DUAL POAER SCHEME | N MEMORY Cl RCUI T TECHNI CAL FI ELD [0001] The di scl osed
enbodi nents relate generally to nenory circuits. Mre specifically, the

di scl osurwoneloatesst o menori es having a dual power supplPgTASRG00HEI8AE | ON.
BACKGROUND [ 0002] As integrated nenory circuits are scaled down to increase
capacity it becones desirable to reduce 1t he power supply voltage. However,
the nmenory cells (e.g., static random access nenory or SRAM cel | s) and
sense anplifiers (SA's) are very sensitive to reductions in the applied

vol tage. As the voltage is reduced, there is an increase in nenory wite

and read errors due, 4&%@%ﬂhﬁR}k§?EﬂﬁjE@Rﬁ%ﬂbﬁji@ﬁyy@rpe of a charge

stored by the nenory ceI e.g. errors. To reduce power consunption
and enabl e further reduction in circuit size, one approach is to reduce a
vol tage | evel supplied to circui tEBECHNCALHIRLDhe nenory cell array (e.g.
decoders, clock circuits) while maintaining the voltage supplied to the
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continually feratlng while only a small nunber of the nenory cells (e.g.,
only t hose CRHEIHRIGA. bei ng accessed) are fully powered at any particul ar
time. [0003] Inplenmenting a sufflcg ]% Piggpvol tage differential within a
menory cell array while using a reduced voltage for other nenory structures
and interfacing devices may be acconplished by the use of |evel shifters to
interface the cdodfent s. Asolntegatepl semary highlts \ant tsegled dddertentncedasav t h a
|l ow | ogic | evel, of OV and a .hi 9h Io%ic Igvel of 1.3V g@ be ed within a
memory cel B HIt JIREPEC JRYIENTY 4y T CevEF RO S rigDy, “a¥dd But si de
the array fhdm@yheis (Eegvgtytlcs;ahu&htarc@@s (fensbry &@mtceﬁ c}réfh'd' s%ﬁéé dripliflers
associated with the nenory cell array such as address decoders and timng

circuits) &b4’S)atevdrnednytivdéy rckstiqns.ig the appbicdseltagnd Addhavaltags esreluged,

ransi tion , , . . C
transitio there is an increase in memory write and read errors due, for example, to ambiguity in

the value of a charge stored by the memory cell, ¢.g., soft errors. To reduce power
consumption and enable further reduction in circuit size, one approach is to reduce a
voltage level supplied to circuits other than the memory cell array (e.g., decoders, clock
circuits) while maintaining the voltage supplied to the memory cells at some desirable
level. Even though the memory cells continue to be operated at the higher voltage and
power levels, the net effect is to substantially reduce power consumption because the
support circuits are continually operating while only a small number of the memory
cells (e.g., only those actually being accessed) are fully powered at any particular time.
[0003] Implementing a sufficiently high voltage differential within a
memory cell array while using a reduced voltage for other memory structures and
interfacing devices may be accomplished by the use of level shifters to interface the
components. For example, a “high” voltage differential with a low logic level of 0V
and a high logic level of 1.3V may be used within a memory cell array while a high
logic level of only 0.7V may be used outside the array for other memory structures (e.g.,
support circuitry for / associated with the memory cell array such as address decoders
and timing circuits) and interfacing devices (e.g., address and data busses.) A transition
from the low to the higher voltage logic levels may be accomplished using level
shifters. Level shifters convert the low voltage logic levels to the higher voltages

required by the memory cells of a memory cell array. While reducing power



fromthe lowto the higher voltage |logic |evels may be acconplished using

| evel shifters. Level shifters convert the low voltage logic levels to the
hi gher vowvoagewisssgui red by the nmenory cells of a nmenor ycCraiskocoszsyo Wil e
reduci ng powerrequirenents, incorporating these |level shifters consunes
additional energy to power the level shiXters and requires additional area
or space on a chip (e.g., chip substrate "real estate".) The |level shifters
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control and data signals. Thus, the nunber and configuration of |evel
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[ 0004] Acc ing t i f t. se i:SClJ: r 3 .val t age
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circuit, askenmbgylekl bentroladwhatat @gighls. vERSs, e eunvberl 0 coalipagdod af devichput
signals and, . in re;&pnse, wite data values into a nenory core. The timng
tracking ciSPE§r:caneliggismemeiygizcy HIingRNA ROMET FSIECERRSal i n accordance with
atime associated with the wite drivers witing data into the nenory core.
The nenory cells are responsive to the high voltage word line signal and to
the wite drivers witing data val uesU¥MdMABYori ng data therein. [0005]
According to anot her enbodi nent, a sem conductor nenory device includes

address signal | | shifters,,.a decoder,, wite ivers, anpnd nenory, cells,
The addr oset evdfUEH: 7t er Pt B AR Shpadlbit afiiieadSin SRERRE S gher
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signals and, in response, provides word line signals. The wite drivers
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signal level shifters forned on the substrate. The | evel shifters transform
|l ow | evel addartBs&caiognsets. | Theomemghesells sverespriiede the bigholtaghworklivg y
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i ne signals. TH&00S] According to another ern‘t;odirnent, a semiconductor memory
device includes address signal level shifters, a decoder, write drivers, and memory cells,
The address level shifters transform low level address signals into higher level address
signals. The decoder receives the higher level address signals and, in response, provides
word line signals. The write drivers receive low level data input signals and, in
response, write data values into bit lines. The memory cells are responsive to the word
line signals and to the bit lines for storing data therein.

