oo. |If
the vol t agehe/agment«dpaarn by eogh trpasistembecpraes mmyeiof 3 puekleveaathet he

drain 1 t o ' rain
curront | CRAEr o AR RIHL SR sinp\FOREORERER, TR prbBINGY 8 soligfalt
draws a veallesimtbd byetheafpet chat el ofl tH¢, trahisistofd ona sitghs shipharanaver sour ce
junction due to the mnority carriers st'hglal | ocat,ed i n_the p-channel.

Ther ef or e, SiRgttapgonglyrdives andctheogetically anbransdstos ondy sErMeCHETERbNSI st or
t 0 oper at eyj Ny ; i eltfﬁg ' it or
IS signi fc‘:;tvlrh{11 }ef/itﬁg%ﬁgieﬂa.'mﬁoﬁjﬁvtgg’h%o ogy 5?{{%%“’88%3328%%# ?gﬁt%hl%s
descrived whild 8. ispaetive Naslthau gty 4h 6 @agrii®adé b2 LR e afiBcurént T&95/ 4/ 18)

and5, 521, 527 (1996/5/28).. Su of . the,l nvention The present, i nventi on,
SCcor di ngl Singls CARBECaL isi SBITATAM e CROEE PEP (PEURCPRnPRES SaRddeheur r ent
drawn by A drRShRlRE oMtkABsiktors orl ARESINERip Ntk fow Picd-ARIgeFBILRE I ON, @
circuit selectively drives the gate of 1he transistof to a“voltage | evel
above a soimaxgiweotrtaagpistordeaomes d significardgeaamonniir ce vol tage i s reversed

d | eak t flow Nng.th h.the. i stor i bst ant i al |
aduced o n o Eo eramnleohike oA B iR A St r SRS BlheBoel e el
of the trapsdtal @kiddsémi@riddetod CPMOBPPYHANBiseF NBh AdE coetdspaadis a

result, the voltage-current characteristics of the transistor are nodified
so that | eukbggecwrrent grapks ifbt Fhe tangispr d0adasda gate G, a source S, a

drain D, and a well W. The well W is typically biased to the same voltage
applied to the source S. The transistor 10a is activated by forming a
p-channel (not shown) of minority carriers in the well W between a source-
drain junction (not shown) when a voltage VGS is applied to the transistor.
In operation, if the voltage VGS is negative, the transistor 10a is
active and draws a drain current ID as shown in the graph 10b. If the

voltage VGS is equal to 0V, the transistor 10a is inactive and the drain



- A techni cal advantage achieved withrthe ‘present invention is that it
enables a transistor to operate in'a nornal node, with typical 1.0 JUL 2002
_voltagecurrent characteristics, or in a standby node, with a significantly
reduced | eakage current. Brief Descri pt% on of the Drawings Fig. lais a
schemati c diagramof a conventional transistor. Fig. 1b is a

vol tage-current graph of the transistor of Fig. la. Fig. 2 is a schematic
diagram of a circuit enbodying a first inplenentation of the present

i nvention. 3 Fig. 3 is a schematic diagramof a circuit enbodying a
second i npl erﬁéﬁffépgéﬁ #PR0gehps Osamps. dlewevern tha doain tutreR®dd ddeg.not i s a

h of age- i stic of i st f the cifcuit of

2 o7 g R T S B AR ek Rio R 108 R RrGun i wirot smalipl | ed

Fig. 6 is andtbkagerfedemeMtx oihidh SowsuWRRAdsOthe Mﬁ{jéo%gcr Jtic{H hBP t8tnkhe
y

Preferred Enbodi nent As described above, Figs. la an spective
illustrate a mdnyEhY corsers saHdlosated ianthel pschanhehge and current

characteristics. T, description bel utilizes, conventional transistors,
such as the transi?ﬁSFeéﬁg’, gbﬁgl? HE?@%&)}Seat‘Wé‘uﬁaP@i‘H% O%f(%m‘?g &nd
characteri st itganefstbPeo lopapsiesSiPs Mo H aHIcRLaN &a%

description of the pref e??qd enbodi nent. Referri ngal%%éel‘iég. g?d?_ﬁgh:]@g%%nce
numeral 12 degegstates is signjBoantly redocead.f j & stedhpslegenfari sadetinm
integrated circuit enbodying features of the present invention. 1 The

circuit 12 uttPpkegeacyrr¥ert posidasrEipseinstippl PRORERNPS & $6¢ohtt
position power I VPP ro -l evel .po P, t hat
Uss < Ve < wesadeat) he AR G e eSS Y U T 1 b
deened to be OV, 2.5V and 3.6V) Eesgectiv(e)t@ %ev ciFr.cuit 12 conprises an

i nput signal IN, a standby signa , QUT) two inverters
14) 16, one pass t Mspdsent ifvedtioh O opdiaigth)yprokaitsi £ ticuROand heethod €6 er
14 conprises a p-channel netal oxide sem conductor ("PMOS') transistor 22

and an n- chanfedusagaiheoleakass cwrrasidirarer by aumaosjster arkilsitos ingchive dpe

