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WO 03/ 049121 PCT/ult RW2006 LOW VOLTAGE OPERATI ON OF STATIC RAN@)Q@@@
MEMORY As nWEdB@4HRY ays are enbedded into the m croprocessopsTy 5
in a diversity of consuner products, the trend toward portable products 5

suggests conservin ower by |l owering the operating voltage of the

el ectronic devi 0% WP%H&“Q}&@%&TB K5 RANRON AGCESS MIEMORYT obl ens,
especially in the dense nenories, that nmay result in device failures. O
particular inportance is the stability of the nenory as the m croprocessor

operating vol t ayesenray lacags eck erhBediie! inyg ehedinidiBHrOEYssORD ek efle LBED
m croprocessors may be a Static Random Access Menory (SRAM that uses a

Si X transi sinog dWEFBiWYOch%'nlsumbﬂp%duﬁ&r}\éﬁé"ftﬂeﬁﬁ%g%r%ﬁ@b%&ﬁc%{fhal Oxi de
e

Semi conductor (CMOS) technology the data nmay be witten into

.cross- caupl MabVAS) : transistors. | read operation,
t he dat gpf r%%dteﬁieé %‘%:ngé@éid&é%?fg? Ygé"é?rl?r?irg]f 51%” t@gt‘foé%&aé’:} rtga efqlﬁtrgg t he
pass transic%tv?rs tl_g bi t Iine,s and differentjally detected by a sense anp
circuit. WENRe TpEPYEi Hif 'Duieredjarertingyoltrge pesse qrellens. especilired to
conserve power, the data stored by the nmenory cell may be changed by a read
oper ation i'f thRdengmmenosies| that swveresult &t daviee failurasheOf pamiculaol t ages. 20
Thus, there is a continuing need for better ways to provide flexibility for

oper ating tieortaoeoisribessatiiityarf the meemdiygist tle raicrapubdessat operdanhr ed | ower
vol tage while preserving the stability of the enbedded nmenory. WO 03/049121

voltages are lowered.

~) 10 One type of memory embedded into micro;ﬁrocessors may be a Static
Random Access Memory (SRAM) that uses a six transistor memory cell, Ina
conventional Complementary Metal Oxide Semiconductor (CMOS) technology
the data may be written into the cross-coupled inverters through two pass
transistors. In a read'operation, the data from the accessed memory cell may

15  be transferred fhrough the pass transistors to bit lines and diffefentiafly

detected by a sense amp circuit. When the operating voltage of the

rmicroprocessor is lowered to conserve power, the data stored by the memory

Foes, -

\) : cell méy be changed by a read operétion if the memory t:_e[l becomes unstable
at the lower voltages.
20 . Thus, thereis a continuing need fo.r better ways to provide flexibility for
. operating the microprocessor or other digital circuits at a desired lower |

voltage while preserving the stability of the embedded memory.
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BRI EF DESCRI PTI ON OF THE DRAW NGS 5J2006 PCT/U Z 3 4433 The subject tter
r egar ded "aswbhsiigiyention is particularly pointed out and ﬁl@;@h%ﬁﬁmﬁ
clainmed in the concluding portion of the specification. The 5 invention,
however, both as to organization and nethod of operation, together wth
obj ects, feBREFSESCRIFTHONOR FHJEDRAWINGS, may best be understood by
reference to the follow ng detail ed description when read with the
acconpanying drawings in which: 10 FIG 1 is a block representation of a

m croprocessor core and nenory in accordance with an enbodi nent of the
present inventiqQn; FIG 2 is a block representation of the m croprocessor
and nenory in grné'@oﬁ*lﬁ’é‘?%é“%t?rl‘feﬁ?fg@ﬂéﬁ tEﬁﬁB’d’PH@ﬂt’S grrtichlerly POEEEd ovhvent i on;
FIG 3 is a schematic representation of a Static Random Access 15 Menory
(SRAM) nenoind distinctihelained)in e ciopeludingepartian e thebperification. adwor dance with
an enbodi rent of the present invention; FIG 4 is a graph that illustrates
t he st alfi | iihyerafonomevweRANM texeh lastth atrgarszativaguidatethodrofaspeestian cegatheh an
enbodi ment of the present invention; and FIG 5 is a graph that

i|lustrat e%&ﬁ%bié&ﬁ,&@bddréé{ P RREANAFAMESLLT, 1RAL bést belbhdetRboP ey Y
regulated. It will be appreciated that for sinplicity and clarity of

1 TuStrati Qpro 0.0 Rt SAoEhbIbY ibaod whef) GhETRN g || Ust rated in

- the figures have not necessarily been wn to scale.

accompanying drawings in which:
10 FIG. 1 is a block representation of a microprocessor 6ore and memory
in accordance with an embodiment of the present invention;
FiG. 2 is a block representation of the microprocessor and memory in
-~ accordance with another embodiment of the present invention;
FIG. 3 is a schematic representation of a Static Random Access
15 Memory (SRAM) memory cell that ma’y.receive a regulated voltage in
accordance with an embodiment of the present invention;
9 . FIG. 4 is a graph that illustrates the stability of one SRAM cell that is
: Eegulated in accordance with an embodiment of the present invention; and
FIG. 5 is a graph that illustrates the insfabi[ity of one SRAM cell that is

20 improperly regulated.