[0006] In yet another embodiment, a semiconductor memory device
includes a substrate and address signal level shifters formed on the substrate. The level
shifters transform low level address signals into higher level address signals. The
memory device also includes a decoder formed on the substrate and configured to
receive the higher level address signals and, in response, provide word line signals. The
memory further includes data input terminals connecting to the substrate and configured
to receive low level data signals. The memory also includes write drivers formed on the
substrate, the write drivers receiving the low level data signals and, in response, writing
data values. The memory also includes memory cells formed on the substrate, the
memory cells responsive to the word line signals and to the written data values for

storing data therein.



menory further includes data input termnals connecting to the substrate
and configured to receive low |l evel data signals. The nenory al so incl udes
write driwersioiasseed on the substrate, the wite driver ®Crasesogioszg7a he | ow
| evel data signals and, in response, witing data values. The nenory al so
i ncludes nenory cells forned on the substrate, the nenory cells responsive
to the word line signals and to the witten data values for storing data

therein. [0007] ljgogril | anethrranemiopeintediment ameiod id providedi fdedpérefing
operating nenory cells. The nethod includes driving a wite signal onto bit
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a level of an applied clock signal] to provide a high |Ievel clock signal.
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sel ected ones of t fromthe™bit ines inresponse t he
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features and, t echnj cal . advan es gf the present_ inventiop.in order fthat
he. detai | deUSER PIOBE FisATE ALY SPETE i iy T Boclesl e pLPEdeemaar Y onal
features ambnAthailIages Hishdnsb® RSeRyedohesighnaf ter which formthe
subject of the clains of the invention. It should be appreciated by those

skilled in the 49408 hat t Héiccomezpng dres apuilingkaithpic begrsitdi the nfcatutissendsed
may be readily.utilized as basi s for nodifyin r. desi gnj ot her

Sty uerur oo etk ehRige 0 fe ARl f PR Rt din i S B8 RACROAR o,
shoul d al sdolnevd @ay bz Bettd Yinti&10®6d S KidditRdall faatiie adll hd¥dhedges UelinbeedcriBEE Nt

constructions do not depart fromthe spirit and scope of the invention as
set forth ihgroinedten gyt derme | the mebicthef {he elaims gefy thes ingRntéian. arle shepldebed to

be character.j st.i I ] e LZat i t hod
of operati g‘hf,"%thé‘%g%?e%?f tsﬁ]‘ﬂ? gﬁftlﬁlger agg[}l%ct?lg CtaOir?l%épt:Et1 ?/gdﬁlltg gsggéﬁéweﬁfboggﬂ%ng{t er
under st ood disctized heyfoel ealiiyngiltted as b phasio forwhedifydon st desigdng atheostaatircoOn
with the acconpanyin igures. It is {10 be expressly uqlde{st oog, h?.we er,

t hat each &' $HE1#S 9 rtag Same purposes of the present invention.” It should also be realize

by those skilled in the art that such equivalent constructions do not depart from the spirit
and scope of the invention as set forth in the appended claims. The novel features
which are believed to be characteristic of the invention, both as to its organization and
method of operation, together with further objects and advantages will be better
understood from the following description when considered in connection with the
accompanying figures. It is to be expressly understood, however, that each of the figures
is provided for the purpose of illustration and description only and is not intended as a

definition of the limits of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] For a more complete understanding of the present disclosure,
reference is now made to the following description taken in conjunction with the
accompanying figures.

[0010] Figure 1 is a block diagram of a conventional memory device

including level shifters associated with respective word lines of a memory cell array.



is provided for the purpose of illustration and description only and is not
intended as a definition of the limts of the present invention. BRI EF
DESCRI PTIvoN 20k/0Tp4#68 DRAW NGS [ 0009] For a nore conpl et e mraaasseansisng of the
present disclosure, reference is now nade to the foll ow ng description
taken in conjunction with the acconpanyidhg figures. [0010] Figure 1 is a

bl ock di agram of a conventional nenory device including |level shifters

associ ated withjoegpect i veFigeed ibanegh RieldbloBBhYra6edf a aiidla)]th@Idhtnofy gure
2 is a high level block diagramof a dual voltage nenory device having

| evel shi f tdeyise hawng kychbilbde feeding deredongné ey ¢iEculs oba memery cdbarayar r ay .
[0012] Figure 3} nor e i ed agr Of: t nory
devi ce depictedl?é? i gurengﬁgéb%Si ?gﬁ?gﬁggﬁg&%:%ﬁ%@§‘§?251§%$a§%?%$?ng a
timng trackingydivicetépiasd paFiguaf3.a dual vol tage nenory device as depicted
in Figure 4. [00%@] Figure. 5 is a E&hi tic Q{agran1of,a pai r. of foot

swi t ches connectl®Y3n a grogme 4igedier E’t‘%’fm@f cpEpE AN S3FKINg s cyt 2% dual
vol t age ne j e[t { : @gﬁg i agram showi ng an
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FIGURE 1 is a block diagramof a ry device i.ncludin conventi onal

ual power CORHEHE.Ipb e BHaregt Fllb Py PPt Ryt §f ST GBS TeBethder
are operatedyi@t. relativity |low voltage levels (e.g., 0 - 0.7V) whereas a
menory cell array and sense anplifiers are operated at a higher voltage
(e.g., 0 - 1. 3V.[§01(5d>er at i agwt ricas tar Ylogbtdipgrgmi shovgng e prapiply| waglksss evel s
(e.g., the Addresstecod r) at ah} wer volt%%ﬁ Qed¥c%? pomeg.consunpéion
and heat g&HBPHEEInGLEPRd ni il 4. KPR o8 ¢ BevBYHeodMsY ued t o
store i nf ongRddtaRoldly amg@logper ate the nmenory cells of the

DETAILED DESCRIPTION

[0016] FIGURE 1 is a block diagram of a memory device including a
conventional dual power scheme. Portions of memory circuitry (e.g., an Address
Decoder) are operated at relativity low voltage levels (e.g., 0 - 0.7V) whereas a memory
cell array and sense amplifiers are operated at a higher voltage (e.g., 0 - 1.3V.)
Operating circuitry not requiring the high voltage levels (e.g., the Address Decoder) at a
lower voltage reduces power consumption and heat generated. Thus, the higher 1.3V
high logic level is only used to store information in and operate the memory cells of the
memory cell array as the higher voltage levels may be desirable to enhance the integrity
of data storage and retrieval.

