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whi ch i's Recently, interest has increased in using DRAMs as one of several elements of an

integrated circuit, e.g. a “system on a chip”, which may also include logic or linear circuits or
other circuit types. Such DRAM elements have been called embedded DRAM or “EDRAM”.
The goals of using embedded DRAM include obtaining potentially large amounts of easily
20 rewriteable storage with fast access times but at lower cost and power consumption than
SRAMs. One problem facing existing DRAMs is that it takes longer to write a memory
cell with a new datum than it takes to read or refresh the datum in that memory cell. This
problem is understood with reference to FIGS. 1 and 2. Specifically, FIG.1 shows signals
which are active when a prior art DRAM memory cell is being read. A read operation begins
25 with the wordline voltage 10 rising from a quiescent value (in this case, about -0.4 volts) to
an activated value which makes the access transistor of the memory cell conduct. Charge
stored by a capacitor in the memory cell then begins to flow through the transistor on a bitline
to a sense amplifier. At the sense amplifier a small voltage difference signal 11 develops
between the voltage 12 on a bitline BT and the voltage 14 on a reference bitline BC which is

30 not connected to the memory cell being read. The sense amplifier functions to convert a small
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operation with the wordline voltage 10 rising from the quiescent value to an activated value.
20 Charge stored by a capacitor in the memory cell then begins to flow through the transistor on
a bitline to a sense amplifier, where a small voltage difference signal 21 develops between the
voltage 22 on a bitline BT and the voltage 20 on a reference bitline BC which is not
connected to the memory cell being written. After the small voltage signal 21 appears, the
signal SETP 16 sets the sense amplifier, which results in the small voltage signal 21 being
25 amplified into predetermined high and predetermined low logic levels on the reference bitline
BC and the bitline BT, respectively, which reflect the original “0" value datum stored in the
memory cell.
In the prior art DRAM operation shown in FIG. 2, the voltages 22, 20 on the bitline
BT and reference bitline BC are forced to new levels only after the sense amplifier is set.
30 After the sense amplifier is set, the voltages 20, 22 advance almost fully towards the high and

low logic levels, respectively. Then, the bitline and reference bitline voltages reverse course
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An object of the invention is to perform a write operation to a memory cell in about as

little time as a read operation.

Another object of the invention is to quickly perform a write operation to a memory
cell without risking corruption of data in memory cells accessed by adjacent bitlines.

20 Another object of the invention to provide a system in which precharging is performed
in a conduction path through bitswitches coupled to the primary sense amplifiers.

Still another object of the invention is to perform a write operation by holding only
one of a true bitline and a reference bitline at a fixed potential and setting a sense amplifier to
amplify a small voltage difference between the true and reference bitlines into predetermined

25 high and low logic levels for storing a datum into a memory cell.

Accordingly, in an aspect of the present invention, an integrated circuit includingr a
memory is provided which is adapted to write a datum to a memory cell by bitswitches which
hold only one of a true bitline and a reference bitline at a fixed potential when a sense
amplifier is set, the sense amplifier being adapted to amplify a small voltage difference

30 between the true and reference bitlines to a predetermined high voltage and a predetermined
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embodiment of invention.

Best Mode for Carrying Out the Invention

The present invention provides a system and method of writing a datum to a memory

cell by holding only one of a true bitline and a reference bitline, i.e. complementary bitline, at

20 a fixed potential, for example ground, when the sense amplifier is set. Thus, in the steps of
the method in order, the true bitline and reference bitline are precharged to a fixed potential.
Then, to write, one of the true bitline and the reference bitline is held at the fixed potential.
After the wordline is activated, a small voltage difference appears between the true and
reference bitlines. The sense amplifier is then set, which amplifies the small voltage

25 difference to a full swing signal being a predetermined high voltage (Vdd) on one of the true
bitline and the reference bitline and a predetermined low voltage (ground) on the other one.
The memory cell is written by storing the high voltage or the low voltage which is present on
the true bitline.