Fur ¢ her mor o, ST BTBeRkeibl. & REEHtNelapAN B A L8N Bbiratltorto,
one PMOS tranaiwdltagelevebabavyRPsdiras edltagk) ,Asadesuly, By kete-tsartei vl tage

22, 26 have a. VPERI bi gsed I.I. In operation, when_the standby signal STB
is "high, " (xﬂ:p;vqn%saa%f%kagz Gurent Howngthr ugleth ragsistar &s as a

conventional dph¥eintidity r8H984. In a second implementation, a circuit selectively
biases the well of the transistor to a voltage level above a normal bias
voltage. As a result, the voltage-current characteristics of the transistor are
modified so that leakage current is substantially eliminated.
A technical advantage achieved with the present invention is that it
enables a transistor to operate in a normal mode, with typical voltage-
current characteristics, or in a standby mode, with a significantly reduced

leakage current.

Brief Description of the Drawings
Fig. 1a is a schematic diagram of a conventional transistor.

Fig. 1b is a voltage-current graph of the transistor of Fig. la.
Fig. 2 is a schematic diagram of a circuit embodying a first

implementation of the present invention.



1 0J UL 2002 4 received at the input signal INis inverted by the
inverter 14, passed through the pass'transistor 18, inverted again b JUh@ll?
.inverter 16) and driven at the output signal OUT. However, when the standby
signal STBis "low', (Vss) the circuit 12 enters a standby node. Because

t he standby signal STB is low, the pass3transistor (first switch transistor
) 18 becones inactive and the standby transistor (second swtch transistor)
20 becones active. When this happens, an input N1 of the inverter 7.6 is
pull ed high to the VpP voltage level (3.6V). As a result, the voltage Vcs
of the transistor 26 becones positive, due to the voltage at the gate of
the transistor 26 %{}Spv I t .Qurce uci ng

t he nunber of m nolirgi?t ;;glggér ??}g%aflﬁq{iﬁ aognate guﬁt#elgg%ﬁpgea &?%Onrgdj unction
of the trans|1ﬁtpjemmxﬂat1barcﬁm‘1er1§i¢lsent1gl\tdilmdrﬂakage current ("1Lx") through
the transistor as ovvn in Fi E Referring to Fig. 3, the reference
nuneral 30 design 4 s é@%&i‘é’ t%ges@élaﬁﬁtmhpxmmﬁxtqqs“rﬂ tranggpstor of

i nt egrated C'th&%fctﬁm?@ﬂzn@ features of the present invention. The circuit
30 utilities the LELS Rawes I R.. VPP of the circuit
12 (Fig. 2) and cgfqrrpg'rslgsgs 1i'?he sar%ggr%ﬁg%%ﬂ yﬁ%hdfﬁl_:& A STB “Re TiPRUIE - 30
further conprises ¢ ‘i e"r‘ Oé?f‘*ér ﬂ‘bocgaét\)?nlar‘?é EIWG mdntb@rased transistors 36,
38. The inverter 32 £a57 SERPE1IQN O1tng Sreioreed Manbadimentnsi st or

42 and the inverte : { 4
transi stor 46. Fur‘é%gr%ﬁ%?g?aaa%ﬁ Wﬁl\@]?b% gﬁ%ébvegyggasgf?w%6 have a
VSS- bi ased webhvehtienBNbEGdistanrst ﬁé&o%gba@@cﬁﬁ%ﬂl ckeedcieRidticsaThd he

PMOS transi stors 40 has a VPERI-biased well. The well of the PlylCS
transi st or 4419is§n@§1r9@e’é‘?léa’ tl‘élhﬁﬁ% comygHioRAl ﬁrﬁéstwﬁhépphlﬁsa%@dﬁﬂﬁé%%t ors

36, 38, whic ively.
10 UL 200 dhd E’E%‘?a Ef&[ﬁﬁ&etch‘tle‘og;gﬁ%%g:{hdag%( feridifid PP) |
the circuit 3Pansistor EOm(mlraaisedmied aeﬁrapmdabymha&leacnptmamﬂ m@reﬁﬂmér.
The si gnal recein(%d at, the input signal INis inverted by the inverter 32,
is inverted agaPrf te inverter 34, and is driven at the output signal

QUT. Because the SReMngStogF?g HtBelrefdretBe nhhigeMi!l2 aéﬁggﬁtésrmgeﬁew 36

is inactive and the well-bi ased transistor 38 is active aresult, the
wel | of the Rnesfirstimipiementation Of)aaeeaemtmbmcumembpdm feetorasnef the a

|, i he | STB |
(vsey | o altestRf mtFiT, I52 S Giikay WoHees pivRl Sos SYRBs v RodbpPBhe "
vel | - bi ased t(\;p%ml S Ogehc%ﬁdlp%s:ﬂ?&; E)g\?exaQQpﬁlr}e (V@l) ald %3@&@&@\%‘1' $bpdr SEph §

active. As a resul't, MOS t ransi st or is biased to VPP
(3.6V) and pe(NfS&D suchithat WSS «r\GPERInaNTE: ; For the seke is6 exbminies Vse,fEPEmng to

