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WD 2004/ 077659 PCT/ US2004/ 005850 LOW VOLTAGE SENSE
AVPLI FI ER AND METHOD TECHNI CAL FI ELD The invention

WO edoaesse o nenory devi ces, and nore parti cul apCTUS1004/005850

sense anplifiers used to sense differential voltages
produced by nenory cells in nenory 5 devices, such as
dynam ¢ random access nenory ("DRAM') devices.
BACKGROUND OF THE | NVENTI ON Menory devi ces, such as
static random access nenDr (" SRAM Hb? devi ces and

dynani c raﬁﬂﬁﬁﬁé@b@éﬁﬁﬁﬂﬁﬁ ANRIMBEHR: i n

common use in a w de. varlety of el ectronic systens,
such as personal conputers. Menory devices 10 include

PREENICAR/ |ERD ays of menory cells, which, in DRAM
devices, are small capacitors that are arranged in

rows and cBhemmvention nebatasito mepfory devaese And mead pafawkrly, to sense
U [ e

' F 1. .Th
APt 50 A SRl b b afreg B Rk Y bl in memory
@vufe@rsu@l@ﬁ@dﬁﬁhﬁ@’fhn@l‘)mtda@esﬁl{eﬁ%rﬂ-@aDIQzQMY’ gedcdai r, , of
is shown in Figure 1. | ar ge. nunber of nenory

ceIIs 12 are coupled to the d|g|t lines DL, DL-,. 15

gﬁg%g%&?b?ﬁ{gﬁgﬁ%%Qﬁﬁghﬁﬁé cgrflUSZ;agPtg?Cigscoupled

bet wveen t hereh{@NSie$ices, Qlﬁha&d st%h@ ellahdc% afRest0 meﬁ'fb‘rf hSRAM™)

is generally biased at one-half the supply vol tage,
devices awg dyJZamﬂhmdoapaurmSGnem@ryg[éBEnﬁdﬂf)ydmcxas @& ia common use in

volta to either the supply voltage Vcc ;
@%@m righ ot S o sy Sudh BY pisdil (PRt Memory devices
T&HE e(ﬁllet@r MofEIRER bY %égﬁ{r? delifewMleR, idNBRAD HbARGH gre small
y two of these 20 wor nes ‘are shown in Figure 1
d:a@ama)ré' fhat dedirdinged inl toma"and rcolmmmsctAJpel;tlohhff acxo@mentional DRAM

numbered word | i nes, are co ed~to the
RIFBPEY aTayeld) Bshoypan Fisath b i o @ dneisten & naffef complementary

Syl PRSBSOS R b i v i
E@@ﬂé T.0W lefgenmmiibiey of @lensorit 2elisnl2 hre @uplay t4 Ghe E@ﬁhuﬁam DL*,

of digit Iines DL, DL* is coupled to a respective
Euhsel thesmemory oelly 130inelydes a%rap@@slsrstrmtorrulfﬁ:@n% rismemory cell

éag Ea{dr 1 Se&gLHefi tﬁe%éf“ gtﬁle N’ oﬁ?gﬂog h a!nh NI OS gﬁﬂ{lﬂles generally

nsi ng eren age devel ope
Ioihagdt atbn@&ﬁlfﬁ?he stibgly abtlagel hen Vdehyi Tig: «Edpacwblgl'& gdie8ly stores a

tcﬁﬁgg reiqgglp’%ngllﬂll’]e% tlhg gslugpllyeyoeltlaze VC%UIorl igr%rll?lfil " tgfpcg odfi e%lcltl access
transistor 16 is coupled to a respective word line WLy, WL, although only two of these
word lines are shown in Figure 1. For a “folded digit line” architecture, the even-
numbered word lines, e.g., WLy, are coupled to the digit lines DL, and the odd-
numbered word lines, e.g., WL, are coupled to the complementary digit lines DL*.
Thus, one word line WL is provided for each row of memory cells 12 in the array 10.
Each pair of digit lines DL, DL* is coupled to a respective sense
amplifier 30 that performs two functions; first, “equilibrating” the digit lines and,
second, sensing a differential voltage developed between the digit lines DL, DL* and
then driving the digit lines to corresponding logic levels. Equilibrating the digit lines

DL, DL¥, which causes them to be at the same voltage, is accomplished using an

equilibration circuit 34. The equilibration circuit 34 includes an equilibration transistor
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DL, DL*, which causes themto be at the sane voltage,
is acconplished using an equilibration circuit 34.

wab@4etiesd i bration circuit 34 includes an equiPCDHDS20040005850

transi stor WO 2004/ 077659 PCT/ US2004/ 005850 2 36

coupl ed between the digit lines DL, DL*, and a pair of
equi l i bration bias transistor 40, 42 coupl ed between
one-hal f the supply voltage, i.e., Vcc/2, and
respective digit lines DL, DL*. In operation, in

%s@pphdé)etv@eearﬂl@dxgnt\,lmeh iJh D iand Bipaioh ﬁCIEQbQﬁt@ﬁfhlaS transistors
A{Oh 22 (ﬁoblpﬂgl 46'};]\2%6%&&%&1{ a{c]asslu?g@hvog‘iaﬁé ufdl S\/'gck{ %ncf: Peléf))éc%ve digit

18R DI Prati on bias transistors 40, 42 turn ON to
coupl € the digit lines DL, DL* to Vcc/2. As a result,
af ter an dguipeiationd inowsprmse bal an wpévebigh geilibratisst FQ signal, the

S5 R B B L VESHA Tl R ot
thd %&ﬁflgfaﬁoﬁ %‘ie@ treiRistHRO D ONE HirA TN @0 chilifte ﬂ%‘ %11; lines DL, DL* to

anplifier 30 also performs the function of 0 sensi ng
cdll.f Asraeresilylafienhn agulitetion ppdet, et M@lmetohlémﬂh gif the d1g1t lines

121:;]?]2 S M g'ma gtﬁ %ngg{}giﬂrvo\{tﬁﬁggt he h% dlfgu‘rnlg{eﬁ 6snt'he]§fore ZEro.

acconpl i shed By @d Wﬁl@s@ﬂie‘ afrﬁﬁfﬁe?@O aRE parfERENRE function of
anplifier 52. The NSENSE ~anplifier 50 chudes a pair

sefising asdifferanpihle dogeSidvelopsd @'etw&naﬁ‘; digt liang] DIh eDL* and then
PSENSE anplifjer 52 siml ar) ncI de
EPEs-Bo glédhrmo@ cPupORiBls g 1. 5, TSy scond function s

a%@&h h%&? 'bggﬂ E at e %and%PsENSE'amﬂHfﬁlr 5y, The NSENSE

eqw rat IVI n e EQ signal active high fo
attﬂi;ﬂlfaq uid |nh111a1esom paer obatrosAfcbepled REMEISf transstoisalb6, 58, and the

vol tage between, the di i nes .
ESFNS R Appfies 5% él.nar 1§11 ué?sr?epﬁbogf%@ﬁ%fsounl@ﬁm Eﬂ%ﬂstms 60,
6 active lowto turn OFF the transi stors 36, 40, 42.

e of the word lines is 20 then driven active high to
turn ON t Ha opeceiss, the aligit BharDILODT baretmitihlly bquiﬁbrated by driving
cou | ed. The, ON access transistor

yieaal potivsdugh thfr thi aeqﬂélbrqﬁl@nonegaog L&ﬁg %Eufﬁffer%ﬁal volfage
YR SR ST T

ttiﬂﬁltﬁ)hg idactiveewhlo tofm OEF thetrdisishes 36,1, ¢3s Orsl Gfghé wprd lines is
if the capacitor 18 was at Vcc) or decr ease slightly
pif drivien ¥diygdighoio tam QHSthgtac%aﬁ%Hﬁ@}stor 16 to which 1t is coupled. The

ON access transistor 16 then couples a memory cell capacitor 18 to the digit line DL or

DL* to which the access transistor 16 is coupled. This voltage from the capacitor 18
causes the voltage on the digit line DL or DL* to either increase slightly (if the capacitor
18 was at Vcc) or decrease slightly (if the capacitor 18 was at ground).

A SENSE ENABLE line is then driven to a relatively low voltage, such
as ground or a slight negative voltage, and an ACT line is driven to a relatively high
voltage, such as Ve or a voltage elevated slightly above Vcc. Assuming, for example,
the voltage on the digit line DL has increased, the NMOS transistor 58 will turn ON to
an extent that is greater than the amount the NMOS transistor 56 turns ON because the
gate-to-source voltage of the transistor 58 will be greater. The complementary digit line

DL* is therefore pulled toward the low voltage on the SENSE ENABLE line to a
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25 A SENSE ENABLE Iine is then driven to a relatively
| ow vol tage, such as ground or a slight negative

woodogagesd and an ACT |ine is driven to a rel atPOUEUS2004/005850

hi gh voltage, such as Vcc or a voltage el evated

slightly above Vcc. Assum ng,,for exanple, the

voltage on the digit |line DL %as i ncreased, the NMOS
transistor 58 will turn ONto an extent that is

greater than the anount the NMOS transistor 56 turns

gratoe oxtertethan éhfaDlglatmﬂ]F@) tewure gsra yolagge lofa megmner similar to the

t ransi st | enre I

855 SR pBBURER Shpop HE ACTRR TR OB g b6 pacos
Rihstsh@ coENIEe PNARISE irhp'lﬁidr 323u® AQ @440 éxtehSthat is greater than the
PCT/ US2004/ 005850 3 greater extent than the DL is

pueitdbattthbo@MOS dransistof 6%.geetuqu QNrhearuse the gate-de-seusoq Heltage of

rat.ion fth E a ifi when t ACT
R TS aSEo] i oot PR enadm S et (g it ine
Bﬁwca"fﬂﬁlefefaft&* th'_ézvolth'gerkﬁl BBl dtedt [ae K hgfter ittddasésSand the voltage
greater than the extent that the PMOS transistor 62

o1s thewonmpden@it o dagislane IDE* @a‘t}@r desreases, deerehy aangjag e t@nsmtor 60

the, t tor 60 is | n
190 J65F o1y Aulg§poaPLy o a1 id e GRSl oRR © dfive the
JOESI8REIAN digih ﬁné’ ki ﬁ&ﬁlgﬁn t5 ﬁl% rglaﬁ{/ély higheA@hE vfol}tﬁgeh eAt the same

| NCreases and t he vol tage he COITp ement ary
titnae thel incfaasedh eolta@cwredwedxgltt hmr ély apduké dgeredred Voltage on the

t ' a %gx;tgrryatﬁgltll " ;%%%R q.tgr% : tt%rI %ﬁ:‘ q%\fgkfteﬁﬁer gomplementary digit

r I
e at | g e % an%H/ Girld tb% H?lé%sgﬁ%gtbt cgfeW: S:tg%%fg?oﬁﬂ%%L less ﬁtrongly, to

thlaqehuasfe]gf oo SEQTSEOEN%EdwghtageI i n&t Dle amidof besensmg period, the

decreased voltage on.the conplenmentary digit line DL* .

N§E§T§§ el %ﬁ@ hag drivengthe gopiplapeniany %%hh%%@m toy the relatively
NSE'EREAQ%E V'gﬁﬁge ahd @B @%N%ﬁlﬁ?er%@ Qltg§ Hﬁ@e&‘f in?Re digit line

rive't ne DL ['ess strongly,
DEI tatthy eélytﬁabwh@Em Eb%@eE Ac(E(DhUMN AELHE sipnhl dheratransitions
sensi ng per.i od, ,BIS anplifi as drjve

kiga t%BHﬁI%‘?R“é/PWP&F gilO") frqpsigipus 1% 7?41@1(6)1;6@1/ aw%agfﬂa gigit lines
LB R SR A8y 19y B 2 o o
theghraACD. vol tage. A COLUWN SELECT si gnal then

transitions. high to turn ONinp ut/outﬁ
transi st or $hegensy amplifer 3 ghavyup Fighre @arualg? Pe W%@ read data

Plts ﬁ%b’e ( g’l ?g da(htagf g'ltoF %Mmg‘%ﬁﬁgy%nl/ gerzﬂr Ia yﬁi 61?1@ aer%tecture in

essent1a11y the same manner as explained above with reference to the folded digit line
architecture shown in Figure 1.