The invention also provides a novel way to precharge the true and reference bitlines
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a reference potential that appears on the reference bitline. A reference potential is provided on
the reference bitline by, for example, transfer of charge from a reference cell onto the

20 reference bitline, the reference cell storing an intermediate voltage such as Vdd/2. The sense
amplifier is then set which amplifies the small voltage difference signal to a full swing signal
being a predetermined high voltage (Vdd) on one of the true bitline and the reference bitline,
and a predetermined low voltage (ground) on the other one.

In the embodiments described in the following, in a write operation, a bitswitch pair

25 controls which pair among a plurality of pairs, e.g. four pairs, will have one of the true bitline
and the reference bitline held at the fixed potential when setting the sense amplifier. FIG. 3 is
a block diagram of input/output circuitry associated with a memory array in which a 256 wide
I/O path is provided from 1024 primary sense amplifiers by a one-of- four fan-in
arrangement. With reference to FIG. 3, bitswitches operated by .on/off signals BXP<0:3>

30 within each group 50 of four primary sense amplifiers control the signal flow during a read

operation on the true bitline and the reference bitline from a primary sense amplifier group 50
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bits wide. It will also be understood the manner in which, in an alternative arrangement, the
20 read buffers 60 may be shared between upper and lower subarrays. Only input output
circuitry for an upper subarray is shown in FIG. 3.
FIG. 4 is a schematic diagram showing primary sense amplifiers 51, 52, 53, 54, four
pairs of a true bitline and reference bitline respectively coupled thereto as BT0, BCO; BT1,
BC1; BT2, BC2; and BT3, BC3, bitswitch pairs T1, one pair coupled to each bitline pair and
25 operated by signals BXP0..3 as shown, and a read buffer 60. A control block 56 includes
transistors T2, turned on when the READ signal goes high, which provide a conducting path
during a read operation between two bitline pairs and a pair of a true fan node FT and
complement fan node FC, respectively. Control block 56 also includes write path transistors
T3, only one of which is turned on at a time to write to any pair of bitlines, e.g. BTO, BCO.

30 During a write operation, the write path transistors T3 provide a conducting path only

between a selected one of the true bitline and reference bitline to a fixed potential. During a
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T3, only one “I‘@F%%?Bﬁﬁlﬁ@ef Ut ety R T B QoSS el € B AR B

bi t | i nesodee FF01,8YW1 HCRthad@adBueidipath trafididtor 0P efidbichwritt pethwrankietopaBh
transistors TBﬁ&:OVI de a _conducting path only between a sel ected one of
t H8 t r uRroBides p sargdh gondeeiopatia fasitypitive bithnes @rtwedeﬁsmnéﬁbiﬂmes Bupiogra -6

VO 03/ Oﬁ%%ﬁ%ﬁ3uﬁg§%4dz‘§? %lg?«éﬁ%@&%ﬁ g? 1n?<9%‘[ a'te fin noag I%‘*f 23t %Cg§ Em the

transis ur ne as V\B SWtches Ti,

to pr ecdmeg@nﬁ@@ratibﬁllsmmhtsbarmgt tkﬁéeﬁvﬁet@ﬁﬁthﬁibontiM@)[bckt56I1§rddﬁ§ddr ed to mask
a particular primary sense anp %rou 50 during a wite operation, wite

masking is per’ﬂ% pigaal copiok is PFAViPAEN ANDNzases 1032 wrhigheprpwiclp opfoifisignalor s T3.
As s hOV\Q) a& tr:ﬁms&cgg'll’f} W%gn Qoé'eﬂltt{) %l: \x}rﬁteg t§ {h%%gho @ﬁé&res%eﬁ WI 'l be

descri be I'n an er na arrang eNent

pasent i athr@awo; ehé/d:el rardibio74 8 nirhed o Bl @u@f/@oﬁ%dWMDEON @hlsa@ﬁNANDWIJZ ch a
high I o l evel or "1" is witten to the rrermr&dcell Two pairs of