[0017] With reference to Figure 1, the I/O circuit 101 receives and
transmits relatively low voltage signals to and from the memory device including data-
in (Dyy), address (Addr) and clock (clk) signals applied to the I/O circuit and transmits
low level data-out signals Doy from the memory array to external devices (or other
circuitry that might be integrated into a memory device or chip) receiving data. Data-in
signals Dj, are level shifted from 0-0.7V to a nominal higher voltage range of 0-1.3V by
the level shifters 104a — 104¢c. The resultant level shifted Dj, signal is then supplied to
the write drivers 105a — 105¢. The nominal 0-1.3V Dy, signals from the write drivers

105a — 105c¢ are applied to the bit lines 109a - f and transmitted to the SRAM memory



menory cell array as the higher voltage | evels may be desirable to enhance
the integrity of data storage and retrieval. [0017] Wth reference to

Fi gure 1,wohelo01@6si rcuit 101 receives and transnits relParivsedog/ob3sm vol t age
signals to and fromthe nenory device including datain (Dln ), address
(Addr) and clock (elk) signals applied to the I/Ocircuit and transmts |ow
| evel data-out signals Dout fromthe nenory array to external devices (or

ot her ci rcuklly Y11 hAtthdlghhinlPpshdwit &@ihaéted td it GitAid¥e mo9ly, 196y MDf0h fedtithy
receiving data. Data-in S|gnals DIn are |level shifted fromO0-0,7V to a
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drivers 10 e nomna Din signals fromthe wite drivers
105a - 105c are [opi8]i ed t Ahh®wbilevdl i aueisesd 08l <lokk agighdls atddrn andedik ard he

SRAM menorycel | s 111. Alt gh onl y hown .connec the bit |ines 109b,
109d, 109f JeSPRCHHE tr%%énwfdo ftflé 1&&%%#9 qigut 1017ighe 8%4fﬁ%}rﬁe€a & MEamdpbs h t he
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109e. [0018] The |ow level ress and c signal s" Addr and el k are
respect i velsigntl Addnidecat it, hsetmg hnd hwvideQurecappropriatd Gitv {ayet bedeaddrsegsl ttecoder
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| evel (e.g volt@geoommt %grguh &2 pnomnrmélm haylmgrpeloal@mmevqlazf Q6 and adpgh &g at e

hi gh | evel . ham ng a low |l ogic |evel
of OV and é‘ﬁ:l ﬁpsgg 6fsgv% 19%f‘ ﬁggﬁed ?lr(rag]1 r‘luhl ng % a selected word line
110a - HO. [0016d19%el ect sdiceraomymes) kslisl111 conneeddedr @thephRErbsetated
associated with an activated word line HOa - 11O are enabled to wite or

store dat a Wit an epévaied serednpddBey EHI ae ronalied fie VBite arj e degointo the or,
when oper atgd i.n r@en{&g%ef@ B ﬁae %ﬁ’ﬁi%g 1‘6% @20y ha gﬁe&@tha ?Da ré K {f@ﬁem y

cell onto a correspondi ng I ne Becau e dec
provi des a ok)emztwmlrt:agmfmnuﬁ fioel the adiorg |cglmahtota3coﬁ*ﬂ“¢epmﬁmgrt}1t e BQPa(-€f. g.
having a hiB%rc]:alllsg%leC déc%\c/igrl 1002f prggfdes g 107\21/) Voltage élﬁplﬂes(élee%tslgnr gllg;[la(.)l tg rtl(ljev }ngrei\lo?y | eveI
array (e.g., having a high logic level of only 0.7V), it is necessary to provide a level
shifter for each of the word lines to obtain a higher voltage level (e.g., a signal having a
nominal high logic level of 1.3V). In general the number of level shifters required for
an n-bit row address signal results in 2" level shifters associated with respective word
lines. For example, a 16 megabit SRAM organized as one megabit words by 16 bits
would include 10 address input lines and as many as one million individual word lines,
each requiring a separate level shifter.

[0020] The level shifter 103 receives a low level clock signal clk from
the I/O circuit 101 and provides the level shifted high voltage clock signal clk to
components of the memory as required. High level output signals from selected
memory cells 111 are provided to sense amplifiers 107a — 107¢ which, in turn, provide
outputs to following buffers 106a — 106¢ to provide data output signal Doy via the /O
circuit 101.

[0021] Figure 2 is a block diagram of a memory circuit implementing a
reduced overhead dual power circuit including level shifters providing appropriate high
voltage (e.g., 0 — 1.3 V) address and clock signals to the I/O section of a memory device

thereby reducing the number and power consumption associated with level shifters



shifter for each of the word lines to obtain a higher voltage |evel (e.g.,
a signal having a nomnal high logic level of 1.3V). In general the nunber
of | evel whizbtoansgseBequi red for an n-bit row address si grall/use@aloszs7e n 2"
| evel shifters associated with respective word lines. For exanple, a 16
megabit SRAM organi zed as one negabit wdrds by 16 bits would include 10
address input lines and as many as one mllion individual word |ines, each

requi ring assepadaivahligdieldusihivbi®lines] 088 Qhowhewliey@livehirddehle al@darsggmi ves a
| ow | evel clock signal elk fromthe |/Ocircuit 101 and provides the |evel
shifted hi gFonyant4deireyibsk asitgypaite aRrrpssiondrisorrdastes BemoRe celsnwithoud ghe
required. Hi ut, si I r

pr ovi ded t GeALREGVE SRHERIA SYBO el MM ATS ARSI L E RGP BBLE s 1o
fol | ow ng BighkeDsutl@é@ seletRdanérmongreils.dén dadtAcrositimdimsitgthal sebewmplifeerd he
/O circuit 101. [0021] Figure 2 is a bl ock diagram of a nmenory circujt

i npl ement i RESRLS @d@ééd’%t@%er ﬁlécia fahawn;go%f er qReRlEs: ati 1981 vielfasg, pedisrusse frers
providi ng appropriate high voltage (e.g., 0 - 1.3 V) address and cl ock
signals to the 1/0O section of a nenory devi ce thereby reducing the nunber
and power consunf22pn assdaitatled for phrijosssedf thhipktsentsagpdoaiion,eangle phrted

i ndi vi dual rd ljnes., As shoyn, wite drivers,receive dat ignal . from
o 1T o o SN Gl DER sl e Shendhriimorsi L BRE e St e E Sr i
W t hout t heypegftctiQherh@yelSimhhdy, &¥ifile AspeeificaReRbrySROSR AP depRESR, Ser
provide a |low'l evel data output” signal Dout from selected nenory cells. In

anot her ensodhgammnts antecondigu@tionpidoptiag ¢ duplepare oadusli yyitago behage rasdba

foll ow ng buffer erates .at | ol t age, .as discussed bel ow. [.0022] Note
that for JplsElenfRC RIRRl Ul Ve FRN e Ran MR R SRR AR C e o ar e
depi cted. Ghdwes, fyyRes coffigmeamdnyweal! icomyrakenapshort Wisdef 04 agdk adples dual