Although the sense amplifier 30 shown in Figure 1 has performed well in
the past, it is less able to quickly sense a differential voltage between the digit lines DL,
DL* as the magnitude of the supply voltage Vcc continues to decrease and transistor
threshold voltages Vt continues to decrease less rapidly, which is the trend for newer
memory designs. Although the sense amplifier 30 may still correctly sense the voltage
differential between the digit lines DL, DL*, the time required for the sense amplifier 30

to do so can increase to unacceptable levels.
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20 The sense anmplifier 30 shown in Figure 1 can also
be used to read data bits froma nenory array (not

w@haw)76bavi ng an open digit |ine architecturePCTUS2004/005850

essentially the sane manner as expl ai ned above with
reference to the folded digit line architecture shown

in Figure 1. Although the sende anplifier 30 shown in
Figure 1 has performed well in 25 the past, it is

| ess able to quickly sense a differential voltage

bet ween t hBhate g¢ therdforesa meed fopr-serss anpialifien dghdttogtl auiskly sense a

v e Vcc ont 0 _decr
yolfagd A Bfoue? hee B FeSo b RRLSELEEH Bef e aEE s§Hy voltage having
HeghRRBEmABBagARidd] Y, which is the trend for newer
menory “desi gns. Al though the sense anplifier 30 may
still correctly sense the voltage differenti al

DML B AP PreENIEONGG ¢ o o S0 can | noraase to
unaccept abhgeh&vgh 11ﬁé9@naqgé¥ﬁ9cy #baRoRlehéd REAAHL Q%%anentlon

4 There is therefore a need for a sense anplifier that
nmhﬁquaﬁk#ym&eas@hﬁcr&thm@ewdghﬁaxmd&mmemEMMEEHaMOn During
emen di gi i nes even ol t age .
ey Tead patratio b ishipeS RRBHIE GaGionbANRRD e the digi
%MM ﬁl@la%h&t BRSE o AL sh hiek t@%lﬂg& aﬁ%rérﬁaﬁﬁgaggﬂé’d%eche first

e prese i nvention 1nclud Irst s
sampd arhpléfiersectiano rﬂ“lmreaxfnen dgheafisesmselamplife seofpdri fsumiated from the
ectjon. During y read operafi the f
de Hdwen,ihat fHsrdense Rt 62 Feopoti) tphe didisrengat ¥lfage without the

eg' b qﬂdentﬁé éél?#lvé?{l] zﬁ)la&'f%cp QidiCHn . ﬁg 'Eﬁe?@l%,t {R@ldifferential

e Vo erent iI's applied to
&fltfage ganmhﬂeﬂlb@rths gt mnse I]Imghﬁa‘f deetion the irfcresst ab aﬁs}atively fast
mplifier section is jsolated fromthe 10_di i

05, 1 While fhciseraes Hpplhieriseftiondn respestngito the é&@erentla?voltage the
HILSF Ee%gée k/)ﬁf;“ 3 ﬁ&g&\‘/@sttﬂé)&gcgﬁﬁgensg ‘31%@115& é%Eflch? v&lﬁﬁ 1s coupled

ative capacl tance

fohthe diigif @hent Aala remt ,ltAg ee@al aelaste@dnlmﬁdr e df'llvélS by Sleﬂﬂﬁge that

anplifier section can increase at a relatively fast =

ingeases \#hia) 1ate Aat 15 faster dhansthe 1akIthati the veliags befween the digit lines
di t ' I

1£§%§%Qan%% %Sse %Q ?f;é;r Oc%ﬁ r@fdg%cis W}!’tﬁeahggg%en%ﬁ%emoy aémce that uses

compdlethb@irysagit | Illﬁéls indhidife b Svig@uiidtd ol DRVt de@icdh @k tvell as static
lines. As a result, the second sense anplifier is

BRAQB BCesys Beyery g@g&l\ﬁa)tdevwes and FLASH memory devices.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a schematic of a portion of a conventional memory array
coupled to a conventional sense amplifier.

Figure 2 is a schematic of a sense amplifier according to one
embodiment of the present invention.

Figure 3 is a flow chart showing the operation of the sense amplifier
embodiment of Figure 2.

Figure 4 is a waveform diagram showing various signals present in the

sense amplifier of Figure 2 as a function of time.
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increases at a rate that is faster than the rate that
the voltage between the digit lines increases. The

waenge7mapl i fier can be used with any type of PENU82004/005850

device that uses conplenmentary digit |ines, including

a wde variety of DRAM devices as well as static

random access nenory (" SRAM')” devi ces and FLASH nenory

devi ces. 20 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1

is a schematic of a portion of a conventional nenory

array coupked 5tis adlalrliagmamn ofiameseors deviapiging the sense amplifier
Fiqure 2 is a schemati.c of sense anplifier, accordinn

A OTBHE 2 Ro ErRP e o 8 SEHE STRVDR fASRraBe Rif figpresent
Bvdrdioft, fl ow chart showi ng the operation of the sense
anplifier enbodinment of Figure 2. Figure 4 is a

wavef or m dfiggreatnis hdibakgdiagrano of asiogipaite gystemensing the memory
c{he sense grrplifier of Figure 2 as a function of

SViRg OTWSBDO4/ 077659 PCT/ US2004/ 005850 5 Figure 5 is

a bl ock diagram of a nenory device using the sense
anplifier of Figure 2 or sone other enbodi nent of a
BETAE EDDESCRIPTEON @R EHEANMENTION: pr esent

invention. Figure 6 js _a block diagramof a co ter .
syst em usifgerssamplifisF 00 goepading do gpe ngaﬁh@m@‘? oF the invention is

[ T . ) .
SRS o (VIR Ly penhessmpirssion
lilovardt AroButes sersé @implifier fedctjoni €20. THeansaneaseaamplifiérel10 has the
100 i ncludes an i nner sense anplifier, section %ég,and

samedupesapiyasdhe sense prwifige £Q Shvm soFievol pHireF tigbiids coupled

ifier ety R

R B T iRy 30 e S SEDRcntry
digit tinesl DIRebIEe Thas,Pilk it seasephrapifivraseyticie @ indlwds a pair of

S, S* rather than between conpl enment ar% digit lines. N
oess-upled FAGES sewss tappisiorss bl d 32 M5t coyRle respedtive senpgdines S, S*

T e
donBe&ive, st&e of the transistor 136 is controlled by an active low early PSENSE*
signal. Similarly, a pair of cross-coupled NMOS sense transistors 140, 142 couple the
sense lines S, S* to a relatively low supply voltage, which is preferably a negative
voltage Vpp, through an NMOS negative supply transistor 146. The conductive state of
the transistor 146 is controlled by an active high early NSENSE signal.

In operation, when the early PSENSE* and early NSENSE signals are
active, the first sense amplifier section 110 operates in the same manner described
above for the sense amplifier 10 to sense a voltage differential between the sense lines
S, S* and then drive the sense lines S, S* to corresponding logic levels.

The first sense amplifier section 110 is selectively isolated from the
second sense amplifier section 120 through a pair of NMOS coupling transistors 150,
152, which are controlled by an active high connect “CON” signal. The second sense
amplifier section 120, like the first sense amplifier section 110, includes a pair of
PMOS sense transistors 154, 156 coupled to Ve through a PMOS positive supply
transistor 158. The conductive state of the transistor 158 is controlled by an active low

late PSENSE* signal. In a similar manner, a pair of NMOS sense transistors 160, 162
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to a supply voltage Vcc through a PMOS positive supply
transi stor 136. The 15 conductive state of the

WO e@ns7ssor 136 is controlled by an active | oww@&@HDE2004/005850

PSENSE* signal. Simlarly, a pair of cross-coupled

NMOS sense transistors 140, 142 couple the sense

lines S, S* to arelatively |ow supply voltage, which

is preferably a negative voltage VBB, through an NMOS
negative supply transistor 146. The conductive state

o cctumb;edt tarsdwidothrough jan dBHOP onerg@akuapﬂmtrﬂmwwlgﬁ The

PR g odapf PresReab LRI by LoERyL0% R BY described

bdiswt sense anplifier section 110 operates in the sane
manner described above for the sense anplifier 10 to
sense a volhagecadidf femse nuiplifieh sectivan12haliffen sfeorn | thefirst sense

S s Bt O g@-bfqetg{i@ils@ﬁsﬁﬁe@‘ee gl iRy T gpther than

%&E&Pfhe kifkel $ned @, §1 bB (D) bRl ¢ lohREOY N8 serke transistors 154,
second sense anplifier seéction 1 O rough a pair of

NMDE6Q, dibBlconpled tathsisstsedmed SH* ratlsp tham,m) the digig lines DL, DL*. As

& 3t e eglors |54 1360040064 56, nqticRersieReitpiy The Switching
e CseRSP ltﬂaﬁé@cBrsSPﬁ '1‘3@ 186, 1627¢ slRDIRI AR fheoxffoltagé/@fferentlal

sense transistors 47156 coupled to VCC't hrough
RS tsi mnseehmspﬁplsy" rathrea tisinstiyothe ]s@ﬁagél’ ﬂleffec&mdhbd:Wal the digit

ta he, t anS| r 158 is co oII an_active
ﬁmﬁeq?la’% s %snr@ﬁ&ﬁ sepsy it aﬁn%%ﬁaplta@ between the

%@%é' %R WAShek Ui aR tia@?v e%%%é hOatkit 1i
/1@5&’8'%85%5%% t&)ﬁare couptﬁeﬁ t%n gr 08% ou&lh n%1 Hhes
NRIScrdglad lower sapmpitynct pé s sehsmrlinbﬁ& SThhe smsadanslstvs 154, 156,
state of the transistor 164 controlled by a sig

%%ﬂ@m SviehE 3ch MYERmaBR FapNg Tof o BB Bigr Wb sres afipiiers, such
%h%gﬁﬁelsl%cstm% nﬁ“%u?é !‘lf ers fromthe first sense 5

er section (1) by being coupl ed between

t he digit Thmé}{)I‘Dlslgn@]_ﬁse“datohedntﬂohame comtueded stabre of énrseoupling
lines S, S*, and (2) by havi ng t he at es of its sense
Eangiears 1905 1§%4ls genisigted By 2 %%We dd V¢ gvhighe recsise the carly

r |
ASEREE ety A B hBin o6 Yl h&%@@?ﬁ? sy foeh on
notrteryes - Tieug D sigldlewvthtefira Ge aofivé highsenseple the inner sense
transi stors 154, 156, 160, 162 is_contralled by the
yBplifigesegiion dl@nto the outer sense amplifier section 120 if elther the early
NSENSE signal is inactive or the WRITE signal is active high. The WRITE signal
coupled through the inverter 172 is also applied to a NAND gate 176, which also

receives an active high late NSENSE signal. The NAND gate 176 will output a low to

turn ON the negative supply transistor 164 through an inverter 178 if the late NSENSE
signal is active and the WRITE signal is inactive low.