Fig. 4, the 0. | u C

vol t age- curren cﬁz’r‘glél?cebr i cgfe%gd g?tbieﬁdg\f,v?bg& &glqﬂ@gi g%g%@fl $| s %ﬂf}t
just like thelZotwgnidesnal idpwnsigaabIN] @astahdbyGigdal ST8, &nsﬁiﬁpdlt|s|1gh@a.l54
whi ch repr esleﬁb?rthe vol tage current characterjstics of the VPP-weI | bi ased

transi stor 4 A invertgrsalbl 16, e Prsspiragsiabex d8canpmnesstanyibyo t he

wel | of the t 4 Itage of
the transi ot GFEDetR 200 Thé Bey ks U RoMdARER £ POMFatdl] AEHNLGAE

vol t agecur r erfensictandat®ri PMOSHY trahsistom2 izsatdan 44 chann el foeeal dmdm t he
conventional characteristjcs shown by theﬁgo@yfd | ine 52. e to.this

of f set, when eFelcppAugtr VMO ) earsistor the JBVRRtAY 1OoRMRIS AT ent

ILK is &gmf@us 4l u W!e

bl ock di agr an}:) t¥aﬁ2§gﬁ&§g§ﬁ§en ion |ss_g%%¥set§. rﬂ[fﬁeF S ov\lnallln this
figure is corNiMjOBettansistord 18] 24,s28rhaoe @VESbisssstveH! enermeicxﬁ mmmtﬁorhi c
silicon using a fabrjcation t echni gque for__senm conductor circ y]
receives ext e?%blaspﬁ)wé’rp kigspd yvelb) andybwyBtH &&hraw%oes Waﬁﬁ VGLFh P\F(W‘t age
Vss, such as 0.V, fr t he external power-supply termnal. Menory array
(MARY) 1 corrpl? iaggg V\?C)i?nd lines) data-line pairs, and dynam c nenory cells.
I'n the DRAM of irhbgeftbosl] WRe thé ReaMdS $1gaRSisTBOfsS »RignTENWEY 8hd Ay rduianie
made conpact to increase the storage capacity. Acconpanied by the re uctl on
in the gate |sngths ebridiempeSand phstaiesras ehnyartaopsd Gred - T ti e

thin. Due to this) the operation voltage of nenory array 1 is reduced;

st ep-down vol tage VARY, e.g. , 2.0V, is used. Substrate bias voltage VBB
(-1V) is applied to the substrate (well area) on which MOS transistors are
formed. Decoder and word driver (DEC/VWDRIV) 2 selects a predeterm ned word
line by receiving external address signal AOto A . Using step-down voltage
VPERI, such as 2.5 V, for the peripheral circuit, |ow power consunption is
achi eved. A boost voltage, such as 3.6 V, is used for the word-line drive.
The CII‘CUIt of thIS |nvent|on shown |n F| gs . 2 and 3 can be used for the

. o o S 1 ~ ~ o




. The circuit shown in Fig. 6 shows anot her enbodi nent of this invention.
Transistors 61, 62, 65, and 66 correspond to transistors 26, 28, 22, ang AH
shown in Fig. 2. In the enbodinent of Fig. 6, first and second switch
“transistors 64 and 63 are 1 0J UL 2002 provided to reduce the |eak
current which flows in the NMOS transistor 62 when the NMOS transistor 62
is off. In the circuit shown in Fig. 2, the output signal is fixed to | ow
(VSS). By contrast, the output signal is fixed to the high |level (VPERI)
during a standby state. In Fig. 6, when the standby signal STB is |ow
(VBB) , the RMEBvtdartsitst hip@isiprabi fshHevhiMes by ansiistvertefI 4l pagédd and an
out put si gnal QUT corresponding to an input signal IN can be obtained. In
addi tion, whitheoug toeRrfsytrangisier Stanvesteqd gaa{rvbmh)e inyRetesi s wind | s | n

t he standby Eﬁl\% i o t and

transi stor 6 seq%%wgémﬁaﬁ@%? "%1 by s é{eav%? e&a gﬂ‘%}geSIWéB?%

t he NMOS transwt'or (§2s berlowresi tavier Thamtidres sowteeids! adge .( ¥88khuseAsha
result, the NMOS transistor 62 is turned off sufficiently, and a | eak
current is redaepddy sign@lJSUBLi2002wa Bheéhpagh trawsistadr vef andodswientls of
t he present invention have been shown and described, a latitude of

modi fi cati on, tEaRhgE Ahd d@bbecouesonnist ive ean@dthe sthendloy elgoi gt stor

