WD .02/ 095761 27/ 09/ 2005 PCTI US02/ 21653 Appar atus And Met hod For A Mermry
:Storage Cel | Leakage Cancellation Schenme FIELD OF | NVENTION 5 [99? /T%OS

field of invepdipgwsmg ates to sem conductor nenory technol ogy generally;
and nore specifically, to an apparatus and nethod for a nenorfCEUEREHSE3cel |

| eakage cancel [ati on schenme. Background 10 (0002] Figure 1 shows a prior

art Random ACCA?ﬁafﬁwﬂhdmocpﬁoﬂAmno%@or '@éléeealﬁgr '\%Ce'egﬁ%ggag‘;] of

Figure 1 includes a plurality of "N' storage c

- which may correspond to static RAM (SR&Mje I.Balls) Each of the storage
cells S, through SN stores a bit of data. tais read froma particular

storage cell by activating its corresponding word line (W) (e.g., W, for
storage 15 cell S,, W2 for S2, etc.). During a typical storage cel | read

operation, teElnior iINBSNTiIENL: 102 are pre-charged to a "high" voltage.
[0003] The word line of the storage cell to be read (e.g., word line W,

for storage cell Si) is activated (e. g. wth a "high" vol tage) while the
word |ines W2

word |ines f un, r.e s orage cells (e.
t hrough W.N Fbg)ro i {or Qegg%ﬁg‘k’g'gl‘l%’e% a‘l‘? : lglFtOF i Fﬁﬁgnﬁpglare
pon the ‘activation of::the word:

deact i vat ed ShOWE- Yol t
eactivate gﬁeggl aYg ézncﬁ’elngggc 2 aa?uegpgaratt\l,gﬂqp metli@d\;l@amgmqyor_age Ce“

line for the

Si), the st 0 be re d drlves ohe of the bit lines to a "l ow
vol t age. %@]%%ﬁ g'é@é‘ﬁﬁ?éa”ﬁ alioSeheMme. st ored in storage cell.S,
corresponds to a 1", 25 storage cell 'S, drives bit line 102 to a. "l ow'
vol tage while bi B3KUQURB1 remmins at WO 02/ 095761 27/ 09/ 2005

) .10 [0002)Figure 1 ‘shows a prior art Random Access Memory (RAM) celi 100. The
prior art RAM cell 100 of Fagure 1 mcludes a plurahty of “N" storage cells 81
through SN (each of whrch may correspond to statlc RAM (SRAM) ceils). Each .of
the storage cells 81 through SN stores a blt of data Data is read from a partrcular
storage cell by actlvatlng its correspondlng word lme (WL) (e.g., WL, for storage

15 cell S;, WL, for S, etc.). Durmg a typical storage cell read operation, the brt lmes.
1 01 102 are pre- charged to a hrgh" voltage N |
{0003] The word lme of the storage ceil to be read (e g.. word line WL, for storage
cell S4) is activated (e g wrth a "hlgh" voltage) whlle the word lines for the
remalnrng un read" storage cells (e g word lmes WLz through WLN for storage

20 cells S; through SN, respectlvely) are deactlvated (e.g., with a “low" voltage)
Upon the act:vatlon of the word lme for the storage cell to be read (e.g., word l1ne
WL, for storage cell 81) the slorage cell to be read drives one of the bit llnes toa
“low” voitage. |

| [0004] For exarnple, if the data stored in sto-rage .cell S¢ corresponds to a "1';.

25 storage cell Sy drives bit line 102 to a “low” voltage while bit line 10‘l remains at

|




PCT/ US02/ 21653 the pre-charged "hi gh" vol tage By.contrast , if the data
-stored in storage cell S, corresponds to a "0 storage cell S, dﬁﬂ’ %ﬂéOS
- line 101 to awpleQpbss¥p! tage while bit line 102 remains at the C 7
"hi gh" voltage. Figure 1 shows an exanple of the |ater case [’? @502’75!€¥3"r age
cell S, has a "0" stored) because drrve current Isc i3 5 observed being

dri ven 10m biek b 8ackd -inelarg0° 6 Shhal. i HOORR S BRGANSRANCL L 200 on

the bit lines 101, 10 ng a ge ce are one
vol t age bei ng, {Jae ) Jff.e ntial nal
may be said tOJFﬂggPeS?dsgtﬁ E?hde %O%B{E| ne§ ?@fgq}iﬂdg‘\év%%ar %y ttap%l hﬁ?bﬁ
provi ded on tre IS 1 ressed as: ., 10 Signal = Vl V2
Eqn. 1 where \/%gl‘llsabt llena\g}"o etig%p{)eﬁq'érge -hﬁggr I@%gﬁnﬁrﬁe§§h9w& E\?tﬂg‘@ oh bit
line 102. Not act ual and...o es on the brt Ijnes may
vary from enbﬁ%la%%a%as%g' ﬁ%&%ﬂerﬁ?H "Eﬁrath i Edﬂ"HﬁPuT’ﬁ@ ¥ Eater the
di fferenc b .. and. er t he di fferentl al signal observed
on the blt(:aS %vrg 6¥ %J‘g“vef r%g@?f? v8jaragg|oe! Seakage nmay cause an :
rr,nc_reasernhéﬁnéﬁlgo 51 |t takes the differential voltage to

devel op on 't eEIRESING yp!tagas e PR dnes KT 19 during g storagg cellierd t he
speed of operation of the RAM ceII 100 %_@ e adversely af fected by t he
storage cel | a&giffgawst (imeneiaiiage beinp digh the alberwitage beingdaw)k age i s creat ed
during the course of a storage cell read, wi thout storage cell ‘| eakage, may
be 20 expr esdidigranial signamay beaarg@emstzuodpeeqmneszmmelbe The diferestid he
capacitance of the bit line being pulled down; 2) Cc is the capacitance
bSvaeen t he dgoalipredded 0n thel biRfinesmD13)02 payibe expeesasust of drive. current

|l ed by a storage cell being read from WO 02/095761 27/09/2005
PCT/ US0212I1 653 [ (Bigm3! sFvd2Equati on B4n.i-t i s apparent that the rate at

which the differential voltage
where V1 is the voltage on brt line 101 and V2. is the voltage on bit line 102. Note

that the actual high and low voltages on the bit lines may vary from embodrment to
embodrment F urthermore note that the greater the drfference between vi and
"V2, the greater the drfferenttal signal observed on the bit lines 101, 102.

15 [0006] Storage cell leakage may cause an increase in the amount of time it takes
the diffe-rent_ial voltage to develop on the bit lines 101, 102 during a bit cell read.