The operation of the sense amplifier 100 for a read memory access will
now be explained with reference to flow chart of Figure 3 and the waveform diagram of
Figure 4. As shown in Figure 4, the WRITE signal is initially low and all of the other
signals mentioned above are inactive. As a result, no power is applied to the sense
amplifier sections 110, 120 and the CON signal is high to cause the coupling transistors

150, 152 to connect the sense amplifier sections 110, 120 to each other, which is shown
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10 between the sense lines S, S* rather than by the

voltage differential between the digit Ilines DL, DL*
wW@00ue7®eone with prior art sense anplifiers. SPCDES100€005850

vol tage between the sense lines S, S* can change nuch

nore rapidly than the voltage between the digit |ines

because of the | owner capamta?]ce of the sense |ines S,

S*, the sense transistors 154, 156, 160, 162 are

switched at a much nore rapid rate than m(i)rior art

af ettere 180p| At itigres to, gumamons cell cepasitarni PWR-‘I? 10 thh@igit line DL

CBpee et e e Bumh g Y EBbietispla® diet fims DL,
t'h§r69§ REH E%glebyol?agm}&a& it A, Dmociﬁcfeﬁ&e EN@8lyt Reative to the

ear| E signal and the conplinent of an active
‘mltgse AR the @ngﬂanelttm’odlgﬁ line DILAvesr shown] 7D stenfhb84co<ihe voltage

SRRt ee0 Rt s TR S I DRI, e s s,
RRBER tl@é%ubﬁh@fra&ﬁs%ﬂs%o 120 4 stfll ORer the early

NSENSE signal "i s inactive or the V\RITES|%naI S .
active hi ght tlTlti@ myTESEiNgﬁaand culp PEENSET sigrtals trensltlon to an

8 DR NAR R e g 1
"f'fﬁ’\![etlgéhfgh]eZﬁY WIENSIEi R afto lcB¥el the NAKD SRb l’ﬂ?to makle 7%16 CON

negative supp transi Stor 164 through an inverter
signaf leactizsi¢ éoxNSEhiSE tuds @F]fgrdad ccwhagttnansstarsdliﬂadSQ\Rb'ﬁE)late the

nal is inactive | ow. ration of.
B precronlT pestion 110 et i e SEtsE SUPHTET ScoRGRIgY AS shown
ﬁxmaﬂeme%wlﬁlﬁr sGhR" ﬁiérosef:tll&i’vl e tabl‘éftoFx‘e%Hrﬁ # @Rdvoltage
waveéf orm di agram of  Fi gure 4. shown I'n Figure
dﬁffeﬁeh‘ealVWﬂtW&nsihg reghsel Bndsr$,t$’ ahiujchlfaﬁl&eraﬂldn dhd owuter strse amplifier
ot her _ si g al s nentjoned above. are jnactive, a.. '
segldan 1201 lﬁ&a\iéqsp? tQppe vaipes diffs @tegﬁ%t@fe%thﬁw fipesDL, DL*
i
%@?SE%EEF?I%%% ek Ao dee Rl SUBRTnel S 0 @l S a3 Shown by
thensléd Englantiitks S8 epnabisshdd,byltRE dbitedchnd). Gfteerqltagts aiplied to
S sho V\D 2004/ 077659 PCT/ UsS2004/ 005850 7 at st ? i
thg gatept the fense drangisioEbidy Te@l 160¢ hpratts the putes seise améﬁ Ipipsection
it
1 g@ﬁtg?}egdr% Ot{at'n goggnn%a:ﬁazf%%?% ¥ ltagé’su%ll‘at @J)Lgﬁ l{%aﬁﬂp\ﬁ%h ¥o k?ﬁe gates
fean shendjgit hieesI0L} BhE aoin ddneexmogaltsemmﬂlﬂem i ncrease

slightly relative to the voltage on the conplenmentary
digit |indays 1%@4@%\%1:13&9131&16650 zputerwsnwma@”@r Sectioh 120 at

time t; in step 190 by transitioning the late NSENSE and PSENSE* signals to an active

state, as shown in Figure 4. The sense transistors 154, 156, 160, 162 then drive the digit
lines DL, DL* to complementary logic levels corresponding to the data bit read from the
memory cell capacitor in step 184 (the DL signal is shown by the solid line, and the
DL* signal is shown by the dotted line). The voltages on the digit lines DL, DL*
transition at a relatively fast rate compared to digit lines driven by conventional sense
amplifiers because the voltages on the gates of the sense transistors 154, 156, 160, 162
are already at voltages that strongly turn ON the sense transistors 154, 156, 160, 162
before the voltages on the digit lines DL, DL* have changed appreciably. In contrast, if
the gates of the sense transistors 154, 156, 160, 162 were coupled to the digit lines DL,
DL*, the sense transistors 154, 156, 160, 162 may not have the drive strength needed to
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5 differential between the digit lines DL, DL* is also
coupled to the sense lines S, S* because the coupling

WO e@nsTssors 150, 152 are still ON At t1, theP@HDE2004/005850

NSENSE and early PSENSE* signals transition to an

active state at step 188, theéeby appl yi ng power to

the inner sense anplifier section 110. The active

hi gh early NSENSE signal also causes the NAND gate 170

to make the CON 10 signal inactive |ow, which turns

dpaern ftee light viokaga ﬂdfmns@ or sheyswoulfsovitch atstbe é@létweﬂ)é slow rate

i nner_sense [i f | m the en

SR SaBPeapecdir: SREOL A SeRE WaiiEe BB B i tines
bonBL* %ﬁ‘di‘éa%e@ NP Jdli@hessoRcth Qikitlies DY, B *aehch dofiii@hshtary logic
to the voltage différenti al et ween the sense |ines

IyelStomesphnding tethetrhathdath bitatitisre tsém Eér@a]wﬂla hgrgery cell capacitor

secti.qn 12 0T nd, t o e,. vo

Giipledi s e Buf Dt =B SBGRELY Forbal S s ppemory access.
because Oletlé"%nHMCBpérﬁi/é%r opﬂ&agénts@%ﬁ)h%r tibg f%?@tsﬁmte memory
lines S, S* (the S'sign is shown by the solid line,

za:ndsstlhesnﬁﬂalstogthalabpse-émmedoprIh‘eord&rt @ teadi menoryThrgess since a
vql| t ages a Iletfl t he ates%%f t he sense

VRisPEpR 09s AWARstarts ¢t a5 § 5o eGPt 2 dges ot transition
t@”@lvs}rftb Ghem&iSt é&@ss Wl thbeyries %1@159%&1!1&{& 58?,'1‘\7/9 high when the

faster than voltages that could be applied to the
mermesy dé\nmdchleesjaguoturmn addreds andDh tolusnn address\stnobe (srallal The

sense 0. Power is_ subsequent li

Esitonmg E%S}@%?%%%ﬂlﬁd@@fg@era?ny AP zfj iffyy from the
I%E(?Ble[]ﬂ%g%’ kal’cetsg 80Sihtd RANIS 5@3617{036 &@%‘t&?& AV @Esﬁ% couphng
signals to an active statw, own in Figure 4.

tsanseors 1afsi Bt afies tibdarlylN SENSE()SlgﬁhﬂS Dag tremslmhned etctﬂr@hlgh As a
diit lines DL, * to conplenentary | ogic |eyel
i b &5 BRe Sﬁ@sqm ier geatign il P cpimer Foh qq%l@ect?%wo% outer sense

8
RSRS8O, B
gmt tedutpune) high kee atticaghs 1ata NSENSE odignall iis asu@Lto Dlafntain the

transition at a relatively fast rate conpared to digit
negaidee WPPYERIsSor dpd OFF: onal sense anplifiers because

the volta N
154, " T56. k0! eped B ReRyBh e AE kb AL Soton 110 i
fatthangihgnteadrivy €Mplihg tisensse trammsu@ms 1454, a hbfativi60ltage Vip

162 before the voltages on the dlg | ines DL, DL*
e thanale e pH@WP&% {his pegagignveliage Vg capeay @aimhed by

Sl BT G085 O A0, SERT enly esry

tordaveithé sorSe libds S,1836, If 1t6fs dlé’nevBisanob diBehd Bigitdiney ®L, DL*,

strength needed to WD 2004/ 077659 PCT/ US2004/ 005850
substantially more current at the negative voltage Vg would be required.

m_

Figure 5 is a block diagram of a conventional synchronous dynamic
random access memory (“SDRAM?”) 200 that utilizes the sense amplifier 100 (Figure 2)
or some other embodiment of the invention. Of course, the sense amplifier 100 and
other embodiments of the invention can also be used in other DRAM devices and other
memory devices, such as SRAM devices, FLASH memory devices, etc.

The operation of the SDRAM 200 is controlled by a command decoder
204 responsive to high-level command signals received on a control bus 206. These

high level command signals, which are typically generated by a memory controller (not
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8 discern the slight voltage difference or they would
swtch at the relatively slowrate commensurate wth

wo b@4ppeed at which the differential voltage beCTES2904/005850

the digit lines DL, DL* increases. The voltages on

the digit lines DL, DL* reacq)conplenentary | ogi c

| evel s corresponding to the read data bit at tine t3

to refresh the nenory cell capacitor 5 coupled to the
digit line DL at step 194, thereby conpleting the read
shomorin BigwseS. are TriookrieblaisiBREFRE on Bkl Ghie a chip select
anmpl i fi.er 100 for, a.wite.pe e I.S.:S]|.m % 1O

{ 1$§V @-‘ﬁ%@c@la@g& lrvg? i ’oa{rIrp({v% A d%%‘?:se%gobr?eﬂ ray% 2 gcoolumn
SIR&E sRobeMibh (TS aud aChaesShadkl sienss DM 5 which thé 8 designates
read nmenory access and does not transition to a wite

tre wigngl ascetivs lamt The coramari decoderg i) saneratssi a Jeanence of command

3Gt eonkimedt e EG 120 PRt el GRY A Jrdmctigp e 2
b @054 %@é)id@ﬁgﬂéte% Pf cdtR oFih iGN BlveL®Rand §18na.1 Tiese command

menory access to differ fromthe read nenory access
Heeds) smdNidDmgane 07 Ovhaakt heysacgomplish ttheir gespecive functions, are

| i t i st 150, 152 .aft th I NSE
Bl BB O30 et D, W R LRt e
MBI BEESE R bihffegsection 110 continues to be

connected to the outer sense 15 anplifier section 120.
Furt her norEje SPR/dt 200 intviugles \ARI addresk gngilter 208 ebatt tegeives row
ND gate to output a hi even,when the late ENSE .
s¢s and cplymy @d Ssr?ﬁiﬂﬂff’ggh ay pdress ?b“e ﬁaf‘p m'i\%es%l%us 2141
' | he05Pf AR address i
B o g B B SP A adess
generatiy pfiish gedehedsenslee taddresd sdgtater 2UD and 4plied do a row address
negati ve_voltage VBB 20 rather an to ground.
mBlaNEFL 21 Shevogatddyess %IW%I@&@I@EEC e TPy afjdress to a number
C °
R T B hor S RemBL TS 22075 ending upon
tthe istaee dinebakreddrass bie SorBingSpart of the rowmaddm@bs cAsseciatdavith each of
to drive_ the digit lines DL, DL*, _substantial]y. nore
the mesiary RanksreOp ddhis 4/ keSRESIY GEY isiesdaich 286, Vaighsioues the row
' e b I [ v [ I :
IR a0 £ D RS 20 Sh, B BAB L 807 g moptics
ARfespondingighal z@ork e tisentgs APos 2322 rTHkGOv( ddidgass enuBjplexer 218

or sone ot her, enbodi nent of the invention. O course, .
tppcaiplesaowmsidrasses to thpproghaldress friphes P8 dPhibs eRose phisfreshing

11(})1? E@eﬁﬁé&%eﬁ?ﬂl fﬂesa%a?fg 2§§,62922i. M R 2 RN FEN éeﬁéra?éadfor refresh

purposes by a refresh counter 230, which is controlled by a refresh controller 232. The

refresh controller 232 is, in turn, controlled by the command decoder 204.