b $1' noBhis siggal” BrrondeRTO sften S SR ory (Sunies: 58) Gduined or hﬁéh%BXP@an
rodes, CHEha Bl Sk EoR b PR AL B B el ¢ 220
or two pref@emiiaed lihlgh Ivongge, 1. WddOtW8En a “1" is to be written to the memory cell
accessed by bitline BTO, the T3 transistor 76 is turned on by a low-going WRITEIN pulse at
20 NAND 70. This action grounds BCO when the bitswitch pair (transistors T1) is turned on by
the BXPO signal, such that when the sense amplifier sets, BCO is held at ground and BTO is
driven to a predetermined high voltage, i.e. Vdd.
NAND gates 70, 72 and write path transistors T3 also control precharge operation. In
this embodiment, all bitlines and intermediate fan nodes are precharged to ground. During
25 precharge, the bitswitch signals BXPO0..3 turn the T1 bitswitches on and a low-going
equalization signal EQN is transferred through NAND gates 70, 72 to turn on all T3
transistors, thereby discharging the intermediate fan nodes and bitlines to ground. In this way,
precharge devices need not be located locally at sense amplifiers 51..54, and the same
transistors T3 are used both for precharging and for write data control.

30 The read buffer 60 contains devices 78 which precharge the fan nodes FT and FC to
Vdd upon application of signal LBRESTN. A pair of cross-coupled devices 80, preferably



pairs BT2..BT3 are conductively connected as internedi ate fan nodes FT23,
FC23 in the sane configuration. By such sharing, the device count in
control bWO®k/0BB76 s reduced. Wite signal control is provipdddSOy4MAND gat es
70, 72 whi ch provide on/off signals to wite path transistors T3. Wen a

"Q" tten to the d by .15_.bit| BTO_ the T3
tranS| 5{313@ ji= \Asllrhlgwflg&??é%e%%g'é{}?eg 1?‘98/\}6&’56‘?% gfﬂ%fs 2 %‘J%%gan:ﬂ 4 nﬁB“}ch Tﬁl s
si gnal gredpasisveRes %ﬁ&d&t@ﬁmﬁéd ﬁi@hfaﬁh' 1cnralv61t£ge§ ema $of the Tdal dg@rahuﬁ ped on by

the BXPO signal such that when the sense anplifier sets,
ground @HputBEE ke f@ninpdes at terminap PBPEE.er mi ned hi gh vol tage i.e. Vvdd. V\hen
a"1" isto | i ne BTQ the T3

transi stor 7@&"5#%‘?%8&0 Eﬁg Bioae% @g"?‘!?‘ﬁgfoaﬂ ed b gla WIZE ORHRES 0.

Thiss aCﬁlb‘BﬁlﬁésOéﬁﬁqﬁteﬁ%alW@%h HdRs Qﬂetpmhrafg*edre@gfouﬁa 'b?ﬁ?rh&g%sthér T} is turned
on by the BXPO signal, such that when the sense anplifiéer sets, BCO | S

hel d at bitpwotghes withl BR. B$1gnd]S|hw§mrtddhaEQ1\édgna§dmwﬁH¢Tﬁ gmsispors age onj .

vdd. 70, 72 and wrjte pat istors T3 al so contr echarge
oper at | BFEOY Hisce st Birrmeete Taf Rodssrh NsOHAGS [P Hb A 8 BTERSdos. oy
prechargefy Jfs af:@updin During 25 precharge, the bitsw tch signals BXPO..3
turn the Ti_ bitsw tches on and a | ow goi ng equal i zation signal EQNis
transferred Wntmggﬁ‘(]Wﬁ)nmlceg célDaccged by true bitbne BID isTikrfarmad as Sflows,

o A VAot B S BT b T et 1"
anpl i fi @irﬁlsgﬁlr éﬁ? gr(ﬂﬂlﬁ NRisSATR lf:t §1€ﬁ? S Ef(ﬁucﬁ%ﬁ{eg %bﬁ?)dr &%%%tg 8k output

precharging an rwrite data oont The rea contalns
devi cesofNANﬂD gite B2 e LNEE, yehenliggt, armmmdé‘g tfahsiatiod 740 Hegair\dd d" 1 e witalpgsl | cat i on

