1 0 NOv 2006 WO 2004/077659 PCT/ US2004/ 005850 LOW VOLTAGE SENSE AMPLI FI ER
AND METHOD TECHNI CAL FIELD The invention relates to nmenory devi ces} (402006
nore particularly, to sense anplifiers used to sense differential voltages
produced bygRiPsNeso€! |s in memory 5 devices, such as gipaedssdosddglom access
menory ("DRAM') devices. BACKGROUND OF THE | NVENTI ON Menory devi ces, such
as static random access nenory ("SRAM') devices and dynam c random access
menory C DRAM ) devices are in conmon use in a w devariety of electronic
systens, such as personal conputers. Menory devices 10 include one or nore
arrays of nenory cells, which, in DRAM devices, are small capacitors that
are arranged in rows dIWeOWOLTASE SENSE AMPRIIERANDMERHOal DRAM nenory
array 10 is shown in Figure 1. The array 10 includes a pair of conplenentary
digit lines DL, DL*for each columm of the array 10, only one pair of which

I s shown i n THEEINICATIFIEAD ar ge nunber of nenory cells 12 are coupled to the
digit lines DL, DL*. 15 Each of the nenory cells 12 includes an access
transistor 16 and a nﬂh@nvec@qmrelatea@ampm@wdmce%@pdqu)méaﬂysFvesetlﬁeansu st or

16 and a cel ] 20.. whi ch ) h pply
vol tage, i. p%g% %’?9{’% 3, déﬁgrfe&w%g ngrot%#“?esdes or r%tcevo]ntlté1 °I§'qual to
ei ther thg :ﬂémésysuchlah agﬁnﬂeﬁanaémg&&mdem&yg‘amAM”) dedbesaccess transistor
16 is coupled to a respective word line WO, W1, although only two of these

20 word lines are shown |n Figure 1. For a "folded digit line" architecture,

t he even- 9, are coupled to the digit lines DL,
and the oddm ere dﬂ?érqggEﬁT.ION\L W.1, are coupled to the

conpl enentary digit | Mm@Ldbwces;[rmsh as netaticoratiddmngcchds mempryo ¢iSkedMT)or each
row of nenor eII 2 inth arra 10. Egbw,r of di |t lines DL, DL* is
coupl ed to (dpamig gpadom 30555 mamiory hARVIGSS RGP FRMEGB Fict | ons.

first, "equi |W%3J=ah9@"oft Q6ctfonf §ysﬂeh1@e§1cﬁrhg ers%ﬁzﬁ%ﬁlpu?e?i‘sMQn&y dkditqrenti al
vol tage devel oped befween the di'git 1ines ISL and

10 include one or more arrays of memory cells, Wthh in DRAM devices, are small

capacitors that are arranged in rows and columns. A portion of a conventional DRAM

memory array 10 is shown in Figure 1. The array 10 includes a\pa1r of complementary

digit lines DL, DL*for each column of the array 10, only one pail?zqf which is shown in

Figure 1. A large number of memory cells 12 are coupled to thé digit lines DL, DL*,

15 Each of the memory cells 12 includes an access tramsistor 16 and a memory cell

capacitor 18 coupled between the transistor 16 and a cell plate 20, which is generally

biased at one-half the supply voltage, i.e., Vcc/2. The capacitor 18 generally stores a

voltage equal to either the supply voltage Vcc or ground. A gate of each access

transistor 16 is coupled to a respective word line WLy, WL, although only two of these

20 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., WL1, 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

25 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



then driving the digit lines to corresponding logic |evels. Equilibrating
the digit lines DL, DL*, which causes themto be at the same volt agg.NON006
acconpl i shed using an eqU|I|brat|on circuit 34. The equilibration circuit

34 include ol bration transistor 1 0 NOV 2006 41077659

PCT/ USZ004/%‘1(?)1%%3@@.’-’54 36 coupl ed between the digit lines 6@8 Bﬁyoossg fd a pair
of equilibration bias transistors 40, 42 coupl ed between one-half the
supply voltage, i.e., Vcc/2, and respecRive digit Ilines DL, DL*. In
operation, in response to an active high equilibration EQ signal, the 5
equilibration transistor 36 turns ON to couple the digit lines DL, DL* to

each ot her, 3gnduplédibet@eet the Righd RS DI, B8 *] ardnspait ¢ quiBratida bidsrtansdloiso coupl e
the digit | i nes DL, DL* to Vcc/2. As a result, after _an equilibration

period, the4of? agwl%b?mw eae-la%ﬂlalsgpnly Vpliags, 6L Voo apdsrogpective digitd t he

di fferent [ alhngsobiqg « between the digit lines is therefore zero. As nentioned
above, the sense anpllfler 30 al so perforns the function of 10 sensing a
differential vol tage Heumlrajmadmbxekpmwtotdleadﬁwghighl dqodibrdilon HI) sigagidthiehen

driving the di. lipes.to corre ndlnl% ev l.s. Lhis second function
is accompl igH aB?/n gapsiggreas O fojcap 33‘3 5t TIRGRIEQIAT Y The
NSENSE — anplygd %ﬁaﬁlb’?&dn%&&ﬁﬁ&s&r@% r420tﬁmPOPJSt% déﬁb!@'tﬁ‘éjdﬂi‘t’%eﬁ MNP Prs S6,
58, and the NSE anplifier 52 simlarly includes a pair of ¢éross-coupl ed

PMOS transi Moof2s £90a resils, G2r ah aqubleratidn pamods the vditageton batle of e, digit kimase

initially equilj.hrated.b ri Vi e E ctiyve

bout | br e ;s B8 Ccta faha e kSt s pErebt e S5t 1es B sfoR aetets o1
lines DL, DL* has reagbafénSeHedtaBiiel Mk lsdhse ehplifie? 30 also ipbforats thé fmation of
transitions inactive lowto turn OFF the transistors 36, 40, 42. One of the

word | i nkb isensig & aferential, apltagetdeveloprdgbetween: the rfiigit linee Dig s’ and #ie8i st or 16
to which it 4 he
cgl I I(:;palcl torm§8&?oggﬁ i[% g|°tO¥P %gﬁsﬁn%rlgéla@%;ﬁ \M?hlrs rgd) alf@{l:cgigg%s”emry

transi stor htcongplisiadibyes NSENSE waplifkgs0fand mPSENSEapaslifien52.18he NSENSE t he
voltage on the digit line DL or DL* to either increase S|Ight|y (|f the

capaci t or amplifier 50 includes a pair of cross-coupled NMOS transistors 56, 58,” and
PSENSE amplifier 52 similarly includes a pair of cross-coupled PMOS transistors 60,
15 62

In operation, the digit lines DL, DL*are initially equilibrated by driving
the EQ signal active high for the equilibration period. After the differential voltage
between the digit lines DL, DL* has reached substantially zero volts, the EQ signal
transitions inactive low to turn OFF the transistors 36, 40, 42. One of the word lines is

20 then driven active high to turn ON the access transistor 16 to which it 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 V) or decrease slightly (if the capacitor 18 was at ground).

25 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 V¢c or a voltage elevated slightly above Ve, 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

30 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



18 was at Vcc) or decrease slightly (if the capacitor 18 was at ground). 25
A SENSE ENABLE line is then driven to a relatively |ow voltage, suchqN8$ 2006
ground or a slight negative voltage, and an ACT line is driven to a
relativel y g tage, such as Vcc or a voltage el ev ' y above
Vcc. Assum&r%%?/%ﬁggxarrpl e, the voltage on the digit I?[;ﬁ'g/gﬁ?)l’%@g&lhncreased,
the NMOS transistor 58 will turn ONto an extent that is greater than the
anount the NMOS transistor 56 turns ON lEecause the 30 gate-to-source voltage
of the transistor 58 will be greater. The conmplenentary digit line DL* is
therefore pulled toward the | ow voltage on the SENSE ENABLE Iine to a 1 0
NOV 2006 WQreddérddxbent @i tREDIUSZAAM4d @BdBerd voltagat Bir a eahisitsithidartotthee DL i S
pull ed toward zero ¥o|ta§§. I n a_nmanner sim'lgr to the K operatjon of the
NSENSE anpl | $acEioB0!f theNRENRE amplifier; 30 When the 4R line df driyepeh PMO%si st or
60 in the P oR 80 HeFSENSE tifliicDBh handONGE o Rkteh it 5 grdlfef Bafiind han t he

extent that the PMOS transi stor I's turned ON because t gat e-t o-source

vol t age of Gextdmthat dresRMOSrtrad6istos 62 &rigmed OMhbeaafisertbe gothdo-somesvatage 060 nore
strongly driyes th igit lin t cc. .Thereafter, the valt .on the
di gt ng oS R o0 h e Duerliee PrdoineTgunorn totely SO R BAT I, i g ¢
line DL* furphes vEECTIRAGESy, tRNARIBRYonABs &g link DE, fhiFiRd} ShcPéaaés £ thd widgd ve the
digit line DL nore strongly, and the transistor 62 to drive the

conpl i ment argn te gerplemertatyedigit bnerlhtfoythen dgerenses.rtherehyl causing Hiegransighmr &bl t age.

AL the same dOulidTne (g ' $R25HbY ShRHS, Aha e Slelsor 15 T e e

decreased vo ge on't ement ary i ne ca e transistor

58 to drive dopliaeiphedipnliac Yess kgingly, to the rdlitiveljtiigh ACToRYhNE. AtHe tdiee
t ransi st%r) 56 to drive the digit line DL less strongly, to the relatively
| ow SENSED ENisp: ethe; dngreased valtagenen digqdigit Lineglah sand the dlefrggped tvliagenagElse

151 ow Senee ERE R i 1 SRR Mol s 1d 8 o flehBfid Bt V7, ¥
digit line lidle DIC* tmbee stohglly arell the rargistoAGH twdiivmsdigﬁllmswdﬁgm ®i gnal
ther eby coudht Agei Y M SENSENEYABER Vateee s DAt diged pha cowE o 4 1/ 0
lines 76, 7&$ENGE d8Ipliker 5685k &ivalRe RorhplbmOihry digit line DL* to the relatively
15 low SENSE ENABLE voltage, and the PSENSE amplifier 52 has driven in the digit line
DL to the relatively high ACT voltage. A COLUMN SELECT signal then transitions
high to turn ON input/output (“I/0”) transistors 70, 72, thereby coupling the digit lines

DL, DL* to respective complementary I/O lines 76, 78 in order to read a data bit from
the array 10.