After the row address has been applied to the address register 212 and
stored in one of the row address latches 226, a column address is applied to the address
register 212. The address register 212 couples the column address to a column address
latch 240. Depending on the operating mode of the SDRAM 200, the column address is
either coupled through a burst counter 242 to a column address buffer 244, or to the
burst counter 242, which applies a sequence of column addresses to the column address
buffer 244 starting at the column address output by the address register 212. In either

case, the column address buffer 244 applies a column address to a column decoder 248.
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menory devi ces, such as SRAM devi ces, FLASH nenory
devi ces, etc. The operation of the SDRAM 200 is

w@ovinsicsed by a conmand decoder 30 204 r espoPGT/US20040005850

hi gh-1 evel comuand signals received on a control bus

206. These high |evel connﬁgg signals, which are

typically generated by a ne y controller (not WO

2004/ 077659 PCT/USZOO4/005850 9 shown in Figure 5)

are a clock enable signal CKE*, a clock signa

chi p sel ecPatagp dsaeadcgom anwf the arBI280s 28 i comled fa column

b I
{clubtgfegé(f ?ﬁ&ls A %;égnsselan Goéhﬁe 15, 1€ O §asr§go ﬁtg@[afc%%ﬁﬁfsk logic, block

YhieCkblyhiRe mask U5t )IRRIRS of tthe aghBNZ0, 232 a@bpaétvEIOW. The column
The command decoder 204 generates a sequence of

aitendd G 262 greyl isclnds ﬁumgclveoltlmntqf esnemcgﬁ cplés/al the grrEneR0, 222

G Bl p SR a2 A 40 8o Sty of B et
e Sto sHRRSAh&GURBYIne Rt MR fvedish. thige 8RABRE developed by the
whi ch they acconplish their respective functions, are

mswanplufmelloo ahibee fapded fore dateoutptiargister 356.bPatai to pe wgitten to

s ot D, S 20 ABRAR s, piule e BhTas doiPligh at o input

1% Btck D80, TRERLVESHtA Ql‘é/co% d B5H8 oRAf GRUHAI RIISLGHE® they are
rough an address bus 4. The address bus 214 is

@mﬁamklltg 000 uﬁlhe drrays 22088 rpspeotivaly| Aenaskregisehdehrasponds to

£ 5 ST s B o SR B oo

aft%&%séso bt dh @X 8% seikBtivelPRiabiaNe agtqrts%% rgad bl 18X Gfrays 220,
8 coupl’es the row address to a nunber 15

ZbMponents associ ated with either of two nenDry banks
220, 222 pend upon %we sta of a bank ad%\fshs?
b|t f or mi ngSPErk s S‘t"ﬁ’eeq‘1 ’5‘8’8!1]' ComI R -$Y5teBY { may use
?DI@AM b6 o BEIRE %tl%%én&%odev?c%zthétsus%s RS BEfE 'aYrﬁ)hT‘BYVIOO or
ress latch 226, which stores the row address,
@meo wtite codedi2@8, ofwthiec mvdeitad e sSTheh eompuien dgstems 3 @01 dncludes a
applies __correspondi ng .signals to one. of th arraé%’
ng specific

129 s§eT HZolor PRECIYHRZ AHPES OTRH Wpfrﬂé%@nsm 76 °XP
f%o Fsogi%ﬁgdé' %t?ifi A& tﬂﬁs rWaddr §33 1%&%?&5 382@ﬁcludes a
or t urpose o Fres Ing the nmenor s in
Eocays 1RR 304 222 nomhally meluedd are sédrsssdiue, gemnerodtbeas dndra data bus.
refresh purposes bﬁ){ a ref}rﬁfsh counter 230, which_is

IBIAron; g cpiprater syshera A0Q #ie{ydss pag opmore inpwt devices 314, such as a

keyboard or a mouse, coupled to the processor 302 to allow an operator to interface with

the computer system 300. Typically, the computer system 300 also includes one or
more output devices 316 coupled to the processor 302, such output devices typically
being a printer or a video terminal. One or more data storage devices 318 are also
typically coupled to the processor 302 to store data or retrieve data from external
storage media (not shown). Examples of typical storage devices 318 include hard and
floppy disks, tape cassettes, and compact disk read-only memories (CD-ROMs). The
processor 302 is also typically coupled to a cache memory 326, which is usually static
random access memory ("SRAM") and to the SDRAM 200 through a memory
controller 330. The memory controller 330 includes an address bus 214 (Figure 5) to

couple row addresses and column addresses to the DRAM 200. The memory controller



refresh controller 232 is, in turn, controlled by the
command decoder 204. After the row address has been
wappkiogwse o t he address register 212 and 25 sPOF/ES20041005850
one of the row address |atches 226, a columm address

Is applied to the address rngster 212. The address

regi ster 212 couples the col address to a col um

address latch 240. Depending on the operating node of

t he SDRAM 200, the columm address is either coupled

330r dsqyinchudss asontrolbisethatyeppples camersindrangradidioes eorihief bag 206 of

B puid B e B U0 Fop 3 i 0B e e e
il el RBdessdraaoh] SitheRllirddl§ of Brbiigh e Hssty euhthsiler BYO.

the address register 212. 'In either case, the colum _
addr ess bulfiber the4forggpinges avild obeimppeasihtess shatp adthough specific

caol unm decader. 248. 2004/ 077659, PCT/ US2004/ 0058 :
Siep ety GRS attion Ve diteh ArTRed BriFiy Br F3posssar flusiration
FR1eRs BfbdifeafiShd Fly beith&Mi wikhoul d8vialee fibh Bie spRRABE scope of the
anplifiers, 1/0 gating, DQV &WPB mask | ogi c, bl ock
nwerttienc dlcchHialrigly, tastaverdpingy nftdimideteexotptias dydna zppsnd@icslaims.
222, respectively. The colum «circuitry 250, 252 may

i nclude for each colum of nenory cells in the arrays

220, 222 5 the equilibration circuit 34 (Figure 1) and
the sense anplifier 100 or a sense anplifier

according to sonme other enbodi nent of the invention.

The data bits devel oped by the sense anplifier 100

are then coupled to a data output register 256. Data

to be witten to one of the arrays 220, 222 are

coupled fromthe data bus 258 through a data input

regi ster 260. The wite data are coupled to the colum
circuitry 250, 252 where they are 10 transferred to

one of the arrays 220, 222, respectively. A mask

regi ster 264 responds to a data nask DM signal to
selectively alter the flow of data into and out of the
colum circuitry 250, 252, such as by selectively
maski ng data to be read fromthe arrays 220, 222.

Figure 6 shows an enbodi nent of a conputer system 300
that may use 15 the SDRAM 200 or sone ot her nenory

devi ce that uses the sense anplifier 100 or sone

ot her enbodi nent of the invention. The conputer system
300 includes a processor 302 for perform ng various
conputing functions, such as executing specific



software to perform specific cal culations or tasks.
The processor 302 includes a processor bus 304 that
woeormiiey9 i ncl udes an address bus, a control bRST/US2V04/605850
data bus. 20 In addition, the conputer system 300
i ncl udes one or nore input devices 314, such as a
keyboard or a nouse, coupl @@ to the processor 302 to
all ow an operator to interface with the conputer
system 300. Typically, the conmputer system 300 al so
i ncl udes one or nore outpdM8evi ces 316 coupled to
t he processor 302, such output devices typically
being a printer or a video termnal. One or nore data
storage devices 318 are alsq 25 typically coupled to
the prbcessdprersgampiisy, GPEPHINE or retrieve data from
exter Exanpl es of
typicgf% E%%%%@ﬂf%@@%%@u%ﬂ%ﬁqﬁﬁ%.de hard and fl oppy

di sks, tapeﬁleeﬁﬁi@emﬁicom}ﬂemmgeenséumks read-only
menories (CD ROW). processor 302 is also
typically cféf@brsw&cl% éoaplé‘éd%?@%n%‘?yﬁlﬁﬁéenﬁﬁm% apd a first power

Bl B0 rORER FAAE E3B MR nel Sl6d 108 fond sense
ngqgery controller 330 i ncl udes an address bus 214

(Figure 5) to couple row addresses and col um
addr esses tastdead BRAh 20apled hetwashdhs seaone rsghseckinaymd the first
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buss206. of the SDRAM 200. The external data bus 258
of the SDRAM 200 is coupled to the data bus of the
processor 30irdeswtitvhrooupleé betwecnthet ﬁmsbaag)he iihe amdkaweopnd power

control | er 33 Fro he forego i

PP lchodkcerihkd Sk hovigh *ooapl reeminsl st i fhessepmd sense

tdhe.i nvention have been described herein for pur poses
fllustration, vari ous nodifications my be made

W t hout devd aturthgswitchraotipled $piwdeh tanskcond pmseﬂinh Iaed the second

i nvention. Accordingly, the invention is not Ii

e tsupRly ppdenide fowalh awicl baying 2 Wrzb@mm@swled % the first

Fg;gé{§2004/005850 12 CLAIM5 1. A sense anplifier,

conpri'stng: a first sense anplifier section

conpr i $4dadnd sense amplifier section comprising:

a pair of complementary digit lines;

a first switch coupled between the first digit line and a third power
supply node, the first switch having a control terminal coupled to the second sense
line;

a second switch coupled between the second digit line and the third
power supply node, the second switch having a control terminal coupled to the first
sense line;

a third switch coupled between the first digit line and a fourth power
supply node, the third switch having a control terminal coupled to the second sense

line;



first and second conpl enmentary sense |ines; first
switch coupl ed between the first sense line and a
wo eogp7eemer  supply node, the first sw tch haRCHySm04/005850

control termnal coupled to the second sense line; a
second switch coupl ed between the second sense |ine

and the first power supply3node, the second switch
having a control term nal coupled to the first sense
line; a third switch coupled between the first sense

line and a ggs@ifsPRILECUPIMPBEVCEAPER, scbhifl Bl thesiid Bl fourth
having a control term nal coupled to the second sense

| povegr supplyunade, thei foutth switph ddvingtaeantrol temdérad satpleé e éhe first
line ﬁnq the second power supply node, the fourth
sPeH™havi ng a control terminal coupled to the first

sense |ine;,a,3ecRNth S6HIA BOREA RS i8PSEdseMine and the first digit
conprising: a palr of conplenentary digit lines; a

f limesthe sthe tixth ovoitghl lesinget coaenl teheinkl;asd digit 1ine and

a third power supply. node, the first switch havin

control ter ?rﬁ??’épg‘cs(‘]‘ﬂ%héauﬁlﬁd i’ﬁ‘@’e%g%?r?&c%né]rﬁgse r?er?é’,% tﬁe second

S ' econd digit |ine

angﬁﬁﬁg§®%%%%mﬁggﬁgﬁqgﬁgg%ﬁgﬂggggmﬁﬁg'second switch

having a control termnal coupled to the first sense

line; a third switch coupl ed between the first digit )

line akd a Thepnse porbier of phimyl whersin ¢agh of fhersivitolipy eqqprises

avi a_control termnal coupled to the second sense
reSpeCBiV%gﬂ\Fﬁn%%&‘/077659 PCT/ US2004/ 005850 13 a fourth

switch coupl ed between the second digit line and the

fourth power supply node, the fourth switch having a )
cont r oB. t er Fhesgnse supliber afslaime? whersin each of the switches comprises

respective MOSFET transistors.

4. The sense amplifier of claim 1 wherein the first power supply voltage

and the third power supply voltage are equal to each other.

5. The sense amplifier of claim 4 wherein the first and third power supply

voltage comprise a positive voltage.

6. The sense amplifier of claim 1 wherein the second power supply

voltage and the fourth power supply voltage are different from each other.

7. The sense amplifier of claim 6 wherein the second power supply
voltage comprises a negative voltage and the fourth power supply voltage comprises zero

volts.

