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15 In the field of semiconductor fabrication, a persistent issue has been that of current
leakage through thin dielectric layers. Those of ordinary skill in the art will appreciate that
leakage through the gate dielectrics of field-effect transistors (FETSs) is common referred to
Fowler-Nordheim tunneling, whereas gate-induced diode leakage (GIDL) occurs at the edge
of gate electrode. (This phenomenon is also interchangeably referred to as gate-induced drain

20  leakage.) It is believed that any transistor having a gate overlying source or drain diffusion
region to at least some extent is susceptible to GIDL. As gate dielectrics, which are typically
formed of silicon oxide, become increasingly thinner due to continued scaling of
semiconductor structures in pursuit of faster and more efficient operation, problems relating
to GIDL present an ongoing challenge to circuit designers.

25 GIDL results from the generation of electron-hole pairs in the surface of the depletion
region of a FET along the area where the gate conductor overlies the drain diffusion region
(separated by a dielectric layer) when the device is biased such that the drain potential is
greater than the gate potential (for NMOS devices) or lower than the gate potential (for
PMOS devices). Figure 1 is a side cross-sectional illustration of a portion of a FET 10

30 including a gate conductor 12 and a drain diffusion region 14 formed on a silicon substrate

16. As shown in Figure 1, it is often the case that a portion of the drain diffusion region 14 of



PMOS devices). Figure 1 is a side cross-sectional illustration of a portion
of a FET 10 30 including a gate conductor 12 and a drain diffusion region
14 formedworndm4®pd i con substrate 16. As shown in Figure PCTiusSoz/3740ft en t he
case that a portion of the drain diffusion region 14 of WD 03/046990
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20 Despite semiconductor designers' ongoing efforts to stabilize and minimize the power
consumption of semiconductors and in particular to minimize the undesirable phenomenon of
GIDL, there nevertheless continues to be an ongoing need for improvements in the field.
Among other considerations, the various proposed strategies for alleviating GIDL
phenomenon in semiconductor devices often suffer to greater or lesser extents from the

25  disadvantages of unduly increasing device size, adding complexity to the fabrication process,

or degrading device performance.



or degradi ng device performance. WD 03/046990 PCT/ US02/ 37402 3 SUMVARY OF
THE I NVENTION I n view of the foregoing considerations, the present

i nvent i onwio3@ieoect ed to a net hod and apparatus for redu®cTgSotardet f ects
of G DL in sem conductor devices. In one enbodi nent of the invention, the
invention is applied to word line driver 5 circuitry in a sem conductor
menory device, and entails providing circuitry for locally reducing the
supply voltage to el enents of the wordsline driver circuitry during

sel ected periods of device operation. In accordance with one aspect of the
invention, a local power SNPYMARMIOF THE INVENTHANuct or device is
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decoupl i ng t [ARSlosdaRALS vARE ofE faspdch@f tHOlikRAG0RNa 1B&I | AR nodidPipl ¥ node

is prevented from exceedi ng approxi mately one tran5|stor t reshol d vol t age
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voltage ply node is raised to the |l evel of the
obal Pt ﬁﬁa’%u%%ﬁey‘ltg?%na@%ﬁ‘?\giwd line drives. WD 03/ 046990

PCT / USOZ/ 3740accordance with another aspect of the invention, a "global" power supply signal

15 (i.e., a signal provided to various functional elements throughout an integrated circuit), is

coupled to a local power supply node by means of one or more decoupling transistors, as well

as by a vt-connected transistor. When the one or more decoupling transistors are off, the

voltage on the local power supply node is prevented from exceeding approximately one

transistor threshold voltage (vt; approximately 0.6- to 0.7-volts) less than the global power

20  supply signal level. The reduced voltage on the local power supply node lessens the GIDL

current in the GIDL-susceptible elements, including P-channel transistors, coupled the local
power supply node.

In accordance with another aspect of the invention the one or more decoupling

transistors are switched on in advance of a word line driving operation, such that the voltage

25  on the local power supply node is raised to the level of the global power supply signal during

word line drives.



4 BRI EF DESCRI PTI ON OF THE DRAW NGS The foregoi ng and ot her features and
aspects of the present invention will be best understood with reference to
t he fol | oworg/od@vai | ed description of a specific enbodi mremcTafsoz2/stae2

i nvention, when read in conjunction with the acconpanying draw ngs,

wherein: 5 Figure 1 is side, cross-sectional view of a portion of a
field-effect transistor (FET) inplenented on a sem conductor substrate;
Figure 2 is a schematic/block diagramgf a sem conductor nenory device in
accordance with one enbodi nent of the invention; Figure 3 is a block