20 The sense amplifier 30 shown in Figure 1 can also be used to read data
bits from a memory array (not shown) having an open digit line architecture in
essentially 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

25 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 V¢ 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

30 todo so can increase to unacceptable levels.



the array 10. 20 The sense anplifier 30 shown in Figure 1 can al so be used
to read data bits froma nenory array (not shown) having an open df g8V R6lke
architecture in essentially the same nmanner as expl ai ned above with
reference ded digit line architecture shown j WalVle Al t hough
t he sense g(rzr)piloib??%éér%bw shown in Figure 1 has perforned i\’gﬂf z?ﬁmfo%séothe past,
it is less able to quickly sense a differential voltage between the digit
lines DL, DL* as the magnitude of the Jupply voltage Vic continues to
decrease and transistor threshold voltages VT continues to decrease |ess
rapidly, which is the trend for newer nenory designs. Al though the sense
anplifier 30 may sti | [Themwris dmréfyresemsd forhesonsd arapléfier dhdtfoan @nicklyl seisetareen t he

digit lines , *. the time required for .t.he sense anplifi 30 .30 to do
so can i ncr ev?&&téget%ffﬁﬁ‘?ﬁ%‘ﬁ SFtesn £° E‘%F@Wfl%t % ra g%%@i%@?%@ '
PCT/ US2004/ ODRpBafelf smdilRiagnihRlel herefore a need for a sense anplifier that

can quickly sense a voltage differential between conplenentary digit |ines
even for a supply voltage having a relatively small magnitude. SUMVARY OF

THE | NVENTI it and nethod in accordance with the present
i nvention ﬁﬁ@ﬁﬁ@ggfgﬁfpag@hggﬁggjgnpIifier section driving a second sense
anplifierssection. Dun @fise ampEieRand hRAbdGR at@dida0e withahd preSdnt SN
anplifier sectionis initially coupled to the digit Ilines for only a short
period of tiiAeudes atﬂﬁ%ttsemsqm@%ﬁa@éﬁm drivingeiterend seaseasmlifigysaction. Haurng; st
sense anplif} j her f {l . . i f1 on is

i solated f rodnxlﬁ grﬁéﬁﬁf{dﬁ%ﬁ%@f’itﬁ%élts‘g%e%eh%ﬁﬂﬁ%&gtéﬁggShgﬁpm#dluéiregi%%g?}gstpond to
t he di ff er erideaforoalytaaghert\wetibd of tithé1go thaethel voleaged diffeeerttiabisrappliddi ty éleyfirkti gh

capacitance digit lines. As a re uIt,fhhe differential voltage generated by

the first seRBE agmpfies seations cbherqafier i firefsersg smphiperseptiqmis isplated fomthe ot e,
While theyfigist: | dof d i ' j ; i nti al
Vol tage, T el G35 AT schuchimpifet {ltapOnd EAROBATAMRO K, MboR T
anplifier seetd tndrivshihehrelativelp ingghechpacitance digit lines. As a result, the differential

voltage generated by the first sense amplifier section can increase at a relatively fast

rate. While the first sense amplifier section is responding to the differential voltage, the
first sense amplifier section drives the second sense amplifier section, which is coupled
15 to the digit lines. As a result, the second sense amplifier is driven by a voltage that
increases at a rate that is faster than the rate that the voltage between the digit lines
increases. The sense amplifier can be used with any type of memory device that uses
complementary digit lines, including a wide variety of DRAM devices as well as static

random access memory (“SRAM™) devices and FLASH memory devices.

20 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.
25 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.



15 to the digit lines. As a result, the second sense anplifier is driven by
a voltage that increases at a rate that is faster than the rate thayNOWes
vol tage between the digit lines increases. The sense anplifier can be used

wi th any tyRe.dfeye@ory device that uses conpl ementary,didi ' ,
i ncluding a mf e variety of DRAM devices as well as sta??%@b%%#%%ﬁﬁaccess

menory ("SRAM') devices and FLASH nenory devi ces. 20 BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 is a schematic of 5a portion of a conventional nenory
array coupled to a conventional sense anplifier. Figure 2 is a schematic of
a sense anplifier according to one enbodi ment of the present invention. 25
Figure 3 is a flow chaigureshizw bigrktdiugran of sinemoryafevich asifg thesedspmpfifi@r

enbodi ment of Figure 2. Figure 4 js a vef orm dj agram show ng vari ous
signal s pr eSERIES2 phipmepheremhediment af a ypnseampliier secqedageg w%ﬁxedﬁessm time. 1
0 NOV 2006 ;\WangQ04/ 077659 PCT/ U520041005850 5 Figure 5 is a block diagram
of a nmenory device using the sense anplifier of Figure 2 or sone other
enbodi nent of a senseFmup 6fis @erblenkcdiagtamosf avcdrhpiitéresystersasing tienmemonyon.

Fi gure Gégsda.blgf di ggram of a conputer systemusing the nmenory 5 device
of Fi gur © IBHCBESCRI PTI ON OF THE | NVENTI ON A sense anplifier 100
according to one enbodi nent of the invention is shown in Figure 2. The

sense anplifier 100 includes an inner sense anplifier section 110 and an
out er sense RERAILEDSPESERIATION DI THEANVENTEONsense anplifier 110 has the 10

o Coupl ed bet ween aAperTe SPOLSHAYLAERTIRE PRk sorireet & he RS han
bet ween conphew® it Bipire Zli Thé sdnke)@splBier 100 Inclubies!an indeséned pBfRdsectRap! i fi er
section 110 includes a pair of .

110 and an outer sense amplifier section 120. The inner sense amplifier 110 has the

10 same typography as the sense amplifier 10 shown in Figure 1 except that it is coupled
between a pair of complementary sense lines S, S* rather than between complementary
digit lines DL, DL¥. Thus, the inner sense amplifier section 110 includes a pair of
cross-coupled PMOS sense transistors 130, 132 that couple respective sense lines S, S*
to a supply voltage Vcc through a PMOS positive supply transistor 136. The

15 conductive state 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.

20 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

25 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 V¢c through a PMOS positive supply
transistor 158. The conductive state of the transistor 158 is controlled by an active low

30 late PSENSE* signal. In a similar manner, a pair of NMOS sense transistors 160, 162



cross-coupl ed PMOS sense transistors 130, 132 that couple respective sense
lines S, S* to a supply voltage Vcc through a PMOS positive suppl yt g NOV 2006
transi stor 136. The 15 conductive state of the transistor 136 is controlled

by an acti |y PSENSE* signal. Simlarly, a paj - coupl ed
NMOS sense@%’ﬁ%‘f@%&rs 140, 142 couple the sense Iine?@:feiz’p&{/@%éo

relatively | ow supply voltage, which is preferably a negative voltage VBB,

t hrough an NMOS negative supply transistor 146. The conductive state of the
transistor 146 is controlled by an active high early NSENSE signal. 20 In
operation, when the early PSENSE* and early NSENSE signals are active, the
first sense a¢mebipledrtosgotmdnhrdlgh apeNMOSs negativh esupplye tramsister 164s CThebed
above for the sense anplifier 10 to sense voltage differential hetween the
sense |ines conductive sigte of bg tepppistar 16k 1ssionEellqd; Bypd signalghat will by Aesspbrddi ng

| ogi c level gqfhe first sense anplifier section 110 is selectively isolated
fromthe 25 second sense anplifier section 120 through a pair of NMOS
coupling transistors T88,secdd2sensdiampliferesectiont 120 | differvyfram the tfirstesehsegh

t "CON' signal, T d, lifjier. secti _like th
ot senSe apiff fation by KB Brink Pred, fleer e fiehes bl she e "°
transi stors pkfoen Habscnf RAAE, IS®, MeL(2) B¥ abkgho thePES o D8 isbrisk Srafdifibrs Y 54,

transi stor 158. The conductive state of the transistor 158 is controlled by

an active | o630 de%copgleNidrthesenga dines S, §* gatberthandp theedigie hinesPDIp ALr*. dfs NMOS
t i st 160 62 1 2004/ 077659 P S2004/ 005850 6
e Coupl od disE g st SR 180 167 LR b om . TR R T

conductive sifahe sedse tth@sibtoN$545t196, 160} 163 is @bhtisllelas) By wltaged Bilferentidt Wi | |
be described below The second sense anplifier section 120 differs fromthe

first sehe betvegashe sansg linescy,iFrrathenthap by theyvalage ditksmirkbetweanibedigithe di gi t
o5 i B G S WSt AL S il Py 0
lines S, S* semselimes §8incahehinipe nalichinford tapiy fhbn thHelvbltaghsbetweenalsadifit lihdse sense
Lranst Stors | ke of e Iower capaoriarse of 1he senss Haes S, SPIkS Sonse mansivters §54, 1%,
160, 162 are switched at a much more rapid rate than in prior art sense amplifiers, such
15 as the amplifier 10 shown in Figure 1.
The CON signal used to control the conductive state of the coupling
transistors 150, 152 is generated by a NAND gate 170, which receives the early
NSENSE signal and the compliment of an active high WRITE signal through an
inverter 172. The CON signal will therefore be active high to couple the inner sense
20 amplifier section 110 to the outer sense amplifier section 120 if either 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
25 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
30 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