8. The sense amplifier of claim 1, further comprising a control circuit

coupled to the control terminals of the sixth and seventh switches.



sense line; a sixth switch coupled between the first
sense line and the first digit |I|ine the, the sixth
waeMooresavi ng a control termnal; and a sevenp¢T/BEsioDotn5850

coupl ed between the second sense |ine and the second
digit line, the seventh switch having a contro

termnal. 2. The sense anpll4fier of claim1 wherein

each of the switches conprises respective FET

transi stors. 3. The sense anplifier of claim2 wherein

each of th%ﬁ%é@ﬁgﬁ?@m@%f $B5n g,eﬁﬁﬁg %@%@Fge@m switch

transistors. ense anplifrer o wherei n
couplddhetidenghe foam@rposieppipplyvaldeagé a pawer supplyt teimihal dwesighth switch
~ supply voltage are equal to each other. 5. The sense
havingaanspitkeletermainal [aaf rivherein dhe ponttoh Sireyit ds fygther cavplad fo ity control

. SUppl .ol ta conprise a positive voltage. 6. The
tennmgfér?gé%aﬂ%}%fwg[?h‘of claim1 wherein the second power
supply voltage and the fourth power supply voltage

are different fromeach other. 7. The sense anplifier
of cl alin 6 Whesassnamplifiesof olatm pofstheseqpprsing ol t age

o S S5 B tEA 885 5 DRVEL BB na o v

powerd| lgftérﬁﬁna@,fthg 'e%hfﬂ s]vvitcil%ﬁt'iﬂgra CORABI tbmhingl; angont rol
citcuit coupled to the confrol termnals of the sixth
and sewaiith sswichdoepled Wor2@04the 27ied PoRET /sl 0wde @88 F0second

14 9. The sense, lifier.of claim8,. further

power SHRR}Y itm?d e ewghn?wt%atvm a %O&Bfﬁf%&nwe# ween t he
fourth power supply node and a power supply term nal,
the eighth switch having a control termnal, and
wher ei nl.t heAaaniplifier for sensidg a differentifleroltage) pbmgrisiogt he
control _termnals of the eighth switch. 10. The sense .
anpl i f# &Fst spnseagIPHisr havigg mpl@aﬁwﬁys‘q%ﬁweé@r&ﬂwm terminals

and co?(ﬂl%rﬁg}&tg&%ﬂjsteﬂldbs%c\’}ﬁlelﬂpﬁtngrrﬁihgﬁ,t thD P&t rinﬁ\ﬂ RAkndl %gﬁlgac%qpled to
the second output terminal, and the second input terminal being coupled to the first output
terminal;

a second sense amplifier having complementary first and second output
terminals and complementary first and second input terminals, the first input terminal being
coupled to the second output terminal of the first sense amplifier, and the second input
terminal being coupled to the first output terminal of the first sense amplifier; and

a coupling circuit configured to couple the first output terminal of the first
sense amplifier to the first output terminal of the second sense amplifier, and to couple the
second output terminal of the first sense amplifier to the second output terminal of the second

sense amplifier.

12. The sense amplifier of claim 11 wherein the coupling circuit
comprises:

a first switch coupling the first output terminal of the first sense amplifier to
the first output terminal of the second sense amplifier, the first switch having a control

terminal; and



power supply termnal, the eighth switch having a
control termnal; and a ninth switch coupl ed between
wo b4pticsd power supply node and a second poweCT/BEs39p4/§05850

termnal, the ninth switch having a control term nal

11. An anplifier for sensing a differential voltage,

conprising: a first sense afplifier having

conpl ementary first and second output termnals and

conpl enentary first and second input termnals, the

first Jnpigngt ?\KIH&P%B }{ﬁﬁ‘l&n%ecgéb%hgdo t Eéi‘ﬁn?a@cﬁ"%e first sense

out put term nal second i nput term nal being
ampllﬂb@ uplthe stnt heutfitr tstminal pfithe seeond weisp andwontheswenemel switch

nplifier having conplenmentary first and second out put

hﬂwn&%ﬁ%$ﬁbW§n@ﬁH conpl ementary first and second i nput

termnals, the first input. term nal being coupled to

the second output termnal of the first sense

anpl i fi®r, Badsehbeasplfacdioiit 12 Waesinnhk fleeti and second switches

coupled to the first output termnal of the first
comprise nespeciivsRET teansistossl a coupl ing circuit configured to

couple the first output termnal of the first sense

anplifier to the first output termnal of the second

sense |IP| | ThLkensdinpIfFicE 0oPLRIch NEl, BfRONdoaptigdta first switch

termnal of the first sense arrpllfl er to the second
througbuvlpgch atfastrpavedr sopply veltsgecisrmguplsé ite éheaﬁxst s¢riseramplifier, a second

sen anpl |f er of cl 11 wher u
switeh g Pt b Bong wpprvbligs Bokgedid 15 R dpptifer, o
third SQ\H{cHulrhr Jueh Wiigh ofhntdhﬁoxf/érr SilopBEYSIS g@rf@lc'o{lbl%ﬂ thOthe {sB&nd sense
first output termnal” of the second sense anplifier,
amplifienearidi o fourthwiitch thraugmyhaheofourth powtesupphaloltage ds mpled to the
2004/ 077659 PCT/ US2004/ 005850 15 a second switch
secondes5sR PRYifisie second output terminal of the first sense
anplifier to the second output term nal of the second
sense anplifier, the second switch having a control
term nef.. 1Bhe ddnee appdifieaoPliafrh 4 whereinaihi fiidt, Weeondl third and

the first and second_sw tches conprise respective FET
fourth swiehgs spwptse respective FET transistors.

16.  The sense amplifier of claim 14 wherein the first power supply voltage
is the same as the third power supply voltage, and the second power supply voltage is

different from the fourth power supply voltage.

17.  The sense amplifier of claim 16 wherein the first and second power
supply voltages are positive, the second power supply voltage is negative, and the fourth

power supply voltage is zero volts.

18. A sense amplifier, comprising:
a first sense amplifier section comprising:

first and second complementary sense lines;



14. The sense anplifier of claim 11, further conprises
a first swtch through which a first power supply
woodosagese s coupled to the first sense anpli fiBCT/US2004/005850

second sw tch through which a second power supply
voltage is coupled to the first sense anplifier, a
third swtch through whichia third power supply
voltage is coupled to the second sense anplifier, and
a fourth swtch through which a fourth power supply
voltage is l.e t s S o e :
The sense a%rp %%flfg}a&%?l %ﬁ?ﬂel % 14 %her el nltfl%ﬁ ?E(tﬁ ’dralé coupled
skestwoeh thefirstdemedine fandi b st voithgeh eisd toggie capledopbe sdcord sense
FET transistors. 16. The sense anplifier of claim 14

>ein the first power supply voltage is the same as
the third p r : he - .
supply vol t%é\%of@HQQF%}%%&{R?%&%%%%&Urgt:oh%%oé?v\g\r/éﬁgm coupled
Shiqdfresn el dea@Rl sehde lidd1end eeshrsanplidgl) and 0 gate aotpld to the first
wherein the first and second power supply voltages
afedspbid;t i ve, the second power supply voltage is
negati ve, and the .fourth wer .S I I '
Vots, 16, “AIsrSe g FrrERAR PR I S BPF phf cfih Soupted
SEASBerrR! firki ShsSBAd hitNa GEIVRAL VoIS, ahd lit§ lcaRNebupRAABdhe second
conpl enentary sense |ines; WO 2004/ 07765
PETseBEO04/ 005850 16 a first p-channel sense
transi stor havi n(? iés source, and drain C?%L/I‘%{ ed d drai led
bet ween t he? FePRY DChAIET pynse traRRIstor Hqving it Agupognd drgjg couple
| btwod e GOLRNEENdeqirde R d IRCQRENFENERe, ddNB gafe SRPRIAY0 the first
p- channel sense transistor having 1{s source and drain
canpd Buok; bet ween the second sense |ine and the first

voltage, and its gaﬁg coupled to, the first sense
li ne; ASYPRSEENSE RHBHAE| SCCIOMISHE st or having its

source and gﬁ@%ﬁ%&ﬁﬁéﬁﬁgag%%ﬁ&st he first sense |ine

and a second Fts gate’ coupled to the
second sensdirdtipiehannel sense transistor having its source and drain coupled

between the first digit line and a third voltage, and its gate coupled to the second sense
line;

a second p-channel sense transistor having its source and drain coupled
between the second digit line and the third voltage, and its gate coupled to the first
sense line;

a first n-channel sense transistor having its source and drain coupled
between the first digit line and a fourth voltage, and its gate coupled to the second
sense line;

a second n-channel sense transistor having its source and drain coupled
between the second digit line and the fourth voltage, and its gate coupled to the first
sense line;

a first coupling transistor having its source and drain coupled between the first
sense line and the first digit line; and
a second coupling transistor having its source and drain coupled between the

second sense line and the second digit line.



a second n-channel sense transistor having its source
and drain coupled between the second sense |ine and
wo be4szseond vol tage, and its gate coupl ed to tPer/i/52084/005850
sense line; a second sense anplifier section
conprising: a pair of conplenentary digit lines; a
first p-channel sense transiator having its source and
drain coupled between the first digit line and a
third voltage, and its gate coupled to the second
sense I ne;r I
navi ng Pt o ouR SRR DELAR 13 REh (RIS Plose and the third
voltagee@aghatlicgedchlotiee. and the third voltage, and its gate
coupled to the first sense line; a first n-channe
sense transistor having its source and drain coupled

bet weegt he 'er%h% flﬁer o clg'ﬂlg 19 xtvﬁ fnhth%oﬁrSP gnd t}gn&j voltage

its ga e coupl’e Secon sense
cam@ﬂs@i?wmmﬂeﬁﬂﬁ@ g€ tranS|stor having its source and drain

coupl ed between the second digit line and the fourth

voltage, and its gate coupled to the first sense

l'i ne; f|r couplin i,Sto Vi n ts sourc

and dr 2in' G a1 eveeR R 8 Mokl e FroRBt yiffoce and the
fourtt VWitabé hitdife@ht frdh R8ch @nek, @ second coupling transistor

having its source and drain coupl ed between the

second sense line and the second d|g|t I|ne WO

2004/ 077659 _PCT/ US200 /005 50. sens .
anpl | f%ér of hassl?%ai@ fieE PESIAIn %i erele %egﬁvcgwge comprises

d% &%%; ther. 20. The
aneggstgﬁsvle)ng%‘p |f|H‘L'e¥ V%t%gee n\ﬁﬁg%egléﬁg%t e first and
third voltage conprise a positive voltage. 21. The

sense anplifier of claim 18 wherein the second voltage
and t hé3-  The sense amplifier of claim 18, further comprising a control circuit

coupled to a gate of the first coupling transistor and to a gate of the second coupling

transistor.

24, The sense amplifier of claim 18 wherein the coupling transistors

comprise respective n-channel transistors.

25. A memory device, comprising:

a row address circuit operable to receive and decode row address signals
applied to external address terminals of the memory device;

a column address circuit operable to receive and decode column address
signals applied to the external address terminals;

at least one array of memory cells arranged in rows and columns, each of the
memory cells being operable to store a data bit written to or read from the array at a location
determined by the decoded row address signals and the decoded column address signals;

a plurality of sense amplifiers provided for respective columns of memory
cells in the at least one array, each of the sense amplifiers comprising:

a first sense amplifier section comprising:



fourth voltage are different fromeach other. 22. The

sense anplifier of claim2l1 wherein the second voltage
wW@wpHnT®es a negative voltage and the fourth ROI/USIPE4/005850

conprises zero volts. 23. The sense anplifier of claim

18, further conprising a control circuit coupled to a

gate of the first coupling tgansistor and to a gate of

the second coupling transistor. 24. The sense

anplifier of claim18 wherein the coupling transistors

conprise respect g g S%ﬂé!‘é&mgfeﬁfég@ﬁ Qe Ty A

menory device, conprising: a row address cifcuit

oper abl e to recenvirsapadha@eddenseovarBibthrelss i #absce and drain
applied to external address termnals of the nmenory

devi cecoupledbbeiraemihgrisisserse ling and gpidishieliage candeitsegajecoupled to
and deﬁf%ds 8&%8%%1 address signals applied to the

line; .
ext er nal® “address ¢ erm nals; at |east one array of

nmenory cells arranggmhdipichans Ak ©lsitBihavBaGh RhrdeN®d drain
menory cells being operable to store a data bit

wr i t t epoundedbbetwegdl the sreanidesease dipe sandathieofiest ivolage, and its gate
determ neg (ﬁ@hhg@?ecod d row address signals and the
decode¢of Bt 888°IPYnal s; a plurality of sense
anplifiers provideglsf Qlchh&RP8&dst s Rid % i itfRIMEY and drain
cells in the at | east one array, each of the sense

anpl i f tamdedCltpedmsibadirstaefiseriare apd nsecaniptdlfagerand dis tgarcoupled
conpr i %Iotﬂg WD 2004/ 077659 PCT/ US2004/ 005850 18 first
and se SeORPSEREXNST y sense lines; a first

p-channel sense LI . Sht-a{anﬂévsigﬁ]% t.kilﬁis?bg lﬁ;agﬁllg?%?soqfc@i ald drain

coupl ed between the first sens ne an

vol t agequpdatdbéttveery dicesaconpkade tlime dnkieths aecond widage, and its gate
l'ine; a second p-channel, sense transistor having its
sour ceSUiEddp Ahqfirst g5mse Heesbet ween the second sense

line and t h§S£CIO¥1§IE%ﬁeé8|a{n%gﬁer S%&?OI{ éO?ﬂI%‘?SEI?g COUpl ed to

the first sense
a pair of complementary digit lines;

a first p-channel sense transistor having its source and drain
coupled between the first digit line and a third voltage, and its gate coupled to
the second sense line;

a second p-channel sense transistor having its source and drain
coupled between the second digit line and the third voltage, and its gate
coupled to the first sense line;

a first n-channel sense transistor having its source and drain
coupled between the first digit line and a fourth voltage, and its gate coupled to
the second sense line;

a second n-channel sense transistor having its source and drain
coupled between the second digit line and the fourth voltage, and its gate
coupled to the first sense line;

a first coupling transistor having its source and drain coupled between

the first sense line and the first digit line; and



a first n-channel sense transistor having its source
and drain coupled between the first sense |line and a