ported nenory. Simlarly, while a specific nenory architecture i s depicted,
ot her ar r angferB#Hian @riediffgienaripbs ahidaitiaddress sndgongelwignaddingial vol t age

sonere Ty be MAFEN e bepee, st ool A Al g o
nore bits oebltaatmcaod cﬁﬂ)di,’témplementing a reduced overhead dual power scheme to provide
dynamic power saving while reducing memory size. In particular, the embodiment
depicted in Figure 3 provides a common level shifting functionality for signals applied
to an I/O circuit 301 to avoid the need for multiple level shifters associated with
individual word lines. By level shifting the low level address signals prior to or as part
of the 1/O circuit 301, fewer components are required to support the dual power scheme,
thereby reducing space requirements i.c., “chip real estate” necessary to interface with
relatively low level voltages used by components outside of the memory array itself.
[0024] With reference to Figure 3, address and clock signals Addr and
clk are applied to the level shifters 313a — 313c and 314 respectively so as to convert
low voltage logic levels (e.g., 0-0.7V) to high level logic signals (e.g., 0-1.3V) to be
applied to the 1/O circuit 301. The high level signals are then supplied to the decoder
302 and a timing tracking circuit 312. The decoder 102 decodes the address signal Addr
to selectively activate the word lines 310a - 310f by applying an appropriate high level
memory cell select signal to the appropriate word line. As before, the memory cells 111
are operated at the higher voltages (0-1.3V) to maintain data integrity.
[0025] Dj, is a low voltage signal supplied via the 1/0O circuit 301 directly
to write drivers 305a -305¢ without the need for distinct level shifters (compare with the

configuration of Figure 2). The write drivers 305a - 305¢ provide appropriately timed



information carried by different nunbers of data, address and control
signal lines. [0023] Figure 3 is a nore detailed block diagramdepicting a
dual vol twigeomearesey circuit inplementing a reduced over ireaaisdealosisomer
schenme to provide dynam c power saving while reducing nenory size. In
particul ar, the enbodi nent depicted in Figure 3 provides a common | evel
shifting functionality for signals applied to an I/Ocircuit 301 to avoid
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necessary to interface WI relatively I'ow | evel vol tages used by
conmponent s andittsé demplemich@aryrbitdings d098y1 09t s edde. to[ diﬁl‘Zlé}geWﬁhler tlef &t éinceot O
Fi gure 3, addr?ss and cl ock signals Addr and elk are applied to the |evel
shifters 3femplempntary hiidingy haspd upitthe gigngl & W tteh.-convert | ow vol t age

l ogic levels (e. 0-0.7 M) to
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decodes the address tﬁl% k AddL @ é cti.v actlv e e.word Ilnes 310a
- 310f by APPIYIHESAAC B’ﬁ & neyif Oé%‘ilo Pbgc?r ghat to

t he appr oprelk &g ¢ h&da%lm&@téo&feog Bed bhﬁlem%ramwua%@hé@el ]vari{eﬁfrﬁfeﬁpﬂf%tfd at
the higher voltages (0-1 .3V) to rral ntain data integrity. [0025% Diln is a
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information into the menory cells 111 of the menmory cell array. Al though
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and the cong? dndEd 1S SRS\ T Li"ghBC B kol biF Tl L R, 1L

bit |ines alic catiqlsememnbar yelbi t11l.i s ihpaed2lpod IMeosgigaal frdieicach powet en.

[ 0026] Because. of possi Ie del ays. in praovidjng the dat e wite
drivers 308amaimins St FoRb s Kigh ipRasT dewain ot ong Hgng fif‘ﬁ %r% BPYeB12

properly domain). Because the word line path is at high voltage and the Din path is at low
voltage, one signal from each domain facilitates control of the timing between the two
power domains.

[0027] Information may be retrieved or read from the memory cells 111
in a similar fashion. That is, an address signal Addr designating the addresses of the
memory cells 111 to be accessed is applied to the level shifters 313a - 313¢. Note that,
for purposes of the present example, although a three-bit wide address signal is shown
together with corresponding level shifters 313a -313c¢, typically an address signal would
have many more parallel bits of address data depending on memory size and
configuration, e.g., 10 bits of address may be used to provide access to one million
words (or other addressable unit) of memory. Similarly, although Di, and Doy are
shown to be three bits wide each, typically such signals would be substantially wider,
e.g., 16, 32 or 64 bit wide signals.

[0028] In response to the address signal, the decoder 102 provides
appropriate selection signals onto a selected word line 310a — 310f to access (e.g.,
enable) the corresponding memory cells 111 for storage or retrieval of data thereto or

therefrom. In a read mode of operation, data from the memory cells 111 is transmitted



synchroni zes the clock signal elk. Synchronization may include del aying or
gating a clock signal to accommodate the speed of the | ow voltage |evel
wite driwere1030%%s8- 305c witing data into the nenory @€rIus2009/081870 s,
because the wite drivers 305a - 305c are driven by a | ow vol tage signal,
an increased response tinme may result pr§or to discharging the appropriate
bit lines to wite the desired value. To accommobdate this timng issue, the
timng trackithgbRilingslil 09312 t0MAY sE@RInYS NEk -OLF cianp Wh&chpdal tt dhdBlio s 322
and 324 to aﬁpropri atﬁlg))é gate wite enable, and if necessary read enabl e

si gnal s, t duifhes \PeriolScneMiiopgh aof deplated inrHhe drapings fapthe sake gbdaisity.df nat e
f " . . i he i 3
S gnal 1 oms PRIRlaSLARGne LAREmBiALS 0% fu6fc RARFNEATRifh BRF gfR:

vol t age andinthand¥ompandntiug taflinkow vol t age, one signal from each donain
facilitates control of the timng. between the two power domajns. [0027]