of the sense transistors 154, 156, 160, 162 is controlled by the voltage
differential 10 between the sense lines S, S* rather than by the vol g 48¥2006
differential between the digit |ines DL, DL* as is done with prior art
sense anpl (fd Rbse776doNCe the vol tage between the sensedf,(i:ﬂﬁ 0037005850 CaN
change much nore rapidly than the voltage between the digit 1 nes because
of the | ower capacitance of the sense lines 5 S*, the sense transistors
154, 156, 160, 162 are switched at a mich nore rapid rate than in prior art
sense anplifiers, such 15 as the anplifier 10 shown in Figure 1. The CON
signal used to control the conductive state of the coupling transistors
150, 152 i s agatepr EB0ed Abytinee NANDmeg@bdw dellOcapaditoc his cegded ¢s thehdiggaliley DLNSENSE

signal and t compl i ment _of an_active high WRI TE signal throuygh

i nverter 17 4e\igh efd«P_r@ﬁi gHtamaiy sty e opeled e (e cagpl nﬁp@ﬂl@tpﬂfgeoé?g?b the
I nner sense i le3phukihl; Ghe %3&%% tht Q% 1hO DIOW Rlereasd) SigatAFNLiativeto &RCLIT ON
120 if either the earTy NSENSE signal is inactive or the"WRITE signal is

active hi gh.volthgs WiRiIRECcepjermentanyodigit dine tl'b ag)ishawie at stepri8dr  The vplaggl so

applied t . NAN te 17 L ch_ also Lecejv n, acli ve high. latge NSENSE
si gnal . e%@ﬁﬁ%&gggt‘”f%% ‘)ﬁgt éﬂ?spt)f" ph gvais %8?p3?drl%etﬁ?3£n%55ts‘?§e suppl y
transi stor bedaubdthedadpliap rami@srs 250, 188 afefstilllON.I at e NSENSE 25 signal is
active and the WRITE signal is inactive |ow. The operation of the sense

amplifier 100 for a r&hd tesmealy NEENSE apd qarly RORNSE™* esignaly Wamitignttp aef er ence

to flow chart,.of .Fl ' _ o] shown in
Fi gure 4, tﬁétl&@t%% n%@?@%e%ﬂ?qp%?é&{%@%ﬁ%ﬁ%%&%?d_ lgﬁ%tg cfaﬂiiro nI?\Z(l)'gnal S
ment i oned aliheactivechighezellyy INSENSASsignal slsaiédusesnite WANEY gats 1 2o makd tHealCOXe sense

30 anplifjer,sections 110, 120 and. the CON signal, is high_to cause_the
coupl | nngé%%‘?]s‘PB‘ft%’e 1o whigh fups QI e COURIIRG tRBHSTSahiSh 1167 &0 150l ens 110,

120 to each jpHNelce mgﬁﬁler IsSct DR M FdmhHNoMeZBA% mﬁ%ﬁ%p&@ﬁ&f ?ﬁﬁgAs shown
PCT/ US2004/ 005850 7 t step 180. At tine to, a nenory ce capacitor is

coupl ed to timdighred,t the iimeer Bense(ahplifieugértion 1d6ub @bkl toerespunid el the eltageupl ed t o

t he conpl e ary. diqgit |jne DL* greb usj,ng the voltage on.the digit
e DLt o EHERaNaE beteqhitfysents lios S, SF gusfefinter i the Sut sende fmfifc
section 120 is able to respond to the voltage differential between the digit lines DL, DL*

-

15 because of the much lower capacitance of the sense lines S, S* (the S signal is shown by
the solid line, and the S* signal is shown by the dotted line). The voltages applied to
the gates of the sense transistors 154, 156, 160, 162 in the outer sense amplifier section
120 therefore transition much faster than voltages that could be applied to the gates
from the digit lines DL, DL* as in conventional sense amplifiers.

20 Power is subsequently applied to the outer sense amplifier section 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

25 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

30 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



vol tage on the conplenentary digit line DL* as shown at step 184. The
voltage 5 differential between the digit lines DL, DL* is al so coup] @80Y &6
the sense lines S, S* because the coupling transistors 150, 152 are still
ON. At t1, wdwopehssy NSENSE and early PSENSE* signals tpapgidbsidsds® an
active state at step 188, thereby applying power to the I nner sense
anplifier section 110. The active high early NSENSE signal al so causes the
NAND gate 170 to make the CON 10 signal & nactive | ow, which turns OFF the
coupling transistors 150, 152 to isolate the inner sense anplifier section
110 fromthe outer sense anplifier section 120. As shown in Figure 4, the
i nner sense distpini the etiglteatliagn diffefenes onliey wanld ewitdnat the relativelyo blpwrate

di ff tial bet th | | W h, faster than,the .out
Gl far ORI VA e s 8 WRLLbR AT AL et hetroR fedTEh g
bet ween t he i, g+ inbregss Dihe ¥ditagekDniBE LS En&f DL, TS Mdadh dogiimempPloigicance of

the sense lines S, S* (the S signal is showmn by the solid Iine, and the S
signal is sHewels doyresppadingite die readdafa bivpletime itta gefesh sl memorysell capaciliert es of

t he sensectransistaors ;194. 6 LN the. r Lfier
section 2(?0’(‘%8‘?%&%? glgﬁﬁlgﬁéiﬁtgﬂésg%‘é%@%%é’tc ]%P{%ﬁgﬁ{h%?%%gg‘%§°r?%§‘{e%ou| d be
applied to the gates TheGhitikihepeditidint ofl the &sndalampliffer 4901 for @OWHERNIEMOH!I Ssense

anplifiers. 20 Power is subsequently applied to the outer sense anplifier
section 120 ageess d§ pignilap tq thesghope-desgribad eneration tihiairerd MABOTY-3CESSNSERSE and

PSENSE* si gq@r&-ﬁ | | QT

transistors 1 Iﬁ e%goZ? a%%%f, M?@’f%%aﬁgﬁuh%?av%t}?ﬁ%mgﬂg{*%Iaﬁ%égeSH%?u%ﬁgﬁ) f(ﬁ 0

conpl enent any a wrjtecmemosyt sccessr urgi o IVRIFEL ©igrah eradsitionsbactive dagh Whemntiehe
menory cg(gl capacifor in step 1%4%@? DL ‘ii ghal is,shown g%/ .thg lid Iine,
and the B BRomy dedice recelig frfol o erda qomyy address syobs sgRd ofetne
digit |ines yahsitibling of BRMWRITERigRAl Aué8HBd WYl YehBS actés fo ARTP FoattHe0 di git
lines driven by conventional sense anplifiers because the voltages on the

gates of t haealememoryragoess deeause NAND ¢86 170 e0tputs @lhigh teetum Odbithy cauplingl t ages

that strongly t.urn ense t | rs 4. 156, 160,.162 . befaore the
Vol tages o BoREaRclY, |l TRE eash NSRS biind] it Aiont R A0S e Bt r st
i f 30 the gatws, @ idkesenedafiplificdbtisi P15cohfifues 1Be cohBbotedlB3hy\Riter semep! ed to
the digit lines DL, DL*, the sense transistors 154, 156, 160, 162 nay not

have t helYr japplifier segtem 12 e Hethermore, the pehivelygis WRITE signal causes the NAND
gate to output a high even when the late NSENSE signal is active to maintain the

negative supply transistor 164 OFF.
The high speed operation of the first sense amplifier section 110 is
further enhanced by coupling the sense transistors 140, 142 to a negative voltage Vpp
20 rather than to ground. However, this negative voltage Vgp can easily be supplied by
conventional sources, such as a charge pump (not shown), because it is only necessary
to drive the sense lines S, S*. If it was also necessary to drive the digit lines DL, DL*,
substantially more current at the negative voltage Vpp would be required.
Figure 5 is a block diagram of a conventional synchronous dynamic
25 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
30 204 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



WD 2004/ 077659 PCTI US2004/ 005850 8 discern the slight voltage difference or
they would switch at the relatively slowrate comensurate wth thegig¢asls
at which the differential voltage between the digit lines DL, DL*

I ncreases. ges on the digit lines DL, DL* reac ary logic
| evel s corﬁgg)glr/{ i@% to the read data bit at tine t3 top?@ﬁggéé‘ﬁ&gﬁé menory
cell capacitor 5 coupled to the digit line DL at step 194, thereby
conpleting the read nenory access. The% nitial operation of the sense
anplifier 100 for a wite nenory access is simlar to the above-descri bed
operation for a read nenory access since a wite nenory access al ways
starts out ahown ireRifureed)piry aadeckscnatie digld KR ta dlockrsigrial LK, b ohip selettt e
menory access uptil the WRI sign transitjons active hi when, t he 10
Torory dovi CUEREESt &SR COPE BT IS & AR AURSD SETRY SR BOOL & e gnal
The transi tigaRidgroBl sighel % End 1902 mERYSAS BORL I Whith TRIOVieEkASS 1 O
differ fromthe ré)adﬂ‘%m)ry dccess ben(l:aus%ﬁNAN gate 170 out pSts a highto
turn ON t he thosighal agactive dowgi Thoceamhadl detader 204 genetdtes awqhgnepotd@Enaidgnal has
transitioped.active hi.gh a, result, the inner sense anplifier section
110" cont | huelsels HRoRtHinie: e Aithgets] conired SgpEE S R Parierdeerdn 120,
Fur t her nor e, redd aaaﬁﬁtby@es%g&ed ack o tHaMddh 16wl SQBmAAEsi DIND THeSd nirar@ut put a

hi gh even when the |ate NSENSE signal is active to marntain the negative
suppl y transigelsr and4heoppnnathin whigh ther agcospiishitheln respeetis funelianssaigse

ply _ _ 2 i ihtihoin |
140, 142t o olBfatty o uptbl 1 e, BRTS kinf M RHRP b ABHIE AT L0

negati ve voldoagenyBignaawilebsomittede supplied by conventional sources, such as
a.charge_ punp (not shown), because,if ,is only necessar to drive the sense
lines S, 1@*. If it mgha|89¥%&%wﬁbad%alaﬁﬁh¥res8ﬂ?@sm 12 thatfeeeiyss row «
substanti al | d%Fsr (ERVIEA) V b I red.
Figure 5is ag ggﬁﬁ%f:(gg@gﬁaﬁgﬁegggé}gﬁ%n% %r%l“s’%%ﬁ'ono%\g&%%%lgrﬁﬁ cﬁg%S random
access nenorgendrilBDEApIed t2G0meinaty eonirbiler €sottshews eéndeguaerf). i Airew al@®sq i8i gure 2)

or sone other enbodi nent .of the inyention. O  course, .t sense lifier
100" and ot SRR Sal HEHEdoby Ch SRS HEPB A, S bl G daren, S0RSr  DRAM
devi ces and fR{1ifikxer 218. The row address multiplexer 218 couples the row address to a number
15 of components associated with either of two memory banks 220, 222 depending upon
the state of a bank address bit forming part of the row address. Associated with each of

the memory banks 220, 222 is a respective row address latch 226, which stores the row

address, and a row decoder 228, which decodes the row address and applies

corresponding signals to one of the arrays 220 or 222. The row address multiplexer 218