W@ ewendesdl t age, and its gate coupled to the BEDUSH04/005850
sense |ine; a second n-channel sense transistor having
its source and drain coupled between the second sense
line and the second voltagejg9and its gate coupled to
the first sense line; a second sense anplifier section
conprising: a pair of conplenentary digit lines; a
first p-chann n [ 0 d
drain couplraegéct?ﬁ? c°b% h{lge |§1'Ff52> %?éilg{w gﬁl gr?zm%ngﬁ cgedré‘iﬂ coupled
t letwbeyi @hd G@end Sonck llﬁéar@l&héséb@ﬂ@ﬂtgﬁ line; the second
sense |line; a second p-channel sense transistor having
| ts so@r@aéa and @maltrppetacblqot%@ptm& dase signpls @géwdmggﬁw the data

bits b?tﬁv Ssten% aﬁ%pﬂ{ eirsnegq ?%11%1 Sd?{gldtelalﬂg?%% f‘ t%g é%egnigryed(%vwe and

tr ans' St RBodd Sp&ableds déddde diphirflity @@ BdhBfnd signals applied
between the first digit line and a fourth vol t age, and

to resmcstlvg K g@mmand termintads efsbeongnwendevits, the comrsmﬁbdmtoder being
I t h. d d
oerafis ) BB HE EVEN SIEE SR bRAmORE S e oGOt gigrt

voltage, and its gate coupled to the first sense
line; a first coupling transistor having its source
and dr@on cdhpmhesndigtdseien of them 26 valteraie tisefitst neltagednd the third
the first di i ne; and WD 2004/ 077659
“ﬂmEQﬁ? 5%?@%8@?6 19 a second coupling transistor
having its source and drain coupled between the
second sense line and the second digit line; a data
pat h ci2fcui tThepeémbilyeddvicecoflplain @8t @h&eigniesfirst and third voltage
corresponding to the data bits between the sense
COMPEpfR PPSiEyesvoliage. ext ernal data terninals of the nenory
devi ce; and

28.  The memory device of claim 25 wherein the second voltage and the

fourth voltage are different from each other.

29.  The memory device of claim 28 wherein the second voltage comprises

anegative voltage and the fourth voltage comprises zero volts.

30.  The memory device of claim 25, further comprising a control circuit
coupled to a gate of the first coupling transistor and to a gate of the second coupling

transistor.

31.  The memory device of claim 30 wherein the coupling transistors

comprise respective n-channel transistors.

32.  The memory device of claim 25 wherein the memory device comprises

a dynamic random access memory device.



a command decoder operable to decode a plurality of
command signals applied to respective externa
weeomargse er m nal s of the menory device, the cPOTEHIZH04/005850

decoder being operable to generate control signals
corresponding to the decoded command signals. 26. The
menory device of claim?25 whgrein the first voltage

and the third voltage are equal to each other. 27.

The nmenory device of claim 26 wherein the first and

third I ta i . it . ] .

monory e o AP &l Gl 48 WRHGE 8% aftimid Midom acoess
mem@éfdetice cothphiges A syfdhr@Rs ayeartic kilogNdcctssaemragicoicber .

29. The nenory device of claim 28 wherein the second

vol tage conprises a negative voltage and the fourth

vol tag; corrpdégi ses zero volts. .30. The nenory device of
claim é,‘ f dr PITEPTE %‘Fﬁ’g?t ana’(n%ont rol circuit

coupl eq Ry ad@REe cREuit RBetibleSlo FRLRE A8 ddcals réh04ddARE signals
to a gate of the second coupling transistor. 31. The
applieveiomxierabd wildressatrntihals of 8@ mdneorgidevickse coupl i ng
transi stors copprise resgective n- channe

transi $t 6EMnaadress LCIauHLPRRIARIG iR doERtV L %ﬁ'i Aeseds,atugin, address
: AEIR ' QRILPY 1s: @ dynam ¢ random access
Sien affr&ﬁ%ry e g’g&n%%dzooﬁ 077659 PCT/ US2004/ 005850 20
33. That ieastoone ateyi cfen@horylcallsmidahgel éin edws diecalymasy each of the
random access . _nmenory device conprises a synchronous

MemQTy g leem&gggﬁl?l.g& siete Hdata byt vgétgqnct@:or ng:d frompdhgyprgay at a location
o 4 5 SRt U EUREDS LM BRI B

ext er nal plagdityess sérge Mnfel flerd brdvitkdRARE el E8iumAs of memory
colum address circuit operable to receive and decode

cells indhgpricasti enedsy, eachwalhe pss arelifiess edveprisinger nal
address term

| s; I ) . f I
ar r anged inaﬂgggéﬁﬁ%%@Bﬁﬁ%%§£H§%g%%ﬁgCgﬂgﬂgﬂgﬁ¥y%%“a%dSﬂmnd

output terminals and complementary first and second input terminals, the first input

terminal being coupled to the second output terminal, and the second input terminal
being coupled to the first output terminal;

a second sense amplifier section having complementary first and
second output terminals and complementary first and second input terminals, the first
input terminal being coupled to the second output terminal of the first sense amplifier
section, and the second input terminal being coupled to the first output terminal of the
first sense amplifier section; and

a coupling circuit configured to couple the first output terminal of the
first sense amplifier section to the first output terminal of the second sense amplifier
section, and to couple the second output terminal of the first sense amplifier section to
the second output terminal of the second sense amplifier section;

a data path circuit operable to couple data signals corresponding to the data

bits between the sense amplifiers and external data terminals of the memory device; and



menory cells being operable to store a data bit
witten to or read fromthe array at a |ocation
waledogomicred by the decoded row address si gnal sP@mntiS1004005850
decoded col um address signals; a plurality of sense
anplifiers provided for respective colums of nenory
cells in the at | east one apray, each of the sense
anplifiers conprising: a first sense anplifier section
havi ng conpl enentary first and second out put

term na| r ' i : :
tor m nal SreRfs REBLF PR Ao phdch o AN RP OBk B iengls apptied
to reshbtive g hthl Quinfiahd temifalodf tha Atbnidie dseeq ek domdind decoder being
termnal being coupled to the first output term nal;
operalede @epaats €pnieol sigpilsicorespoading do theleredyd commandwsignatsy
first and second output term nals and conpl enentary
first and second input terminals, the first input
ternm nas, beimg auRredddvicd RE SREANGA OWheidin tBE NEdiRling circuit
of the first sense anplifier section, and the second
compripgsut term nal being coupled to the first output
term nal .of t first sense anpljfier sectjon, and a .
coupl 1 g8l FUFk coitiiegE dsh BUBBLITEIERET th drst i, pplifier
sectioh€loMhe HirsObuth e terhiraf bf I8 §&oRARLALS ShpIPRE deliod, Ahd Mst switch
first output termnal of the second se%se anplifier
having ecbitoel, temmidalt enccoupl e t he second out put term nal of

the first sense amplifier section to the second

out put % é"rcﬂ%lﬁaﬁw%gp 9%@@&:@%8%@% Ouinh| termigpl 9fcthe ofist sense

: [ it r e ' I .
sl 8 80B % E LB g O RUBLES S SUANELP e, e

secondspitchh havisg anohtel tenigdl. data term nal s of the nenory
devi ce; and WO 2004/ 077659 PCT/ US2004/ 005850 21 a
command decoder operable to decode a plurality of

comang.si gral ied t espect ve t grnal .

commn§6t er ﬁ?lrei 3?% %’ d?ﬁ%e ﬁgﬁ%ﬂ’/ @g Nigdn %(%grsg Bhhigrqnd switches
compecesectiPeFPY trapfgbabl € to generate control signals

correspondi ng to the decoded conmand signals. 35. The

menory device of claim 34 wherein the coupling circuit

conpri §8s: first swi;itch caupl.ing,the first output .

Corm nal of ThrdninpS uthfk 88 fheiiiss Brggieed & fist switch
throudh #8ichQUERY bot & fipPR/ V(?faﬁé Recaftn® BETRE R ddpiBfer section, 2

section, the first switc
second switch through which a second power supply voltage is coupled to the first sense

amplifier section, a third switch through which a third power supply voltage is coupled to the
second sense amplifier section, and a fourth switch through which a fourth power supply

voltage is coupled to the second sense amplifier section.

38. The memory device of claim 37 wherein the first, second, third and

fourth switches comprise respective FET transistors.

39.  The memory device of claim 37 wherein the first power supply voltage
is the same as the third power supply voltage, and the second power supply voltage is

different from the fourth power supply voltage.



having a control termnal; and a second sw tch

coupling the second output termnal of the first sense
wa@pphioficsy section to the second out put term neCT/O82005€05850

second sense anplifier section, the second switch

having a control termnal. 36. The nenory device of

claim 35 wherein the first 2nd second sw tches

conpri se respective FET transistors. 37. The nenory

device of claim 34, further conprises a first switch

th whi - | SRS
I Sy ch ot (BRYEET BRI HELLASRe By BUPLERG pover

supply hrodiagds wsi paigitves deodedomb pewers supplyy viltdgkaig ek stivep dpd @be fourth
to the first sense anplifier section, a third switch

powef sl FOlABE éhzeso Vol d power supply vol tage is coupl ed
to the second sense anplifier section, and a fourth
switch through which a fourth power supply voltage is

coupl edi1t o tTIR Hea6HUSRE DE cRifR i fiRkeis afd h&orydfvicERBmprises
menory device of claim37 wherein the first, second,

a dynamicrigndgrd acqestmemosidavidses conpri se respective FET
transi stors. 39. The nmenory device of claim 37 wherein
the first power supply voltage is the sane as the

third power %Qﬁéﬂiorgf)detvﬁﬂeof ARth 1PIRREP ML PRWRLC random access
supply voltage is ifferent fromthe fourth power

mempdpyige vahprgee 2 SYWBhp@®4s 051%6EH0 rRCPMUS2ER4MaNGgHevicd 2
40. The nenory device of claim39 wherein the first
and second power supply voltages are positive, the

second ggowery éMﬁgh rs&@ﬂeﬁ?gﬁnﬁﬁsi gative, and the
supp

fourth power y-voltfage is Zero volts. 41. The

menor y agecdesr hhviap aippocddonbes;ei n t he menory devi ce
conprises a dypam c random access nenory device. 42.