di scl osure, and in certain instances, sone features of the invention wll
be enpl oyed WEerRewe %Wé*@@]ﬁéfsl’rﬁﬂﬁ:lliﬂfgm)séoobe@@‘h%$ FHaitVigr-e Whepok h b fiprens he
| eakage current  reduction schenme can be inplenmented in. a regi ster or a

buffer, and P8 4BBEEi BRPhilthe dnvanrer 8Al Sfdﬂl%%ééﬁ(ﬁh&@s PepYPhyoltage
Furth | V t |so d | eakag t and | d
oner T ot B e AT R A B el 19 S 5

alternative ganponent %Sggdvgt her, clcr cgbgsvggga$g added % tihoutf alitering the
C i et th

scope of the rnventi cordrn i STapproprra e appended

clalns be co oadl n c i of
The It oazohHEaeBEDae! K20 %9695%?29%& el Sofhlodl 38 e SRR 0L

8 9 10 11 12,33uk4ny 2hd AuRbEr/o8 fidor by OtdPiHekd IGUidhe QRAHrEINGN &he
first termnal for receiving a positive power supply voltage; a second

term nal forsbeceevdrgia gundtileheyielthepovens ssppt yandlkhegebyandducing the
leakage current ("Irx") through the transistor as shown in

Fig.1lb.

Referring to Fig. 3, the reference numeral 30 designates, in general,
to a second implementation of an integrated circuit embodying features of
the present invention. The circuit 30 utilizes the same three power supplies
Vss, VPERI, VPP of the circuit 12 (Fig. 2) and comﬁrises the same signals IN,
OUT and STB. The circuit 30 further comprises two inverters 32, 34, and
two well-biased transistors 36, 38. The inverter 32 comprises a PMOS
transistor 40 and an NMOS transistor 42 and the inverter 34 comprises a
PMOS transistor 44 and an NMOS transistor 46. Furthermore, all of the
NMOS transistors 38, 42, 46 have a VSS-biased well, the PMOS transistors
36 has a VPP-biased well, and the PMOS transistors 40 has a VPERI-biased
well. The well of the PMOS transistor 44 is connected to the drains of the
two well-biased transistors 36, 38, which have their sources connected to

VPERI and VPP, respectively.



‘a first "inverter conprising a PMOS -transistor and an NMOS transi stor
connected in series between said first and second ternminals; wherein, in a
.normal node, an input signal to said first inverter, supplied to gatéd Ba 2002
said PMOS and NMOS transistors, has a fgrst voltage |evel corresponding to
sai d ground-| evel power supply voltage and a second vol tage | evel
corresponding to said positive power supply voltage, and wherein, in a
standby node, said input signal to said first inverter has a third voltage
| evel being higher than the |eve].of said positive r supply . .voltage. 2.
An out put cir§8i99858§%8Pngw Sncﬁa?n? an t$ﬁ§n%%ﬁ%ﬁ¥§fhgp' s%%@kd

i nverter; 1.r.d. i.nal. for fving a_wvoliage having said third

vol t age Fg%e%?kég%§?%@E%féﬁs?é?%ﬁ&ﬁg&#hg gééoﬁ?%eé%ﬁgfﬁs%hfﬁnHngﬂagal
between ap; gutpulrhergiaal: dfesail SecoRdel INELE ezs and a Pyl Lermnal of
said first inverter; and a second transistor having a source-drain path
provi dedppet weer adl-d Py t eI ARk 0L qSAL L of g, SEHENYREL L AL S thi rd
terninal;p 10JUL 2002_53 IC)mﬁereif%é%|1 3Zig nornaf %DS%%’ _ _

sai df i r sgt-i aBai 8t OFhé So@Ghity & ikhAndugal Jec8860Nchd raNS & Plsilghainaghi ve,
and 12 wherein, in said standby node, said first transistor is inactive 13
and sai disenogH,t eR8SWelDrbiSs@E! t ¥&nsisBor A86 O PiHaddivalidndC @My i sing: 2

Tot ner Tl kel FadSER B0 bRt vl 2 2o
[ nver ter GapRidist 0 13 YO 1 89ERP(95v9Uh P M8:Gald apskator connected in

seri es between sai nd second térmn erern, 1’n a normal

node, a f&dnSEnNi?ﬂnEﬁ@ﬁnh&V&kom@Oéf,eﬁlﬁJéQﬂEﬁind’lSta&dBQ sSahal PIVes 15up(uks) ,¥BFt age is
applied tQ a well of said P t xansi.stor, 9 d 10 _wherein, .i.n st and- by
Igg?’ & S5

made, a SSEGHA Aorrigye 3 etpedbysmagp ladherstagdeximode) theqyelias |
transi st Gransflifr 38C9Mdaxake 398 HVwLIRALEG BHONGol 36l AR CXEl, Of sal d
ly volt 14 A or re

positive power supp age. circult uci ng | eakage current
in a tranzssigrthetwell dfche MO Gramrsi stiongi4ais masedito WRNE.6Vbandavi ng a