di agram of row decoderBRIEEIﬁES(SRIRTIK)ﬁ(HE"RHEoBBMbNG@eVi ce of 10 Figure
2; Figure 4 sch [ior.art drj. Y8 rcwt
useabl e in tﬁge PSw lgg%‘n geﬂgééffrg%:tgfns andoafSBf'—c%G?ZheSP Iy‘glg'gnqullr&eé1 of‘sma tgec ematl C
di agr amigdergod®ivithl refoeendé it/ the followiigt ddtameaczﬁ:@crrqﬁmﬁe)m $pacifisemupdbndit Ent  of
the invention; and 15 Figure 6 iis a_ timng dlagramshovmn the | evel s of
varl ousth§|1@YF&'F‘§nd‘Mqunr¥§a‘bwét°§ﬂinﬁﬁofb‘fVlthtﬂI*FeaC\%’inHaI}}il% TGMVIRESy W@Frﬁ%l t of Figure
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of clar 1mpdemamtiedahla stmabnd@sorcubstedtelal 1 npl enent ations are descrl bed. It
will of cour e appreciated in the devel op t of an ch actual
i mpl enent at i gl'gureag- |15Jr[1) aﬁ%heg@EF/bB’F% diggrany, ?oﬁ?gn‘é)ﬁaflﬁ%rrp oré(n evice 1n

progr a”H&cBQdaﬁcQ%h%h@@&bH&iﬁkn@@ftﬁé%ehﬁoxﬁch' eve the devel opers’ specific
goal s and subgoals (e.g., conpliance wth system and techni cal

const rai nt s) Fignhd 8hs svbldck\diagrathradmowrdscoday| cameitrtyaiii the semigondvstdneleyvice of
@f g at?enti on will necessarily be paid to proper engineering
pra gg the environment in question. It will be appreciated that

such a devel ppaent i£h SeHemalic Hderd@ of GOpIIraxt WOl findYBri G 5 Git MiGeabllin tweul d
neverthel ess be a routine undertaking for those of 10 ordinary skill in

the rel Bvadecodpriippityrefifigyedy to Fi gur e 2, there is shown a highly
sinplified Sﬂk%@g 15!1 Qéh%%tlg 'd?aggrrﬁﬁlo? Word line driver circuit in accordance with one

embodiment of the invention; and
15 Figure 6 is a timing diagram showing the levels of various signals during operation of

the word line driver circuit of Figure 5.



sem conductor nenory device 10 in accordance wi th one enbodi nent of the
invention. In the disclosed enbodi nent, nenory device 10 is a dynamc
random acwess/om@ory (DRAM, al though those of ordinary @drgsoemsrsohe art
havi ng the benefit of the present disclosure will 15 appreciate that the
invention may not be limted in scope to application in DRAMonly. It wll
al so be understood that DRAM 10 incorporates a substantial anount of
circuitry in addition to those functignal conponents specifically
represented in Figure 1. However, such  other circuitry has been omtted in
t he i nt er BETAIDEDHDESYCRIPTAON QOF o SPECIHCEMMBORIMENT QH THE INV ENEION known

to those of ordinary skill in the art and is not especially relevant to the
practice of Pnzg‘et ‘ﬁ‘é&ﬁ?‘%@;é}?ﬂt fj_fq’HQ/‘@?lt’inp € ‘mfr}(fé'ﬂ‘ﬂt?fen‘itpglill rfgqtﬁrﬁéé’fd“c&‘@it r ol
Ci rcui tirddematdli GRS O @eshiB@UItwildf bR bl apirBtthted ot b dBPeloPRERIOY aRANKS
20, sense anplifier circuits 16, colum decoders 18 and row decoders” 14.

I n a preichraced] emblodentation, af ouanyveushrprojest ksme®us segisecrmgrndfiregraminriogi t s
16, . colum decoder,s 18,and row decoders, 14 are used ut _for,conveni ence
it Fos Lt ARG R emaud 39 Afifaf TR 8 Blobne s dneotnd SURERRKECT T or
Ci rcui t cokiplidnet With s§ae@dRl tdeBnRANcIRaints§ GOl witt varyfréin Phe ifipleB@ntation

enbodi nent, four nenory banks 20 are used, but it nust be noted that the

pr esent to anpdheri Meresyar, @itentionewilf aecessasipbe paishie, propgs, engingering peisticesr fofor e
menory Kk The and. .¢al u i ! it 30
and 1 ol RS el ey RV b RRE 1aE s Al GRS RHOR MY B
provi di egnpledahd tipat-donk@ning ebuti weuld idvewtieldss e I0rodBha unhddrakingefob ks 020
froman external .device (through input/output pins DQO-DQ7). It is to be
not Bt prdinarygkijliin therrelsyand figldss i guration of the read/wite path circuit 32

I's but one Oﬁem% tg}@ﬁ%%é 94@eR0s Wﬁ%ﬁz sf)h%ﬂ%ﬁed &‘1&%&1%&&/81099 Bfa{g%&& grhons

and the invention to be so limt e specific circul
i |1 ust r sedonducter gueneor? .device dAenecbardamenvith meeempodievint ef 1t wentainndn ei ght

i nput/ oyt put , pi ns /. Thig i.s ferred to as a "by 8" devi iLnce
el oht . bite CissiBed FpBoEeT, gy HevinL0 i 7 A o acibs Megtea (ORAME e
SDRAM 18 tHomBh 3h&e dForadyl kil @6l theOard AU Gink W behdTR D hd BresbrtRH s bWl Pi NS
(e.g., a "by 4" device) or greater than eight input/output input/output