The medBrjPHelAvVIcE srpled 49 thunrogerseiethioughethe pregessor bus to allow

s 0NN AR BRY oo corPrLoe3 @ ynchronous
SySF e Man QAL id6Vig coupledioOtie peaticsIda irB BglRthRRE6@RSR bus to allow
data t(gJ ges output from the computer system,
a data storage device coupled to the processor through the processor bus to
allow data to be read from a mass storage device;
a memory controller coupled to the processor through the processor bus; and
a memory device coupled to the memory controller, the memory device
comprising:
a row address circuit operable to receive and decode row address
signals applied to external address terminals of the memory device;
a column address circuit operable to receive and decode column
address signals applied to the external address terminals;
at least one array of memory cells arranged in rows and columns, each
of the memory cells being operable to store a data bit written to or read from the array
at a location determined by the decoded row address signals and the decoded column

address signals;



an input device coupled to the processor through the
processor bus to allow data to be entered into the

WEvplt e syst em an out put devi ce coupl ed to PEEUS2004/005850

processor through the processor bus to allow data to
be output fromthe conputer system a data storage
devi ce coupled to the procezssor through the processor
bus to allow data to be read froma nass storage
device; a nenory controller coupled to the processor

through the DRFARY o s taﬁlgﬂfrf}grﬁgﬁép%%g ?f‘g}e’ir&%e&?x}éolc&ﬁmns of

to the nenory ler,

C OERidrS icBlls inahd SVieREleHceE Ry tdch bif theQeRicoddflifleds SRS iswey:
and decode row address signals applied to externa
addr ess termi nal ¢ {58t sehse ammdidiey sepéion eemprsisgl um
address circuit opera rec nd ecoede {;ol um

2 @ sdBEE NS :
addr ess signals appl i ¢ 8% PHE P BPITHIC Gy Res mes,

termnals; at |east oRerdfp3arifel BRIFLMnSiSol ha?ihf 33%BHrce and
in rows and colums, each " of the nenory cells beéing

oper abl e t o dstiwrceupled hetavebn thenfiist tsesetlmeoandr & ficst fwobiage, and its

the arra at, a 1 acation determ ned by the decoded row
addr oss o Rt SouRGt IS SEOBESHEH G  addr ess

signal s; WO 2004/ 07763%:E6l g-%%gﬂ‘ﬁ gglgs%SQans?s%orahavin its source
provi ded f

plurality of sense anplifier or respective
col ums of anedory cagllédsbiétwetrhtheabcdrdasehseolge atd thy first voltage,

each of the sepnse anplifjers conprising: a first sense
ampl i fier cabq lpte srilecstorthe first pepse el second

conpl ementary sense |, ngs; n—@h:jﬂnrgf geémgé ?ﬁﬁﬁ&g} Pg\gﬂg §ts source and

transi stor having its source an rain coup

bet ween t he dfdii séupt@iisewbdntBe ding sanseilingtany @l se@@fl, vodage, and its
its gate coupled to the second sense line; a second

p- channel s 8m§ soupleghts the grcondsensg lingis source and

?f?'st” 3g|utp'agg bet ween, the SeEMI RSS! N8 BNhLNE its source

and drain coupled between the second sense line and the second
voltage, and its gate coupled to the first sense line;
a second sense amplifier section comprising:

a pair of complementary digit lines;

a first p-channel sense transistor having its source and
drain coupled between the first digit line and a third voltage, and its
gate coupled to the second sense line;

a second p-channel sense transistor having its source
and drain coupled between the second digit line and the third voltage,
and its gate coupled to the first sense line;

a first n-channel sense transistor having its source and
drain coupled between the first digit line and a fourth voltage, and its
gate coupled to the second sense line;

a second n-channel sense transistor having its source
and drain coupled between the second digit line and the fourth voltage,

and its gate coupled to the first sense line;



and its gate coupled to the first sense line; a first

n- channel sense transistor having its source and
waele@iun7wsoupl ed between the first sense |ine anPICHUS2004/005850

second voltage, and its gate coupled to the second

sense |ine; a second n-channel sense transistor having

its source and drain coupl24 between the second sense

line and the second voltage, and its gate coupled to

the first sense line; a second sense anplifier section

conprising: a paj f oGB! EIRRIA MO sdudr@€5hd Brain coupled

first p-channel sense transistor haV|n§ I'ts source and

drai n deuptsadhbdbatsveane tihearfd the firdiddgit lind; ard and a third

voltage, and its gate coupled to the second sense .

line; a second p-cieapiiounbing wansisiprdiayingritsirayicsgnd depin coupled

source ' I t th nd digit

e sl e rRaiE MRS S RERLRE GBRERNE D1 24 <

the first sen&ga pathRircdt bpdrsiile fo G&gﬂé‘ @hta SBNSR corresponding to the

transi stor having its source and rai n coupl ed

balateebits betevepn rthe sefisgi amplifises andl extefralidata igohinalyeqf theomemory

i&% .gat%-coupled to the second sense line; a second

n-EHY sense transistor having its source and

drai n coupl et RghNREdRHENS opEaBRYo delide d J1R@1ANSE doifnand signals

fourth voltage, and its gate coupled to the first

sappked itmerespitifO Okt GiEal 6 6e@mPETd USR0Mm4Is006856 mdory device, the

first cqupling transistor having its source, and drain
c SR GrEpiRdhFin ePRFbls 1O ERERI posod e ectriepRqnding to the

did@@:&dehiceﬁﬁnﬁg%@aﬁgcond coupling transistor having
its source an aln coupled between the second sense
line and the second digit line; a data path circuit

operable to couple data signals. corresponding_to the
44.  The computer system of claim 43 wherein the first voltage and the

third voltage are equal to each other.

45. The computer system of claim 44 wherein the first and third voltage

comprise a positive voltage.

46.  The computer system of claim 43 wherein the second voltage and the

fourth voltage are different from each other.

47.  The computer system of claim 46 wherein the second voltage

comprises a negative voltage and the fourth voltage comprises zero volts.

48. The computer system of claim 43, further comprising a control circuit
coupled to a gate of the first coupling transistor and to a gate of the second coupling

transistor.

49.  The computer system of claim 48 wherein the coupling transistors

comprise respective n-channel transistors.



data bits between the sense anplifiers and externa

data termnals of the nenory device; and a conmand
waelewadewsoper abl e to decode a plurality of conPErRtiS2004/005850

signals applied to respective external command

termnals of the nenory device, the conmand decoder

bei ng operable to generate 2®ntrol signals

corresponding to the decoded command signals. 44. The

comput er system of claim43 wherein the first voltage

and th t hi e -he :
The co%'gl',lt er’fﬁséy\sétgﬂélh?%f s?flﬁt%m Qeadiatn® LR &ELN e %?bmo&*y device

alm 44 wherein the first an
comptikésraddynahtiagadomaniest senmmrpdsiitd. ve vol t age. 46. The

conmput er system of claim43 wherein the second vol tage

and the fourth voltage are different from each other.

47. The,co e (T ' .

Vol t 298" corr opipefi STudh o8 o AN E Ay PR aocess
memot9ldetige coapiisds 289nctesouy diinic 4shdoh&ceiethety deyist.em

of claim43, further conprising a control circuit

coupled to a gate of the first coupling transistor and

to a gate of, the second coupling transistor. 49. The
conmput g? syé?g?ﬂlg?teﬁﬁyggm’ %‘g%ﬂség%'i n the coupling
transi %tﬁé&ss&%g%?rém%é”e n- channel

transi st ors. WO 20 077659 PCT/ US2004/ 005850 25 50.
The comrpunpit deysteeroupled db dherpr@esshe thepwght the precessor bus to allow

device copprises a dynanm c random access nenory
data tg 55 epiEreddRlo the SOBRHELDER S y st om of ol ai m 50 whel i n
the dynamuou ARVRELHEABE D HIEADCLsH iiobeh BRTRELAES: hs fo all
synchr onodlgp dynam g ]?Igndom a cessS rrem())rgh evi ce. 52. SAoa o
data tc barputpat fregnsthe ppmpwiaysys®inyg: a processor having a
processor bus; an_input device coupled to the

pr oces 0t glomegHiavie rBledde dhe prrsesssr Apugh the processor bus to

allow data to be read from a mass storage device;

a memory controller coupled to the processor through the processor bus; and
a memory device coupled to the memory controller, the memory device
comprising:
a row address circuit operable to receive and decode row address
signals applied to external address terminals of the memory device;
a column address circuit operable to receive and decode column
address signals applied to the external address terminals;
at least one array of memory cells arranged in rows and columns, each
of the memory cells being operable to store a data bit written to or read from the array
at a location determined by the decoded row address signals and the decoded column
address signals;
a plurality of sense amplifiers provided for respective columns of
memory cells in the at least one array, each of the sense amplifiers comprising:
a first sense amplifier section having complementary first and

second output terminals and complementary first and second input terminals,



data to be entered into the conputer systenm an output

devi ce coupled to the processor through the processor
when4htesd | ow data to be output fromthe conpRCEDS2004/005850

system a data storage device coupled to the processor

t hrough the processor bus to allow data to be read

froma mass storage device;2@ nenory controller

coupl ed to the processor through the processor bus;

and a nmenory device coupled to the nmenory controller,

the e ' S| RY; 0 [es [r.cul.

oper bl ft i TemRREd R Bopidd oW RISt Eibal, and the

app! i edet¢cndaipenadinaddmgsupled o thalfiest Qutguld eridmm y

device; a columm address circuit operable to receive

and decode col unm® sesend sersesimgplHios sepiion baving comwlementary first

external ,address ternj nals; at,|east one arfray of .
menor y 08| 1% o’&‘f r%‘&l%‘g g%epﬁmlagv\gn%nc& m(piepﬁﬂﬁ%r}/ @?fg handpfsecond mput
t he nmengiMnAs)| the PR IR RLHED %@in‘ngg%l@g ecl) thed@bndPbitput terminal

witten to or read fromthe array ocati on '
det er mofieitie bijrst lsensd eaoplaftr r svetien darsls shes sepoad sinpwidteriaal being

decoded cal um ress signals..a plurality. aof sense

anpl | { FRFRe Fohe 364 Rt FESFRL of G kS Nepigpg and
cell's in the at !ae&‘rﬁgliﬂfé Qi Dfighiddho 8b ﬂl?ﬁwsﬁ@ts@u?ut terminal
anplifiers conprising: a %lrst sénse anth I er section

havi ng of ol fiesrsathser ymplifics tsectivn tosthe dirst @upyiubrminal of the second

term nals and conplenmentary first and second i nput
t er m n&FESe AHILiso srdirne syl ocayupisythe seemsisyrputigpinal of the first

first igaudt, n}glFﬁEr n&gti b P Qé{%hg %u%gﬂitttjtgﬁniﬁglc 8f gtbe second sense
out put tenni , an e second input term nal "Deing

coupl edmniplifiehesctiofi;st out put term nal; a second sense
amplifier section having conplenmentary first and .
second out p@tdatapath garw! eprgatde t@pql%lﬂ?éﬁwg%i@ yighals serrespanding to the

S i nput erm nal s, .t.he first inpyt, term nal
o SR oBtiso b o P by e ol AR gfe memory
f idesite;s@Ase anplifier section, and the second input

term nal being
a command decoder operable to decode a plurality of command signals

applied to respective external command terminals of the memory device, the
command decoder being operable to generate control signals corresponding to the

decoded command signals.