I nformati on may (BN etri eVds gﬂo?"’é‘}ﬁjﬁj}qﬁ% i(?ﬁ? e yoltf'é"i‘thatlfPT’eF Vo485 i | ar
fashi on. Thakld $roRBindddl G55ropHaRabw RTEl AeS] YRTVND { NGoRAdE B5S B el t he
menory cells 11%“1?0 by accglzrs? dis appli egé?b [(ﬂe ?ev"étl Shifters 313a -
313c. Not e dehiat., Hhoan plieypeses cobodinenprizgienbe sxmapimeplifairs HOlgh &0Tchask- bi t
w de address,si.gnal s wn et her, wi.th corresponding.level shiftefs
3135 - 3130 ORGHRE AT OGiar L& urGHaI tut SO ke AU9 SRorEr BATRTeST bi ¢
of address jghafdti6he PRN L 18ha®Bn NEEREY sei vidNfesCaly bOUSRL foP Botherelding HonPi t's

of address may be used to provide access to one mllion words (or other
addr essabl engimirttinggd themsmery silis 1 1dr ¢fythe meaniaoy ghll Biray ssstamsuvritgrandghadn t o
be three bibtitsl' vviS(Cje Beeacsg .I'g%?%i cally such signals would be substantially

wi der, e.g., 165 “EL0% gll fi‘vvide signals. [0028] In response to the
address signal, [o¢Bd]decoderigut@2 RBr bisiksdia@amopf hatal s6ltast memosf gitalis ont o
a selected word line 310a - 310f to access (e.g., enable) the_ corresponding
nmenory cel H@plemenfipg askedpepgeovnirhqadt gyabpawen schpamoninchuhing Sreofimingetrashingn | n
a read node;of: rati r MNP ] dby
the bit 11 nicis 0BE" B pfleu il Bl AT IRIy Uiy D dibhie LRI 3P T
fol | ow ng hwuhfew devkObignal dilfey thélwiie ulgivernd@05demdiSced\d previoesigrdaviribgd, £ or

the sake of clairity, it , . : o
delay may lgey experienced in provision of appropriate data onto the respective bit lines

109a — f, due to the low level driving of the write drivers 305a — 305¢. The word line
WL, however, should be enabled after the write operation has been completed by the
write drivers 305a — 305¢c. The word line enable signal is in the high power domain,
and thus should be delayed. To create the delay, the timing tracking circuit 312, which
receives clock signals clk from I/O ctrl (a portion on the 1/O circuit 301), may delay the
application of the appropriate word line WL select signal from the decoder 102 by
providing it with a delayed clock signal clk d. The timing tracking circuit 312 may be
responsive to one or both of low level signals 322 and high level signals 324 to provide
the appropriate timing of clock signal clk_d.

[0031] Operation of the timing tracking is now explained. A flip flop
(401) (or a latch) latches data from outside of the memory, and in response to a clock
signal received from the 1/O circuit 301 (more specifically a portion of the I/O circuit
301 referred to as the I/O ctrl 301a) forwards the latched data to the write driver 305,
The write driver 305 then gets ready to write the latched data into a memory cell 111.
The timing tracking circuit 312 delays the decoder path to match the delay of the Din
path by generating a delayed clock signal clk d. The word line (WL) path is faster

because it is high voltage and the Din path is slower because it is low voltage. The



wi ||l be appreciated that the sense anplifiers 107a - 107c comunicate with
both the bit lines and conplenentary bitlines. [0029] The foll ow ng buffers
106a - 1080 20parigtee at | ower vol tage | evels, providi ng aoTaspeoopsisate | ow

| evel (e.g., 0-0.7V) Dout signal to an external device. In an alternative
enbodi nent, both the sense anplifiers 10a - 107c and followi ng buffers
106a - 106c operate at | ow voltage. Although, for purposes of illustration

and expl anaintifd tradkiak N@ic@it AL @fckBittmihy EShe@yin GRtHse@d fion bt hnpieaxdong
fromand witing to the nenory cells 111 of the msm)rgpcell array separate

wite and mesepskithe deogder 1Bns @élaM%EqutWﬁt‘éél&P writsohoer PP guhe datajisregdp ok
di agram of \x?mg'ﬂé‘%ore"%' l%?og&h{l?%ﬁﬁ}’s e‘%faﬁl%bﬂ'b@tﬁ&ﬁéc%&ﬂfobng a reduced overhead
Ing the timng

dual power I nc ing circuit 312. In particular,
a data-in signal0g329vi ded Ty tirhingl tr€kdxig Ciudutit Bﬁﬂa](sset@ckltgurtmlag viasiaorl ow

| evel signal dr|V|n the wite drivers 305a - previqusly
descri bed, CaugdpP é{y(’ﬂw wetuation, i ARe P?fio ES‘FBWI?HBW 1%‘??%85? .cap@Sér% ont o

the respectyyBiPidh lihMgSIohARRver dBmagH @nd ﬁletlﬁgh QW digeho ALdin@oRta Hi

wite drivers 305a - 305c. The word l'ine howeve shoul d be enabr ed
after the \ploizvbedmpanwﬂoctkmgmh hleeemtlmonmlbedlaubnb;ontyhﬂgmis fremdh¢ WphsyoB98@ -
305c. The rd line er %%I e SI is.in the ?’%h power domai n, and thus
shoul d be F’ﬁ%ﬂep’ﬁﬁ'l dafie @g&@icﬁvgcfrﬁ%lt ing tracking circuit 312,

whi ch receives qh@f si gnadisurelskis hrdeod Al%&nréfe(ﬁalp@ft‘fo@ﬂs@iﬂcﬁekresd)fQld
circuit 30r§)g12 may delay the application of the appropriate word [ine W

sel ect sig forelm qoinerodiego tkspectoR bgghplabd'l ivngrolltegeni nottiensdePay el 10dck
signal clk d. The ti responsi ve to one or

k
borh o 1 outipegifil bl ARAd3S8 a0 fSRYML iR e SRR G b St

appropri at ertd @%ﬂ@ayoﬁr chlegk’ slogdal E«dhkfodt s{~®t@1815]01Q©ez astele@ﬂvélfl 1hﬁéﬁ‘ubﬂsna ng
tracking is now explained, Aflip flop (401) (or a Iatch%?’l at ches data from