It will be appreciated that for simplicity and clarity of iliustration;,




For exanpl e, the dinensions of sone of the elenents are exaggerated
relative tywooidwizel enents for clarity. Further, where consideddd-92/2006
appropriate, reference nunerals have been repeated anong the figures to
indicate 5 corresponding or anal ogous el enents. DETAI LED DESCRI PTI ON I n
the foll ow agndetsilllsedatdd s theofigors hauambonecespedlyfbeendiiwhlts sase. set 10
forth in order to provide a thorough understandi ng of the invention.

However, itpy éﬂanﬁﬁe,%ﬂ@_@i‘ifﬁéﬁﬁgnsﬁﬁf 5hias o tid énb%n&éﬂaﬂ%aai@%fawwe;gm pr esent

invention may be practiced w thout these specific I n ot her

| nstances, WeLhakBRindRERRy, PLERRAN RS CBREREAANS, BNl roui ts have

not been descri det al S ndt to obscure tar'Péer?ese‘nt i nventi on.
15 Enbodi nents of the esent, invention nmay b sed in a.variety of

appl 1 cat | ortS oA BHIGRLS a0 BB PP RPE TN e THoYes FHCedts n t hi s
respect, the circuits disclosed herein may be used in mcrocontrollers,
gener al DurPBERspondiog ppoeiegaes s'emenii-t al  Si gnal Processors (DSPs), Reduced
I nstruction-Set Conputing (RISC), Conplex Instruction-Set Conputing
(C1SC, or the like. 20 However, it should be understood that only portions
of the mcroprocessor may be included in the figures and that the scope of
the present inventionis not limted to these exanples. WO 03/049121

PCT/ USQz/ 3THTAIDEB DESCRIADKEIN nrent s may i nclude integrated circuit bl ocks
referred to as core nenory, cache nenory, or other types of nenory that
store electronic instructions to be executed by the m croprocessor or
store data that may be

In the following detailed descript.ion, numerous specific details are set

10 forth in order to provide a thorough understanding of the invention. However,
it will be understood by those skilled in the art that the present invention may
be practiced without these specific details. In other instances, well-known
methods, procedures, components and circuits have not been described in
detail so as not to cbscure the present invention.

15 Embodimentslof the presént invention may be used in a variety of
a'pplicatiéns. Although the present invention is not limited in this respect, the

: ‘) - - cireuits disclosed herein may be used in microcontrollers, génera! purpose
.microprocessors, Digital Signal Processors (DSPs), Reduced Iristruction—Se_t
Compuﬂng (RISC), Complex Instruction-Set Computihg {CISC), or the like.

20  However, it should be understood that only portions of the microprocessor
may be included in the figures and that the scope of the present invention is

‘not limited to these examples.




used in arithmetic operations. The enbodi nents may be integrated,into, radio
5 systens gohap@ifiel d portabl e devices. Thus, |aptop corrpq;@rfﬁ 1 3 69&06
radi ot el ephone communi cation systens, two-way radi o communi cat | on syst ens,
one-way pagers, two-way pagers, personal communication systens (PCS),

personal digit al Tresembbairentd R ifdluasthreglaesd tivdfr BbeE Elisrréd & bt ended to
be included within the scope of the present i nvention. 10 In the foll ow ng

descri pti onc@,@dnéﬂnér‘\}%c@‘?nén%rgsor 8 ﬁ%g MfemofRf ‘?%{cﬁﬁ elecloBld W th

their derivatives, nay be used e understood at these terns

are not int on ch ot her.. rticu

enbodi ment sﬁggggtnﬁisc&/ X&%t%@'&& %l”f’%rofjhocfeg%ﬁr t%grte (?%Q@?t %Yb el ement s
are in direct physical or eI ectrical contact with each other. "Coupled" 15
‘may nean th% edt’\?k?”é'?mﬁﬂ? @Peratinnft J hgreanhadigentssnay ke dtegiiatestinia radior i cal
contact._ However, "coupled" may al so nean that two or nore elenents are
not in & redStenserhand held ﬁoﬁﬁﬁﬁd@’dlﬁ%‘if Thyis;, [apéap eamputersoceljéarat e or
interact with each other. Turning to FIG 1, integrated circuit 10 nay

i ncl ude, fdRdeleleRiioae cenyBupicationswgiems, two- wawaﬂbm ocomsspicatian Bygemal  Si gnal

~ Processor (DSP), a 20 mcrocontroller, a Reduced Instruction Set Conputing
(RI SC) pr ocHEs\way, pazgemmwmwmﬂgetsewmoabl aonreuhication/iYstdrs (RCR)s i n