pi nB> ( eapprecizte thy thginvediéa gay .nothatlinaitedciny seape tol 2pplisaten pt PRAM cadidrless
circu twﬁp aPsgdber Sﬁc?e'ré.’tggd Yicat i]ﬂgﬁl\/fa)fbelglpoafborates a substantial amount of circuitry in
addition to those functional components specifically represented in Figure 1. However, such
other circuitry has been omitted in the interests of brevity and clarity, since such circuitry is
well-known to those of ordinary skill in the art and is not especially relevant to the practice of
20  the present invention.
Memory device 10 includes a control circuit 12, addressing circuit 40, input/output
circuit 30, memory banks 20, sense amplifier circuits 16, column decoders 18 and row
decoders 14. In a preferred embodiment, four memory banks 20, sense amplifier circuits 16,
column decoders 18 and row decoders 14 are used, but for convenience purposes only, Figure
25 2 illustrates one memory bank 20, sense amplifier circuit 16, column decoder 18 and row
decoder 14. In a preferred embodiment, four memory banks 20 are used, but it must be noted
that the present invention can utilize, for example, one, two, four, eight or more memory
banks 20. The row and column decoders 14, 18, addressing circuit 30 and input/output logic
circuit 30 comprise a read/write path circuit 32 providing a data path for reading and writing
30  data into the banks 20 from an external device (through input/output pins DQO0-DQ7). It is to

be noted that the illustrated configuration of the read/write path circuit 32 is but one of many



control signals as inputs. By way of exanple but not limtation, control
circuit 12 may 10 receive a chip select (CS*) signal and a RESET signal
row and cwlousn4@ddr ess strobe (RAS and CAS) signals, a wipCa/esoablde2 (V\E*)
signal, and so on. Those of ordinary skill in the art wll be famliar
with the various control signals applied to device 10. Al though not shown
in Figure 2, control circuitry 12 is likely to be coupled to nost of the
ot her functional conmponents of devices10, in a conventional arrangenent,
such that control circuitry 12 is 15 capable of interpreting the various
cont r ol passipieakcsnfigupdtiond dnidethet invertbndisi n@ @nble conlim¢d tdehe epenifit Icircuit
operatiq of the remaining circuitry in device 10. In operation, the
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pi ns.  DQO DQ is to be. understood that although t he various functi onal
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conffbneftcever C_BB’I/ﬁe&f‘ét (5" aigprtinstr RESE gianal, sowad salyim address sipbg RAS
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respect to one another, in act ment at | on, e various circuits are
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bst . i.t h ti. f. WO /046990 PCT/ US02/ 37402 7 tain.
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In operation, the address of a memory location to be accessed (written to or read
from) is applied to address inputs AO-An in conjunction with an appropriate sequence of
control signals being applied to control circuit 12 according to the operation to be performed.

20 Row address data is communicated to row decoders 14 by a row address bus. In a
conventional manner, row decoders operate to assert appropriate word lines 36 that are
applied to memory bank 20 to select a desired row therein. The row of data selected by an
asserted row line is applied to I/O circuit 30. Column address information applied to address
inputs A0-An is communicated to column decoders 18 by way of a column address bus 38.

25  Column decoders decode the column addresses and assert appropriate column select lines 40
to select the desired bits in the selected row. The selected data is the presented on 1/O pins
DQO-DQ7.

It is to be understood that although the various functional components of device 10
depicted in Figure 2 are shown as separate, discrete circuits disposed in a well-defined spatial

30 relationship with respect to one another, in actual implementation, the various circuits are

likely to be dispersed throughout part or all of the semiconductor substrate, with portions of



Decoder circuit receives the row address fromrow address bus 34 and

provi des the decoded address to driver circuits 44. Drivers 44 then assert
t he wor d Wiorns(899986 corresponding to the selected addres®CTMitoya740f
ordinary skill in the art will appreciate that for every n row address
bits, 10 there will be 2n word lines, and hence 2n word line drivers 44.
In Figure 4, there is shown an individual word line driver 44 of the prior
art, it being understood that an essenjially identical such circuit would
be provided for each word line in nenory bank(s) 20. Each driver circuit
44 r ececoram funotiomap ubmpormnpsr@nl@m}msp(d?@d)wﬁh gn@ahnadet. Thatasdriges Sdgmetk

RADDR. Each driver II’CUIt (of0) a P-ty char e transi stor 46, a
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48. Those of ord| nary skill in the art will "appreciate driver 44
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PaE T clesp oy FiE L, detalhlls (ShnSERR defodsy Ulkfis o RRER Bivet bl B |,
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vol ts. chgpl y vol tage node Vccp can be considered to be a "global" supply

vol t ageadsisess to dﬁverwatcuitﬁ 44 Prverp it dbrn asspipheenordring(y) 36 qeatesprsding © Her e
t han °”§'ell Vélﬁdd el ement of the sem conductor device, as contrasted
with a supply vol tage node, which is provided to supply power

| ocal | y to aThesetdfcartimaryf skild tin ola brt edidnappreciaie tiee foeevere.n Asv addrdss2bits,

herein, the term "l ocal pomer suppl y shal |l refer t node, which is
coulfl edthers \aﬂlglreg’%ﬂawor@uﬁml saes %Wﬁaﬁﬁ%e GRVeRR 11 B gt @eﬁé\s.%wnéﬁch as
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changed 1 ndependently fromthe Vol tagé on the global supply node. Those of
or di nar suchlirchit woutdee provided ifor sagk ogmd diee uthmentomebzﬁk@ﬁ%éaduqﬂhmamycult
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8 interfering with the characteristics of electrical power supplied to
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driver 44 operates to assert (high) word line output WL if RADDR is low and to deassert