As such, the speed of operation of the RAM cell 100 may be adversely affected by

Gy

the storage cell leakage. ~The rate at whioh the differential voltage is created
during the course of a stora.ge cell read, without storage cell leakage, may be
20 'expressed as; | |
- Dv/Dt = Isc/{(Cb + ZCG)‘ ' -Eqn. 2 -
where: 1) Cb is the capacitance of the bit line being pulled down; 2) Cc is the
.capacitance between the bit lines 101, 102; and 3) isc is the amount of drive.

current pulled by a storage cell being read from.




is . created increases as Isc increases. Storage cell |eakage has the effect

of the reducing the Isc termin Equation 2 and, as such, reduc
at which the waighhsszgntial voltage is created. Storage cell | ea27zh[§s/r?¢|65
tendency of a storage 5 cell, that is not being read from toPpllUpr2Ru¢Tent

froma b|t line. As fhe nunber of un-read" cells that pull |eakage current

from the "hi gftbobjrtrohl BEUALRA @eﬁgse%aké}ﬁ thdt TRAGLe Qﬂﬂﬁtaﬁﬁeﬁmﬁiﬁ?@nﬁ%gﬁahgé he

differential voltage worsens Worse case con
EXETplL 11 o0 18 RS fefoasBBa6id tkhies S5l cByRae e el Bh B ng
N-1 st th ] | eak t
'L from the ok *“ﬁe'ﬁﬁé%ﬁb"’é‘%sﬁ??#%a%égeu%ﬁ?&ﬁﬁs e igALRENIhgh bi t
I 102 I g t h I 102 | t As h, N1
I:agﬁage c\t,JMrrents E V?It;‘g‘iﬁ '? ﬁ:gg%?‘%ﬁ&t?i' elqe aflﬁgg( eéé&?ﬁ%hgﬁﬁgmf%%‘i) _
t the high bit | 102. 15
00051 Fram ﬁ%ﬁﬂ%ﬁé%@ BROE e 1B Gier BP0 imge Asdimumber | shed

bet ween the 101 and 102 as the high bit line 102 .
vol t age drops T r‘ﬁof:ﬁ@s {hﬁ- &W’Ea@&&ue@m £ $ha Thigh' kit ilepfiraseassss, Weoppi ng t he

|l ow bit Iine 101 voltage with the drive current tsc is reduced. This
corr esponds f%p%taﬂé?%g%tﬁaFWh{cﬁ@%@'ﬁF@ﬂEﬂt‘@&?ge woeeas. vol t age which =
corresponds bﬁ’ sb(gecrease inthe rate at which the differential 20 signal
vol tage i s dERPEBLDHU@rse erpecgontiian is exemplified incFiginest. Spexificaby\diuringa shown i n
Figure 1, the rate at which the differential voltage is created during the
coyrse of a “agrigkoraes relt Sawhichiptits custent lsgdrooette IbwaiﬁagemITWadbﬂ)f@x@ressed
as? Dv/Dt = (Isc-(N-1)IL)/(Cb + 2Cc) Eqn. 3 3 WO 02/ *95761 27/ 09/ 2005 :

PCTI USC2) @1 6%8aiieg b1 sjorgye celist(ie, stapge ictks$ £thebughhSy)ill uéak@ge tedrévet pul | ed
down; 2) Cc is the capacitance between the hit lines 101, 10 Isc is
the anount df frdmithe higir bitlie 102. Each leakage current I, from the high bit line 102 will
cause a drop in the high bit line 102 voltage. As such, N-1 leakage currents [
from the high bit line 102 (as seen in Figure 1) corrésponds to a worst case
voltage drop on the high bit line 102.
15 [0.009] Frorn the perspéctive of the differentiél voltégé being established between
the pair of bit lines 101 and 102.. as- thé High bit line 102 voltage drops from the
N-1 leakage currents 1, the effect of dfbpbing ihé low bit line 101 voltage with the
) drive_current Isc is reduced. This corresp‘oﬁds to a decrease in the differentié!
signal voltagé which corresp'onds to 3 de_crease in the rate at which the differential
20 sngnal voltage is develc)ped | |
[0010]) That is, for the worst case condmon shown in Figure 1, the rate at which
the differential voltage is created during the course of a storage cell read, with

storage cell leakage, may be expressed as:

Dv/Dt = (isc-(N-1)J/(Cb + 2Cc) Eqn. 3




pul-] ed by a storage cell being read from and 4) (N1)IL is the total
amount of | eakage current being pulled fromthe high bit |ine 13)? g@gg@@g

in Equation 3wddhmeosheakage current term (N-1) 1L subtracts f\rﬁﬁ drive
current termlsc. This corresponds to a drop in the rate at T’c‘ﬁ hlos3
differential voltage iS devel oped. As discussed, this corrésponds to a

drop in the sggef: 9f Cb@tr@%\z{'pga qc%%?the Iﬁébd%%@ald%ngf_ PB%VMI GS 10

[0011] The present invention'is TlITustr exahpl €, not

ref or oncas | niast e SuihEEn Bl B RBOITRARS B ﬁr%v%rﬁ%fpﬁwfh&%reftsgogz K
Cel T 15 [0 TH i S %‘%h%u%géﬁ §ﬁ€€§%“ﬁsﬂ$4§@3ﬂhgﬁ'&w AABHERL ng chat

b dt t th I I
o Fgure 2. epbR AR b DS BuseE i Sh S bEB o B besh ThEGVR L 26 A
rOV|d|n ncellatlon current on the

cell. DETAI DESCRI P oQle] P

bit |i nes-gg\f hg@ﬂ&%ﬁ%‘}m qumf(h ‘8&&1'@ r3gts f@f’ﬂu TYEfUERRHEIMAISSi Yl quality
descri bed above in qt;é%[e bag 8 nd Fi % shows an enbodi nent 200 of an
i nproved RAMSOEEPPRTIS: tod §rapin ‘/@I"?te@& hthegifferential wejtage is devaloped: g e 3
shows an enbogi nent  of control signaling.that nay be wused to read the from
"a storage c&igCUSHEhithis CAECSRAGAS A dremndae ﬁpmfdhe RAylLesdl 100. [0017] o
Referrlng to Figures 2 and 3, the read operation of a storage cell may be
25 viewed as occur BRHF PESGRETIQN OF BRAMINGSase (e.g., between times TO and
Ti of WD 02/09.5761 27/09/ 2005 PCT/ USo2/216,3 Figure 3) equalizes and

pr gcharges the bit lines 201, 202. A second phase (e.g., between tinmes T1
ant T2 ofl0Fi {RA1]1Ehe arqseokmmmtl@hys ilestexted by way ef Brahplef amthyot lindtakianidn
current that may exist on the bit lines 201, 202 by providing a | eakage
supply curr ettte fighres bﬂ_tﬁe(ancmapénymg ddaMngsZ@ﬂwhlcﬁOiRelréfdreﬂcdsl&idﬁciate é’irrﬁlbr rd

phase (e.g.,
elements and in wh:ch
~ [0012)Figure 1 shows a pnor art RAM ce!l
[0013] Figure 2 shows an embodiment of an lmsrsvéd RAM cell.
15 [0014] Figuré 3 shows an embodimeht of contrsl Iiné signaling that may be used
to read data from a storage cell wathxn the |mproved RAM cell of Flgure 2,
| [0015]Figure 4 shows another embodiment of an tmproved RAM cell,
) DETAILED DESCRIPTION
“ [00186] Providing cancellation current on the blt lines effectively nullifies the
20 reduced dlfferentaal 5|gnal qual:ty descnbed above in the background. F|gure 2
shows an embodlment 200 of an |mproved RAM ceii that effectively cancels the
leakage current F igure 3 shows an embod:ment of control signaling that may be
used to read the from a storage cell wnthin the |mproved RAM cell 200 of Figure 2.
[0017] Referring to Figures 2 and 3 the read operat!on of a storage cell may be