‘Canbridge, England, a StrongARMIM core or an XScai eT"' core fromlntel

Cor por at i orperson8baigial @saistantsH{ RN S i@herlikeErodifats 4lezintef@éd abé f orni a, or
an enbedded core. In accordance with an enbodi nent of the present

invention, indicednatiaelthe scopelof #e prayertenvdnged.i bed having a
b 10 In the following description and claims, the terms “coupled” and
“connected,” along with their derivatives, may be used. If should be understood
that these terms are not intended as synonyms for each other. Rather, in
particular embodiments, “connected” may be used to indicate that two or more
elements are in direct physical or electrical contact with each other. “Coupled”
15 may mean that two or more elements are in direct physical or electrical contact.
However, “coupled” may also mean that two or more elements are not in direct
contact with each other, but yet still co-operate or interact with each other.
sj ' | ' - Turning to FIG. 1, integrated circuit 10 may include, for example, a

compute engine, a microprocessor, a Digital Signal Processor (DSP), a

20 microcontroller, a Reduced Instruction Sét Computing (RISC) processor, an

ARM™ architectural core from ARM Holdings in Cambridge, England, a

StrongARM ™ core or an XScale™ core from intel Corporation in Santa Clara,
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m croprocessor core 20 and a nenory bl ock 40. Address lines, contrpl
signal s, anglo@dlogippy be passed from m croprocessor core 2%@,5&@;@9555‘2006
transl ator block 30, to nmenory block 40. Menory block 40 may primarily be
~conprised of Static Random Access Menory (SRAM cells that nmay be arranged
as nul ti pl e Gafifaniat er anempbedded asrea lnamiverdapBiyith Sakmbstipied dfihe MENDI Y

bl ock 40 may be "read" by sense anplifiers 50 and supplied to

m Ccr opr oces pesseho irvedflon liftdgrited catar 16 ﬁ\%?’ib% dedciey RAvivd de el ectri cal
connectivity for signals an operating vol tages between devi ces external

to integrat ¢deGnfédlstorlbraRd ﬁ{gﬂ' t tq 0 ed circuit 10
t hr ough term'%a S, gi %s (;r paacIN;.Q n AE) r@%@ﬁlll%r%dgrépssﬂ{n%’ ?r()an§r°6rovi de
enerated by an

el ectrical ctiyity for.,an operating. voltage poteptial

ext er nal vo%@ggg’ %’Bét?f’ga{%ayé)@ p[%%ig@"f %’%gprrﬂcﬁ %FG&%Q@O&"E&% 20,
transl ator bl ock S%Wan sense anplifiers 50. Also, a pin 80 may provide
el ectrical HEAMEY Ci'yg?'otroTﬁﬁ@?h\é?'%bé‘roatmg\%btoagém ey aniraily baat
passes to nenory block 40 and translator block 30. Thus, in this _
embodi ment ¢¢fepEsadkehaiaticdiandgem Aecrdsatiomot0{SRAMS ughl thabperyaid ng  vol t ages
to blocks that are internal to integrated circuit 10. 20 In one enbodi nent

M.Cr opr ocesandngeor#s DOItipky seraeate \Rrays dPREIAEA0RE miAbiyadBatahabreda vary
whil e nenory bl ock 40 receives an operating voltage that may be regul at ed.

[ _shoul d anemodp bikasd hidglodl #6aPPEY SbhdierkBhilFo80 MM & 5 1/ 2006

J microprocessor core 20.

10 Integrated circuit 10 may provide electrical connectivity for signals and
operating voltages between devices external to integrated circuit 10 and
blocks internal to integrated circuit 10 through terminals, pins or pads. In
particular, a pin 70 may provide electrical connectivity for an operating
voltage potential generated by an external voltage regulator 60 to pass to

15 microprocessor core 20, transiator block 30, and sense amplifiers 50. Also,.a
.pin 80 may provide electrical connectivity for another operating voltage

potential that passes to memory block 40 and translator block 30. Thus, in
this embodiment the external voltage regulator 60 may supply operating
voitages to blocks that are internal to integrated circuit_ 10.

20 o In one embodiment microprocessor core 20 may receive an operating

voltage that may véry while memory block 40 receives an operating voltage

that may be regulated. It should also be noted that the operating voltage




recei ved by m croprocessor core 20 may or may not differ fromthe operati nfg
vol t age reckigv@sdng: menory bl ock 40. The vol tage supplied tpégméaz/ -%g(a@()t
SRAM 40 may be hi gher than the voltage supplied through pin 70 to the

m croprocessor core, however, in sone applications the converse nay be 5
true. Wil e reteibed by ynicoperdeasuresbre 120t inay fop iy n@adiBer frhg tierspéritidgeakage
current may be reduced in the latter case with adequate perfornmance.

Addi t1 onal | yohieye reddadty inbimorp blcedet MRk v8add sidhed Shidla it BB @Cessor
core 20 may vary, it is desirable to keep the v%%?@gd;esuppl |ge at pin 80 to

menory bl oclspviato ahald BeatoNaH tHen tAQ vt}é\'ﬁ%&e g%}loigz?g%@gﬁ:pﬁj 9b +§3,R! aced

external to integrated circuit 10 In strated in FIG 1,

di screte co c S. power .transistors may generate the separate
oper ati ng vglIﬁ ? %g)gésc’sef%érjlr grlﬁrg’r%%“P’%‘(’:eerséno?omg(?PB"%'OBﬁé“%E%WS%WE%B4O.
Alternatively, voltage regulator 60 may be an integrated voltage

regul at o, é'IX‘FhoW&He g?ﬂb&ﬁ\gé‘-‘tgﬂj@éﬁgr‘%ﬁéﬁ {Priep Frstthe cisewtilepkage rcuit 10 and
then attached to integrated circuit 10 within the sane package. Although
the present cHfigRNHTRY Pejredyned inithe datteri sasehvish pdepatd perfoimage. r equl at or 60
“may provide an operating voltage to m croprocessor core 20 that ranges
~from about BdEiticokYy dvenabeugh the woliglet supphel ar piadAgd &f BicropRIcatidry vol t age
of about 1.0 volt to nmenory block 40. 20 FIG 2 is a block representation