out si de of CPMRECHRRET § ViralHioyngd égboﬂ)éeﬁ)f theaspacired BergaR P03 X4 afaBePo3m t he
10 e Py O S PBEE UG, AR S, A0SR e o
dri ver 305 different power domains differ. As previously described, the memory cell array and,
according to an embodiment of the invention, the decoder, are operated at a high voltage
level and are thereby controlled by the foot switch 501 to selectively place that logic in
either an operational or sleep mode in response to a mode signal Sleep. Similarly, low
voltage level circuitry including, for example, the write drivers 305a — 305¢ and
following buffers 106a — 106¢ are selectively operated in an operational or sleep mode
of operation response to a state of switch 502. The sleep mode provides reduced current
leakage.
[0034] FIGURE 6 shows an exemplary wireless communication system
600 in which an embodiment of the invention may be advantageously employed. For
purposes of illustration, FIGURE 6 shows three remote units 620, 630, and 650 and two
base stations 640. It will be recognized that typical wireless communication systems
may have many more remote units and base stations. Remote units 620, 630, and 650
include dual power memory circuits 625A, 625B, and 625C, respectively, which are
embodiments of the invention as discussed above. FIGURE 6 shows forward link
signals 680 from the base stations 640 and the remote units 620, 630, and 650 and
reverse link signals 690 from the remote units 620, 630, and 650 to base stations 640.
[0035] In FIGURE 6, remote unit 620 is shown as a mobile telephone,

remote unit 630 is shown as a portable computer, and remote unit 650 is shown as a



The wite driver 305 then gets ready to wite the |latched data into a
menory cell 111. The timng tracking circuit 312 del ays the decoder path to
mat ch t hewoebeawyo1ed68t he Di n path by generating a del ayedPciraskomiogssad cl k d.
The word line (W) path is faster because it is high voltage and the Din
path is slower because it is |low voltagé) Thetim ng tracking circuit 312
tracks timng of the Din path based upon the input 322. Because the decoder

102 is del ayed l6&kioh ir¥@otcOurdih g WWlf&es@rlea@ﬂoé‘iQ?stdnlﬂe fd)ateaaﬂn lel eRdyniote Write
before the word line W. is enabled by the deco 102. 0032] The tim ng

tracki ng ciupisinayche csll sphopesachandteld persprp \ﬁ@mraw%loea&w%wb@%l%@e

fluctuatio ortlrlﬂe%gﬁ &{"?3 g&ﬂ@f%ers&%??%ﬁ‘%&ﬁ%ﬁ% S d ﬁllo%aglﬁ gig%elﬁnﬂcs Qe ke Din

path (int ow power donal n Si g orres roma
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t he high volt main are provided .to the tim tracking circuit 3
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respectively, of a nmenory so as to seIe tirvely ace the nenory in an
oper at i onalpomedmenmoryacistudndby or "sl eep" node. Each foot switch 501, 502

sel ectively int ts a nnect i round 505, 506 for. the
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differ. As previously described he menory cell array and, according to an

enmbodi nent sefarathewiig legtqlenent$ fe lméb@nérlowamétae@errameﬁ rasulta 1h|ag¢heomlscchge
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another advantage according to features of the described memory configurations results
from sense amplifiers that provide a low output voltage level thereby reducing power
consumption during read operations and minimizing power losses that might otherwise
result from driving high voltages onto long metal interconnect lines on a chip (e.g., an
output bus).

[0037] Although specific circuitry has been set forth, it will be
appreciated by those skilled in the art that not all of the disclosed circuitry is required to
practice the invention. Moreover, certain well known circuits have not been described,
to maintain focus on the invention.

[0038] Although the present invention and its advantages have been
described in detail, it should be understood that various changes, substitutions and
alterations can be made herein without departing from the spirit and scope of the
invention as defined by the appended claims. Moreover, the scope of the present
application is not intended to be limited to the particular embodiments of the process,
machine, manufacture, composition of matter, means, methods and steps described in
the specification. As one of ordinary skill in the art will readily appreciate from the
disclosure of the present invention, processes, machines, manufacture, compositions of

matter, means, methods, or steps, presently existing or later to be developed that



purposes of illustration, FIGURE 6 shows three renote units 620, 630, and
650 and two base stations 640. It wll be recognized that typical wreless
comuni cawpan1sy3868Ns May have many nore rendte units amEThBI@9I9538U6 ons.
Renmote units 620, 630, and 650 include dual power menory circuits 625A,
625B, and 625C, respectively, which arelénbodi nrents of the invention as

di scussed above. FIGURE 6 shows forward |ink signals 680 fromthe base
stations 64Qrfand stbieantianPliee sWid RinbiZéh obdhic@nabbiblialyche exas s&ultiagkhe
signals 690 fromthe renote units 620, 630, and 650 to base stations 640.
[0035] In Epaemendingcathoduncis dosstbed Bershonay A uailineshpgcerding &pHsreescabnot e
uni t 630 | Sy 8NAUN_ asc@aRon! 3kl SHosommilifh, AOMGAIRLE NI (R0 IRispoun as
afixed | ocation renote UMY in a wreless loca oop system For exanpl e,
t he renot e sueh procomys, baacehds, planofsiurd) asvtipogitidnp ef Senek, me@yymctiaidspor
systens (PCS) units, portable data units such as personal data assistants,
or fixed | 8&&%ion data units such as neter readi ng equi pnent. Although
FIGURE 6 illustrates renote units according to the teachings of the
invention, the invention is not limted to these exenplary illustrated
units. The invention may be suitably enployed in any device which includes
a dual power nenory circuit. [0036] Features of the various dual voltage
menory circuits provide advantages over alternative arrangenents. For
exanple, use of a foot switch including separate switching el enments for
hi gh and | ow voltage circuitry results in a decreased | eakage current
during standby or sleep node of operation. The use of |ow voltage wite
drivers may elimnate the need for separate |level shifters, reducing chip
area and further reduci ng power requirenments. Providing |evel shifters at
the input to the I/Ocircuitry reduces the nunber of |evel shifters that
m ght otherw se be required in other arrangenents such as when instead
supplied at the output of an address decoder. Still another advantage
according to features of the described nmenory configurations results from
sense anplifiers that provide a | ow out put voltage | evel thereby reducing
power consunption during read operations and m nim zi ng power |osses that
m ght otherwi se result fromdriving high voltages onto | ong netal

i nterconnect lines on a chip (e.g., an



out put bus). [0037] Although specific circuitry has been set forth, it wll
be appreciated by those skilled in the art that not all of the disclosed

ci rcui t rywpo0rodgese8ed to practice the invention. MoreovecT/usesmwasiswel |
known circuits have not been described, to maintain focus on the invention.
[ 0038] Although the present invention amdl its advantages have been
described in detail, it should be understood that various changes,
substitutions and alterations can be gpgdevBerein without departing fromthe
spirit and scope of the invention as defined by the appended cl ai ns.