of signal RESTN. A pair of cross | ed devices . preferabl -7 WO
03/ ooss%ltr [J:3:2% 2971}) §PpIn tpﬁﬁg‘gna@ fh% blb*b‘é@é?@?ig?oﬁﬁ?%?@ﬁ?mﬁg 8ffand
mai nt ai gﬁcﬂ%a&}gﬂﬁ%ﬁgﬁuébﬁhﬁ@ﬁTQ&%ﬁ 5T &ﬂgl FC at respective ones of

pr edet erm ne and [ ow vol t ages. ta fromthe read operation is

output from Tlhtewbmhna ackesivated bg Wil ga]mglaml'ihe\twyrcoméoang tieetriechitHn&S B TH)
oper at | oqgﬁhare as foll ovxg1 Beginning with a wite operation, 5 the

bi t | i ne’® BHECMNErHRGAL LS HEl. hedefsreareitine bGP sedsa Ho&dg@,ﬁaefgyngq” ni ng on
the Ti éI{tMQﬁQ§ a%&erhrm This ﬁ'p%}%laﬁlﬂrgbld@i'ﬂoﬁl@\/w V%ltgééaétmje@ Yh o The

T3 trangl stors turn on
reference cell, the reference cell being accessed by a reference wordline activated at the same

time as the array wordline. A small voltage difference 90 develops between bitlines BTO and

20 BCO0. The primary sense amplifier 51 is then set by signal SETP going high. Since bitline
BTO is held at ground, the signal on BCO is driven to a predetermined high voltage Vdd while
BTO remains at ground. The bitswitches T1 controlled by BXPO remain on while the wordline
remains activated to write a predetermined low voltage, i.e. ground, as a “0" datum to the
memory cell. At the end of the write operation, the wordline activation voltage WL falls

25 again, as does SETP to reset the sense amplifier.

If this had been an operation to write a “1" to a memory cell 0 accessed by bitline

BTO, WRITEON would have remained high and instead, a low-going WRITE1N pulse would
have been provided. NAND 70 and T3 transistor 76 (now turned on) would then clamp
reference bitline BCO at ground. After wordline activation (WL going high), the sense

30 amplifier would then be set by SETP, and the voltage on BCO would remain clamped at
ground. The voltage on the true bitline BTO would be driven to the predetermined high
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t hereby discharging the internediate fan nodes and the bitlines to ground.
After precharging, EQN goes high again. Witing a "0" to a nenory cell
accessed wo wnws7oitline BTOis perfornmed as follows. 10 Pafitse1/ewsnt r ol
signal WRI TEON goes | ow at NAND gate 72, tur ning on only T3 wite path
transi stor 74 to ground. In this exanple, gnal LVE (local wite enable)

r epr esekelége Yelddwt the primgsy seasrgplifier 22. TIP_@VYEC Giprarngd bjgh veiagsvaind 1

tran5|s 4. T f TJ S turned
on- whi PSRt B el M RSP EOPR LA b TSR SO, VT
true b| wbullaah&T@ulagaﬂ@b&npktlggmgwhte bperdfien.wordline is activated by W

goi ng hi gh, thereby connecting the true bitline BTO to the nenory array.
At this tinmeNexhas shovayiadde. binreihaesepoerquadds Sien peoimsdgainrie fher @hge

potentlal S [ QV d/ 2
voI t age way %Srféggre Wét%qg s%@ﬁ%%g% qqne%%n bf]g%fpﬁ g&%%e %% ]Q(a&ra‘ogo nﬁe@ Ogg by a
r ef er engedivebasel tRebAkds \eall Gk iterr&@ats Inodeks & gR8nd Hﬁo@ghl’tﬂi‘ﬁsMSjTB ne. A

smal | voltage di fference 90 devel ops bet ween b| tlines BTO and 20 BCO. The

Er i lrrar y sensk vapleivnderstond ffr0§(1]I thedoregeing iﬂgalt Shegtirle QBEIEPOQ on age bitlige, €8i nce
or edet oPTd iegrgal s gaR e, i Hoat e B Fire b & sl Roeao