of i cropr o6&eST0 g Rrg Ot isEIEable 1 1050 e \BRAg@sYHILagR piregal@tor 90 in
accordance wi th another enbodi ment of the present invention. Although not
|.)m ted in fBhiry BRREH0 at'QtikagGaRieVO 03/ 049121 | "
) 10 With voltage regulator 60 placed external to integrated circuit 10 in the
embodiment jllustrated in FIG. 1, discrete components such as power
transistors may generate the separate operating voltages for microprocessor
core 20 and memory block 40. Alternatively, voltage regulator 60 may be an
integrated voltage regulator, although integrated separately from integrated
15 circuit 10.and then attached to integrated circuit 10 within the same package.
Although the present invention is not limited in this respect, voltage reguiator.
60 may provide an operating voltage to microprocessor core 20 that ranges
from about 0.6 volts to about 1.5 volts and a regulated operating voltage of
‘about 1.0 volt to memory block 40.
'20_ : FIG. 2 is a bloék representation of microprocessor core 20, memory

block 40 and a voltage regulator 90 in accordance with another embodiment

of the present invention. Although not limited in this respect, voltage




PCT/USU 76 / 2 0 0 6 regulator 90 nmay be a part of integrated ci,rcuit %00
and fabricavedsmaisonig with the other blocks such as m croprm;afg%%‘(g A
transl ator bl ock 30, nenory block 40, and sense anplifiers 50. Thus,

vol tage regulator 90 nmay be.an internal block that provides one operating
vol t age to méguiaspr 86evavbe eqraet @DintégrarednsitcattorOMARE kabdRatcdndosE A56:
anplifiers 50 and a separate operating voltage to nenory bl ock 40 and

transl ator bheoaoteBBlocky suety aoMieropraessor dbré 2OPKRARSIRRRHIGX 80 2QehRYy I €cei ve
an operating voltage that ranges from about 0.6 volts to about 1.5 volts

that is roubReku aHEReAsPIMBIifi&SHHICTRGs. &k@g@?ﬁuﬁ%%éﬁé?% af0 may

receive a regul ated operating voltage route power ‘conduct or

120 of abou I .tage, val ues. shoul d not be construed
Lot Tt o ot MO e o QM oA Bl B AT S B FUTBRIGRES M SGFe 20SRAM
menory |1 th receive a regul ated voltage through power

conduct gf 15%939?{05 E?SF%%@@ S\ﬁ‘?ﬁaﬁ}?"ﬁfg’ﬁ&ﬁ ARthe sspatetroperatipatvoltagent i on.
Static menory cell 200 15 il|lustrates one of the arrayed storage cells or
menory cel |'9 TRTIBHBlogK B0 tramsiates blnck 3| By 264y ohetamdgle, bot h N- channel
and P-channel transistors arranged with cross-coupled Conplenmentary Metal
Oxi-de Semi doistRrzPersso( GVMESIO mayarteivs atypieaingyvdlisgd that @RgSRAlmMm A first
CMCS i nverter conprises P-channel transistor 220 and N 20 channel ‘

transi st or abb0t Da/iroigs thebdutSIQBNBrsttBatisdoltddddhisuFONBEGef dof fies
bet ween power conductor 120 and ground. A second @mﬂﬁnver?gbég

“[SIr mﬂ'g:i;![ )(;r q(;@sér{dlﬁffeﬁ%ry WidoR 40 a9 1aBkIvE raqgaliﬂg{e%rop%?a inagn\gol{\é_g%hrggpe%l
10 through a power conductor 120 of about 1.0 volt, although the voltage values
should not be construed to limit the invention.
FIG. 3 is a schematic representation of a SRAM memory cell 200 that
may receive a regulated voltage through power conductor 120 in accordance
with an embodiment of the present invention. Static memory cell 200
'1 5 illustrates one of the arrayed storage cells or memory cells in memory block
40. Memory cell 200 includes both N-channe) and P-channe! transistors
arranged with cross-coupled Complementary Metal Oxide Semiconductor.
(CMOS) inverters typically used in an SRAM.
A first CMOS inverter comprises P-channel! transistor 220 and N-
20 channel transistor 210 having their source-to-drain paths connected in series

between power conductor 120 and ground. A second CMOS inverter is

similarly constructed, with P-channel transistor 250 and N-channel transistor




V\D 03/ 049121 PCT/os 1d' 7Q /2006 240 having their source-to-drain,p 7
connected iWio9gh{ses between power conductor 120 and groundpciﬁjé) ,f95 2006
cross-coupling is acconplished by the commonly connected gates of the
first CMOS inverter being connected to the drains (node 280) of the second