gate connected ta an jpput 3 ' of the,cirguiit, a drain connected to an
“out put ofi’?"ﬁ&@?f&ﬁ ldn%%?né Lotree a8 @Wﬁ’g’@@elaelf’ﬂ'a first power supply, and
imeans for sel eglfaring €6 Fso O AGph 50 $ndaHRs far @btéd $ine P2 wBRY
‘connecting the gate to a second power supply, wherein a voltage |evel of
t he secorbpyesentssipproltage-guemens chanastenstiss ofghe VRERIevelbbiased fir st
power Sthtl)'layIsistor 44, just like the conventional transistor 10a of Fig. 1, and a solid

line 54, which represents the voltage-current characteristics of the Vpp-well-

biased transistor 44 of Fig. 3. By applying the bias voltage VPP (3.6V) to

the well of the transistor 44, the well is biased above the source voltage of

the transistor, which is at the VPERI voltage level. As a result, the voltage-

current characteristics of the transistor 44 are offset from the conventional

characteristics shown by the dotted line 52. Due to this offset, when the

voltage VGS equals 0V, the corresponding leakage current ILK is

significantly reduced.



1 5. The circuit of claim4 wherein the neans for selectively 2 connecting
and di sconnecting conprises a PMOS transi stor connected 10 J UL43098 21832
.3 between the gate and the second power supply and an NMOS transi stor 4
connected between the gate and the inpus. 1 6. A nethod for selectively
switching a PMOS transi stor between 2 a'normal node in which the PMOS
transi stor operates in a conventional 3 manner and a standby node in which
a | eakage currem‘ﬁgotetﬂ&s%a%mméioskodiégrshgm fih¢ahttlyis eldmeed,iohhe

met hod corrprl SI n lggldect veI %%C%”Qh g@&gupé {Qe { I’ISI .s{or to
i'S

a power supplsy *REvi ng a I%{t age evel "t ha reater an a source
vol t age of shag@mmiwmmmr stb3trFhe magiehod rofnadl idihmoes Whisec @i msiingt he

norma madey, ne,9aLe;gh 2olAfi ALY AilMadt sz0RIECked 0 an | nput

si gnal operatl ng at a vol tage l'ess than or equal fo the source
vol tage of the Pkbs DR&MSI%@@EVG% extexnget ReWetopupelEciPedge X sichg ' an

NVOS transi k0% 2 PeiNeeR AnRot OBt ad®dR dihen8hnat e VNVBS-hT @S iest @b nal

operates in a 3 conventional manner. and a standb nmode wherein a | eakage
current of PR¥SX-RNPBLYr BRETERBE - i MLV AT | ¢ dudedomPRaSRBt Horad
conpri sing 51&ebecaav§wm@rﬁmg N@nd ggmempé ity @RSN St Or T ke PEWRIN

ly h I | .th h It of th
NNCB 11 ansi SRofP E SPTHERER not 108 SRS LANEFS: Y FETTEY Mol A8, the
gate of 2 thxale\/BSmpaanstcstmrcneas@onhecﬁmtatgﬁ aaprirpul . sinabmm@peraat ibyg at
a voltage 3, %;% gédmgér? rcu n ;’3‘@ gPaftee:qLHﬁ t}tl%ft D6 SRYS %?am'l%%g? Ofnd g  AMS

transi stor. reduc I'eakage curtent in a’transi stor
the 2 circurkidémpdi §i by shmedepthinr aﬁ!;‘?—s%@)rt}kieﬁll feacrex et kvnNedtedet o an

input 3 of henehpeylidrrf, dr 8k rtwmﬁct §Qeﬁ:9déﬁ1%l%tgeaﬂﬂR@ OWcea. o
comnected to-aid (1151 poer_ supply.and, Teans for s/ et Luely_ canecting a
vel | of theVoutput g PP
substrate (well area) on which MOS transistors are formed.
Decoder and word driver (DEC/WDRIV) 2 selects a
predetermined word line by receiving external address signal A0
to Ai. Using step-down voltage VPERI, such as 2.5 V, for the
peripheral circuit, low power consumption is achieved. A boost
voltage, such as 3.6 V, is used for the word-line drive. The
circuit of this invention shown in Figs. 2 and 3 can be used for
the decoder section in the above decoder and word driver 2.
Step-~down circuits 4, 6, and 7 generate the above step-down
voltages VPERI, VBB, and VARY. Step-down circuit 4 can be
omitted. 1In such a case, external power-supply voltage VDD is
used instead of step-down voltage VPERI. Step-up circuit 5
generates the above step-up voltage VPP. Timing generator (TG)S8
generates an internal control signal by receiving external
control signals CONT1-CONTn. The above standby signal STB is
output from the above timing generator (TG)8, and is supplied
to the above peripheral circuit. I/0 circuit (DIO) 3, which
includes a main amplifier, a write amplifier, and a data I/O
buffer, is connected to external I/0 terminals DQO - DQi.
The circuit shown in Fig. 6 shows another embodiment of this
invention. Transistors 61, 62, 65, and 66 correspond to
transistors 26, 28, 22, and 24 shown in Fig. 2. In the embodiment