53. The computer system of claim 52 wherein the coupling circuit
comprises:

a first switch coupling the first output terminal of the first sense amplifier
section to the first output terminal of the second sense amplifier section, the first switch
having a control terminal; and

a second switch coupling the second output terminal of the first sense
amplifier section to the second output terminal of the second sense amplifier section, the

second switch having a control terminal.



coupled to the first output termnal of the first
sense anplifier section; and a coupling circuit
w@oviiogesed to couple the first output term nabCT/U82004€05850
first sense anplifier section to the first output
termnal of the second sense anplifier section, and
to couple the second output2term nal of the first
sense anplifier section to the second output term na
of the second sense anplifier section; a data path
Ci rcui 54 0pefg g Smi)gt Rinfothith 53 %@tleﬁvi &?T&&%ﬂ@@é@oﬂ@ switches
to the data bits en the sense anp I ers and
compgisd respealivalPE R tiapgistorsal s of the nenory device; and a
command decoder operable to decode a plurality of
command signals applied to respective externa

comman 9 ter ILPhg ac!o rp%%ﬁrt 4}? telC 0P Hﬁlrﬁ eéﬂ Ciﬁ h&h gomél‘ﬂg?aep ﬁrst switch

decoder “bei Nng opera 0 generate éon r ol

througlpﬁvhﬁﬁraoﬁﬂ;;t PEwEOs #ipgl vélege decouptstimntie Firgnahse arhglifieFhyection, a
omput er system of claim52 wherein the couplin

second|swv¢tah tthrogghpvhiele 8. segorid P@tfefsﬁnppb’hV@@ﬁﬁllﬁ reuRlpd %cf ithesfirst sense

smnpfi’ Bl B BBt v e « DA by YoupgER oed to he
secon@Bhdef dlﬁfihﬁ&osteb%h anfe fduithtswirht foughayhiol 2fe@t fdWer supply
term nal; and a sécond switch coupling the second
voltageus pxmplﬂddmﬁmmcomi senbeahplifiar ssddione anplifier section
to the second output term nal of the second sense
anplifier section, the second switch having a contro
term ng. V%@QQ%Q%?@?&Q&EQW A%%%%Hﬂ%ﬁﬁ&e i éconéf Nird and
conputer system of clalm53 wherein t first and
fourthssmdwhek emprishesspectoribSearmssgpect i ve FET transi stors.
55. The conputer systemof claimb52, further conprises
a first swtch through which a first power supply

vol tagg,i s 0 e i fie
o 9% = TGRS, Al L KOTSRS s sl
voltaggUpihe)saiie |a§ agethird potepsigght \Q)lﬁaB@ and H18d seg6iMbPower supply voltage is

different from the fourth power supply voltage.

58. The computer system of claim 57 wherein the first and third power
supply voltages are positive, the second power supply voltage is negative, and the fourth

power supply voltage is zero volts.

59. The computer system of claim 52 wherein the memory device

comprises a dynamic random access memory device.

60.  The computer system of claim 59 wherein the dynamic random access

memory device comprises a synchronous dynamic random access memory device.

61. A method of sensing a differential voltage between a pair of

complementary digit lines, comprising:



anplifier section, a third switch through which a

third power supply voltage is coupled to the second
waese7mapl i fier section, and a fourth sw tch par/osyn4/005850

which a fourth power supply voltage is coupled to the

second sense anplifier section. 56. The conputer

system of claimb55 wherein2&e first, second, third

and fourth switches conprise respective FET

transi stors. 57. The conputer system of claimb55

wher ej Prrcgﬂg%%é&ﬁ&t s‘éﬁé’@z{m\/%lﬁib? IMvinY¥ %‘c#a%%f doinp1B8efaBnASs and a

the th r supply Itage, a the second power
pair of u@pplgmentatsagepits, theicbmplearentafy mputshvenfpdemértiany@mngrts of the first
supFIy vol tage. 58, The %fnguper system of claim57
sense @R BT PangCTPIsreupleddo £l ihBower “ supply vol tages are
posi ti 1. : ; ] '
Bnd ¢« nEP Y A SRS RN R BbiiE OF chpRERRY fputs and
a paird&E cobifle bt Slitpsiy S the ndoadplahaitary SEpwh @f ehé s¢doad nsender ymplifier
~ device conprises a dynam c random access nenory )
being geypled fo §®, corfespesiinsuc@nplementary; GHPEs of hesbrshaaiseijamplifier, and

t he dynam c.rand access ; Vij c i ses
the oo Teri oS PSR SRR SRR e b §o 0Tl GRivgomes of
the cofpldiRshtaf ds8NgARg a differential voltage between a

pair of "conplenentary digit lines, conprising: WO

2004/ 07qghiag PO/ USRPEHE0RE8D0PURS ofrthei dishcpense jamplifier to the

corresﬁgﬂcﬁe g %l%ﬁ%g{agg%bgﬁgﬁ{%?%;ggﬁ %%%Sﬁﬁgrt(ﬁl%gla%egﬁisal sensing
perio@AP! ementary inputs conpl ementary outputs of the
irst sense anplifier being cross-coupled to each

ot her ; afierdhie diitig sensegpeardds snkeng thel doipdemeretanyrogrtpauts of the first
pai|..of conplenentary inputs and a pair,_ of )
sense Qi{iehFEATD 415 CEERRICNE SRS RHUE SF i foend sfnse praplificr

second sense anplifier being coupled to the

correspondi ng conpl enmentary outputs of the first sense

anpl i f62r, @Themettvd cfemph@rehitheycomgripiig of the

second sense anplifier being cou_PI ed to respective )

ones ofPrlyiRg rewshiodhe ftsh sgnse piptifien dising the inial sgnsingeperiod and
ﬂmnw%%gghgnentary outputs of the first sense anplifier to

applying power to the second sense amplifier after the initial sensing period,

but leaving the second sense amplifier unpowered during the initial sensing period.

63.  The method of claim 62 wherein the act of applying power to the first
sense amplifier comprising applying a positive supply voltage and a negative supply voltage

to the first sense amplifier.

64.  The method of claim 63 wherein the act of applying power to the
second sense amplifier comprising applying a positive supply voltage and ground to the

second sense amplifier.

65. A method of sensing a differential voltage between a pair of

complementary digit lines, comprising:



correspondi ng conpl enentary outputs of the second
sense anplifier during an initial sensing period; and
w@baoen7t6h® i nitial sensing period, isolating tPEr/usS2004/005850

conpl ementary outputs of the first sense anplifier

fromthe correspondi ng conpl enmentary outputs of the

second sense anplifier. 629 The nmethod of claim®6l,

further conprising: applying power to the first sense

anplifier during the initial sensing period and

ther ea&a}&ﬁdmgra%@mnyé RdpReMaIaving 4 prer §ﬁ6&ﬁ§ie§1@ﬂt§ﬁr inputs and a

anplifier affer the |n|t|al sensi ng peri od,
pﬂroﬁe@nphgwnmnyeunnu&d sense anplifier unpomered durlng

the initi sensi 3,, The d of
wher el fouREeee Qufte e i e orw ety fupts S di sense
ampli gllpl ifier conprising appl ying a posit | ve supply
pl : .
vol'tage and a negative supply voltage to the first
sense altpwinfitke firsh densd haplifiérto despbnd toathendFBeretand enplifier;
the act of applying power _to the second sense

anpl i f vaingdberirstssepsy applifisrig ¢t Vﬁoas PRIF W& coppigmentary inputs of a
secon}i%eh?% glg%ﬁﬁ 2 g9 4 H%f g?lgﬁﬁl a}'é@@? Gnd P 51% o%rcong)qementary

ensing a _ _ tage
outpufsaiol ?1@& to feopRtieaBAEINthélt@hplembmes, digiolipgd si ng: WO
2004/ 077659 PCT/ US2004/ 005850 29 providing a first

sense anplifi er having a pair of conplenentary inputs

and a alr ement ar ling.th

it or 8t 1 oo RAEHe OF SR Re SRl Biv 7 ViRl G ciffrentia
voltadeN® fHer &mﬁ@tﬁ%ﬁtarya tsf b Ehe Bfst QUhRIarhPIRidr! Ectbpri@TBupling the

anplifier to respond to the differential anplifier;
complesientpry Higitf limestto gespeetivengyles foif dhre campleinertary wails oftthe first sense

onpl enentary inputs of a second sense anplifier, the

amphg €cond sense anplifier having and a pair of

conpl ementary outputs coupled to respective ones of

the conplenentary digit lines. 66. The nethod of claim

65 whepéi n fThe acithaf afoupddinngdd heheliefif ethentactal of coupling the

complementary digit lines to respective ones of the complementary inputs of the first sense
amplifier comprises:

coupling the digit lines to the complementary inputs of the first sense amplifier
for an initial sensing period that is significantly shorter than a period of time that the first
sense amplifier needs to fully respond to the differential voltage; and

isolating the digit lines from the complementary inputs of the first sense

amplifier after the initial sensing period.

68.  The method of claim 65 wherein the act of using the first sense
amplifier to drive a pair of complementary inputs of a second sense amplifier comprises
coupling the complementary outputs of the first sense amplifier to respective ones of the

complementary inputs of the second sense amplifier.

69. A method of reading a data bit from a memory cell, comprising:



voltage to the conplenmentary inputs of the first sense
anplifier conprises coupling the conplenentary digit
w0 2008971669 r especti ve ones of the conpl ement ar yPCTPH1084/005850
of the first sense anplifier. 67. The nethod of claim
66 wherein the act of coupling the conplenmentary
digit lines to respective 8fes of the conplenentary
inputs of the first sense anplifier conprises:
coupling the digit lines to the conplenentary inputs
of theprhifigly 8RS eRORIAPNIfRF ha'ily a@ﬁlrldﬂlcbh'@ﬂerﬁ&my Rgputs and a
peri od that | s significantly shorter than a period of
pair off jomgpl¢rhetary loetpliis; st sense arrpl | fier needs to fully
respond to.the differentia a and.i sol.ati t.he
digi t PPREig; Eﬁ‘EP’E‘ éenéﬁﬁﬁ‘ﬁ’lé P%%#%{J?Ecoamﬂ?lﬂsn rigputs and
r € he
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69. A gribhing tlef ccﬁrﬁpl@mﬁgt e dfi the fﬁrﬁf@@&seﬂ‘&l@hﬁeﬂ@ tespective
conpri si ng: WD 2004/ 077659 PCT/ US2004/ 005850 30
ones ofthadigit Huesalutingen iniEipksensing periqdeatten syntigedhpareropy cell to one of

enent.ar inputs and a pair of conplenentary
thec"%‘ﬁ[%ﬁ 63}?8% ng a second sense anplifier having a

pai r Oﬂcsolﬁﬁﬁ@ﬂl%rfﬁﬂts%ﬁéé dnﬂﬂiﬂe? fr@ﬁﬁthe digitdlires @hd applylng power to the
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first sanoel pmeuﬁcrototdhlew the rﬁrésqgo‘mhm@} Eoipras tarthe guiofagssingarted to

irst sensge and the conpl ement ar
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conpl i nent i'git l'lnes; coupling the conp emant ary
sense amplifier mfallbhethklsemndssanﬁara]ﬂniﬁarfto @rive ohe aspplmnenm'y digit line to
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70.  The method of claim 69 wherein the act of applying power to the first
sense amplifier comprises applying a positive supply voltage and a negative supply voltage to

the first sense amplifier.

71. The method of claim 70 wherein the act of applying power to the
second sense amplifier comprises applying a positive supply voltage and ground to the second

sense amplifier.

72.  The method of claim 69 wherein the act of coupling the
complementary inputs of the first sense amplifier to respective ones of the digit lines during

an initial sensing period comprises coupling the complementary inputs of the first sense



isolating the first sense anplifier fromthe digit
lines and applying power to the first sense anplifier
wo oooalobsee t he first sense anplifier to respondP€DUBIYE4/605850
voltage inparted to one of the conplinentary digit
lines by the menory cell; after applying power to the
first sense anplifier, applging power to the second
sense anplifier to allow the second sense anplifier to
drive the complinentary digit Iine to logic |levels
V A ;
g rh D e Pk e, I B0 o fef DRI RO ifby cell o one
of the cymylinmentgry digdit lnes. 70. The method of cl aim 69 wherein
the act of applying power to the first sense
anplifier conprises applying a positive supply vol tage
and a negative supply voltage to the first sense
anplifier. 71. The nethod of claim 70 wherein the act
of applying power to the second sense anplifier
conprises applying a positive supply voltage and
ground to the second sense anplifier. 72. The nethod
of claim69 wherein the act of coupling the
conplenmentary inputs of the first sense anplifier to
respective ones of the digit lines during an initia
sensi ng period conprises coupling the conpl enentary
i nputs of the first sense WD 2004/ 077659
PCT/ US2004/ 005850 31 anplifier to respective ones of
the digit Iines before and after coupling the nenory
cell to one of the conplinentary digit |ines.