25  viewed as occurring in phases. A first phase (e.g., between times T0 and T1 of




5 between tines T2 and T3) mai ntians the | eakage supply currents 1L,, IL2
while the bit lines 201, 202 are equalized again. A fourth phasgﬂ/?ggy. 005
between ti mesydzoedrgh T4) reads data froma storage cell. [0018_1_ A ir_s%
phase (e.g., between times TO and T1 in Figure 3) equalizes aRHETUSPIARY ges
the bit lines 201, 202. Thé bit lines 201, 202 are equalized by~ turning 10
transi stor Qbrifike 3N RNSI ' : %l N0, | ze line
203, 303 | ow. Igur\"3 n}r?g trlz}tr?gng%?é'%é%gnmgﬁ Fceﬁgﬁ)g% yj Og'r Zg?eeéé)p‘g p(sﬁ%(g)éké Trcuit
-between the RQidedd fES ich the bit |ipes 201, 202 to have
g ps Moot Tade SARGRAA Gy e BB fRslordvas

2&2??2%5”&?1 'Zqéuajlé ﬂhépiag%g% [ ]VI ;{5 Ié j.ng the. bit, | iknes 201,
202 hel ps to e?@gct |uver1y _c:c X 30 %AW?@EI iS W:g)rpvglr}%?&a 89%r age
Ch Figure 5 sBBYsERAPLE L bpBatb B HE 258 30 Rl £ b Baseie e il |

vol tage fromthe readin T Is. one bit line may be at a | ow voltage
while andt hebFE%‘?‘?“e‘f’Pﬁ%Q?rSQQ%) qEIndERs die '96‘@9&9%'}’9%“{[%& tnde¥hlathee 1ine
203 l.ow al |l O¥\ﬁr thgog% | ines 201, 202 to ,reach a conmon voltage._20 L
'[0020] The bi CY"PRe 2 356 #qyplized|aggin, A fourhniase (e nbeleesdimes T3 ne 204,
304 is driven LrO)g/. " In the enbodi nent of Figure 2, pre-charging the bit
lines 201, 2899 Tébreads setaikoma #Piaggiaeh both the bit |ines 201, 202 to a
hi gh voltage, During a subsequent read froma storage cell (e.g., between
‘tinmes T3 and[Of48hA fifst phpee (B)9.. between dimegd Ocand T bisi Figure & eéqfialimesank s one -of -
the pre-charged bit lines to a |l ow 25 voltage. WO 02/ 095761 27/09/ 2005
Pi/ US02/ 216B@chames the bit tives 201h362.nFhe biblings 20, 202 are beudlized Ibiynasing01,” 202
are pre-charged by turning transistors QL and Q2 on. Transistor's QL and
Q@ are tUrneldanststomQbive. Teansiston@bis tindd gubed@vitythdradualige irke2631398 | i ne
| ow 204, 304. Note that, in the particular enbodi nent of Figure 2, the
gate and dr dows Tafningthansistor B effetivel@brdateddlsidH GrGithRtwedomeast’ by a -
transistor. That is, transistor B shorts the drain '
lines 201, 202 which causes the bit lines 201, 202 to have an approximately equal

voltage. This activity may be referred to as edualizing the bit lines 201, 202.
[0019] Equalizing the bit lines 201, 202 helps tb effectively “clear” the RAM cell
15 200 of a prior storage cell reading. For example if a storage cell was read from
prior to time TO jn Fig‘ure 3, the bit lines 201, 202 may still maintain the differential
voltage from the reading. That is, one bit line may be at a low voltage while
' ) another bit line may be at a high voltage. Driving the equalize line 203 fow allows
the bit lines 201, 202 to reach a common Qoltage. )

20 [002_0] The bit lines 201 , 202 are also pre-charged when the sense line 204, 304 is
driveﬁ low. "In the embodiment of Figure 2, pre-pﬁarging the bit lines 201, 202
corresponds to bringing both the bit lines 201, 202 to a high voltage. During a
subsequent read from a storage cell (e.g., between times T3 and T4 of Figure 4),
the storagé cell being read from pulls one of the pre-charged bit lines to a_lomlr

25  voltage.




and gate of transistor QL and transistor 4 shorts the drain and gate of
stransistor @. Shorting the gate and drain of each of transist —;4@/@@05
2 at_1s,

- 02 configuresyobh@sgstransistors QlL, @ as an active load. [00 _
driving the sense line 204, 304 low turns on transistors Q@ ahdl/EBR0221653.

which, in turn, respectively enables transistors QL and @ as act’ive | oads.

The source t d0@2gimtheadrhipgrm¥RlbiHigas 2; aetbivMRel 289 hngt ed as:
Vsa - VSG _ VT + (1s01B)0.5 Egn. 4gvvhere: 1) {e/SG isﬁﬁaeﬁé?(;%r%@é@tég%gate

vol tage; 2) \@rmirg tdreistdrs €ehahdlQeadr ag8asiddrd 89 ainﬁﬁé bR SRYGH ifl]ghéjr ain.

current; and 3) B is the transconductance. For small source to drain

currents | SOenitidnémal Fighfe S WY drRingRnd séhse eli6@984 1.%&quﬁhﬁ§h%ﬁ . AS
g age e bit

such, in the enbodi nent of Figure 2, the pre-charge Vo ont
lines 201, 2QAicoRY efbBHRR - Ciald i gure 3
shows an exeﬁpl Izgt:ry gre-char éé&pfg’f‘f@?ﬁﬁggf’%\%@ %%bggggaaﬁgﬂ{/a\oﬁ%f%ogrgogm on

bit -1ine 201aa8 Q2Fh8yHE “ghoreld” Bg%ﬁ;‘%nsisfbr.a?hgtl i&,e:Fé?%Fng%fcgggn?é&‘sfﬁtgd i'{\] eor der

to speed the rate at” which the I nes are ‘pre-

-~ voltages of Ghd gad dfbrafBiicP &1 ScPtrdiholst GY Shod e Wilih Sag LRl 31205, B and