20 also couples row addresses to the row address latches 226 for the purpose of refreshing

the memory cells in the arrays 220, 222. The row addresses are generated for 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

25 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

30 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.



menory devices, such as SRAM devi ces, FLASH nenory devices, etc. The
operation of the SDRAM 200 is controlled by a conmand decoder 30 2pgNOV 2006
responsi ve to high-1level command signals received on a control bus 206.
These hig nmrand signals, which are typically a nmenory
controllerg?%§¥ﬁQﬁ%QhKh’2006 WO 2004/ 077659 PCTIU82004ﬁ§g§§@%ﬁ%ﬂg§homn I n
Figure 5), are a clock enable signal CKE*, a clock signal CLK, a chip select
signal CS*, a wite enable signal We*, #row address strobe signal RAS*, a
colum address strobe signal CAS*, and a data nmask signal DQV in which the
"*" designates the signal as active |low. The command decoder 204 generates
a sequence of commandDatastodhealead frespamesifithe tays20hR2hid eonpleddorniana si gnal s

to carry out .the function (e.g., a..read or a ' i gnat ed ach of
the high | e\FérFmg'Xr#ﬁﬂég%{}ﬁnéF&e i rsc@%ﬁﬁﬂg’vﬁ@gﬁg‘lvgﬁﬁé&?dﬂ%@ er in
whi ch they ag6eRBl.b5R thiiRilbgib PP RS of theldHAGE 201222 2FeBpeciPdly.C MTht @Bktun
Therefore, in the interest of brevity, a further explanation of these
command si greaceiti2S0, 258 mayi include for GachiowDRAfNEOOYicalls indbe amays 230+ 228s

regi ster 212, t hat,.receives.r . addresses and col resses . thr.eugh an
dr ess. b 4 A HERE ol STl SRE e BRE SRy 1A5PES SEEE amplflyy
controll er (aedrdinpevsorhélotheigémidbdihent Af HRVhAAH6:2SThd Bata GRS @&vRIdpYd by Bt
recei ved by the address register 212 and applied to_a row address

mul ti pl exer Spnsg amphidier ) aggithen seupiad tp ia gpiapaipubregistes dpf-cRate A be Wiittear ess to
a nunber 15 g{;ﬁgt a ' | | e (ML 220,

222 dependi r?glguoggﬁp e ?toé?g?g#eagﬁggwkﬁ%?ﬁigﬁg tl))?% 2?or mn %)éira?alg@t he row
addr ess. Asgegistet 260. iihe lwritaddta are cotpiel toginosojunracikenitA 2250, 292whese they elspect i ve

row address | atch 226, ich stores e row .address, and row decoder 228,
whi ch delbaduntFEed igns e gt FEBCLuN T SPRIFAG S B R o0ne of
the arrays 228PhadlBM é'i_Ez%.l &@X&l&ﬁ@él?%ﬁererﬂ%# HbR! 068t iRt 3nd QuithSBe COMRRES T OW

addresses to the row addfess | atches 22 or the purpose of refreshing the
menory cel | ircwitry 260,a252a5sh 28 0y s@lgdtivelfireasking dathdo dsgeml fiom thepearsaya2® f or
refresh pur}ggses by a refresh counter 230, which is controlled by a refresh
controller . The

Figure 6 shows an embodiment of a computer system 300 that may use

15 the SDRAM 200 or some other memory device that uses the sense amplifier 100 or
some other embodiment of the invention. The computer system 300 includes a
processor 302 for performing various computing functions, such as executing specific
software to perform specific calculations or tasks. The processor 302 includes a
processor bus 304 that normally includes an address bus, a control bus, and a data bus.

20 In addition, the computer system 300 includes one or more input 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

25 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

30 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 applied to the address register 212 1m0V 2086
stored in one of the row address | atches 226, a colum address is applied to
t he addres A r 212. The address register 212 co um

addr ess toﬁgyﬁgﬁﬁﬁgﬁaddress | at ch 240. Dependi ng on tﬁgﬁgg%%gf?ﬁgbnnde of

t he SDRAM 200, the columm address is either coupled through a burst counter
242 to a columm address buffer 244, or tb the burst counter 242, which
applies a sequence of colum addresses to the colum address 30 buffer 244
starting at the colum address output by the address register 212. In either
case, the cdBOmtsoduiclndssa dmirbebusaiat capples emnmamidigmals wdrlcandrsl bes 2060af] um

e on o SRR s ST S8 MR AT RS R e a9 12,
252 (i.e., 3Q06LthaPRIckIsbEI®, eiteftigRil) Bthrdaghhie MBBrReMrdIREs3D. bl ock wite
col./byte mask logic) for one of the arrays 220, 222, respectively. The

colum circuitry 250Frons2therafpragaiol uidewilb ibeeappreciaied) rthatofalthengbr gpeeificl s i n
the arrays 220 .222 5 the.equilibration,cikncuyit 34.(Fi gur . L he sense
anplifi er§1651%89maen§e°rfstge glr}"gﬁ%?% he@‘rV gtoaéélc%er%%ﬁbr?é hfef)e%gné) u%foﬁgsr&)el}wl%g%lflrr@nt of

t he i nventi aarioukhBodifitations hiay Be neide pethottydeiiating Srofsthe 3pipit afid Sopd 0Pthar e t hen
coupled to a data output reglster 256. Data to be witten to _one of the
arrays 220, ipvention. cAecerdipgly the ixsntign isnot mifed exespt as by dppaprended £8ims, put

regi ster 260. The wite data are coupled to the colum circuitry 250, 252
whef e they are 10 transferred to one of the arrays 220, 222, respectively. A
mask regi ster 264 responds to a data mask DM signal to selectively alter
the flow of data into and out of the colum <circuitry 250, 252, such as by
selectively masking 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 other menory device that uses the sense anplifier 100 or sone other
enbodi ment of the invention. The conputer system 300 includes a processor
302 for perform ng various conputing functions, such as executing specific




software to performspecific cal culations or tasks. The processor 302
includes a processor bus 304 that normally includes an address bust g§0V 2006
control bus, and a data bus. 20 In addition, the conmputer system 300

includes ogR) MosBES | Nput devices 314, such as a keyb use,
coupl ed toaﬁﬁe processor 302 to allow an operator to inﬁgﬁﬂ%@%m&? t he

conputer system 300. Typically, the conputer system 300 al so i ncludes one or
nmore output devices 316 coupled to the processor 302, such output devices
typically being a printer or a video termnal. One or nore data storage
devices 318 are also 25 typically coupled to the processor 302 to store data
or retrieve data fromexternal stoChyBM®redi a (not shown). Exanpl es of

typi cal storage devices 318 include hard and floppy disks, tape cassettes,
and conpact disk read-only nenories (CD-ROWs). The processor 302 is also
typically coupled to a cache nenory 326, which is usually static random
access nenory (" SRAM' ) Afgeseragplifier, SPFPIMIEO0 t hr ough a menory 30 control | er

330. The nenory cg%gt%ﬁgg%%lﬁﬁgmjSgﬁ%&{@gﬁgﬁﬁ?%ddress bus 214 (Figure 5) to

coupl e row addressés an um addr esses t he DRAM 200. The nenory

controller 1 9 NOV 2006rst ¥d s20ahillddmpEententacyTdehieAG@4;,1 005850 11 330 al so

i ncludes a control bus_that  couples, commangd si.gnals to a control bus 206 of
s S e, FiE

the SDRAM 200. The ext BFhaPitgacquped bomgenfhe Bt SERAMIZF O] &8 HHRIEE to the
data bus of ¢ Oﬂﬁ%?ﬁ)@é}?&s st SWiteh BAvifReh Smﬁlltllro??éﬂnYnaP'éoﬁ EPHOMRe sBOnARERE Y

controll er 330. omthe foregoing i be appreciated that, although

specific 5 dwbodi nents of the invention have been described herein for

pur poses of illustration, ari.ous dj fications may be de withau

v, 2t ng 1 rom & he. apt Fioteonl vk Fethied bereeen (6 Srtant Fomseacis, ERHF S he

I nvention Is lgB%r & glgtﬁd&eeﬁﬁ%%on&%wﬂbfh hi\en 2P BERAR erfilid] WBupléd OOt 2006 WO
2004/ 077659 PCT/ USS 4/005850 12 CLAIMS

sense line;

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

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

a second 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;



1. A sense anplifier, conprising: a first sense anplifier section
conprising: first and second conpl enentary sense lines; first sw tch)aoupied
between the first sense line and a first power supply node, the first

swi tch havighg gorol term nal coupled to the second a second
swi tch coupl eé@t)et ween the second sense |ine and the flfgpﬁ BOJ\;\%)E%OSUDM y
node, the second switch having a control term nal coupled to the first

sense line; a third switch coupl ed between the first sense line and a second
power supply node, the third switch having a control term nal coupled to
the second sense line; a fourth switch coupl ed between the second sense
line and the second p f AN i ontr ol
term nal coupled to thg\I\@I rs?‘gmsﬁe/%&gglglbﬁépe%g t@%%&gﬁﬁé?ﬁgﬁsﬁé}wgﬁd tﬂgléaur&lsectl on
conpri sing: poweaisuppdy node)hecfoarth awitcld hgiitg & icomtsgl tanfinal &bupiwi tecthedrstpl ed
between the first digit line and a third power supply node, the first

swi t ch havi nge85¢d®St rol t er ni nal coupl ed to the second sense line; a second
switch coupl ed between tﬂﬁh%@ﬁ&f‘@ benan@ gk tsBRet £ desoply
node, the second switch havi ng a 0 ntr tJVt erm ﬁgﬁ coap dﬁto tﬁ% fh??t

sense line; dntehher,messmthsslmtddwpingdcbeﬁrmnalh@nﬂl rst digit li ne and a fourth
power supply node, the thi tch N con Lmn u l.ed to
the second sense i neasivegﬁﬁwvgﬁﬁlgle%“ﬁ%@%@%%%& E‘?f% g 50 13

digit line, the seventh switch having a control terminal.