Mor eover, the scope of the present application is not intended to be
linited to the par tYkaiis¢laigieddsli ment s of the process, machine, manufacture,
conposi tion of matter, nmeans, methods and steps described in the
specification. As ong Qﬁaleﬁgéééas i &tihdtof RefhBR @vicetold rls”%d' l'y appreciate
fromthe disclosure of the present invention, processeg chi nes,

manuf act ur e, comnﬁwahbnﬁ@wﬂtdnamsewth@ahsrwﬂeghddanqunsgmdpandpnesentIy
existing or |later t d tha&ggrforn1substant|alIy t he sane

function orf“REMS W@%ggﬁyﬁ ﬁFéﬁﬁ?aPﬁ@1 B result as the corresponding

enbodi ment s desqrijiad thekigh Birb@YoRatléhnil toZRhyAAGEHK dbiRGetdrl Mige @J fP8At
invention. Accordingly, the appended clainms are rntended to inc ude W thin

their sco p@C@lIdfthp Motesidme asseaierdrvash thawhutlay of meite dovgsswiriting detaghtormat t er ,
nmeans, nethg aQr aﬁeps CLAIMS What is clainmed is: 1. A dual voltage
senlconductor ﬁe eV|ce conprising: a plurality of wite drivers

receiving | ow valﬁl@gﬁtydﬂtnaemd’rpubllﬂegptaisﬁzea@dle High v@gRO MR 1ing bighdlgndat a
values into a menory core; a timng tracking circuit operational to delay a
hi gh vol ta@@thwratmdm@rssffrgﬁw daff%vaéwépﬁ%tﬁ%g gttt ICEiRi ne associated with the
plurality of wite drivers witing data into the nenory core; and a
plurality of nmenory cells responsive to the high voltage word |ine signa
and to the wite.dri Vigesiuwrvdliapgsdaitenduaton @seniony dstios adegrdiag @ dldier Bi n.

further comprising a plurality of bit lines connected to the write drivers to receive the

data values.

3. The dual voltage semiconductor memory device according to claim 1
further comprising;:

a plurality of address signal level shifters configured to transform low voltage
address signals into high voltage address signals; and

a decoder configured to receive the high voltage address signals and, in
response, provide word line signals, wherein the plurality of memory cells receive the
word line signals thereby designating ones of the memory cells selected to have the data

stored therein.

4. The dual voltage semiconductor memory device according to claim 1 in
which the timing tracking circuit receives a low voltage signal and a high voltage signal

to enable calculation of a duration of the delay.

5. The dual voltage semiconductor memory device according to claim 1

further comprising;:



2. The dual voltage sem conductor nenory device according to claim1l
further conprising a plurality of bit lines connected to the wite drivers
to recei wotzhw/idaged val ues. 3. The dual voltage senm con@aEtuseoom®sisry devi ce
according to claim1 further conprising: a plurality of address signal

| evel shifters configured to transform lldw voltage address signals into
hi gh vol tage address signals; and a decoder configured to receive the high

vol t age addr ess adp@naltsgcafodt svwifch i8SIROME Q. firbt s icH BgWirhlerlt kélectBiegnal s,
wherein the plurality of menory cells receive the word |ine signals thereby

desi gnat i ngoBsEngfow Heltags plsmengsefithe ddl aplteas seaigoadectpacaaryadoyicsred
therein. 4TT%Q%“ﬂﬁ%h“%ﬁlé e sem conductor nenory device according to claim
1 in which the ng cking circuit receives a | ow voltage signal and a

hi gh vol t age si gragh t@tagoailtewitah dehatingonscebndiswltehaid clomeiit selvetidgy ay. 5.
The dual voltage sem conductor nmempry devi ce accordipng to claim?1 further
conpri si ng:caNIGHNY Blghaglagodements ggﬁleidﬁeh ﬁaagseamp?rr@ft%mw AgVies et
sel ecti vel ¥ CORRGELH BEhun@W VOl tage el ements of the dual voltage

sem conductor nenory-device to a first virtual ground; and a high voltage
foot switch including a second switching el enent selectively connecting

hi gh vol t age elgnents of .t he, dual voltg e senm conductor nenory device to a

second virtual §round® SEUCNASIH QAL OV CHENBPYS Revi ce conpri sing: a

plurality of addrfgslis @nalrcbeyiBhal Rkl {fiss conid s ®dranSfothassidrem | ow
| evel address signals into higher |evel address signals; a decoder

conf i gur ed atldrepesgialeinthiighérderel afdross| signdbik ess signal s and, in response,
provide word line signals; a pluralit f owrijt river.s recejving | ow | eve
data input sign ) dsec% Forilf‘ri.gure(f) o 1e&ivd the %1gher IV & agidress signals and, mn re%ponse,
provide word line signals;
a plurality of write drivers receiving low level data input signals and, in
response, writing data values into a plurality of bit lines; and

a plurality of memory cells responsive to the word line signals and to the bit

lines for storing data therein.

7. The semiconductor memory device according to claim 6, further
comprising a plurality of sense amplifiers selectively connected to the memory cells and

responsive to the data stored therein for providing data output signals.

8. The semiconductor memory device according to claim 6, further
comprising:
a timing tracking circuit configured to control timing of the word line signals to

compensate for a delay in the writing of data values.