A are kept off during the rst” phase bet wee

vor 1 age (ahi b HPRES 7 BB el SER BRI RBA T e 88 dacobe ages of 25

vol tage (whic
transi stors rounded. , 6 WD 02/095761 27/09/ 2005
PCT/ US02/ 216%5%%}%‘?% e’é“ﬁ‘ﬁ%%asawﬁﬁ% P2flors QL and @ in a "high current”
out put stat ' | Lows fhemto dri t capaci tance associated with
bit |ines 23?%3?3 @hgrév"?;ﬁ fh(?v@oenf’ﬁ@"ﬁizﬁg'l 30930"‘2(5‘{”3 podrapgistasy &3 ansl @bpr oach
their pr@- ch r.ﬁg "Vﬁ-ll,ﬁt g%e faster t hﬁn a pure active load. As such, referring
to Figure 3,ViHb "TEIRJEFReRIVOlY Ln@bles dgesisiors0l angyQdas artivedpadsenbwdi ment
1) at a high | o%i c |evel between tines TO and Ti;
source to drain voltage Vsp of an-active load may be approximated as: '
Vo =Vsg =Vr + (Isp/B)°° Eqn.4 .
‘where: 1) Vsg is the source to gate voltage; 2) Vs is the threshold voltage; 3) Isp is
the source to drain current; and _3)'-‘8 is the transconductance. For small source to
I5  drain currents lgp, note that the source fo drain voltage Vgp approaches V. As
- such, in the embodiment of Figure 2, the pre-charge voltage on the bit lines 201,
202 may typically correspond to a voltage near Vce-Vy. Figure 3 shows an
' f_\) - exemplary pre-charged bit line leve! 31 O'Ifor the voltage 301 on bit line 201 of
Figure 2.
20 [0023]In an alternate embodiment (in order to speed the rate at which the bit lines
are pré-charged). the gate voltages of Q1 and Q2 may be forcibly driven low while
transistors Q3 and Q4 are kept off during the first phase between times T0 and
T1. For example,between times T0 and T1, the sense voltage may be placed at a

high voltage (which turns off transistors Q3 and Q4) and the gate voltages of

25  transistors Q1 and Q2 may be grounded.
: 6




and 2) switched to a low logic level at tinme T1. [0025] The equali zation
.between times TO and Tl may also be elinmi nated because the estapfpshmangs
of equal pre-wbasga7yol tages on the bit lines 201, 202 is not necessary
between tines TO and T1. That is, the act of pre-charging the %T’PS‘?EGW'Pnes
201, 202 effectively clears thém of their most recent storage cell fead

i nformation. [PA24joisheacey traisiadre ENAROOIRNE rhigh 8dvémt Ot Qi é%i may be -
replaced with transm ssion gates to protect against |ow |ne 1, 202

- voltages. Aalibwalttsm ssiowe Qlétc%pbtﬁtaﬁc@%@ﬂcta@éd RN Bl
: tran5| stor and a PMOS transistor such that when onéﬂ%s?& %I}'Nl?gﬁh are -

.and wherallons thesbit @id 200 @oh v@ft esjté apglfogch tﬂeﬁgﬁ@ch?ﬂ 'Ma@ fgg?nd phase

(e g., between tines Ti and T2 in | gure t he of an age

current that themya piedctio8 Idde AY g,_,clhl #E?ém@&{’o *fjag‘%é’ $h g%%eqm r@zﬁ%icagggl ed

by providing a | eakage supply current on ‘dach

I ndi vi duabl y 309 dy tes iP68§© BRIcb&iRfkAL DI af'?"rf‘r@thdgﬂ‘s %‘v%l #é}ﬁ gﬂral SR Onﬂzvau ng

between the bit |ines 201, 202. In' t
the  equal|Zahd ofsliatn ol BUE vk 202 1 accompl | shed by turning

off transistor 'S acconpllshed by driving the

Che bit 1inclr? ?'%ng’z“aé{?%‘?ﬁ"%‘m? Sl R T e,

the bit |ines
27109/ 2005 %%H%%&f%{%@%%ﬁ@ %%ﬁa@%%g&e?%@s?%ﬁﬁﬁnéw?r? : 212332,26b.1t
7 A et R B o
| eakage I(j:otljr 0GP ?ﬁ#ﬁ%ﬁ%‘?@&%‘ﬂbﬁ M ¢fdh %b‘?‘C’%"s"ﬁEﬁ"tééOfB%RQ@%gdur rent d
_ I Lb). information. In another alternate embodiment, transistors Q3 and Q4 may be
repiaced wi_th transmission gates to protect against low bit line 201, 202 vbltages.
Atransmission gate is a parallel coupling of an NMOS transistor and a PMOS
transistor such that when one is “on”; both-are “on” and when one is “off’ both are
15 “off".
[0026] During a-second phase (e.g., between times T1 and T2 in Figure 3) the . |
effect of any leakage current that may exist on the bit lines 201, 202 is .
: ) approXimately canceled by providing a leakage sﬁpply current {1, I 2 on each bit
line 201, 202 individually. This is accomplished by deactivating the equalization
20  between the bit lines 201, 202. inthe embodiment of Figure 2, deactivating the
_equaiization between the bit lines 201, 202 is accomplished by turning off
transistor Q5 which, in turn, .is accomplished by driving the equalization line 203,
303 high.
[0027] With the equalization deactivatéd. the bit lines 201, 202 are isolated from

~ 25 one another. As such, transistors Q1 and Q2 individually supply the leakage
: 7




[0028] 1f X storage cells in the RAMcell 200 |leak frombit line 201 and Y
storage cells in the RAMcell 200 leak frombit Iine 202, then Zage@ding0s
for sinplicitwoaeebs7si eakage i nto a storage cell corresponds _

amount of |eakage current IL) |ILi, = XIL and 1L2 = YIL. As di%@3§§§3§ﬁﬁy
nore detail below, individually supplying the |eakage currents on each bit
line 201, 202°urreqthalmaibexistondheic edspettive bit liefeb @01, 20m THe igirhhaspptiqal
signal - established between the bit |lines 201, 202 during a read operation
of a storage P@Videspoopent Nowsichisapplidsranlyilgikage fukrants tha Mo frdrh Bit§R&Ir ce to
gate voltages of transistors Q1 and @ may.differ if ILI does not equal

G ven that th&0gisueh as leakage eutténtiq).t Agesistr A2 RB5iHES 8'crr&dt I AR My
differ if IL1 does not equal 1L2, note that (again in |light of Equation 4)
the voltage ciuppfies iy lebkagscdithis #RRMORIOR il e 2 Bucrt APRBRYA G frent 2!
Is, as an active load is configured to have Vsc = Vb0, a difference in
source to Jyatlg)vol tage corresponds to a difference in source to drain

voltage. This will result in different voltages, as between the pair of bit
lines 201, - 2qoa2RIf X 0csYe dansiimheRAR defl 200 Asfk it i ig(&% 2 and
T3 of Figure 3) the bit. Ilines 201, 202 are e_qfﬁogvl'n?%gr&@g?{\(‘?g@t(he ggkage