2. The sense amplifier of claim 1 wherein each of the switches comprises
respective FET transistors.
3. The sense amplifier of claim 2 wherein 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.



a fourth switch coupl ed between the second digit line and the fourth power
supply node, the fourth switch having a control termnal coupled tofQMNgV 2006
first sense line; a sixth switch coupled between the first sense line and
the first @i kd3e the, the sixth switch having a co lpal ; and a
sevent h sw’q*(gih%‘(‘:/%tglaed bet ween the second sense |ine angéf/ﬁgezoég@ggﬁg digit
line, the seventh switch having a control termnal. 2. The sense anplifier
of claim1 wherein each of the switchgg conprises respective FET
transistors. 3. The sense anplifier of claim2 wherein each of the sw tches
conprises respective MOSFET transistors. 4. The sense anplifier of claim1l

wherein the first jpower.supply vol.ta an he third.power supply. yoltage
are equal to each90t he .he§.%?s?haénpglgﬁrs§{e(élhm€f |§f %'Jéﬁ’e{)]coﬂ’%ﬁ% ﬂn\ﬂ%&’ef%tcphe first
and t hi r gbupRABEWEED e YourtOh dwae SupfpGivde &ifd @pmisﬁﬁﬂ?teﬁﬂlﬁﬁﬂﬁ- cighth Sighsense

amplifier of claim1 wherein the second power supply vol tagg and the fourth
power sukgying & equined éerapinal,cintlf wresgin thermffeb@wu&tlﬁé%ﬂﬂ ey coupled dethgecontigd i fi er
of claim6 whergin t nd power supply voltage conprises a negative

vol tagerqgﬁﬁ\ﬂ,%lggﬁfhgﬁlrgpﬁl%@&g‘r supply voltage conprises zero volts. 8. The
sense anplifier of claiml1, further conprising a control circuit coupled to
the control termnals of the sixth and seventh switches. 1 0 NOV 2006 WO
20041077659 PCT/ U$8004 Theseseanplifiey of oipjm b dwdher soppiisingr of claim 8, further
conprising an eig St CF PARN r. S node
and a power suppl r;%Lthaé m rlsg;I&Chthﬁgﬁéfgﬁtgﬁg SW tg‘{?p?’ﬁ%\gllrj%\%gp%%t%@l Qéﬂé%{m' nal ,
and wherggwer sipplyctenhingll theiefghth dwitch hhvinig hesntrobtephizdl; tnd t he control term nal s

of the eighth swtch. . .
: a nminth switch coupled between the third power supply node and a second

power supply terminal, the ninth switch having a control terminal.

11.  An amplifier for sensing a differential voltage, comprising:

a first 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, 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



10. The sense amplifier of claim1, further conprising an eighth swtch
coupl ed between the first power supply node and a first power suppMNUV 2006
termnal, the eighth switch having a control termnal; and a ninth sw't

coupl ed betwpRsbHgset hi rd power supply node and a seconge.r 9)&@(/00?&%?'0'3’
termnal, the ninth swtch having a control termnal. 11. An anplitier for

sensing a differential voltage, conprising: a first sense anplifier having
conpl enentary first and second outputiéermnals and conplenentary first and
second input termnals, the first input term nal being coupled to the
second out put term nal, and t he second input term' nal being coupl ed to the

first output term nal ; ond sen VI n% forgﬁ% r%ter%rey first
n& ary |rs

and second out put feé?r}ﬂ ﬁ&’f Cﬁapltné d*'seCo ff i"nput

t er m nal smplifRe td kHeSéechiiPVhitphtetefthingl of e NGcond@OséRdeeainplifidr theSs2eatidCkwiteh put

term nal of the first sense anplifier, and the second input termnal being
coupl ed hayingheonirelderminal.put t er ni nal of the first sense amplifier; and a
coupling circuit configured to couple the first output term nal of the first
sense anplifier to the first output termnal of the second sense anplifier,

and to coupl e the1l3secUhélsasé puplifie@rofficlagh 12fwhetein fherfift Sdnsendnrwittheser to
the second output term nal of the second sense anplifier. 12. The sense
anplifi egomprisgregpastivelFRh Bansistore.he coupling circuit conprises: a first
switch coupling the first output termnal of the first sense anplifier to
the first output termnal of the second sense anplifier, the first switch
having a control 1ternThealsensansmplified diclaiZ008 fuviher? 06rpLises 6b First switch

PCT/ U52004/ 00585 a second switch coupling the second qutput term nal of
the firdfr yélchahgm PO SPBplt/welt%daﬁ@lp&wﬁﬂbe figst senes emplifien, @ seo8dnd sense

anpl i fi %ﬂtcﬁ BEoSHOMEh £ WdohE poRd duply FoAR Y Rupled 1o tHAMrst sense amplifier, a
p
third switch through which a third power supply voltage is coupled to the second sense

amplifier, and a fourth switch through which a fourth power supply voltage is coupled to the

second sense amplifier.

15.  The sense amplifier of claim 14 wherein the first, second, third and

fourth switches comprise 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;



13. The sense amplifier of claim 12 wherein the first and second sw tches
conprise respective FET transistors. 14. The sense anplifier of claj (nN8Y.2006
further conprises a first switch through which a first power supply voltage

i s coupl edyPaohliPrrédor St sense anplifier, a second switg (lf‘r/{lé%f’b{gghskf‘h' ch a

second power supply voltage is coupled to the first sense anplifier

third swtch through which a third power supply voltage is coupled to the
second sense anplifier, and a fourthygwitch through which a fourth power
supply voltage is coupled to the second sense anplifier. 15. The sense
anplifier of claim14 wherein the first, second, third and fourth Swi tches

[ [ FET .Th |.if 14
whorein the First  powst SHREYRyR Pasaromof niGE R eRer paf bl il

suppl y vol t agrtwendhd fiet $e%AME aR@WEEst SOIREE,Yand &k Eate €otiped tdltﬁe‘ &b@fdltseiﬁsreom t he
fourth power supply voltage. 17. The sense anplifier of claim 16 wherein the

first and sed®§d power supply voltages are positive, the second power

supply voltage 15 Negayolsing BflablieechOHEklliscP Bfe RURRLYS HElHA0EbRa? T O

volts. 18. A sense anplitier sense a I er section

conpri si ng: fHeﬁﬁdenahwls@eﬁmﬁvihs@mthfﬁﬁwoaegwend itngate cﬂ:uﬂedxlta/thzﬂﬁﬁ VO
20041077659 PCT/ US2004/ 005850 16 a first p-channel sense transistor having
its source arfé0¥A®Pn coupl ed between the first sense line and a first

voltage, and its gate gqﬂ_& r?alaﬁnﬁeltsjéﬁse @t%r ﬁg‘gﬁu% ts ébﬁgeﬁégﬁfﬁbgp gCchannel

sense transistor having i sour ce an aln co second
sense |ine arngtwédea the first sened lingend fiBdond Solfhgt,cand disPatecopled e tHei secdnd sense

line; a fir stsegge(iiklllg;nnel sense transistor having its source and drain coupl ed

a second n-channel sense transistor having 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;

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.



between the first sense line and a second voltage, and its gate coupled to
the second sense line; a second n-channel sense transistor having {30V 2006
source and drain coupled between the second sense |ine and the second

vol tage, ag dobfodge coupled to the first sense |line;p@rE860ss3ENSE
anplifier section conprising: a pair of conplenentary digit lines; a first
p- channel sense transistor having its source and drain coupled betmeen t he
first digit line and a third voltage, gnd its gate coupled to the second
sense line; a second p-channel sense transistor having its source and drain
coupl ed between the second digit line and the third voltage, and its gate

coupled to the fir nse |ine ann ens tran st havi ng
its source and dralfgn coupl B8°° Mlﬁéﬂf%l#ﬂﬁ ?re]& g? veléaggﬁﬂéglfou

voltage,wmm%eq&&mﬁ@usegguﬁhﬁd to the second sense line; a second n- channe
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 coupld ng V. n Yol
bet ween the first i%enstﬁ ?%%§gﬁéh@%éﬁ???s {ﬁfpﬁéﬂmg%%ia sé%gn
coupl i ng comprisei agjositivlavltagg. i ts source and draln coupl ed between the second
sense line and the second digit line. 1 0 NOV 2006 WD 2004/077659
PCT/ US2004/ 005850 17 19. The sense anplifier of claim 18 wherein the first
vol tage and the thyyd :
anplifier of clai milrig v%lgrgee?%ee%@é@e?%g?iaéﬁng eﬁ d]H ?It’s%fgc])é&)wﬂ-&% e

fourth voltage are different from each other.

22.  The sense amplifier of claim 21 wherein the second voltage comprises

a negative voltage and the fourth voltage comprises zero volts.