WL if RADDR is high.
As shown in Figure 4, each of the P-type transistors 46, 48, and 52 has its source
20  terminal coupled directly to a supply voltage node Vccp, which may be at a voltage of, for
example, 3.3 volts. Supply voltage node Vccp can be considered to be a "global" supply
voltage node, in that it is a voltage supplied in all likelihood to more than one functional
element of the semiconductor device, as contrasted with a "local" supply voltage node, which
is provided to supply power locally to a particular functional element in the device. As used
25  herein, the term "local power supply node" shall refer to a node which is coupled to a global
supply node by means of an intervening device, such as a transistor, such that the voltage on
the local supply node can be changed independently from the voltage on the global supply
node. Those of ordinary skill in the art will recognize that there may be numerous different
motivations for providing "local" supply voltage nodes, not the least of which being the

30 desire to prevent the operation of one functional element from adversely affecting or



susceptible to A DL. As discussed above, such susceptibility to G DL arises
when a 5 transistor's gate overlies a diffusion region of the transistor
and a sufwooBemiovol t age differential between the gate anecrhsondfshusi on
region results in an electric field and resultant |eakage current. In
particular, it can be seen fromFigure 4 that since the source term nals of
transistors 46, 48, and 52 are tied directly to the gl obal Vccp node, there
is significant risk of gate-induced d¢ode |eakage (G DL) when the driver
circuit 44 is in standby with transistor 48 10 turned off, creating a

Vccep- t ointarfoung with ttlagy ehzrestonstics refnelesttioal g@verT:hipplipﬁ ob| aghers,sarek peenatile y

crltlca n view of t e .driver. circuits present
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word |ine dripugé pekér éirfbobndn, trACRRIF26 B, Md 52 ARTaBIIed ARRAthaR thdyhee
invention. It is to be understood that the elenments in 15 the circuit of
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controlling the on and oft states of transistors 62 and 64, the

connect blogk-bet ween t he Iocal povver supply node 68 from gl obal power supply

node Vccp cap be SF gctiv err yl ted, with the a/(?lta e-reducin éqel enent
t

66 provi di ng A"Polt ale- orisTeofRiscts vt e \)ccp et SUppl ¥ node

and | ocgdcorldpgd with @ﬂeeﬁsodlhﬁnomaﬁm@ﬁnoﬂuf isng beamdastdod ehf ehid éléﬁaexflt@ fin
driver 60, switches 52 and 64 are turned off and |ocal supply ho

VoG Dhe sirepis ob sigire p dhetrase arbstantiplly dhe spsrspasiiner igarel  hrvgyestaing! @enu@ht
U o o HPLca et g LA Shprhl g er R e
ot her vef tlrag;iswredﬁm&@(}\/ﬁd)ﬁﬂ (A698¢r, HGTthtJSaxe/ & tdhRisBrs 46, 48, and 52, and in
accordance with one aspect of the invention, the direct connection to the global supply node
Vcep is eliminated. Instead, as shown in Figure 5, a pair of P-channel switches 62 and 64 and
20  a voltage-reducing element comprising in one embodiment a vt-connected N-channel device
66 (i.e., a transistor having its gate and drain terminal coupled together) are placed between
global supply potential Vcep and the respective source terminals of transistors 46, 48, and 52.
This establishes a "local" Vcep power supply node referred to as VeepGIDL, and designated
with reference numeral 68 in Figure 5. By controlling the on and off states of transistors 62
25  and 64, the connection between the local power supply node 68 from global power supply
node Vcep can be selectively interrupted, with the voltage-reducing element 66 providing a
voltage-reducing connection between Vccp power supply node and local supply node 68.
In operation, during non-active periods for driver 60, switches 52 and 64 are turned
off and local supply node VccpGIDL 68 is permitted to drift below Vcep due to leakage
30  current through transistor 48. Voltage-reducing element 66, holds VccpGIDL at a maximum
of one threshold voltage (vt) below Vccp. (It is contemplated that other voltage-reducing



connections mght be utilized, including, without limtation, nore than one
vt-connected transistor.) Wen the | eakage current through transistor 48
and t he cworsntewir ough device 66 are equal, the VccpG Drcraishageon | |
stabilize. This reduced voltage VccpG@ DL will cause the electric field in
the drain regions of transistor 48 to be reduced and wll therefore reduce
5 any G DL | eakage current. On the other hand, when a row is activated,
switches 62 and 64 turn on and the rowg decoder P-channel source nodes (the
source termnals of transistors 46, 48, and 52 will be driven to the

gl obal Adm@pctivadanight Ibagmhtzed;elhaclsldlﬁgbamtmummtahomemomwtﬁae @rmt vivadnadcted n t he
di scl osed enbodi nent, a first si %ga RGAP* is used to cont SW tchégz,
ly,
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In the way, the anobunt of extra circuitry necessary for

pri ma s
t he praé’é’td:’@g‘ %Pk?g‘?é’ub‘f:’étsent invention is mninmzed. In the disclosed