Supply_cur  eshs fothe RANE caf 200 [ERk o B e Joe -t@f&%é@bég&ﬁgﬁw eg'gﬁ" cell

200 (which is acconplished in the odi ment's
HOPELI0, 0 RSt g ANl ol KHor il A A TSS) oo
T BT
on the oif | ?%ﬁ?‘?&%%%b@? ﬁ%&‘g‘ahﬁlq S 2B Smeremaiebesanessher pior 201,
20.2 VQ' t ageso,]i &ebt%ﬁgr@%ﬁ)gignr%-glstgbl?s?\léglb'etwe'en the bit lines 201, 202 during a read
operation of a storage cell.
{[0029] Note that, in light of Equation 4, the source to gate voltages of transistors
Q1 and Q2 may differ if ii; does not equal i,. Given that the gate tb source -
I5 voltages of transistors Q1 and Q2 may differ if Iy does not equal |5, note that
(again in light of Equation 4) the voltage on the bit lines 201, 202 may differas a
consequence. Thatis, as an active load is configured to have Vsg = Vsp, a
) difference in source to gate voltage corresponds to a difference in source to drain
voltage. This will result in different voltages. as between the pair of bit lines 201,
20 202. |
[003b] During a third phase (e.g., between times T2 and T3 of Figure 3) the bit
lines 201, 202 are equalized while the leakage supply currents I4, fi2are
maintained. The equalization to the RAM cell 200 (which is accomplished in the

embodiments of Figures 2 and 3 by dropping the voltage on the equalize line 203, .

25 303to a low voltage) “fixes” the difference in voltage, as between the pair of bit
' g




5 The | eakage supply currents ICl, IL2 are al so mai ntai ned by turning
transistors @B and Q4 off (which is acconplished in the enbodi NTEnYg0& /2005

Fi gures 2 andwe dayes7ai Sing the sense line 204, 304 to a hi ghp{fﬁg%azg%eé);
Turning off transistors @B and. 4 renoves the short circuit 06 s .
bet ween gate and source of transistors QL and 2. 10 [0032] However, due to

the presence lofesfiazd2 ahat ridy @avéidplas 4 F&Uh%ﬁmaé&%bél&;@%é@m s 1L, (L2

(that respectively. run through transistors

subst ant i al | ycomespengaglicaRegssiatents 8 jLi8leasibed %%%() currents may be said
i

to be "maintained'. Recall that a difference in b line 201, 202 voltage

may devel op G[BOSﬂP(sﬁwéhtsiﬁhlosé?B%?ér%an §Mfé§|a¥i'e0éiof; BR tr?&kﬁrge%gdﬁ zggts for

each bit line (between 15 tinmes Ti and S seen in

di scussed, t hae gabslizugbd @m%rcé%e i 1%2%%#5 tB‘BEra§§{o§< rﬁ{teﬁ;eeill‘ﬂxgl‘ce

[ 0033] During the generation of | eakage supply cur

(between tsi mepe IJéka@@%uEBly%ﬁrréﬁSrIH Q% gf‘e%lgoemg% AN t(ryotl % r%e}ra?ség §§g(§ tors

Cl, C will respectively ra age ve bit

oy Specausangiol b (HEK i ebbilidnedtn § @RbGEG Y Fle o) 3 tgéﬁ,ﬁ, and

'Q4). That is capacl tor n-bit line
agai E?Eaféé'@%%ss%@%?ﬁeﬁf%&ﬂ %@% VBifer g A G prs Rt o
_when tran r ., 003 When tran t or and 4 are
"turned of ;‘5 ! ? tr\%repgﬁefl rres?%ﬁ% rgHﬁ%LQE‘SﬂfWewe R Ifiglﬂ'ﬁ?zfggns'ﬁ@ 1

capacitors C%&% "hold onto" their voltage. As such, the 9 WO 02/ 095761
27 09/2005 S02121653 Ieakage supply currents ILI, IL2 continue to be

_ her at e r nsi st o respectively. Thi S corresponds to t he
Peakage B o2l {FnES 4. 15 Brosenvas! coRariarmiriad Gl ten Sakemme fgho

T3 i [-a{‘?'nZ@?r@@%mi,gtn‘éégr%%pé’é}wg@i@éS;Bué&qan@.f&‘.ﬂrg?m?’aﬁf QB) remain e o
substantially unchanged. As such, the feakage supply currents may be said to be .
“maintained”. Recall that a difference in bit liné 201, 202 voltage may develop as
a result of separately supplying the leakage currents for each bit line (betwéen':. |
I5 times T1and T2 as seen in Figure 3). As discussed, the gate voitages for Q1 and
R Q2 may differ as a consequence.
[0033] During the generation of the leakage supply currents I+, I (between times
) : T1 and T2 as seen in Figure 3) the vo_itage on. capacitors C1, C2 will resbectively
"-fam_p up” to the voltage on their respective bit line (because of the short cift;uit
20 esta.biished by transistors Q3 and Q4). Thatis, capacitor C1 ramps up to the
volt-agé maintained on bit line 201 and capacitor C2 ramps up to the voitage
maintained on bit line 202. Again, this is consistent with_Vsn = Vgg for each
transistor Q1 and Q2 when transistors Q3 and Q4 are on. |

[0034] When transistors Q3 and Q4 are turned off {between times T2 and T3 as

25  seenin Figure 3), both capacitors C1, C2 “hold onto” their voltage. As such, the
_ ‘ _ 9 _ |




5 a steady state is reached, the bit lines 201, 202 have approxi mately
-equal voltage and the | eakage supply.currents IL,, IL2 continue 29/09/2005

generated frowaoassestors QL and 2 respectively. [0035] In&ﬁ&g&% 53
phase: (e.g., between tinmes T3 -and 74 as seen in Figure 3), th
read froma particular storage cell. As such, in order to read the data

from 10 the Eabagmsupphl durrente!, £ quabhtmld tobeafenthredibml ifei@at 202 | S
termnated so that a differential voltage is allowed to devel op across the

bit Iines. NoQ@redpeetieor Bhis tbRespdridg U6 tededkideGrbps chh‘@n’béQL ﬂg%er?‘n 3 on the
equal ization line 203 is raised so that transistor Qb is tufned