CMOS i nver t e¥Calmalidy thidiesoaraarskyai® pemianasinectegdh 8erigd bétreepgsang CMOS
i nverter being connected to the drains (node 270) of the first CMOS

inverter. Thenadbes ZQfaﬁdré’fBﬁhét The cfdsd-ckdling 1@%&@%5%5&% e be connect ed
as

to their sources. An N channel pass transistor Its source-to-drain
path conne 0 L and ha S..gate
connect ed %ﬁ\%&ﬁ)‘eﬁﬁﬁeﬁgg% Sl\?fa[ﬁgr‘;ﬁsé t%‘zgsésﬁ'twre&ﬁs%%'F%rcoﬁ%%ﬁ%?%ﬁ’ rly has
its source-to.dr connect ed en node 280 and a | ement bit
line (BLC), Y% ﬁ%?gep?%&ggtt@eaﬁegwctgm{%ﬁ”tebaﬂﬂrbd P 58O Nthe bodi es of
transi stors 230 and 260 may be connected to a power conductor such as We.
Pass transFeiicied gptegmf t@GGeCWfbﬁ“@r%mvéﬁebyemr@ﬂhﬁﬁéd\m therdgaing | ow dat a
to 15 pass into and out of nenory cell 200 fromthe bit [ine (BL) and the
conpl enent biadel2 Y qiBhE)first 64t invesky . T bodek ainransiskdr&.21D,i220a porti on

of sense anp 50 and precharge devices 290. Sense anp 50 may receive data

from menor y246lahd226D finyt hiecodtidetdd fetheBlsoupstd. the conpl ement bit 1ine
(BLc), and provide a "sensed" digital 20 data value to m croprocessor core

20 (FIGs. -1, 2) ANRLEndRI pBLEAAE: 290865 sl By affifFhie an operating
vol t age elther t hr ough pi np70 pi n 80, V\Daggt/%0491%1 P
} connected between node 270 and a bit line (BL}, and has its gate connected

10 to word line WL. N-channel pass transistor 260 similarly has its source-to

drain path connected between node 280 and a complement bit line (BLC), and

has its gate also connected to word line WL. The bodies of transistors 230
and 260 may be connected to a power conductor such as Vss. Pass
transistors 230 and 260, when enabled by word line WL, may allow data to

15 pass into and out of memory cell 200 from the bit line {BL) and the
complement bit fine {BLc), respectively.

J o - Also shown in FIG. 3 is a portion of sense amp 50 and precharge

devices 290._ Sense amp 50 may receive data from memory cell 200 on the

- bit tine (BL) and the complement bit line (BLc), and provide a “sensed” digital

20 data value to microprocessor core 20 (FiGs. 1, 2). Note that precharge

devices 290 may receive an operatin.g voltage either through pin 70, pin 80,




PCT/ U o7i/305-/2006 power conductor 110 or power conductor 120. ?r' eflé
referring twokkf2ll and 2, the present invention for int egls@f,g%z,g@,q%é 006
10 and integrated circuit 100 may provide an operating voltage to

m croprocessor core 20 and a separate operating voltage to nenory bl ock 40,
5 and t her epower, coedunront YO eebbw2bBondileysry, 120 cr opr ocessor core 20 may
receive an operating voltage that may vary over a range and include a

vol tage val ue tepiilyi efétihdes Fﬁnowearmz,bﬁ!efaveﬁé}ﬂ iRPSHAN BPinY&drhage of

menory cell 200. |In other words, nenory block 40 nay operate at a fixed

vol t age val i t: Ryl I | i ed ot her rtions of
i'ntegrated %'f“r“mdt’%% “?[%fg%?gd %%l?p}%g %@pga%@%ndgg%%t?%\r’ggar Blot(r%ce, power
consunption_or any ot her i_iteria. The present invention may also be

appl i cabl e 'Pg’%‘%rﬁé?ssgéﬁ.o{;eogéﬂegﬁrswﬁ'«%Ppe%'@ﬂﬁﬁ’(ﬂﬂag? & MR E?EFPC&( nory
cel |l praqvides differential output to a conplenentary pair of bit |ines.
For exanrpl éN%RETeiPEs dAMEMUN sl AP Grayhus rgigramoesssps earsl 20 meymenory cel | s
having nulti-dielectric type nonvolatile 15 devices or graded-channel
transi st or Je¢ebBVES)Opemting WilGge tHatandy Yaer evegrappinge rhdtndlbdeus volbge t he
stability characteristics of SRAM nenory cell 200 (FIG 3) that is

regul ated ivalwctet dasiciserwibblle an belo Wb spAatiR] véibRendiafembry saERbOON. For
FIGs. 4 and 5, the horizontal axis corresponds to the voltage at node 280

i menory aebinetQRoidsemrldy LRk difalelitd il AtlapeSalleRpRnds Lo the

vol tage at node 270. Reference nunber 0 shows a | ogli ¢ one val ue at node

%Z:Oe\rmeﬁge%@n%%?r%ghé vs%&gagggﬁ;gi%dQO om-’nfg'hpoﬁ'{igrt‘nsebf in’tggrate% cqricgitt‘lad (c'r'rln val ue.
10 100} may be adjusted for performance, power consumption or any other
criteria. The present invention may also be applicable to other semiconductor
memory technologies wherein a memory cell provides a differential output to
a complementary pair of bit lines. For example, the present invention may
also be applicable to memory cells having multi-dielectric type nonvolatile
- 15 devices or graded-channe! transistors (GCMOS), etc.
FiGs. 4 and § are graphs that illustrate the stability characteristics of
SRAM memory cell 200 (FIG. 3) that is regulated in accordance with an
embodiment of the present invention. For FIGs. 4 and 5.,'the horizontal axis
. corresponds to the voltage at node 280 in memory ‘cell 200 (see FIG. 3} and
20 the vertical axis corresponds to the voltage at node 270. Reference number