enbodi ment, GHHR o@Bthahd, Fhéd-a 36w 1§H&§Ia€é'&t k\@it&ﬂés @Y @hli FRLAG0E hREthesb@nal S.
I n partlcular RGAP*, whi ch turns on ightly earlier than GDL, is a

decode @ngl%tl P-gkanget souses! mesa(thgrm;ﬁedﬁrrmﬂld dfitreasisiors A@nd%, yand B@nwilbbe i n

response.to ot of t ne ad ress ARTo RN read/ wite
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signal for amtthyaistlRgeddfbodi@ant h\ﬁaétlsl"@alSRG&@*aﬁT’aéddftbanﬂréil(ﬁvatch@a while
transistors, which are shared between adj acent sub 20 arrays of mam)rg

cell0s ia speansr §ienanIDb” Beewdsto woRtFolReteh Sid Peyfprablyaras in ithg Abwlase
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Vccpd oC eartfy turning on and t urning-o
G DL* efrssaneSort blaér pirgogk cheh that abeir ned i vaittdlye beitdlesit? pais64ds ortady

Vccpd DL as spon. as possi bl e be]&‘:)i1 the word line W is . activated and
stays ORCIREAVSABOT PRIAREFIDRIE: B E NaYs 5, AOLBH EXiTa CrEEY nepsisar dordPher
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practiced using only a single swtch in place of swtches 62 and 64,
depkindi GIPLpwe subsarttiatty rrg'edapplh@ Céocgnagnallsel@i pastiodan, (RGAPEuwhick hlgiseon

v % R BRI L) [ A I S R,
gl obal saHRPA(Y inPRESSHsE 3 a\fﬁ)etﬁbrpéf theOapplikd Sndnfory 3QdRsS duxth a lréddiwalel dycleat
time t0, the local supply node voltage VCCBGl DL for driver 60 (the
GIDL*, which turns off slightly later than RGAP*; is a control signal for activating and
deactivating sense amplifier isolation transistors, which are shared between adjacent sub-
20  arrays of memory cells in memory bank 20. Because both RGAP* and GIDL* are utilized to
control the coupling between the global Vecp node voltage level and the VecpGIDL node,
the early turning on of RGAP* and the late turning off of GIDL* ensures that the global Vccp
node voltage level is passed onto VcepGIDL as soon as possible before the word line WL is
activated and stays on the VccpGIDL until after the row decoder is reset. On the other hand,
25 it is contemplated that the present invention may be effectively practiced using only a single
switch in place of switches 62 and 64, depending upon the timing of the signal used to control
such single switch.
Figure 6 is a timing diagram illustrating the timing of various signals present in driver
60 of Figure 5. In the example of Figure 6, a global supply potential Vecp of 4.0 volts is
30 assumed. Initially, at time t0, the local supply node voltage VcepGIDL for driver 60 (the

waveform designated with reference numeral 70 in Figure 6) is at the equilibrium level at



wavef orm desi gnated with reference nuneral 70 in Figure 6) is at the

equi libriumlevel at WO 03/046990 PCT/ US02/ 37402 10 which the current

t hrough twaerisiogdses 66 is equal to the | eakage current thr @agluSve/amnst st ors
48. At tinme tl, the first control signal RGAP* is asserted, as shown in
Figure 6 (reference nuneral 72); this turns on switch 62, thereby coupling
gl obal supply node Vccp to the |ocal Vccpd DL node. By tine t3, Vccpd DL
has risen to full Vccp level. At timel:qz, control 5 signal A DL* (reference
nuneral 74) is asserted, thereby turning on transistor 64 and even nore

st r ongl Which itRDcuéfeaP Hrbhgt @arfshieorfasl ik e@/{&d}l@o tievedkagélti@ént Ghidufh frdndistoRseeer t ed,
the word line W. (reference nuneral 76) is driven high, At the end of the

access Ay ¢ime tIRaaeAirgtocangrol signsle RGAPR* 1haysersd: rasseopmiontp Figareu§r deferanee
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di scl osed.. Al t hough specifi iments, of the invention. have been
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whi ch fBIgREBW®- WO 03/ 046990 PCT/ US02/ 37402 11 WHAT IS CLAIMED IS: 1. A

driver circupf,f gl i%re%%mgcé)é?ﬁ}éﬁt&rscrfﬁmrc}f sﬂ@é’ihg CmbSantS b e invention, it

15 should be apparent that a method and apparatus for reducing current leakage in a
semiconductor device has been disclosed. Although specific embodiments of the invention
have been disclosed herein in some detail, this has been done solely for the purposes of
describing various features and aspects of the invention, and is not intended to be limiting
with respect to the scope of the invention. It is contemplated that various substitutions,

20  alterations, and/or modifications may be made to the disclosed embodiment, including but not
limited to those implementation variations which may have been suggested herein, may be
made to the disclosed embodiments without departing from the spirit and scope of the

invention as defined by the appended claims, which follow.