[0036] In the‘resictaipedras ¢isbadeaanbvel WieURsidtor &5 89Re6 8h éa?seér‘? e' ng
read 15 from (e.g., by activating 308 its correspondlngwo I ne ad

cont ai ns di gi Figlre 3 Bét@eemtiines TRUHEFHUINRY 209 B2 %&ﬁi t
cell S, pulls drive current I|sc fI‘O:?nblt 'l ne Zglb tgﬁ%é zﬁ% Rﬁ

vol tage 3Gl anstehdy bthféels %Hcheé\sm%?thm@% 2bhezod W%r@%{%ﬁ} gqmvabégl hg

accounted for with the | eakage supply currents |LI ar e

provi ded by tgranaé fdaRage pmneuri@nts ?._heludr#oﬁwfrﬁeeﬁt eaﬂ;ene\‘aﬂleﬁ%% {lﬁagrrsgsl ;23

bit |lines devel ops about as fTast as as oridin

by Equation g afiP83 fés 4 shows an-al te_rnate enbodi ment that i nproves
t he speed at which t%fb?\%@fi nes 401. 402 are pre-charged. The errbodi ment

2 Transi ot of R %%@?Lﬁ"éﬁsﬁ%@q@% el B30 a8 IoFia Hefespead
EE “that occir® B AhaEuRs dutade I ASeiRly It aeplinseer reoediort i mos
I T R 4, 3arohs 5,500 9 o
| : E)P et ﬁ:pgﬂ t aaﬁere%&il voﬂ@ge s alllo{'vggsto ﬁg&elog gcg.n:)rséa tshueI él{ IPn%sl ?\lottc? ethé%%rg tlhgtC rease
-Figure 3 indicates the voltage 303 on the equalization line 203 is raised so that
-transistor Q5 is turned of-f. |
{0036]In the exemplary embodiment of Figure 2, storage cell S is being read
15 from (e.g., by activating 308 its corresponding ward line WL,) and contains digital
information corresponding to a “0". As such, storage cell S, pulls drive current Is¢
from bit line 201 which pulls down the voltage 301 on bit line 201, As each of the
} . leakage currents have been accounted _for with the leakage supply currents iy, Iz
that are being provided by transistors Q1 and Q2, the differential voltage across
20  the bit lines develops about as fast as the “full rate” as originally provided by
Equation 2. |
[0037] Figure 4 shows an alternate embodiment that improves the speed at which
the bit lines 401, 402 are pre-charged. -_ The embodiment 400 of Figure 4 'adds |
transistors Q6 and Q7 to the embodiment 200 of Figure 2. Transistors Q6 and d?

25  further speed up may be used to further speed up the bit Ime pre-charge activity
10




5 voltages. [0038] The designs and approaches described above nay be
‘utilized within a nenory device such as a senti conductor nenory2Th08./ 085
sem conduct orw@hz/qws7eray then be inplenented in a system such Iﬁ&g@%gng
systemor a networking system For exanple, the nenory device

coupled to: 1) a general 10 purpose processor; or 2) a digital si gnal

processor or tbatstcoons|tegiveerCirhésTh aa8 T4 of Fajfure %dl&%éhﬂ@e@ﬂﬁ%k d
Integrated Grcuit (ASIC); or 3) a bus stF?glIIctﬁ\I?e (e.g., a ITE%”

ot her appl i caw aifgure8). dmgaﬁeraﬁéem&@aﬁ@aga%:&@u%@%@&@tﬁ%ISW be US.ed
I n enbedded nenory applications. In enbedded nenory applications, a region

of - MenDry i S volR, truasielra0banG @7 b gﬁrwﬁ.enbﬁgaaemoegmepca eg?)an 15

"on board" cache or as Menory resources within a syst em on C

[00391 Note eesisit IirIb%M(ﬁ”b@ZIIé%%ﬂﬁw iQthe ﬁﬁndﬁﬁﬁé {8& IuI?é Ly @n rachi ne

i pl enented not only within a se conduct or
readabl e gedigitage@r exanple, the designs di scussed above may be stored upon
and/ or enbedded W|th| n machi ne readabl e nedi a associated with a design tool

.20 d f I I
formtted | eho e Qo ned PEs iRy <BAf "E*ggie(l@iﬁff “ifinduage.

Veri | I t | ude; .

enavior i ol Teqer Spady piep A BLAREndtR I el Higs e sertir MU P 2 gat o

| evel netlis net Machi ne, r eadabl nedla al so
ot ude: red; e b R ‘?'Ifgé'ﬂ %gIS"ﬁﬁ‘Et%“SIIaE&BWPH@QaSVé&“ 1 aefunrking

Furt her nore, t fli I ot her machine |1 WD 021095761 27/ 09/ 2005

PC: |US02/216°EI§%I‘I5 TRl the & MM HPWER B\RY bsrcounled teickiag@enesdl be used in
a~simul ation_ environnment to performthe methods of the teachings described
above. ['004@URIRGP OSSP OéPIsg digitaheo0a| PEFCES RS PT CHsteMElRBis iRk {&sg.08N t hi s

I nvention rrfii&/ E used as or to support a software program executed upon
some form of AP Qﬂ;@gsf‘m?glf ¢ Integrated Circuit (ASIC); or 3) a bus structure (e.g., a PC!

bus). In other applications the designs and approaches discussed above may be

used in embedded memory applications, In embedded memory applications, a
. region of memory is constructed within a larger semiconductor chip (e.g., as an
15 “onboard” cache or as memory resources within a system on chip (SoC)).
[0039] Note also that embodiments of the present description may be
implemented not only within a semiconductor chip but also wiIhin machine
‘ } -+ readable media. For example, the designs discussed above may be stored upon |
and/or embedded within machine readable media associated with a design tool
) 20 used for designing sernicqn’ductor devices. E:;amples include a netlist formatted
in the VHSIC Hardware Description Language (VHDL) language, Veritog
language or SPICE language. Some netlist examples include: a behaviorial level
netlist, a register transfer level (RTL) netlist, a gate levef netlist and a transistor
level netlist. Machine readable media also include media having layout |

25 -mformation such as a GDS-l} file. Furthermore, netl:st files or other machine
. 11




core (such as the CPU of a conputer) or otherwi se inplenented or realized
-upon or within a machi ne readabl e nedium A nmachi ne readabl e mﬂﬂpmg/2005
i ncl udes any wmmeelegstssm for storing or transmtting informti E %
reagdabl e by a machine (e.g., a conputer). For exanple, a machinée read‘ |l e
medi um i ncludes read only nenory (ROM; random access nenory (RAM;

magnet i ¢ di skreadablageediee ttirsemicaypductat clip desige mydicausehiliaskiiBaBsy devi ces;
electrical, optical, acoustical or other formof propagated signals (e.g.,
carrier wavesgnvinhmantld pergnaltse nbtteidsal trid tgadtings dedchbdd abdve. [00.4'1] In
t he foregoing -specification, the invention has een described with
reference to [Opég]iThus, itisangy tarhe @rdeestoo®hasembedifRhis dfttthlNeﬂt:&?%Z%@ be
evident 15 that various nodifications and changes may be made ther