300 shows a logic one value at node 270 when memory cell 200 stores a

high state, i.e., a digital “1" value. Reference number 310 shows a_




WO 03/ 049121 PCT/USQ2/ A 2 0 O 6 netastable state when nenory e{g é?g
SW t ches b%dxﬁ%@whﬂgi c states. Reference nunber 320 shows ﬁ:l‘/@éz 7%, 006
val ue at node 270 when nenory cell 200 stores a low state, 1.e., a digital
"0" value. The voltages at nodes 270 and 280 are | ogical conplenents of

one anot herygugidtle hfe GHIRsSMEMeAUBEIERO0 &ifchedbetige WG dtasesrters within
menory cell 200. It should be noted that reference nunbers 330 and 340

| ndicate SRR 0 sndwd Mol QLB AALAGIRS 57 Whehlm y cell

200. In partic ows a static operation of nenory cell 200

while FIG 5 reduced noi se margin , .wal ues ese ri read
operati on. %B%%tqgﬁaq%‘ﬁesﬁtﬁ oF! aaoq%'i;aédét evraﬁ,{enggh%y q%}ag@glaﬂ\%g%st he bit
lines (BL and BlLc) of nmenory cell 200 resulting from a, precharge operation
may confli &70 and #89 aedpder!icomrigraers of ane; anothgi Quede thg(‘]’éosﬁo. To reduce
the risk of a conflict, the gate widths/|lengths (sizes) of the MOS

t ransi sBor ssouplegemtre efethe CMOS inegrtere weitis enemptyncallhé0Q.niteshouichbe ¢ he
precharge high voltage on the bit 20 To provide a stable environnent for
menory bl ogietdd thatetarapreongssas 3300ared 200 mdicatectatie Naiseddergit i ng vol t age
that may be separate fromthe regulated operating voltage received by

menory bl ogknf)-valles aResAbidE: ofMAbERGE cOf 208k paktiRldr, FG.MB¥hdRs a
mai ntai ned at a fixed voltage value that provides nenory cell stability

while th ' na.vol | i1ty
For  per for REecoR RS of Bndil o ZRRFLAREERS, » ERopo g TRseefiin S (i

and BLc) does not force node 270 to..a logic high | evel. However,
P values present during a read operation.

10 In a read operation, a predetermined high value on the bit lines {BL and

BLc} of memory cell 200 resulting from a precharge operation may conflict

with a stored low state, for instance at node 270. To reduce the risk of a
conflict, the gate widths/lengths {sizes) of the MOS transistors in memory cell

200 may be chosen with the intent that the precharge high voltage on the bit
15 lines (BL and BLc) does not force node 270 to a logic high level. However,

even the proper selection of transistor sizes may not prevent the memory cell
from becoming unstable. For instance, memory cells operating at a low
‘voltage are susceptibie to an imbalance in current conduction paths from
A:) processing variations that may result in a memory celi failure.
20 To provide a stable environment for memory block 40 , microprocessor

~ “core 20 may receive an operating voltage that may be separate from the
regulated operating voltage received by memory block 40. The operating
voltage of memory block 40 may be maintained at a fixed voltage value that
provides memory cell stability while the operating voltage of microprocessor

25 core 20 may be adjusted for performance, power, etc. of integrated circuit

10, 100.
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even the proper selection of transistor sizes may not prevent th n}) %
cell fromypgeonisgy unstabl e. For instance, nenory cells opﬁfﬁg&ggﬂ% 4004y

voltage are susceptible to an inbal ance in current conduction paths from
processing variations that may result in a nmenory cell failure. 10 WO

03/ 049121 PCT/ USTAhBIaZét(fock 20 pklidds &t ki {or @ctassl aynaBtRisbace for
el ectrical signals passed fromm croprocessor core 20 to nmenory cell 200.

Put anot her frmymtcrﬁp@csm@@&ap te ROty ¢RiinYQit Byt anqtharl wavhat transiti on
bet ween gr O E%%gsgd}agﬁg"zétsde@gra\fé’é E@ﬂglgﬁéa{qrgrﬁsqﬁcg %L é)enb%%[ﬁd aflq but

transl at or ust ose Si trans tween ground
and an operamlopgrawmbt\mgegabf rrnewprqcebimodmdao sotreanslaton®laikgdml s passed

frommc opr@cessor core 20 throu%l’t(transl ator block 30 may be address
lines t pauststhese giopalRdp dransifion hejyeen @rewy and enaprsiefing Veeass §f

operation. AcHRFPHIE 46." SHire éﬂ% smwasseaq}dn%&oevoéeemo% 9 bl ock 30

may adj ust the voltage swing of the word I'ines supplied to SRAM core 40.
~ Al t er nat i vethyoughhwadgetyd ibfepkc3Q Umytbenaqdrb@ linesatoetl et taesingle amcshamer bI ock

h nbo h
ocel ven by MBS T B R el SRt A BEreteg Or B G a i s i i ng

menory cel | 1ol@Red by @aMatoBIodR 308E) adiis® Uk vbieseCswinglatitHe viddramenory
bl ock 40 nmay operate at voltages that are different from 15 the nmenory