bi t swi t 615@§uomorp&ﬁémhhﬁgwmych%&dp@aa&brﬂh@mcheat&@ezoymfneI TIREpitliREBI NS
activated to wite a predetermned | ow voltage, i.e. ground, as a "0" datum

t o0t he BABMBTY arseloupledito miggmony @blbfwluﬁealwailtaece:sp@mt the pame werdkioe dWVihee a

activatio olta W__f as es TP to res he. sense
anplifi B?Ip 1\fﬁ ﬁ%g @(g%léﬁlﬂéﬁ‘? ]%g(z]rsg%ef%w? 3ngw'“df£m’f§h Crl(‘}tr%f‘})ory cell 0
accesseghel &éﬂs‘dﬁ%the@mmm’]‘_ﬁ@i“% Irétréaﬁy& tﬁa@r@awm@h Bdcgth wangh thest ead, a
| ow- goi ng | TEIN pul se would have been provided. NAND 70 and T3

t ransi swordling ig assiwatedr(be Wlogdingwbighyl thdherargs Sém@d in alf theamgreorticelly ﬁenm@ at

round. Af rdlin tlon 0|n sense .30 ampl.ifier
Soor ot e Aol Geutingdh sBhhs R ks Bkr i et PR ot
grund. rephgemald s@&%d qatattfaeeltwﬁ niyn{d%ealsﬁmnmh STOERTS to/Siitning sbAR
predeterm ned high -8 WD 03/003376 PCT/US01/47677 voltage Vdd by the

pri mar y asphSes ahpi4, respectBely. The predet ernm ned hi gh vol tage vvoul d be stored

;(r)l dt C\E renor ﬁm 2(1: Sslual wrltea ope%atlonrsggﬂ as t‘l?us n%hor\ﬂy the I%gmgrr}]/ cte bbt me h% is 870, SETP

written because only the BXPO bitswitch pair is turned on at the time. The memory cells on
bitlines BT 1..BT?3 are not written but instead written back because the BXP1..BXP3 bitswitch

20 pairs are then off. Thus, the BXP1..BXP3 bitswitches isolate the bitline pairs BT1, BC1, etc.
in each case in each group 50 (FIG. 3) when the datum on another bitline, e.g. BTO is being
written. In this way, primary sense amplifiers 52..54 receive the stored data signals from the
bitlines coupled thereto and regenerate the data signals to predetermined high and low logic
levels, these levels being stored again to the memory cells (writeback function).

25 From the foregoing, it will be understood that a new function is made possible by the
invention, if the bitswitches are controlled differently. By turning on two or more bitswitch
pairs at a time during a write operation, the invention provides a way to “block write” the
same datum simultaneously into two or more memory cells accessed by primary sense amp
group 50, thus reducing the number of write operations required to write to the memory cells

30 on the same wordline. This might be desired to quickly write a repetitive pattern or to perform

a blanking function to a memory array.



woul d then fall again, conpleting the wite operation. Next, as shown in
FIG 5, precharge to ground is then perforned again in the same 5 way as
bef ore, woDl3wbbas76i t switches Tl turned on by BXPO. .3 goi ng@cChiugay4mnt EQN
going low to discharge the bitlines and the internediate fan nodes to
ground through transistors T3. It will_be understood fromthe foregoi ng
that the wilestopErdopeitioniigranepenyicl 0 ig pgriormpidysinges editlige {i0dngdia  he

on ot ne s P BikBe B0 onisd BxPO e E R AL DRSS v e

bi t | i nesitskitcEk@n Billhes BT OCHU B @Euined matile thebiter bidwitthangs aleltumed effised by
the sane wordline. When a particular nenory cell O on _bitline BTO is being
wri tt enb¥BXRL a3 aing drwy-ubhe werdlingais acmwtedrr@f%ﬁyg%g highspd gsmal vBltags nes