at | east one circuit elenment susceptible to current |eakage; a |ocal power
supply node, coupled to said at |least one circuit elenent to provide 5
power t hewetoso4@9gl obal power supply node; a first transi $avysolvauong a
source term nal coupled to said global power supply node and a drain
term nal coupled to said | ocal power supply node, and having a gate
termnal for receiving a control signal thereon; 10 a vol tage-reduci ng

el enent coupl ed between said gl obal pqyer supply node and said |ocal power
supply node. 2. A driver circuit in accordance with claim1l, wherein said
driver WHATIS CLAYMEDRISord |ine of said nenory device. 3. A driver
circuit in accordance with claim1, wherein said voltage-reducing el enent
15 conp{ises a secand.transistor havin ay%rain term nal and a gate

t
termnat- eacf d&’dﬁb"?@dl‘lttfér%%‘?r‘aw%?dd‘ﬁ%ﬂr SUEpI"MREd®Eand havi ng a source

term nal couplgd: b SR eledh SROWRIbISHRRI¥Nt RAEGRe; 4. A driver circuit in
accordance wwth claim1l, wherein said at | east one circuit el enent

conpri ses a & hocall ppwansipplo nodR@oBpled tdrsaideat least ong teiicnit sdernend 40 ceovide h
claiin 4, wherein said . current |eakage conprises gate-induced di ode

| eakage. 6. A driB%Wméﬁ?@ﬁit in accordance with claim5, wherein said third
transi stor iggRbltpoweasly hédnsi stor. 7. A driver circuit in accordance
with claim®6, wherein said third transistor is a pull-up 25 transistor for
a word |ine % firsaragsisendieyingey sausce Brminaliequpdad g saidglobalpoyice srerly dedei t h

caess memory deviRs ST KRB GHPTT Bl Jp AT 5% sody UGG SRIE,,
in accordance W t fat€tedininal forwbeiehg a whigtrol sipndl theredbni;ol signal controls said

first transistor to an off state, e voltage, on said gl obal power supply
nodd exceeds? ﬁléagegfgqichgeelsﬁlegtaqqylpfegégpw%\,%}d %lﬂb%IR?"‘f?Bd%Png’/ nhde and sail

predet erm ned amoyyaki-power supply node.

2. A driver circuit in accordance with claim 1, wherein said driver circuit drives a word

line of said memory device.

3. A driver circuit in accordance with claim 1, wherein said voltage-reducing element
15  comprises a second transistor having a drain terminal and a gate terminal each coupled to said
global power supply node and having a source terminal coupled to said local power supply

node.

4, A driver circuit in accordance with claim 1, wherein said at least one circuit element

comprises a third transistor.

20 5. A driver circuit in accordance with claim 4, wherein said current leakage comprises

gate-induced diode leakage.

6. A driver circuit in accordance with claim 5, wherein said third transistor is a P-

channel transistor.

7. A driver circuit in accordance with claim 6, wherein said third transistor is a pull-up

25  transistor for a word line in said memory device.

8. A driver circuit in accordance with claim 1, wherein said semiconductor memory

device is a dynamic random access memory device.



10. A driver circuit in accordance with claim9, wherein said predeterm ned
anmopunt is 5 approximately one transistor threshold voltage. 11. A driver
circuit iwoasmessdance with claim9, wherein when said contrCalUSe2/griat
controls said first transistor to an on state, the voltage on the | ocal
power supply node is substantially equal to the voltage on said gl obal
power supply node. 12. A sem conductor nenory device, conprising: 10 an
array of rows and columms of nenory cell | s; row decoder circuitry, coupled
to said array of rows and col umms of n€nory cells, responsive to a row
addr ess9t o daidtepciFqit ihiaderdpk iveth ¢lains & \dheaélha’yhehcsa'ﬂl donghl sigiaentrolhier ei n

said row decoder circuitry conprises: 15 at | east one circu el engn
suscept $a st grapgisterioran %él?’é&‘e thea"‘?l@(gélondé\ﬂe&m]%% BEVET SHwdy o %‘iiﬁi‘lcé‘ggtthe sai d
at leas{/olglg@ og' élﬁ%éal é)\%?%ﬂfs);[)lg%oﬁ gi g)gede&?medtaﬂ%ﬁﬁo a gl obal power

supply no Irst ran5| a source termnal coupled to said
gl obal power supply node 20 and a drain termnal coupled to said |ocal
povver sipl yAndrier candt frae¢aogdance g'athecltamn M méserefio said quedeyérmynesl aroeint o

SI g t hereon; .a volta reduc enment coupl ed between said gl obal
Y sfﬁ?ﬁ?’ﬁi“ﬁ%‘éo tﬁanégfoéthle%]cog?g%lg%& supply node. 13. A semi conduct or
rrem)ry device in accordance with claim 12, wherein said voltage- 25

reduci ngl.el epaiMveE iRt 8 @8cadare arith ¢laians) wheéinhehenngidecodtral dighaticomtrds and
a gate term nal each coupled to said global power supply node and having a

sour ce $%¢ HFShAANEHODIOAR Qostalg; '@e vae%ﬂ orp&xﬁé?caé BBWFS/S‘}P@EVeHOW oaystangaldy
PCT/ USO%{@\Aﬁ)qge %)hsg% Aitdsq%@a‘f E YRR Y device in accordance with
d one I“rcul

claim1l erein eas t elenent conprises a third
transi stor. 15. A sem conductor nenory device in accordance with claim 14,
wher ei n13ai dAcemimntuctbeakage domes cavprigeg:e- i nduced di ode | eakage.