of Fig. 6, first and second switch transistors 64 and 63 are



-1 0J Ul 2002 12 5 transistor to eithef the first power supply or a second
power supply, 6 wherein a voltage |level of the second power supply,i
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“of claim 10 wherein the neans for selegtively 2 connecting corrprl ses a
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the first well-biased transistor connects the well of the 4 output
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Lransistor cOMNRELS & NeaRld @l HREKOULPLELL! gRobR! Aok Lhe G Power
6 supply. A method for selectively swtching an output transistor 2
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conventional nennemdand @3tagdlyn pde whenei pha degkage igpnent & tdy ough
the output transistor is reduced conprising selectively connecting a 5 well
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L 2002 13 12°% AR conuictor n%u“ Slggonprlm ng. a ry arra
peri pheral whilteitheEintby sigaied SBROrys drirdy; (VCBWI the c1rcu1t is

in the standby state. In this case, the PMOS transistor 64 is
off and the NMOS transistor 63 is on. During the standby state,
the gate voltage (VBB) of the NMOS transistor 62 becomes lower
than the source voltage (VSS). As a result, the NMOS transistor

62 is turned off sufficiently, and a leak current is reduced.



a step-up circuit generating a second power-supply voltage higher than a
first power-supply voltage) wherein said peripheral circuit includes 6a an
output transistor having a gate coupled to an input termnal, a dr ai h0 JUL 2002
coupled to an output termnal and a sourge receiving said first
power - supply voltage and (b) a switch circuit which supplies said second
power -supply voltage to said gate with said gate di sconnected fromsaid
input termnal. 15. A sem conductor nenory according to claim 14, wherein a
hi gh | evel of j 8l . j sai g | t _termnal gorresponds
to a level of 2@}%&?& %ﬁh%%\%lgﬁ gégg%é@%\)/% Sa@ealelﬁgéé&niéﬁ%gﬁaﬁg?%vre or y
accor di ngshowal ahdndescrived] gilatisads opedddifieatibnCthabgé and suasedam whi ch
generates a sel ect signal for the above nmenory array by receiving address
si gnal s .intendgdsantheoferseoing dissisyreonnd inicegtain imstansesasore featuresoder

| ed i L L, Ci it whi . I
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or stand-fuatsiras.e ;Fo@ﬂéi(zﬁrnﬁle?ﬁhé'Qe&l&éé@'&ﬁrﬂé’@ﬂt%dﬁ%ﬂ%f@&%fﬁ’e e8r

power - supply vol tage hither than a first power-supply voltage, wherein said
deco::le(r:I ;:nnpiergestegthzmm mgllplwlr ocrida b_uﬁerhan? ng c%es dtutvah:[sa ésltmre_MIrlbt fen(;I gat e
coupled to an put .term ,.,a drai ed to an outp er al and a
sour ce re%%?_‘?/f’hgeégi‘a"%lopr gﬁuﬂé\ﬁéﬂo\ljﬁwax‘%oﬁr@é’ébﬁaﬁ akjsd’) élﬁa\g\,a F%R‘a&e_r cuit
uni ch SuPplbahtoald wRAAMLAMIToRUARN O] 8O prodhit BAlid N said gate
di sconnecte romsaid I nput termnal” 18. sem conduct or nenory accordi ng
t o cl ai m Bimaliyr adéiticoaipm slitemnativdVEBnpoaestshind dther ripcaigatmaycloeipl ed to
sai d i nput 0.J UL 2002 14 term nal,, a drain couplgg t? sai.d out put
Corm nal added wisheut altaring thy Son ehitie PNATUQ| AserdinglyAtdem conduct or
menory according to claim 18, wherein said switch circuit conprises (a)a
first swtch MOS tranpsistor havi sour,.ce-drain th provi ded between the
common gaEPRPRiAt WG ARt Aaras e ERes Srertlyapd 3P ¢ FARET
term nal : SOk tMeSnbeAfiohSt or having a source-drain path
provi ded g@?ﬁ%ﬂ%nggﬁﬁﬁggﬁhnn gate ang a termnal receiving said second
power-supply termnal. 20. A sem conductor nenory according to claim 19,
wherein said first switch MOS transistor is an NMOS transistor) said second
switch MOS transistor is a PMOS transistor, and said control signal is
applied to the common gate of said first and second swtch MOS transistors.
21. A sem conductor nenory according to claim 19, wherein a high |evel of
an input signal applied to said input term nal corresponds to a | evel of
said first power-supply voltage, and a |ow | evel of an input signal
corresponds to said ground-I|evel voltage.
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bQ 109 & () - & MO & () output circuit comprising:

2 a first terminal for receiving a positive power supply voltage;
3 & second terminal for receiving a ground-level power supply
4 voltage; and
5 a first inverter comprising a PMOS ‘transistor and an NMOS
6 transistor connected in series between said first and second terminals;
7 wherein, in a normal mode, an input signal to said first
8 inverter, supplied to gates of said PMOS and NMOS transistors, has a first
9 voltage level corresponding to said ground-level power supply voltage and a
10 second voltage level corresponding to said positive power supply voltage,
11 and
12 wherein, in a standby mode, said input signal to said first
13 inverter has a third voltage level being higher than the level of said positive
14 power supply voltage.
1 2. An output circuit according to claim 1, further comprising:
2 a second inverter;
3 a third terminal for receiving a voltage having said third
4 voltage level,;
5 a first transistor having a source-drain path provided between
6 an output terminal of said second inverter and an input terminal of said
7 first inverter; and
8 a second transistor having a source-drain path provided
9 between an input terminal of said first inverter and said third terminal;



.10 10 10 710% ()-f510% ()- 310%& ()-.'m wgPr}[<bCR010% & ()-!8& "10%

& ()-21& "10%\ & ()-z 109% & ()-!! 109BA& ()-!10% & ()-r-VWKYZ\~_@ 10 JuL 1001
10%& ()-3, 109% ()-Y 10% ()-M 100 100

100Lf 21090& ()-: ! LT 21004\ & ()-:2a2~_@§! 10%;

r& ()-Y10 s! 109 ()-Y s! 10%& ()-Y

109 ()-"' 10%& ()- MLO%& () - H&>aB~ @, & 10%& ()- !f#&10%

& () -2 109%: () - MLOY& () - 10% () - 4S10% () -

>l uV4! S$Y" 1098 () - S 10%&' ()-y" 109%& () 'Sl 109& ()- 10 10 10|< & 109%& () -

1b@ S L"109%& ()-Y s10%& 10%&' - 10 10 10f 8100 () -y

109%&' 'h##h&l&]&k&z&lw T@%ﬂfo%l 0(171431@@ Saidfixet t¥ansistor s active

11 and said second transistor is inactive, and
12 wherein, in said standby mode, said first transistor is inactive

13 and said second transistor is active.

3. An output circuit comprising:
a first terminal for receiving a positive power supply voltage;
a second terminal for receiving a ground-level power supply
voltage; and
an inverter comprising a PMOS transistor and an NMOS
transistor connected in series between said first and second terminals,
wherein, in a normal mode, a first voltage level corresponding

to said power supply voltage is applied to a well of said PMOS transistor,

O o 3 O O h W N

and

oy
(=]

wherein, in a stand-by mode, a second voltage level is applied

jay
-

to said well of said PMOS transistor, said second voltage level being higher

Y
[\

than a level of said positive power supply voltage.

4. A circuit for reducing leakage current in a transistor, the
circuit comprising an output transistor having a gate connected to an input
of the circuit, a drain connected to an output of the circuit and a source
connected to a first power supply, and means for selectively disconnecting
the gate from the input and connecting the gate to a second power supply,

wherein a voltage level of the second power supply is greater than a voltage

S O Ov b WO

level of the first power supply.

=

5. The circuit of claim 4 wherein the means for selectively

2 connecting and disconnecting comprises a PMOS transistor connected
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between the gate and the second power supply and an NMOS transistor

connected between the gate and the input.

6. A method for selectively switching a PMOS transistor between
a normal mode in which the PMOS transistor operates in a conventional
manner and a standby mode in which a leakage current of the PMOS
transistor is significantly reduced, the method comprising selectively
connecting a gate of the PMOS transistor to a power supply having a
voltage level that is greater than a source voltage of the PMOS transistor.

7. The method of claim 6 wherein in the normal mode, the gate of
the PMOS transistor is connected to an input signal operating at a voltage

level less than or equal to the source voltage of the PMOS transistor.

8. A method for selectively switching ‘an NMOS transistor
between a normal mode wherein the NMOS transistor operates in a
conventional manner and a standby mode wherein a leakage current of the
NMOS transistor is significantly reduced, the method comprising
selectively connecting a gate of the transistor to a power supply having a

voltage level that is less than a source voltage of the NMOS transistor.

9. The method of claim 8 wherein in the normal mode, the gate of
the NMOS transistor is connected to an input signal operating at a voltage
level greater than or equal to the source voltage of the NMOS transistor.