bl ock, e lgiegapplischtSRAM aenedily Bllt@metwagv Hee defjogingeeiraudt mgy diger | y
Imr;t e[)]; g\??d\ghgche naI tﬁnsﬂtpr E'(rggﬁgl ;t '?'on as d§§e an%gﬁ{tnﬂegnt%sy bﬁ?%r?qp °0 also
)y sSWing of the word lines received by memory block 40 is properly adjusted for
reading and writing memory cell 200. In other words, even through logic
outside of memory block 40 may operate at voltages that are different from
15  the memory block, the signais into the memory block may be adjusted to
properly interface with memory cell 200. It should be noted that sense amp
50 also may provide a signal level translation as data from memory block 40
~is provided to microprocessor core 20,
By now it should be clear that embodiments have been presented
20 having a microprocessor core and a memory block that may operate at
different voltages. A voltage regulator, either external to the inte.grated circuit
or designed as part of the integrated circuit, generates two voitages. The first
) ‘ . operating voltage for the micropfocessor core may be selected to satisfy
| power and performance criteria while the second operating voltage for the
25 - memory block may be set to provide acceptable noise marginé and maintain
stability of the memory cells within the memory block, although the scope of
.the present invention is not limited in this respect. The separate,
. independently set -operating voltages may allow the microprocessor core and

the.-memory biock to be integrated together and operate efficiently while

30 satisfying different criteria.
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is provided to mcroprocessor core 20. By now it should be clear t

enbodi ment syhay@iheen presented 20 having a m croprocessor E‘P/’Ué 52006
menory bl ock that may operate at different voltages. A vol tage regul ator
either external to the integrated circuit or designed as part of the

i ntegrated circulhile gengnhdbsmirdd\of thelibegmn HEve HdehSiust@R&l atd Nng vol t age
for the m croprocessor core may be selected to satisfy power and

per f or manced@seribed harejihi many Ao ddisatpes. cpdrtititisgsyveiarage. st equivalomsnenor y
bl ock may V. oi I a
stability gfﬁv'”tsﬁewtr?%ﬁg{%{h% %ﬁms@@me rg rlr@%b% %Hoodktoqjﬁ @Edgﬂ%t% {?he scope
of the preabenthd am&amtledrmlamsmé inténdeided davet hli suéleapRrficatibhs asgpar at e,

i ndepen ent set o ati ng vol ta es may allow the m croprocessor core and
the ne Gﬁlﬂgﬁs FBQ?JLW”H{%HP&{% RigHE ﬁ'@r'”é{?ﬁf'%er ate efficiently while 30
sati sfyi ng different criteria. 11 WO 03/049121 PCT/US®2/ 0 55 2 0 0 6 74.5
Wiile certain features of the invention have been illustrated and

descri bed herein, many nodifications, substitutions, changes, and

equi valents w |l now occur to those skilled in the art. It is, therefore,
to be understood that the appended clains are intended to cover all such
nodi fi cations and 5 changes as fall within the true spirit of the
invention. 12 11.5.2006 What is clained is: 1. A system conprising:
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a logic core to receive a first operating voltage potential; 5 a Static
Random Access Menory (SRAM bl ock integrated with the |logic core to receive
a second operating voltage potential that differs fromthe first operating
vol tage potential; and a translator block to receive the first and second
operating voltage potentials and adjust signals received fro %Q@E§og|c
core having the first operating voltage potential to provide S|gna?

t he SRAM blnaGkaated e second operating voltage potential. 10 2. The systen1
of claim1l1 further conprising a voltage regulator to generate the first and
second operating voltage potentials supplied through first and second
termnals to the logic core and the SRAM bl ock respectively. 15 3. The
systen1of1claihﬁﬁmmh@m%WWWQhe first operating voltage potential supplied to
the logic core ess second o erathg vol tage potential supplied

to the SRAM bI%’(‘?ﬁicC‘Het%ﬁ?'vgfg'fséﬂﬁ’eé"?“"%l’%tf’ Ronlid't her conprising a sense anp
to recgive the §ﬂa{§|§an§§ﬁ %@ﬁfggﬁg&ﬁm )'bl38k Mﬁb&%ﬁ%tﬁﬁ%%& c@#eﬁ? /bg2d] ust

signal s fron1t e SRAM e ‘'second operating 20 voltage

pot ent i al a k&ofif dhétatify Fitaddedofentiad thb @ik IRntthé€ ik pafatitig B itdde lpStent@pardt i Ng

vol tage potential. 5. The systemof claiml further conprising a voltage
“regul ator i nt eyransiewdr bipakto tepeiv thgiiret 206 sesoncierdraBiiditagsmofeptidlshat agiester at es
t he firstgﬁgeratln voltage potential to the |logic core and the second

oper ating [stretgeh e e fagic ops hayies iRl pPrag, voage gotenfialiaprovide sigfor i si ng:
a Static mmeﬁgcg%ﬁhg/gg%yJ{eﬁﬂﬁﬁ%/@o”gg% nﬁ)teﬁ edded on the device; and 13
upl'ed to the

11.5.2006 a m croprocessor M core, where the
m Cr ofiy ocessor operates at a

2. The system of claim 1 further comprising a voltage regulator to generate the first and
second operating voltage potentials supplied through first and second terminals fo the logic core

and the SRAM block respectively.

15 3. The system of claim 1 wherein the first operating voltage potential supplied to the logic

core is less than the second operating voltage potential supplied to the SRAM block.

4. - The system of claim 1 further comprising a sense amp to receive the first and second
operating voltage potentials and adjust signals from the SRAM block having the second operating

20  voltage potential to provide signals to the logic core at the first operating voltage potential.