BT1l.. BT [ e i i . nelk:| i

acti vat SHEEDst SErgaRrgeveloRpetotpl e B RE BTG PRerpITRBERCOE ||

al ong th@d privesrgseise dnpiir SNisahéhet by bighASETRg e Bghampleby Ugfesentihtiig, upon
wordline activation, signhals 15 representing stored data travel from

|
nermory evpkagss opiBTG and BEN O theprdetermpinpdiaw ardhigh voliagss grpwidsangVdds 4

ot onbrelo o B e B RpE o8B R A b PP ke i e

turned 1&ter (HBint thi¥Rase) ReaiBIEnY thel diage Aiffdrtidel 926 ThiS HininB1s 18adEnH0h
W i ttenﬁg%t instead wri tten[ﬂgack because the BXPl..BXP3 bitswitch 20 pairs

arn@ t hefhe pfimaryrsense amplfigap porxd signekdggradaion wdiathayeuld pehehyise pite pair s

BT1, B fc.,...n each case inh.each.group 5 El 3 on
anot her Tpap it Ghaf BoRE of B RR PP T Bbnp Spiehy Bou s 08T RE 0 AN o
ampl i fi ﬁ%r?al BrdpliBidatioRC Rithehd RitaBEsUERTO @A @BE0GId Eifftfeatiitiiahe REMD $igsal
coupl ed ther etpo and regenerate the data signals to predeterm ned high and

| ow | oggaing highairss on hesslepattelyaisisidseTAgheteby Bandejaing thegitlive sigapls bytwesn| s

(o 0B kP bl BT A o SR i 8 g R i, @

cqBt r ol {@egsl FT 8REPC nbw Byrebaht Pl BRI rda0drddh ni¥RicRy Bélt 6 vh bifine BROIBhedt a
time dun@;ﬁ) a wite operation, the invention provides a way to "bl ock

write" sigeal trgngfer idassisiedbyrerosaeipled|dgvicas 80 viwrhact tedieep theriottpgaselt fag
oper at 86 FRquFerraermay ey o RPamhgelanehit bonge Lot e °
Thi s m gboTherHdeshe adhdicpefatibs b nowilly Aeseribe@et i tive pattern or to perform
a bl anking function to a nenory array.
It will be understood that one ordinarily skilled in the art could, with trivial
20 modifications, alter the arrangement described with reference to FIGS 3-5 in such way that
the bitlines are precharged to a predetermined high voltage, Vdd, instead of ground. In such
modified arrangement, one of the true bitline and reference bitline would be held at Vdd
during the write operation, while a lower reference potential appears on the reference bitline,
by for example, transferring charge from a reference cell in which a Vdd/2 voltage has been
25 stored. Similar to the arrangement of FIGS. 3-5, control would be effected through a bitswitch
left on after the Vdd precharge, and through a write path transistor to connect the selected
true bitline or reference bitline to Vdd.
For example, when writing a “1" to the memory cell, the true bitline is held at Vdd
with the bitswitch left on and the write path transistor active. A small voltage difference

30 appears between the true bitline and the reference bitline, such that, when the sense amplifier

is set, the true bitline remains at Vdd, while the reference bitline is driven to a predetermined
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-9 WD 03/003376 PCT/USO1/ 47677 Next, a read operation fromnenory cell O
is performed using a true bitline BTO and a reference bitline BCO Only
si gnal BXPOwwmmmiens hi gh after precharge to keep the Ti IpCrasot/etses on
bitlines BTO and BCO turned on while the other bitsmﬁtch pairs are turned

off by BXPl..3 he wordl i S activat Yy oin h and a
Sl | ghiliaees el drnd ThE Soetiorg st shen Aot MG ahe Proce RO b ne B0
and thew?ﬁ%?V@H%ﬁu&ikﬁk&ﬁn@§¥%emﬁ@@nﬁ&i”ﬁry sense anplifier 51 |s then set

by signa ETP goi ng thereby differentiating the voltages on BTO and
BCO to the pWélmletﬂmermwemmnl hasvbesndlesérifed waltht mirrencego oeman arederiddd,

respecti vel The re pa ranS|stor T2 are t turned. off n the
or i frar yeReatdBentiierateln 0%@55?“115%1 Ip et ynclegst%m};tﬁ? frgﬁnxgﬂqdﬁéca%ﬁl%%@