10 an array of rows and columns of memory cells;
row decoder circuitry, coupled to said array of rows and columns of memory cells,
responsive to a row address to drive a row line applied to said array to a high
state;
wherein said row decoder circuitry comprises:
15 at least one circuit element susceptible to current leakage;
a local power supply node, coupled to said at least one circuit element to provide
power thereto;
a global power supply node;
a first transistor, having a source terminal coupled to said global power supply node
20 and a drain terminal coupled to said local power supply node, and having a
gate terminal for receiving a control signal thereon;
a voltage-reducing element coupled between said global power supply node and said

local power supply node.

13. A semiconductor memory device in accordance with claim 12, wherein said voltage-
25  reducing element comprises a second transistor having a drain terminal and a gate terminal
each coupled to said global power supply node and having a source terminal coupled to said

local power supply node.



5 16. A sem conductor nenory device in accordance with claim15, wherein
said third transistor is a P-channel transistor. 17. A sem conductor
menory dewoas/okd»d@ccor dance with claim 16, wherein said trcmdisor/sansi st or
is apull-up transistor for a word line in said nenory device. 18. A

sem conductor nenory device in accordance with claim 12, wherein said 10
sem conduct or nenory device is a dynam ¢ random access nenory device. 19. A
sem conductor nenory device in accordq ce with claim12, wherein when said
control signal controls said first transistor to an off state, the voltage
on sai di4gl obalsemissaductsiuppingrindciéceetcaedslahdeewitb Iclaugel 1 wieatid shidcallegsower
supply node by a predet erm ned amount. 20. A sem conductor nenory device in
accor dTee gL glegjeat ?ﬁnwlsemg} @aﬁﬁal’ssﬁ‘ﬂ 15 predeterm ned amount is

approxi mately one transistor threshold voltage. 21. A sem conductor nenory

devi ce 91 acgQeAddnBuMbdl Membdl Bvi& inRRbRIaACMRARR c$Rind14, GomréiRl sarll @ifent

controls said first transistor to an on state, the voltage on the | ocal
power lsalmgk gompdsesigstesindutedtiadslleakaggual to the vol tage on sai d gl obal
power supply node. 22. A nethod of operating a sem conductor nenory device

CO;‘%” Sf()ng a,%‘ sl)e?ng'csotdlg}la T mze%ogy dt%gllc c&%@gﬁ l%l \%nﬁ cle%n%r E?n&h«l:rgi?l ?agc? ’thlrd

ri sing: g sal edst ohe el ode

by meangamafstatis 4 Basbhni@heansistbt ch oper abl e betmeen on and off states (b)
coupling said at |east one elenent to a power supply node by neans of a

vol t age-_ reduci ng elenent 25 () selectlve t|n d at st . one
swit ch bet wersegnsendseon memery d§t”§?é§ gcgor ﬁ%%pwﬁ »cw T Sf’é S]H‘i

such tg%nf%fé é?%hulll-%?lfﬁﬂﬁsﬁ)mo?'d%rﬁ"1’1'n€’ ifdaid ﬁﬁﬁfow@wéf@ 03/ 046990

PCT/ US ement 1s reduced when said swtch is in said off state
relative to when said switch is in said on state. 23. A nethod in
accordahhe mAthﬂnkammeQ nmh@neuhV§aidlaEC@da§E oniid elaamen?, edepiinsexd a

Si st or.. cordaan wth claim.?2 wherein said at

ot chBteenght meamer rod B ARRE Ao Hcte PP il

19. A semiconductor memory device in accordance with claim 12, wherein when said
control signal controls said first transistor to an off state, the voltage on said global power

supply node exceeds the voltage on said local power supply node by a predetermined amount.

20. A semiconductor memory device in accordance with claim 19, wherein said

15  predetermined amount is approximately one transistor threshold voltage.

21. A semiconductor memory device in accordance with claim 19, wherein when said
control signal controls said first transistor to an on state, the voltage on the local power

supply node is substantially equal to the voltage on said global power supply node.

22. A method of operating a semiconductor memory device comprising at least one
20  element susceptible to current leakage, comprising:
(a) coupling said at least one element to a power supply node by means of at least one
switch operable between on and off states;
(b) coupling said at least one element to a power supply node by means of a voltage-
reducing element;
25 (c) selectively operating said at least one switch between said on and off states in

response to a control signal, such that current leakage through said at least one



25. A nethod in accordance with claim 22, wherein said voltage reducing

el ement conprises a vt-connected transi stor having a gate and drain

term nal wouploaeh9e o sai d power supply node and a source tremrmiSoaB740pupl ed
to said transistor. 10 26. A nethod in accordance with claim 22, wherein
said current | eakage conprises gate- induced di ode | eakage. 27. A nethod of
driving a word line in a sem conductor nenory device, conprising: (a)
coupling said word line to a drain terjpgnal of a pull up transistor having
a source termnal coupled to a |ocal power supply node; 15 (b) coupling
sai d | ocal power ¢epphtyisnedised ovhanghidbatitchoner said el stataodetiy tonwherssad  at

| east one switch operable between on and off states; (c) coupling said

| ocal power supplV%ﬁéﬂéu%ﬁuggPﬁa%robal power supply node by neans of a

vol t age-reducing elenent; (d) selectively operating said at |east one
switch pet weamahédlinoatcaridnd with tRiR 92, Wherdfh safl aréd300né BlemefOEddaHzes Wi t h
claim?27, wherein said step (d) of selectively operating said at |east one
switch B#SHEn said on and off states conprises operating said at |east one
switch to said on state in advance of a word line drive operation in which
sai & pubi - up ﬁﬂ§ : KHRe . e