23.  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:



conprise a positive voltage. 21. The sense anplifier of claim 18 wherein the
second voltage and the fourth voltage are different from each ot hdrQ N®22006
The sense anplifier of claim2l1 wherein the second voltage conprises a
negative vg| tﬁ?ﬁngggg the fourth vol tage conprises zero pealdSe0sddsgsol e sense
anplifier of claim18, further conprising a control circuit coupled to a
gate of the first coupling transistor and to a gate of the second coupling
transistor. 24. The sense anplifier ofijgclaim 18 wherein the coupling

transi stors conprise respective n-channel transistors. 25. A nenory devi ce,
conprising: a row address circuit operable to receive and decode row address
signals applied to external t \ nory device; a

col um address circuit Opﬂ%ﬁéﬂ{%&?x&c@?@eﬂ%ﬁ%ﬁe& eneggl um addr ess

signals applied to the exteanfubt pohn@slSseher st hating A sdur@nendadroidy of
menory cells arranged in rows_and colums, each of the nenory cells being
operabl e to stor e caurled betwpen (e ifirst sppse §neand, Hrst voltage. and itgeatgpourledito) ocat i on
determ ned by the [%e&g eﬁ&vyhéddress signals and t he decoded col um address
signals; a plurality sense ahplifiers provided for respective col utms of
menory cells in the at | eastsec»né pashamie] sense ramfstdritaving s go@np bnd dreins
conprising: a first sense anpljfier sectiqnp conprising: 2006 WO

p 1 0 NOv,
2004/ 077659 PCT/ USoeiied dotsssn the seqopd spnsg iesadotly fshyokagentad ifs £85se
lines; a first p- dnk@fisl stor having its source and drain
coupl ed bet ween t%geél?(f%ttﬁgg%gsé FI ne’and a first voltage, and its gate
coupled to the second sense firstnerhansleseosedtrmsiston e ingsién smrder andsdrsinor

having its source anq
. coup

eéj {;gt%vgen the first sense line and a second 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 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-channe] 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



coupl ed between the second sense line and the first voltage, and its gate
coupled to the first sense line; a first n-channel sense transistorq &gV N@6
its source and drain coupled between the first sense line and a second

vol t age, aﬂﬂg%ﬁﬁwﬁ@$e coupled to the second sense Iirm;Qﬁhéﬁ&@ﬂgﬁp-channe

sense transistor having 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 anplifier sectioq conprising: a pair of conplenentary
digit lines; a first p-channel sense transistor having its source and drain
coupl ed between the first digit line and a third voltage, and its gate

coupled to the second sense.,line. a. second, p-channel sensge tr.ansistor
hav!ong its source and oaré?cr?ndc%ﬂ%uﬁ‘ésﬂﬁgehg%%ge?m g id’fmlllicﬂ'épﬁ%‘ﬁd t he

third vol t agepetBéh the SecRd fensEPrtin@hd Rcdrdtidit let Sense line; a first
n-channel sense transistor having its source and drain coupled between the

first digit |ine amdata pathusircnitvaperablgdo cauple idats sigmals comgspoading do thehdataecond
sense line; second n-ch el sense transisto ving its source and drain
coup! ed Bt bEuRe e ook S My e R R of Moy BBOHARE Ts gare
coupled to the firgtonmBaedecodt® opdtabile fosdec6deitliralitylof StamSh@ighde/dpped t S
source and drain coupled between the first sense line and the first digit

line; andp tesgectipexteynd compand eaniniEed thermmersdevas doswgunand degodsebang
coupling transistor ving its, sQurce an ain en the second
sense | i SReraNG g %egerggec 83%‘% &Il%?l][s c rlrel;lsg?n gdto%e &ecoc?e(a%gllﬁgand ?M

26.  The memory device of claim 25 wherein the first voltage and the third

voltage are equal to each other.

27.  The memory device of claim 26 wherein the first and third voltage

comprise a positive voltage.

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

a negative 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 data path circuit operable to couple data signals corresponding to the
data bits between the sense anplifiers and external data term nal sj pNOV 286
menory devi ce; and a comand decoder operable to decode a plurality of
command si gralosy@hibi €d  to respective external commandpdedthiiRhosssef the
menory devi ce, the command decoder being operable to generate control
signals corresponding to the decoded command signals. 26. The nenory device
of claim 25 wherein the first voltage d the third voltage are equal to
each other. 27. The menory device of claim26 wherein the first and third
voltage conprise a positive voltage. 28. The nenory device of claim25
wherein the second,yol tage and the. faurth woltage. are different from each
other. 29. The mar‘r%#l'y dev TEgR & Frﬂ?fm r%li‘eﬁg{lﬁ% g’@’@ﬂ’f\ d g??a?ﬁ%ess

CONpr i Sesnentdr @8add coip¥idstadgfichddibul Bhatrid Hahdony AckadReBOREVISES Zzero vol ts.
30. The nenory device of claim25, further conprising a control circuit
coupled to a gate of the first coupling transistor and to a gate of the
second coupling tgansigtor. 3&..The menory device of claim 30 wherein the
coupl i ng transisto O SEEE E'8h- channel transistors. 32. The
menmory devi ce of chabwn aretd REBIN ohdtEHIIRETELIVEEIMAC GecOBETREW SiTres sighAlQM C
random access nenory device. 1 0 2006 WD 2004/ 077659 PCT/ US2004/ 005850
20 33. Theliedderextymalagddeess termigplaofibe memesy davicet he dynami ¢ random access
menory device conpfris a nchr.onQus ap ¢ r.an Ss enor evi ce.
34. A nenory devi c%,cogo p??%?s%ggmgl re @paé%d{rgegegelg? %g?l c%%%%e?%lgﬁmé ﬁre(rgsecei ve

and decodinilewpplidd temhs cstegabidiresstphingld; t 0 external address terminals of the

menory device; a columm address circuit_ operable to receive and_decode
col urm addr ess 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, 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



signals applied to the external address termnals; at |east one array of
menory cells arranged in rows and colums, each of the nenory cel |‘§?N@V M6
operable to store a data bit witten to or read fromthe array at a l|ocation
det erm ned ﬂﬁ% gcoded row address signals and the dgeo6SHhfpissm address
signals; a y of sense anplifiers provided for respective col ums of
menory ceIIs in the at | east one array, each of the sense anplifiers
conprising: a first sense anplifier %tl on having conplenentary first and
second output termnals and conpl enentary first and second input term nals,
the first input term naI bei ng coupled to the second output termnal, and

the second input ternm na be n out inal; a
second sense anpl .?F%?mgf&%cg ﬁa‘?f%g %ﬁ?}‘f&*ﬂﬁ?ﬁyf% ?@Fggﬂgm %@@Eﬁ‘iﬂ out put
term nal g @&%cﬁmtaﬁa%ﬁﬁﬂan& kdrSinaR ol tRaRERckyIdevibd, thedommalddecddeebding St

i nput term nal being coupled to the second output termnal of the first

sense ampbérhbleto geperate controlsighalsicerrespomiing torthadecodadrrommangsignglscoupl ed to t he
first output termnal of the first sense anplifier section; and a coupling
circuit configured to couple the first output term nal of the first sense
anplifier section 39 thehef iniglorpUddRite bErdlimali4oivhtieir IBE QddpBgnacwtl i fier
section, and to couple the second output termnal of the first sense

anplifi e€ompGseon to the second out put term nal of the second sense
anplifier section; i reyid o

corresponding to t%gr%%@cg%?’hplﬁ'ﬁe@%ﬁéﬁ 3?2%mﬁa? O?q#éah?égggsg xt er nal
dat a t er gedtiah So Qlic fife oMTHUAD termétY bf eie @Bdldlsdﬂsd\lﬁipgﬁ)@&ectwﬁ R0 Aif<0 Wi

PCT/ US2004/.005850 21 a conmand decoder operable to decode a plurality of
command $F\iR&# sondoptermaipal; ppd respectl ve external command termnals of the
menory devi ce, the n e o] I
signal s correspon (r%gggt;lg ﬁ'}l g%&n%%}é%%’rem@%g 6ﬁg'lnaeh&ng§%‘fﬁée%n%n%%§/eodew ce
of clai nnﬁﬂliﬂhesreemdn tohthe cseeqnldi cmy)utltemﬁnheﬂ of tlicosd sense amplifier section, the

second switch having a control terminal.

36.  The memory device of claim 35 wherein the first and second switches

comprise respective FET transistors.

37. The memory device of claim 34, further comprises a first switch
through which a first power supply voltage is coupled to the first sense amplifier section, a
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.



a first swtch coupling the first output termnal of the first sense
anplifier section to the first output termnal of the second sensg N0V 2006
anplifier section, the first switch having a control termnal; and a second

swi tch couplingdhge second output termnal of the firstpEaRseoadsrl i fier
section to the second output term nal of the second sense anplifier section,

the second swtch having a control termnal. 36. The nenory device of claim
35 wherein the first and second switchgs conprise respective FET

transi stors. 37. The nenory device of claim34, further conprises a first
switch through which a first power supply voltage is coupled to the first

sense anplifier segtio a_ second. swi.t ch through whi ¢ch a secon ower
supply vol tage is @)upl mgmpyAeyic of cgaérﬁjg wﬁ%ﬁlﬁ@? @fStsagctché) ,gpﬁw%i rd

swi tch t g oIk Bredpdsitivedthe BaEInd bRt ¥uphdy vakkeis ne@itive £shd tetfb@th second
sense anplifier section, and a fourth sw tch through ich a fourth power
supply vewersgeply yolkapgps zego valtst he second sense anplifier section. 38. The
menory device of claim 37 wherein the first, second, third and fourth

swi tches conprise respective FET transistors. 39. The nenory device of claim

37 wherein the first, ponRm&beRldevivodlt dge 34 wherdle tifaiEmey detice tdihpribepover
supply vol tage, and the second power supply voltage is different fromthe

fourth péwsmangepsdgmageesamemony dpvige)/ 2006 WO 2004/ 077659 PCT/ US2004/ 005850
22 40. The menory device of claim39 wherein the first and second power
supply voltages are positive, the second power supply voltage is negative,
and the fourth po#er sSThphymd®ldeaige of slaite Wd wiekdis theddynarhierap@om rayceskevi ce  of
clai m 34 wherein_the nenory device conprises a dynam c random access menory
devi ce. HEMOTHAeViRe FRMpPTisRs 7 syechammops dmanicrandost aceSSIRENUIY A8YPE r andom access
menory devi ce conprises a synchronous dynam ¢ random access nenory devi ce.