9. The semiconductor memory device according to claim &, further
comprising:

a clock signal level shifter configured to transform a low level clock signal into a
higher level clock signal, the timing tracking circuit providing an appropriate delay of
the higher level clock signal to compensate for the delay in the write drivers writing the

data values.



response, witing data values into a plurality of bit lines; and a
plurality of nmenory cells responsive to the word |ine signals and to the
bit |ineswbaniogtigssBng data therein. 7. The sem conduct oPCRAIsR009/06876 ce
according to claim6, further conprising a plurality of sense anplifiers
sel ectively connected to the nenory cel 14 and responsive to the data stored
therein for providing data output signals. 8. The sem conductor nenory

devi ce accordi ngot o dhaisemfoniustéBEmesraelicsiadberdiagté Blaltg 81 fudthld Ng circuit
configured to control timng of the word line signals to conpensate for a
del ay in t eMRFPNRadudt valiaea inpyf toethe imingteckingngityiduct or nenory devi ce
according to claim@8, further conprising: a clock signal |evel shifter
configured to transforma |low | evel clock signal into a higher |evel clock
signal, the timing t mhekemgoaducen herpoguletlicogcandiapps olpim atfertikel ay of t he
hi gher | evel cl.ock ﬁignak to conpensate for the delay in the wite drivers
witing t hEOHREising gIlewyoteee mpy 1 dha WBMEIRCENE fERYE Y devi ce according to
claim8, further conprising a high voltage input to the timng tracking
circuit. 11. The sem conductor menory device according to claim@8 further
conpri sing a | od2vol tlhgecinmpududtar rhéreotyi devng atcadkgngclaim 6ufurtherl2. The

sem conduct or nmenory device according to claim®6, further conprising: a
substrate; “GME"4"Bi urality of data input termnals connecting to the
substrate and cenfhgrE€dnd o receive the data input signals and supply the
data input signals to the wite drivers, the address signal |evel shifters,
t he decoder, the phliy afdetranputdershindeconmenting todh¢ subsatmend eenfigyecd to

substrate. 13, TheeT,SPRMNY 2ha SRR o d54i5R. 6523 BY L FRLT &
the address signal level shifters, the decoder, the write drivers and the memory cells

formed on the substrate.

13.  The semiconductor memory device according to claim 6, further
comprising:

a high power foot switch circuit configured to selectively interrupt a connection
to a first virtual ground of high voltage components of the semiconductor memory
device; and

a low power foot switch circuit configured to selectively interrupt a connection
to a second virtual ground of low voltage components of the semiconductor memory
device,

the high power foot switch circuit and the low power foot switch circuit
responsive to a common sleep signal for selectively operating the semiconductor

memory device in active and standby modes of operations.

14.  The semiconductor memory device according to claim 6, further
comprising an input/output circuit configured to transmit the high level address signal to

the decoder and transmit the data input signals to the write drivers.

15. A semiconductor memory device comprising:

a substrate;



conprising: a high power foot switch circuit configured to selectively
interrupt a connection to a first virtual ground of high voltage conponents
of the sewDcorvduessdr nenory device; and a | ow power fooPCIRiSL@k/0638reui t
configured to selectively interrupt a connection to a second virtual ground
of | ow voltage conmponents of the sem comfluct or nenory device, the high
power foot switch circuit and the | ow power foot switch circuit responsive

to a comon sl eeplshByalf atircsSab@d 1dwpdNfaP esraicd g thheubseat caaiet or menory
device in active and standby nodes of operations. 14. The sem conductor

nenory deviskidteaceonfigiigg t@ Bagdfeinmiosy levelraddiess vengdy inde higherreyd gddesut put
circuit cogk&@ﬁred to transmt the high | evel address signal to the decoder
and transm & data input signals to the wite drivers. 15. A

semn conduct or nmardetydet éstined onahPsibsirag and confisi¢dioasaiv the alghtylcoél addr ess
signal level shifters formed on the substrate, the |level shifters

conf i gur ed 208resy AHHDN INORSPWISIPTAHET WeH WRHENas:i nt o hi gher | evel address

signals; a deco%ﬁﬂuﬁaﬁ@ma nnﬁlngeﬁﬂﬁaig E&Hn%cﬁ{gdto%@idbg%@qn% e?dffg%@édft% t he

hi gher | evel address al s and, 1 n response, provide wor Ine signals; a
plurality ofccdatlawilenplitlathergmalsal s connecting to the substrate and
configured to receive | qw |Level data si | s; lurality .of wite drivers
formed on the sqBlYTERE! tiHE duyere doraethobnibe pisrdi g Nrie b Fsveim&iat a

si gnal s andpe foy @S RIARSSnaW dnldl RdcdRhde, (3l thgHataaRtucd; flqural ity of nemory
cells formed on the substrate, the nenory c€lls responsive to the word |ine

signal s and to tmuhiytafercreey gchisafonmsd pothestubstiaty timampiegedls espadsiven
et o SRR R P TR S S G e L 70 @ v
16. A method of operating a plurality of memory cells comprising:
driving a write signal onto a plurality of bit lines connecting to memory cells
based upon a low level data input signal;
shifting a level of an address signal from a low level to a higher level,
decoding the address signal to provide a word line signal activating selected
ones of the memory cells;
shifting a level of an applied clock signal to provide a high level clock signal;
adjusting a timing of the high level clock signal to provide a delayed clock
signal; and
storing the write signal in selected ones of the memory cells from the bit lines in

response to the delayed clock signal.

17. The method according to claim 16, further comprising:
selecting a plurality of memory cells to be read;
sensing data stored in the selected memory cells; and

providing a data output signal.

18. The method according to claim 16 further wherein the adjusting includes

compensating for a delayed availability of a data write signal.

19. The method according to claim 16 further comprising;:



based upon a |l ow |l evel data input signal; shifting a | evel of an address
signal froma low level to a higher |level; decoding the address signal to
provi de aveant/dibsse si gnal activating sel ected ones of wrhe/useomnysscel | s;
shifting a | evel of an applied clock signal to provide a high |evel clock
signal; adjusting a timng of the high llével clock signal to provide a

del ayed cl ock signal; and storing the wite signal in selected ones of the
nmenory cells fr@getelpinterhipfigs aiconiREPRRSLfits0 virhel gelayedlotl astligsigpal .
17. The method according to claim 16, further conprising: selecting a
plurality GfCTRESPRNPERINts and be read; sensing data stored in the selected
menory cells; a oy di t . I . . ccordi ng
to ol o m 16 fur chs bR Tl DBl £HEPTh st AL UR LS P 8182

del ayed avaéehhichioby c@fpaetal & awrtd selesivghadperdt® a sdirRondidithategrddvictg t o
claim16 further conPrising:seIectiver interrupting a connection to a
first virt darctyicsaddeapedy BRdnfioRg@tiPBYel nermory conmponents; and
selectively interrupting a connection to a second virtual ground of high
vol tage | evel nenory conmponents, so as to selectively operate a

sem conductor nenory device in active and standby nodes of operations.