wi t hout- deparused@gs dr tosupgeet HEsaiae Pﬁmréintexéﬂﬁieé @BBR s%gtfgﬁré biEBLds

set forth in the appended clains. The specification an W ngs ar

‘accor di nglsy, cdoee (sech agaigl€RUI of 2ebmpdte tive
sense. 20 12 .2 t7BQSEP 2005 What |sm¢:l aﬂyﬁébﬁéwé wﬁ[&ﬂgla%g?;rﬁﬁg&hhp@i si ng:

a) a plurali toy withind PadMiRe Fedabl ARILAT &ﬁ%a‘&ﬁﬁ% r@aéébﬁéﬁwel}l&n imi&ﬁe{?‘gﬁga. q

second bit Iine; b) a first transistor t 1 des,

- bit lines be'rrlilﬂ.‘]:lrtQ!Eii's'ﬁ\;'l’o?—ﬁénnroiE irér?ém .fé n?éltloﬁli'ﬁ %?@In? Pé?:d%@ebrgn@%gf;h"ggl y one

or nore |eakage currents st I ne

plurality of (honaamoRfl) SF@eézw%grngcmx@ {eafafiR fedlinh indiA%R. AL oRE M9

said equallzed sald |rst curren
supply said pp t fromsaid first bit |line and
3)0} mai nt ai ns g‘?Jla ﬁé%ﬂﬂ ﬁéég@ggloﬁfog{@w]g}ag% b s siofresnasifzed so as
to allo ny, sto o 0 be read, said first
suppl y m@curé{gﬁf abggg#cﬁi"t@%@dﬂ?mﬂﬂ LFz?ﬁtSWaiaﬂFﬁl'cﬁ'néc%“ﬁﬂPé ofheakage
currents draf\(/)vn fromsaid fLI’SE it line; and c} a second transistor -that:
: form of propagated signals (e.g., carner waves, infrared signals, digital signals,
-etc.}; efc.
[0041]in the foregoing specification, the invention has been described with
reference to specific exemplary embodiments thereof. It will, however, be evident
15 that various modifications and changes may be made thereto without departing
from the broader spirit and scope of the invention as set forth in the appended

claims. The specification and drawings are, accordingly, to be regarded in an

) illustrative rather than a restrictive sense.

20
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1) provides, prior to said bit lines being said equalized, a second supply

of current in order to supply one or nore | eakage currents draw?tz ggpszﬁhéi

second bit line by any of said plurality of storage cells 2) mai

while said bit |lines are being said equalized, said second supply of

Curr eRhatidbifh&Rs. to continue to supply said one or nore | eakage currents

drawn fromsaid second bit line and 3) nmaintains, after said bit lines are

no | ongeepReittdcsidrdinggqual i zed so as to allom/any of said plurality of

storage cells to be read, said second supply of current in order to

cont iahaelutaiityoligplage eis douplme betweemafist bil liea kagesezomd igrihs; dr awn from sai d

first bit line. 2. The apparatus of claim|l further conprising equalization

C|rcdﬂ?ﬁvt@6ﬁﬁpe@3to both said first and second bit lines, wherein, when a
n,a first state allzatlon circuitry said

1 P alob ot el el el T A e gn
is in aa%ecé‘ ﬁ'g% FAP O 58 '?tgﬁg\? ld@'dy?fda'gﬁ ‘Vggt}&’F %‘aeﬂl?on circuitry said
f 3.

| 1St aentaﬁecmg SQP bit e %ﬁe ar <alle N%QEJ Qa.{ntntp% o rtrﬁtfd?ter;zoototﬁn@%o

The appay Hidkhe F mBledédkh 'd:%w'ﬁ B fifst bif e circui
conprises a third tran5|stor coupled to both sard first and second bit

| | nes) maintaths ! difler shid BitARSd &k @b 10AGSHbBIBG 8aifl e@ialized @Y RS RChIbW af) 6 saifi pRiRlie obi t

| i nestorage cslEUe beread spiddickt supptylé cuotehein owkr to @ordinté to shipphessid @rdr mogdéakagdose
vol t ageentsdrewsimmsaid frsthd lisetiadd si gnal . 4. The apparatus of claim3 further
conprising a fourth transistor that provides current for pre-charging said
firs€) HEeonq aesisigpihat f ourt h transi stor coupl ed to said first bit line and

sai d uallzatl n(:| ui tr aratus ther co risin fifth
: cs 6t s el e eaylee s td i 2 BghiA S %inﬁfqn? Y
S;?g%& %kag?‘ S d awn rom S lf &crt)ndleag aeneron H Yﬂ Stcﬁ?ﬁ? g

Fansi stor coupte

equab) aahiaR8, wHilk S bif fres are bEIRG sé&@&faﬂiéds fd se%!)rﬂi sngtgly ¥EFEhtTh &@ér% &)Qﬁﬂr gat us
I'S pﬁf&up@@sé&d Sheddrinford B RAGRE AR FaiYEBN Yaid saetMbit | e apparatus of claim
1 further conprising a sense line, wherein a first state of a signal on

sai d 3peaisgins,| dftaresatictitdieds ¢ ae Rhgsr geingsad e@Rlidd &6 bsto alow asast eaid pldtatity lof nes

t hr osigtags a¢lid td ha read, aaid ss@nd nebplyrdi ngTent io psleatodortinus BcpEly sdidibre ad maresi gnall
on sEakpgseHsenty drawn e said firsHliidding.i r st and second supplies of current to be
sai d_ i nt ai ned throu h sa| d first and second transistors.

appgratys of i 1 %l'i‘Qje%’é' Ep"t‘?rﬁ‘ét’ﬂ%"“ 8@1}5’! H‘%atﬁ’ fg%t@ ?@P%‘tb't

L;a?m%‘g b fgﬁ%&%ﬂaﬁ'ﬁﬁ% i %H&)&ﬂ? Dl R A

to sa| |rst ne an a secon said first

tr angitHeQpparstad &k clalhh b %héﬂeﬁﬁ@%id%%Ilzatﬂﬁ‘éird"uﬂry@ur@@lt &nﬁ)ﬂk&l aﬂﬂlrd PansidbreodBBS R
| i Nepoth ahidlfirs Qe tsBednf BN BeS | id thirVikdh@is®r ftavrngta draaslsoupRH I &1 of Said i Ies @CONd  bi t
| i nesaunsk caugetione ot of Ll iaes, bid aggaviofivoliaiets RemBsidk forsaisigaslor, sai d
fourth transistor having a gate coupled to said sense line.

4. The apparatus of claim 3 further comprising a fourth transistor that provides current for pre-charging said

first bit line, said fourth transistor coupied to said first bit fine and said equalization circuitry, said apparatus

further comprising a fifth transistor that provides current for pre-charging said second bit line, said fifth

transistor coupled to said second bit line and said equalization circuitry.