di £fere i lifier
and pot%ﬁ?ﬁ%ﬁmgggﬁgc egra%%??%gﬁﬂ%pg %%gnggﬁg@%fs eﬁ??§§ﬁ9?€%§1the
addi t i omaéntivapacidiaat o the appdndedielajpas.rs i n group 50 and fromthe read
buffer 60. After signal anplification, with the voltages on BTO and BCO
now di fferentiated, the READ signal going high turns on read path
transistors T2, thereby transferring the bitline signals between BTO and
FT, and between BCO and FC of read buffer 60. At the read buffer 60, the
fan node 15 voltages FT and FC now represent the datumread from nenory
cell 0 on bitline BTO The signal transfer is assisted by cross-coupled
devices 80 which act to keep the voltages at fan nodes FT and FC at
respective ones of Vdd and ground. The datumis provided as output on
PDOT. Thus, the read operation is now fully described. It will be
understood that one ordinarily skilled in the art could, with trivial 20
nodi fications, alter the arrangenent described wth reference to FIGS 3-5
in such way that the bitlines are precharged to a predeterm ned high

vol tage, Vvdd, instead of ground. In such nodified arrangenent, one of the
true bitline and reference bitline would be held at Vdd during the wite
operation, while a |lower reference potential appears on the reference
bitline, by for exanple, transferring charge froma reference cell in

whi ch a Vvdd/ 2 voltage has been 25 stored. Simlar to the arrangenent of
FIGS. 3-5, control would be effected through a bitswitch Ileft on after the
vdd precharge, and through a wite path transistor to connect the selected
true bitline or reference bitline to Vdd.

11 -



For exanple, when witing a "1" to the nmenory cell, the true bitline is
held at vdd with the bitswtch left on and the wite path transistor
active. Avemalod33vel t age difference 30 appears between thePCTusobitel7 ne and
the reference bitline, such that, when the sense anplifier 1is set, the
true bit]Jine remains at Vdd, while the reference bitline is driven to a
pr edet d -10 WD 03/003376 PCT/ US01/ 47677 |ow voltage such as ground.
The mempryig@l ! is then witten with the predeterm ned high voltage Vdd
which is present on the true bitline. Wile the invention has been
descri bbd wilnhnrietfgratadgarcnis, amethad of prighe ardethm MDHiImajnd;eél ctﬂaemantbry t hose
skilled in th artvml under stand t he lfICtlon

hance%tssa ‘f\meg’r?%%ﬂ $eEY a%%&?ﬁe‘ﬁgb%?”ﬂ‘ﬂﬁlefap ﬁ]t’fuﬁ @Bﬁ@ope and
spgrlt Qluplel o cAF, sG1d3hdRSyicBll w%m@meengkﬂée &hﬁlﬁf@ (sr) bys
03/003376" PCT/ USOl/4 7 "Cains . I'n an integrate 3JC|rCU|t a
me#hod wflineydaid smgs‘aardphﬁnn (6 )] ealap{bmmr ghfﬁeednltlatefa snatevaitage sizna heaween Saidd

8 R i D ot Sl
anpl i f '\Qﬂta%t ?% oflyY oiss'%idjtrﬁef Hﬁme‘kBl?'O éﬂcfk% %e Al th 38935 @@g} a8 r%l %mﬁﬁ@i‘)t ed

to differe te a small voltage S|gna tween sal tru I'ne and a
re"V er enlow voithgd mear(cﬂ@ti))onbof saifl tlué bRhnen@ X)) gnéd baibl e¢fagnee pitledgBEONIsaed hi gh 6

tage on one of said true bitline (BTO  and said reference bitline (BCO
% pﬁneﬁn"e dings sigeal baving fpued smayer dgnak peingdharptiid Bl syng sigptlesad t 1 i ne

0)
BJ ) rr e bR L SRRURG it SO AC e 92U Fhe Vb e Sl R Rl ! 1O
c d)@rpr | sirueghidiat iaud baid gefemnce bitlind, whereinssahmtthatl isfustied dhaveldriagebyi gnal