43, A computer system, comprising:
a processor having a processor bus;
an input device coupled to the processor through the processor bus to allow
data to be entered into the computer system;
an output device coupled to the processor through the processor bus to allow
data to be 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;



43. A conputer system conprising: a processor having a processor bus; an
i nput device coupled to the processor through the processor bus to faf NBW006
data to be entered into the conputer system an output device coupled to the

processor {,‘,Brzg&%q%tspe processor bus to allow data to %T%B{H}oogsﬁtpmthe
r

conput er systen] a data storage device coupled to the processor through the
processor bus to allow data to be read froma mass storage device; a nenory
controller coupled to the processor tagough t he processor bus; and a nenory
device coupled to the nenory controll &f, the nenory device conprising: a
row address circuit operable to receive and decode row address signals

applied to external address.terninals of. the nenpry. device; a col umm_ address
circuit operable to re@ePﬁ‘éahz% 2n(f@?:*&)"én e{f’nﬂr°wélﬂglrf8"s§eS§F‘§W5I°§’ﬁ§‘H§l Pd to

the external ﬁ%ﬁﬁ%’éné RIS AL oﬁ%ﬁ%ﬁéh@lﬁe&ﬁé@axﬂnﬂfﬁef%ﬁpﬁsiﬁ? I's arranged
S, I th Il

in rows and colu each of the menory cells bei ng operable fo store a
data bit witten to or read affirsisershemplifiergectiah campisiag:i on det er mi ned by t he
decoded row address signals and um address signals; 1 0 NOV

he decoded co
2006 WO 2004/ 077659 PCTI US2004/ téﬁ?%‘!i’o?e %%“ﬁleHPQTaﬂfifn%efehnsﬁéénse anplifiers

provided for respective colums gffrsPEéHahyel GEsk Srahfistbh Bavdlg 1€ 8edrceOR array,
each of the sense anplifiers conprising: a first sense anplifier section

conprising: first and skadnrduplehpitensnthafirstsenssdinei andss first Voltage, gddtsannel

sense transistor havin%ggts qy{gﬁ and draHn coupl ed between the first
sense line and a first 206PHYEd lodRgsoeend sepseier supl ed to the second sense

l'i ne; a second p-channel sense transistor having its source
and drain coupled between the second sense line and the first 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 sense line and a second 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 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;



a second p-channel sense transistor having its source and drain coupled
between the second sense line and the first voltage, and its gate 1PN #6
to the first sense line; a first n-channel sense transistor having its

source andwodzrog%d)la{sgupl ed between the first sense |ine @]ﬁﬂ%ﬂ%ﬁﬁ%ﬁ‘g vol t age,

and its gate coupled to the second sense line; a secon sense
transistor having its source and drain coupled between the second sense
line and the second voltage, and its te coupled to the first sense |ine;
a second sense anplifier section conprising: a pair of conplenentary digit
lines; a first p-channel sense transistor having its source and drain
coupl ed between the first digiit lin

and a third voltage, gnd .its te
coupl ed to the second sense & fifskco ﬁ&%gﬁ?ﬁﬁt‘ff%ﬂ’{%‘éﬁ S‘%‘g‘i‘?saéﬁt‘g%‘ﬁsqog?l havi ng

its source and drgiiR-GAUPHRY &t MREAd R SERSPEndlgdt 1ine and the third
voltage, and its gate coupled to the first sénse line; a first n-channel

sense transistor having its swmomdeouplihg trnsistor naying itscoliet wekdrainiveupled st
digit line and a fouyrth voltage, and it ate .coupled to the second sense
line; a second n-cﬁ%ﬂﬁ@%géﬁg’g&f@%ﬁqﬁeﬁime%ﬁ?ﬂnﬂéhgl ®source and drain
coupl ed between the Secé’ﬁ'ﬂa?btﬁ'circdif %%ra%l'&jtotcbgplgﬁh'trats%nmlc&ﬁ&?ondiﬁé‘@ thd S gate
coupled to the first sense [ine; 1 NOV 200 WO 2004/ 077659

PCT/ US2004100888 it betweehi the tserse apiplifiers tand rextestab dataateimigals tof the mreowrand

drai n coupl ed bet,\z\ﬁfgn the first sense line and the first digit line; and a
second coupl i A§%% &M5i stor having its source and drain coupl ed

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.

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.



bet ween the second sense |line and the second digit line; a data path circuit
operable to couple data signals corresponding to the data bits betyweRON 5006
sense anplifiers and external data termnals of the nenory device; and a
comand degRflRhyPh&sabl e to decode a plurality of Commigkfirfﬁézgmloﬁso appl i ed
to respective external command term nals of the nenory device conmmand
decoder being operable to generate control signals corresponding to the
decoded command signals. 44. The conpujser system of claim 43 wherein the
first voltage and the third voltage are equal to each other. 45. The
conput er systemof claim44 wherein the first and third voltage conprise a
positive voltage. . The c ut.er f clai rei .econd

vol tage and the fourtﬁ?%olggge af@ﬁﬁﬁfgefgn ?dﬁ%%ggﬁﬁ%tﬁggpﬁagk%$ﬁe
conput er ceivpiiesadinahiadirdidém a6b8E fleotyirvizecond vol tage conprises a negative
vol tage and the fourth voltage conprises zero volts. 48. The conputer system
of claim43, further conprising a control circuit coupled to a gate of the
first coupling tr i st istor.
49. The conputer ggtem?%f&%glie?ns é&\%g?lglh B(?ﬁ;gélggﬁ&l RL gdr%g?rgtag‘?égé

conpri se nied®Pedéviceompeibarisghchrsrns dygiamicrandond) addedd xﬁ&ﬁé‘ry dWibéZOO4/ 077659

PCTI US2004/ 005850 25 50. The conputer system of claim43 wherein the nenory
device conprises a dynamc randon1access menory devi ce. 51. The conputer
system of cl ai m S0synher gipthe SigrRiom access  menory devi ce
conprises a synchronous ﬁyn m c randon1acc Ss nmenory device. 52. A conputer
system conpri si ngaprocessor having a processor bus;

an input device coupled to the processor through the processor bus to allow
data to be entered into the computer system;
an output device coupled to the processor through the processor bus to allow
data to be 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;
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,



a processor having a processor bus; an input device coupled to the processor
t hrough the processor bus to allow data to be entered into the conpggy 2006
system an output device coupled to the processor through the processor bus
to all ow aﬂ]ﬁof/&7£§ out put fromthe conputer system ap(?j]?ﬁsam%;oggsg@e devi ce
coupled to the processor through the processor bus to allow data to be read
froma mass storage device; a nenory controller coupled to the processor

t hrough the processor bus; and a nmenory device coupled to the nmenory
controller, the menory device conprising: a row address circuit operable to
recei ve and decode row address signals applied to external address

termnals of the devi ce;. col um address circuit gperable tp receive
and decode col urmnt%gg{] te‘é‘ButstFﬁ?iﬁﬁsbeH‘ﬁﬁoP%lﬁ‘g ?%&Fﬁgc%gt%lt rﬂﬂlﬂf?’e@g the
termnals; at |eas§ec&ﬂﬁn§ﬁtrtéﬁhiﬁ’il bEREBEHIARb ke BT RREE hrnfhal;0Ws and col unms,
each of the nenory cells being opefable to store a data bi't witten to or

read fromthe array at a | ocsicouh sehee emplifierdsestion hevidg contpldmentaryafit ess
signals and the decaoded colu address signal.s; a plurality of sense
anplifiers provi de¥f ﬁ?copgs%@utti VEmB?e)lF Lﬁ?’ﬁsgod?l_’le%ffgygisglaln ?eﬁmliénp% | east
one array, each oftehhiRaReime ird Hjut tenfingl SRPEupicddo tie debdmll outtit &@map! i fi er
section having conplenentary first and second output term nals and

conpl enentary firsef thedfisstsonsd amplifier tseqtionnand thel sgonduvnp@oBmingd beael 1077659
PCT/ US2004/ 005850 26 ., the first |nput .term.nal being ¢ led.to_the second
output terminal, afyPle 20 tbfé%%ﬁalquﬁﬁlﬁ?m?elé’meﬁlgft Sﬁgﬁergﬂ’pﬁﬁgﬁe&ﬁoq’ 81“{]he first
output termnal; a second sensmpRigditchit @onfipRedd t8RokAY tHROASIsHIe PRMinar y fir st

and second output term nals and conplenentary first and second i nput
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

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.



termnals, the first input term nal being coupled to the second out put
termnal of the first sense anplifier section, and the second i npw gNOV 2006
termnal being coupled to the first output termnal of the first sense

anplifier SdobhreRnNd @ coupling circuit configured topep ! first
out put terﬁﬁ%al ? the first sense anplifier section to ﬂﬁgkﬁ/Pgﬁooutput

termnal of the second sense anplifier section, and to couple the second
output terminal of the first sense ampglifier section to the second out put
term nal of the second sense anplifier section; a data path circuit
operable to couple data signals corresponding to the data bits between the

sense anplifiers agd exerpal doLaFELMARISS ludil e TRIOR iy Lfineand 2

comand decoder operable plural Tty of comand Signal's applled

to respe@@my@seeggp%tﬁahﬁﬁqq;fme@rg erm nals of the nenory device, the conmand
decoder being operable to generate control signals corresponding to the
decoded command signals. 53. The conputer system of claim52 wherein the

coupling circuit npri.se S uﬁlh rs
term nal of the flér\sgt s’%}%sem%\&t% §y§trem &’séelc |§% @ﬁg&gﬁ Je E‘T 9‘%’9 er m nal
of the saﬁm witicls e fastpowiel ippbeedliage is donpled its tife frai denlke axhpmidn gecmoﬁ ant r ol

termnal; and a, second switch coupling the second output termpal of the
first sefxend gyieh threnghswhich d‘nseP‘E)“dt PRIVEE SHpRY velidgsuls corplss e theofirst srases econd

o 2000 00 G570 By i (REBBBLLERY RN el AR B ol BECLIR .

cl ai m 53 sedond eénse tahplifier sdctieucand ex foueth Swittle tesughc witjehi & ourth et supplyFET

transi stors. 55. The conputer sy stemé)f cl.aim52, further conprises a first
SW t ch voltage is coupled to the second serise amplifier section.