10. A circuit for reducing leakage current in a transistor, the
circuit comprising an output transistor having a gate connected to an input
of the circuit, a drain connected to an output and a source connected to a

first power supply, and means for selectively connecting a well of the output



C10%@& ()- 10 h h 10 h h 10 h h!Ny! 10% h h& ()-3y! 10% 6& ()-3& 10% h& () -
10 U U22 366666.6_@ 10' 109%& ()-! @LO0UKKE ()- 10@ 10@ 10@

"10%@& ()-yl0%@& ()- & 10%@& ()-.6B606666! 7aB_ @ 1010%& () - 10 JUL 2002
Tyl MLO%&' ()-yl MLO9B & ()-(10%& ()-Yl X09& ()-S

109%& ()-!7.778r 999z X6 @'y(glO%&' ()-3'y(g10%& ()-3!fF "10% ()-F! S"10% ()-
1 S"10%0& ()- SL10%&' ()-9::,;-;.:/:> A rS4, 109 ()-s' f109%& ()- 10 10

transistor to either the first power supply or a second power supply,
6 wherein a voltage level of the second power supply is greater than a voltage

7 level of the first power supply.

11.  The circuit of claim 10 wherein the means for selectively
connecting comprises a first well-biased transistor and a second well-biased
transistor wherein the first well-biased transistor connects the well of the
output transistor to the first power supply and the second well-biased

transistor connects the well of the output transistor to the second power

supply.

B O W W DN

12. A method for selectively switching an output transistor
between a normal mode wherein the output transistor operates in a
conventional manner and a standby mode wherein a leakage current

through the output transistor is reduced comprising selectively connecting a

N b W N =

well of the output transistor between two separate power supplies.

13. The method of claim 12 wherein the step for selectively
connecting comprises activating either a first well-biased transistor
connected in series between the well of the output transistor and the first
power supply or activating a second well-biased transistor connected in

series between the well of the output transistor and the second power

D O bW N

supply.



- 10'yF4 10%&f()-!f,/F"lO%&f()-f-lO%&‘()ﬁ'A;

; <@<P=bCr 4, 1l @10%&' ()-1 @L0%& ()- | @RLO%W @& ()- YI0%&' ()- Y&I0%&' () -

CYs$109& () - P==>>?@IEr $4, 134" 109%&' () - ' &10% ()- ' &LO%& () - '&10?@ﬂdDJUl2%2

| @RL09& () -1 @RLOYR' () - GAAAA+A. At AADC, 11 310% & () - $10% & () -

SF10% & ()-'nml0%n & ()- 10 10 105@10%& () -

A* BBJCCHDDAEDLC, 194 0% &' () - &#10% & -1 S&I0W & ()- %09 ()-L 40% & ()-L

%40% & () - LD- ERFUFPFGEFECPTLEE BB SO ETRRY $ATRE 1S 04.0% & () -

3+@&10% & () - Ya0Wediok) &KLY &' () - &F~CEEGEGEGEGHHMC, 1994.0%& () -1 109& () - 9" 10%&

"()- 10\ 10\ . . ) .

10\ 12&10% & () PePEEIENCERL) CRFEY HuHF SURIERT, 12 SS9 A GH&Y() 28%a09& () -

9% 0%’ () - 9210%UR's€ O UbO&Mr €U +t) igkKkEL EhdEa /s ekbriDBBwer - supply voltage

10%: () -9) Y809 (15:9)940%. (k- SLOAOYEr "HOPEL) - L&10%: ()~ mLLLLMMIWT

wherein said peripheral circuit includes (a)an output

transistor having a gate coupled to an input terminal, a drain
coupled to an output terminal and a source receiving said first
power-supply voltage and (b) a switch circuit which supplies said
second power-supply voltage to said gate with said gate

disconnected from said input terminal.

15. A semiconductor memory according to claim 14, wherein
a high level of an input signal supplied to said input terminal

corresponds to a level of said first power-supply voltage.

16. A semiconductor memory according to claim 15, wherein
said peripheral circuit is a decoder which generates a select

signal for the above memory array by receiving address signals.

17. A semiconductor memory comprising:

a memory array;

a decoder coupled to said memory array;

a control circuit which outputs a control signal to indicate
whether said decoder is in either normal operation state or
_stand-by state; and

a step-up circuit which generates a second power-supply
voltage hither than a first power-supply voltage,

wherein said decoder comprises (a)an output circuit having
a PMOS transistor with a gate coupled to an input terminal, a
drain coupled to an output terminal and a source receiving said
first power-supply voltage and (b) a switch circuit which
supplies said second power-supply voltage to said gate with said

gate disconnected from said input terminal.

18. A semiconductor memory according to claim 17, further

comprising a NMOS transistor having a gate coupled to said input
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said switch circuit comprises (a)a first switch MOS transistor
having a source-drain path provided between the common gate of
said NMOS transistor and PMOS transistor and said input terminal
and (b)a second switch MOS transistor having a source-drain path
provided between said common gate and a terminal receiving said

second power-supply terminal.

20. A semiconductor memory according to claim 19, wherein
said first switch MOS transistor is an NMOS transistor, said
second switch MOS transistor is a PMOS transistor, and said
control signal is applied to the common gate of said first and

second switch MOS transistors.

21. A semiconductor memory according to claim 19, wherein
a high level of an input signal applied to said input terminal
corresponds to a level of said first power-supply voltage, and
a low level of an input signal corresponds to said ground-level

voltage.