5. - The system of claim 1 further comprising a voltage regulator integrated with the logic core
. and SRAM memory that generates the first operating voltage potential to the logic core and the
second operating voltage potential to the SRAM block.
25
6. A device, comprising:

a Static Random. Access Memory (SRAM) core embedded on the device; and

13




first voltage and the SRAM core operates at a second voltage. 7. The device
of claim®6 further conprising a voltage regulator to generate the first and
5 second operating voltages. 8. The device of claim6 further conprising a
transl ator block to receive the first and second operating voltages and
adj ust signals received fromthe m croprocessor having the fiQ§529&§rating
vol tage and provide signhals to the SRAM core at the second operati ng

vol tage. 10 9. aHheprRY¥ds6Ecolbicd b deBRAM dbrd, MBLre @RMAEDSbRGsAocisSatanP t o
receive the first and second operating voltages and adjust signals

recei ved fisiowitdge @enGRASRANIcerelvpemiag at neceeicomsgeoper ati ng  vol t age and
provide signals to the mcroprocessor at the first operating voltage. 15
10. An apparatus, conprising: a processing core coupled to receive a first
operating.,vol tage, .a translator block coupled to receiv h i rst

ober at | ng7vol t Dpdeuf st BHEF sPuPhts AgRos felfel S5 heinlitied renory
bl ock HavidgnFopBRIRY Yitsfese and sense anps, where the menory 20 core is
coupled to receive the second operating voltage and the sense anps are
coupled to receive the first operating voltage and the second operating
vol tage. 11. The apparatus of claim 10, wherein the nenory core includes
St ati ¢ Rabhdom Hecleyee Hishainr §furtisRogmprigingrs trgnstaddr block ip Feceive thefiest apdsagond us  of

core 1 5. | FEEH AT and el Sroab P P ey g RO R HRBr y  cor .
14 1 1.5. \%QQQ@ and provide signals to the SRAM core at the second operating voltage.
10
9. The device of claim 6 further comprising a sense amp to receive the first and second
operating voltages and adjust signals received from the SRAM core having the second operating

voltage and provide signals to the microprocessor at the first operating voltage.

15 10. An apparatus, comprising:
a processing core coupled to receive a first operating volitage;
a translator block coupled to receive the first operating voltage and a second operating
voltage; and
an embedded memory block having a memory core and sense amps, where the memory
- 20 coreis coupled 1o receive the second operating voltage and the sense amps are coupled fo

receive the first operating voltage and the second operating voltage.

1. The apparatus of claim 10, wherein the memory core includes Static Random Access
Memory {SRAM) memory cells,
25
12, The apparatus of claim 10 wherein the first operating voltage supplied to the processing

core is less that the second operating voltage supplied to the memory core,
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13. The apparatus of claim 10 wherein the first operating voltage supplied
to the processing core is greater that the second operating voltage
supplied to the nenory core. 14. The apparatus of claim 10 further
conprising a voltage regulator to generate the first and 5 second operating

vol tages. 15. A nethod, conprising: operating a processing cor. is%%a first
vol tage; and operating a Static Random Access Menory (SRAM bl'ock at a

second vOk3 agerhdbartihd Elein 10-thediP R ilEorelit votflelsafifie ofie XM oCk

bei ng coupled to the processing core od of claim15, further

conpri Si Ngoré camtedthaltbie Sdcoritdpsratienetajeadpdlyd b e nEn@ee®sd. Ng core to signal s
recei ved by the SRAM bl ock operating at the second voltage. 15 17. The

met hod of claim 15, further conprising providing signals generated by the
pr ocessi n%gcor to the ock operati ng?lvmtho t transl at

S gnal s, et aE e S aps Ao atioiah Shereaey tb?ﬁrﬂawg si gnal s

gener at ed notébgraﬁféﬁ LOCk to si gnal s received by the processing core. 20
19. The et od of 15, further conprising operating the processing
core at the first voltage that is |ower than the second voltage supplied to
t he SRAM bl ock. 20. The nethod of claim 15, further conprising operating
the proce¥si ngA wethed. gemprisieaf i rst 25 voltage that is greater than the second
vol tage supplied to the SRAM bl ock. 21. The method of claim15, further
conpri si ng adj‘ii’§[ait"i‘i?ga RrRces$ing core 3 3Ifirshpiags @M ed to the processing core

I ndependent | Yy § ra‘ Pge §tgt‘1:cq£'ag|dc\)/r9 Aéc%gseMgr%Jr{}) {s‘%&n}) %IoEk 5 %ecoM:l %It?:&éﬂhat%ﬁfers

10  from the first voltage, the SRAM block being coupled to the processing core.

16.. . The method of claim 15, further comprising translating signals generated by the

processing core to signals received by the SRAM block operating at the second voltage.

15 17. The method of claim 15, further comprising providing signals generated by the

processing core to the SRAM block operating without transiating the signals.

18. The method of claim 15, further comprising translating signals generated by the SRAM
block to signals received by the processing core.

20
19. -  The method of claim 15, further comprising operating the processing core at the first

-voltage that is lower than the second voltage supplied to the SRAM block.

20. The method of claim 15, further comprising operating the processing core at the first

25 . voltage that is greater than the second voltage supplied to the SRAM block.

21. The method of claim 15, further comprising adjusting the first voltage coupled to the

processing core independently of the second voltage coupled.to the SRAM block.

15