8. The apparatus of claim 1 wherein said apparatus is part of a Static Random Access Memory (SRAM).

6. The apparatus of claim 1 further comprising a sense line, wherein a first state of a signal on said sense
line causes pre-charging of said first and second bit lines through said first and second transistors and a
second state of a signal on said sense line causes said first and second supplies of current to be said
mainiained through said first and second transistors.

" 7. The apparatus of claim 8 wherein said sense line is coupled to said first transistor by a third transistor
and is coupled to said second transistor by a fourth transistor, said third transistor having a first node
coupled to said first bit line and a second node coupled to a gate of said first transistor, said third transistor
having a gate coupled to said sense line, said fourth transistor having a first node coupled to said second bit
line and a second node coupled to a gate of said second transistor, said fourth transistor having a gate
coupled to said sense line.

13




13 211 SEP2f15 8. The apparatus of claiml further conprising a fié?.;t
capacitor that holds a gate voltage for said first transistor so ] atg%mjg
first supply current nmay be said maintained. 9. The apparatus of claim8
further conprising a second capacitor that holds a gate voltage for said
second transistor so that said second supply current may be said

mai nt ai ned. 10. A nethod, conprising: a) pre-charging a first bit line

t hr owyMhsagpbiatis of sl&amSl fatties canslising 8 fishadpatitdetha: Hokie @REeRbltagk K 8aib hrspugh a

S ecor@nsigtorasndhiat sad firstsupgly amwtengmay tel sakitmdirgatkeage supply current from said
first transistor to supply one or nore | eakage currents drawn fromsaid

fi r st9 bhe appprigiis lclaime fthenponenriging a sepond edniasitor thaphckds agateswltapefforseid seéand| i ne
and dPaHHPIFodhal sRibsREON] BRRINGETeStiHRY Be @if mapteined.om sai d second transistor to
suppl1¥ ne, or nore.|eakage currents drawn fromsaid second bit |line by one
or nore TEBPLGRMEENYs coupl ed to said second bit line, said first and

seco i i | ' - al | id fir second
o L paerergh g8 B0 RFL R S B R ol o sibnd Bl the bt 0Eonh
second bit lines to force said voltages on said first and second bit |ines
to appaenagh fishieaeasBupsil dureR frokbit Erst SaHs@tof tostibplpbik & AfoRIdadagaka@aissuppl y
cur r erews famesalfedirat bidlineey,onanomety sk céllsicBgplddio BEY firsEbiting andldrbwingh senAd

s ec ogkageskpriecusnepidtomn aid seerrtddradsistonig sepplyeme oofhore leskageayeertetrwh fiah saig
couplseapne bit ingibyl of¢ prynorpistoragie nells gpiehlesldp daid expondibibling, daidiest and secTiribitiipeshod of
cl ai APRTINGIFAYAEZSY s do plow-salddirsyansgpegond; bitdinessp pogsperedifferant waltegespr e- char gi ng a
second bilt N ng ) Fc%ur Si ;Eul,t aneopusly. 12. The nethod of claim 10 wherein
sai dSHodeleg A fsf i sogong é@nﬁ%@%;élgﬁg%gﬁs shespiandearaio ! s ocond

| eak 8RN M PSRmeLOI9Py G PE TS ° PRHERY SHTentsa5e mppinedi A0y of

cl ai Aheneln.sail d. < | | | ' | - ing a
oL a1 &) LRI hingt 8 RS Sh el LBl . 8RS oRBECANAR, ™
lines. 14. The nethod of claim 10 wherein said continuing to naintain said
fi r sti1.4nhd reewoo otldia ak ageremisalal pye-chadingefirst bit Ukid diRirsaRiP@PsHaaRS deebeHdng lige f 1 r st
gat eoswol simginesusy. first transistor wwth a first capacitor and holding a
second gate voltage on a second transistor with a second capacitor. 15. An

appaf &8 mebopt qiaim 6 whereimenisidavius miretdeakaossupplv eesband ssidiceavwingrrotegorteur t her
conp leplaog gyrrent supply curfent occur simultaneously.

13. The method of claim 12 wherein said pre-charging a first bit line and said pre-charging a second bit line
further comprises equalizing said first and second bit lines.

14. The method of claim 10 wherein said continuing to maintain said first and second leakage supply
currents further comprises holding a first gate voltage on a first transistor with a first capacitor and holding a
second gate voltage oh a second transistor with a second capacitor.
15. An apparatus, comprising:
a memory coupled to a processor, said memory further comprising:

' a) a plurality of storage cells coupled between a first bit line and a second bit line;

b) a first transistor that:

1) provides, prior to said bit lines being equalized, a first supply of current in order to supply one or more
leakage currents drawn from said first bit line by any of said plurality of storage cells

2) maintains, while said bit lines are being said equalized, said first supply of current in order to continue to
supply said one or more leakage currents drawn from said first bit line and

3) maintains, after said bit lines are no longer being said equalized so as to allow any of said plurality of

storage cells to be read, said first supply of current in order to continue to supply said one ore more leakage
currents drawn from said first bit line; and

14




a) a plurality of storage cells coupled between a first bit Iine‘and a
second bit line; b) a first transistor that: 1) provides, prioﬂon@@&iﬂmg
bit lines being equalized, a first supply of current in order to supply one
or nore |eakage currents drawn fromsaid first bit line by any of said
plurality of storage cells 2) maintains, while said bit lines are being
sai d ®gyadohd Bshsiskid: f i rst supply of current in order to continue to
supply said one or nore |eakage currents drawn fromsaid first bit line and
3) i) poditiers prichtd 2id 1tAineb taidg skidRqGalidéd a Recond® 8GRIy P Eirfkg! ik diddr B @URI dHe@r SO as
t 0 alnopevealage ofirresiss dilavpl feomaddid $ecafd bitdihe bpge of edidl plutality bisstdrageckelissai d fir st
supply of current in order to continue to supply said one ore nore | eakage
cur r éhmginginavimile saidnbit bried afel eing spid equidlipest, saithekctdd BEPIP Of @Irent imorderdoemtinue
t r ané‘? Yippl seif qpe °r1r9°f9feaksqgeé§rrer1bsrqr@vn frogn s2i¢ éPCBi‘dc bﬂl 'i”ﬁé%d bei ng sai d equali zed,
cyrrent er to su or nDre akage currents
G e e e e etk R
(ﬂ§em ﬁﬁﬁﬂs MIn TENSEEhE Sy dﬁg? pA- Af 8Second
supp y of current I n or er o continue to supply said one or nore | eakage

cur r aptheGpguMitud 6B 26 dn&eiR ead p#abéssba D8 g8l BhrphR pAlBLdys, after said bit

| ines are no | onger being said equalized so as to allow any of said
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is a general purpose processor. 17. The apparatus of claim 15 wherein said
processor is a digital signal processor. 18. The apparatus of claim 15
further conprising a bus coupled to said nenory. 15
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