56.  The computer system of claim 55 wherein the first, second, third and

fourth switches comprise respective FET transistors.

57.  The computer system of claim 55 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.

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:



t hrough which a first power supply voltage is coupled to the first sense
amplifier section, a second switch through which a second power supghgV 2006
voltage is coupled to the first sense anplifier section, a third swtch

t hrough whj idod power supply voltage is coupled t d sense
anplifier ggg??g%ﬁ&%nd a fourth switch through which a ?%ﬂ??ﬂwﬁﬁﬁgg supply
voltage is coupled to the second sense anplifier section. 56. The conputer
system of claimb55 wherein the first, ogecond, third and fourth sw tches
conprise respective FET transistors. 57. The conputer system of claim55
wherein the first power supply voltage is the sane as the third power

supply voltage, a . 0, . : . | I fromthe
foEPtK pomrgsupp{bgo‘z}glﬁ nggr.gpggg %ﬁ%ﬁ%geérlﬂﬁs%g?go% @?mgﬂ'tén&ﬁnﬁpg]%lwgearei‘n t he
first angait bf dohpanetary supptsythe ebiplg@sntatydnpdscdnplémenths oapusrod theofivey suppl y
voltage I's negative, and the fourth ower supply voltage is zero volts. 59.
The conpﬁﬁné?a@glﬁeéh?%c@ﬁwqutmh@? Tit he nenory device conprises a
dynam ¢ random ac : ' oAt jqm 59
m%erein t he dynanﬁ%éagﬁggﬁ%%%@éégggﬁgﬁg?ggggg%2%92%2%??%2% a-“sync ?@hous
dynam c & paidehcempRaentiBnoitputd ethe cemplientbrynimptie chfahe sesofd Bensa adtiplifier ent i al
vol tage between_a pair of conpl enent arnég}gi git lines, conprising: 1 0 NOV

2006  WOPInRa9upieAggdhepest oRipBts ot tirst pense pmplifiereandrpl i f i er
havi ng agpaj ]gg(ﬁp i i t put s,

t he conpﬁgﬁgﬁ?%%yﬁgﬁg%t c%ﬁ%%gﬁgﬂ?%%§go lgg¥§%g%c?ﬁggfgﬁgﬁgagéﬁﬁéﬂgﬁplifier
bei ng cr tiesomplementdrytdigiebnds; ot her; provi ding a second sense anplifier having

a pair of conplenmentary inputs and , a pair of_ conpl enentar tputs, the
conpl ementary i nptfPB&Hé o CUBRISHANtARY ) '@p'gﬁp‘?fi ﬁﬁegP“St bERg %Bﬁfg‘?re@ fs*t‘? t he
corres pO%&@or@%ﬁiﬁeﬂieﬁfa}‘y BubRY bB e sedol® sdrist SinpRAGSRIAPR iififlsensftigd the

conpl enent ar ts of the second sense anplifier being coupled to
respect i paiodnasl of

after the initial sensing period, isolating the complementary outputs of the first

sense amplifier from the corresponding complementary outputs of the second sense amplifier.

62.  The method of claim 61, further comprising:

applying power to the first sense amplifier during the initial sensing period and
thereafter; and

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:



the conplenentary digit lines; coupling the conplenentary outputs of the
first sense anplifier to the corresponding conplenentary outputs of g0 2006
second sense anplifier during an initial sensing period; and after the
initial seQs) RdskBEHOd, isolating the conplenentary Om?(‘:'f/ﬁsz%& Jo%lﬁofi rst
sense anplifier fromthe correspondi ng conpl enentary outputs o( e second
sense anplifier. 62. The nethod of claim6l1l, farther conprising: applying
power to the first sense anplifier durigng the initial sensing period and
thereafter; and applying power to the second sense anplifier after the
initial sensing period, but |eaving the second sense anplifier unpowered
during the initial I I I 2 in the
act of applying p&@ﬁa?lg%{aﬁn%g?n sgﬁsgﬁna%r%???%?&é@h%k%%gﬁ@%p yalpng a
posi ti ve painppiomplehdntge o@patsg negati ve supply voltage to the first sense
anplifier. 64. The nmethod of claim63 wherein the act ,of applying power to
the second sense Wypng the diffeseatial wliage "3&{3‘? %majelae%yil%n%ofgb%ﬁ{sgsem t age
and groupgl {'iﬂert he second sense anplifier. 65. A method of sensing a
differenfial Vbl tage between a pair of conplenentary digit |ines,
conprising: 1 O Noallo@}the Yifst 2613 Aapliteed & fePbhiiEP e diffeaftaDadflifiepr ovi di ng a
first sense anplifier having a pair_, of caonplenentary inputs and a air of
conpl enent ary out pHfng the JU Seasy WnRlifist t9 rgheiPal fflomplansoiry fputs of 2

conpl ene L t L4t n iR ihl S OW i.J.st sense
anplifi erg éc?%arsgﬂ;gm h(tﬁfgr’ttﬁg Sgl‘:'o?@ esre g%t iﬁgqh arrpla{l“% grhd % %]g\gftrb%gﬁ)ﬁe{sdtafyzense
anpl i f i eoutpotsdouple ta rgspeative fonesofitheerveplemeptarngigit ine. a second sense
anplifier, the second sense anplifier having and a pair of conplenentary

66.  The method of claim 65 wherein the act of coupling the differential
voltage to the complementary inputs of the first sense amplifier comprises coupling the
complementary digit lines to respective ones of the complementary inputs of the first sense

amplifier.

67. The method of claim 66 wherein the act 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:



out puts coupled to respective ones of the conplenentary digit lines. 66. The
nmet hod of claim 65 wherein the act of coupling the differential vo1ng$2mﬁ
e

the conplenentary inputs of the first sense anplifier conprises coupling t
conpl enent | 9.t,] 1 NES tO respective ones of the co enentary i nputs of
the first gé%%@bgg%%lifier. 67. The nmethod of claim66 'BP%@%”OﬁSOact of

coupling the conplenentary digit |ines to respective ones of the

conpl enentary inputs of the first sengg anplifier conprises: coupling the
digit lines to the conplenentary inputs of the first sense anplifier for an
initial sensing period that is significantly shorter than a period of tine

that the first sense.ampldfier nee t.0 I1y.r ond to. the djfferential
vol tage; and i sol &9 gﬁgr‘%is&‘?sf’ aﬂpﬁ@grl*aro%at%ag @(s)c%f}‘pg%eHWVPP palx}gg of the
first semnsgefcanplembhiafy atgues; the initial sensing period. 68. The nethod of
claim 65 wherein the act of using the first sense anplifier to drive a pair
of conpl ement ary Pryifding &fecand senseamplefies badpgHr PUF ef camaplpneriay inpsAsdi ng t he

conpl enent ary ou h I st, sense | fi. S ' opes of the
conpl e ne%tp%;ry OI? n%oﬁi%&%%ftﬁ eglé %t(g)’n Elhes € ”%lvleglr}p%% iugéu.tst %&%Agﬁgélg% 30 o?‘gr eadi ng
a data bidrrebgonding complementag) butpt@rgirths fifg senke QniyPHer 306 the\Edmpledhékiay659

PCT/ US2004/ 005850 30 providing a first sense anplifier having a pair of
conpl emetHiRytsbeingioupled frrespechyg sompgemacaiasy gk Hnes y out puts; providing a

second sense anpl icg%pggggqﬂg%g?lp@ioa gfthg?%]tﬁgaﬁ%?ﬁy JiRut s and a pair of

conpl enment ary out pu t he enentary coupl ed to the
correspondi ng conpbwlingtthe yomplemetitaryahpitdief fherfikt seaws emplifidri thirespectavad t he
conpl enment ar Qut put s _being .coupled to r ective conpl ement ﬁry digit

§ €S §
i nes; c%\ﬁﬁpﬁy the digitHipndyringan initial sgpsngerip atter saplingdht memory; il onedds;
coupl i ”Qh&@&nﬁﬂﬁ%’ta‘?f'&i’%&%&;i nputs of the first sense anplifier to respective

isolating the first sense amplifier from the digit lines and applying power to the

first sense amplifier to allow the first sense amplifier to respond to the a voltage imparted to
one of the complimentary digit lines by the memory cell;

after applying power to the first sense amplifier, applying power to the second
sense amplifier to allow the second sense amplifier to drive the complimentary digit line to
logic levels corresponding to a voltage stored in the memory cell; and

coupling the digit lines through respective input/output lines.

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



ones of the digit lines during an initial sensing period after coupling the
menory cell to one of the conplinmentary digit lines; isolating the fN3¥%006
sense anplifier fromthe digit lines and applying power to the first sense
anplifier he first sense anplifier to respon | t age
i nparted té%zgwéoggéfsgt he conplinentary digit |ines by tﬁpeéﬁrr%ér%o%/oassgq) after
applying power to the first sense anplifier, applying power to the second
sense anplifier to allow the second sefijse anplifier to drive the
conplinmentary digit line to logic |levels corresponding to a voltage stored
in the nenory cell; and coupling the digit lines through respective

|nput/out .=l i.nes. a wherein_ the act appl yi ng
pover  t o AR p Sspectidh cnes e e s SRy Suetgr g b hs Heabry piko SR p y
vol t age Q,pdle%oﬂﬁgﬁgﬁtﬁed%ﬂme\g_ voltage to the first sense anplifier. 71. The
met hod of claim 70 whérein 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 method of claim69 wherein the act of
coupling the conplenmentary inputs of the first sense anplifier to
respective ones of the digit lines during an initial sensing period

conpri ses coupling the conplenentary inputs of the first sense 1 0 NOV 2006
WO 2004/ 077659 PCT/ US2004/ 005850 31 anplifier to respective ones of the
digit lines before and after coupling the nenory cell to one of the
conplinmentary digit |ines.