W t% cl balii'm 2%,&’& er gférﬁ:gé%i:agcets‘?ggglfw 22’? Q}slgjlaglct%?dvzgﬁ?/ﬁgggér)glf {ngré@&g@{rgg?g at

| east oRehsmiet timskxedrween sai d on and of f states conprises operating said at
| east one switch to said off state follow ng conpletion of a word |ine

drive opgration rein said pull.- transi st or s turned.,on and turned

of f veroa) oAcBSEORC b398 st sthipn S2 AR hEReft, o vlFed adites PRl ai m
27, wheg@hprisediadit-zb@ikcled) trafsist@URbingth sak dnd @eah terRENEcotpRBILY s@iddRWep said
gl obal power supply node by neans of a voltage reducing el enent conprises

coupl i ngpPRlyrasde and agource sarminad copmed toghiddgrapsistasnnect ed transi stor to said
gl obal power supply node and coupling a source term nal of said

t- t ed,t ' ek | e al . t hod
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of reducing gate-in age’in sem con Ice
induced diode leakage.
27. A method of driving a word line in a semiconductor memory device, comprising:

(a) coupling said word line to a drain terminal of a pull up transistor having a source
terminal coupled to a local power supply node;
15 (b) coupling said local power supply node to a global power supply node by means of
at least one switch' operable between on and off states;
(c) coupling said local power supply node to said global power supply node by means
of a voltage-reducing element;

(d) selectively operating said at least one switch between said on and off states.

20 28. A method in accordance with claim 27, wherein said step (d) of selectively operating
said at least one switch between said on and off states comprises operating said at least one
switch to said on state in advance of a word line drive operation in which said pull-up

transistor is to be turned on.

29. A method in accordance with claim 28, wherein said step (d) of selectively operating
25  said at least one switch between said on and off states comprises operating said at least one
switch to said off state following completion of a word line drive operation wherein said pull-

up transistor was turned on and turned off.



having at | east one transistor requiring application of a supply voltage to
a termnal thereof, conprising: (a) coupling said termnal to said supply
vol t age bwomsam®9eof a switch operable between on and of f petratSes3740b)
coupling said termnal to said supply voltage by neans of a

vol tage-reducing elenent; (c) selectively operating said switch between
said on and off states. 32. A nethod in accordance with claim 31, wherein
said at |east one transistor conprises;515 a plurality of word line pull-up
transistors. 33. A nethod in accordance with claim 32, wherein said step
(c) of 8@l ectA methpdapecatrdange vaith dlaah 27cavhtreonsnid wiepdh) bftovgpding saiddooal and

off states co ises operating said at, | east one switch to said gn state
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with claim32, wherein said step (c) of selectively operating sai

| east onewswupply ode wedeoupding asaurgn derofinal of saié yt-comeeted denyiger wtsaitglosali d at
| east one svvitfh to said off state follow ng conpletion of a word line
drive oBeV&tTBRISFein at 1 east one of said plurality of pull-up
transi stor was turned on and turned off. 35. A nethod in accordance with
cl ai m 32]. wher @kthod at ebdatiap ghte)indhiceddigdd 18gkagaiitla k@fRbndwforiauR6rysden ey
node to_ said gl obal power supply node by nmeans of a voltage-reducing
el ement h%\dp@lalg least angiaNFIsigT B AN anphigationgelt & syRplhipliagedp agexminalothagef.ed
transi sg%pﬁgn .ai d gl obal power supply node and coupling a source term nal
of said vt-connected transistor to said |ocal power supply node.

(a) coupling said terminal to said supply voltage by means of a switch operable

10 between on and off states;
(b) coupling said terminal to said supply voltage by means of a voltage-reducing
element;

(c) selectively operating said switch between said on and off states.

32. A method in accordance with claim 31, wherein said at least one transistor comprises

15  a plurality of word line pull-up transistors.

33. A method in accordance with claim 32, wherein said step (c) of selectively operating
said at least one switch between said on and off states comprises operating said at least one
switch to said on state in advance of a word line drive operation in which one of said plurality

of pull-up transistors is to be turned on.

20  34. A method in accordance with claim 32, wherein said step (c) of selectively operating
said at least one switch between said on and off states comprises operating said at least one
switch to said off state following completion of a word line drive operation wherein at least

one of said plurality of pull-up transistor was turned on and turned off.

35. A method in accordance with claim 32, wherein said step (b) of coupling said local
25  power supply node to said global power supply node by means of a voltage-reducing element
comprises coupling a drain and a gate terminal of a vt-connected transistor to said global
power supply node and coupling a source terminal of said vt-connected transistor to said local

power supply node.