ﬁgfears on sajd 10.true_bitline_and _said reference bitline, wherein said
hod is fUlIORE? seiting sad &5oss é@Plﬁe (@b tﬁﬁl%ffre%at% eald pmall yaitage sigmak(90),

ampl i T 160 kphsibOrfif-ShEN! hhfeHal ! e%‘ and
res ponsiﬁver S?o Sv{/r(lgt e ]itlr? u hopﬁlgng on Sﬁglﬁg\{o sa 8@%%%%%%? éeTO) and
sadd r efigine (BEO) ﬂt&ﬂmddlpd&ﬁltl@B@Q) at a fixed pot ent ial; and :

14 thereafter setting said sense amplifier (51), whereby a datum is written to said memory

15 cell, said datum having a value according to which one of said true bitline (BT0) and said

16 reference bitline (BCO) is held at said fixed potential.

1 2. The method of Claim 1 further characterized by: activating said wordline and

2 responsive to read input, isolating said true bitline (BTO) and said reference bitline (BCO) and
3 thereafter setting said sense amplifier (51), such that a stored datum is read from said memory
4 cell.

1 3. The method of Claim 1 further characterized by: said fixed potential being ground,

N

and said method further comprising coupling said true bitline (BT0) and said reference bitline
(BCO) to a true fan node (FT) and a complement fan node (FC) by first and second
bitswitches (T'1), respectively, such that said one of said true bitline (BTO) and said reference

bitline (BCO) is grounded when a corresponding one of said true fan node (FT) and said

AN A~ W

complement fan node (FC) is grounded while said first and said second bitswitches (T1) are
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14 thereafter setting said sense anplifier (51), whereby a datumis witten
to said nenory 15 cell, said datum having a val ue according to which one
of said two@3ldillé ne (BTO) and said 16 reference bitline PBTMSO/g76hEl d at
said fixed potential. 1 2. The nmethod of Claim1 further characterized by:
actiyati n& aid wordline and 2 responsive to read input, isolating said
true’ bi PYHE™EBTO) and said reference bitline (BCO and 3 thereafter
setting said sense anplifier (51), such that a stored datumis read from
said nemory 4 cell. 1 3. The nmethod of Caim1l further characterized by:
sai dlfi4ed pldteantthad ob€lamy Jgfuchertha@c@ridedsby preplptrhing bbur safteruecfanprisi ng
coupling said true bitline (BTO and said.reference bitline 3 (BCO to a
CrUe2 A RBEoTTEIS I GLA Hp EEHER B PER UG e BYFHIF st and Second 4
bitswitches (Ti), respectively, such that said one of said true bitline
(BTO and said reference 5 bitline (BCO is grounded when a correspondi ng
one bf $ai d Theurethad ohGthém(1RFheraindaisianen@ycomp henthen tomprisasadecdnlC) i s
grounded while said first and sajd second bitswitches (Ti) are -12 WO

03/ o%sg?@n@@?ﬂwﬁj 98 memoabﬂ,%@mwg@ dafumg aceqiacci %&gWB%dh@ #h?3 furt her
char actrl zeeheVa ' It 2B NAAE i dyconpl enent
fan %o e&%n(%)1 gregﬂungllégg?gg&%@&ggte :S%gt% ?dr?g saeilhgor\];//\or 171 ne.ec%u%agqlﬁ%%eut hod of

Cl ai 4n Iconpled @ a ssand sersoamplifier @2) bysdidescoad mpe bithse BBl ¢ said secdndsersey

cell, said _second nmenpry. cell storing a datum accessed by said rdline and
2 35 scuuhier 70 aginied ATErPRYiale SapRAqOLESRERAl ERBRRSHORO) EuF 1thiagi d

second m : hifi.er S
sec oﬁd rue5 di% |Chgéfeg%§ée?aggllgéﬂg§2%n él?ﬁggfmgﬂ%r?%{nigﬁ peré egcg%l?ed to
di f fer enftagd en anesofdald seobhidugee biklgraind bat weemdgaiectnse bkt dndwe bitline 6

(BTlé and a second reference bitline (BCO to a full sw ng signal being a
pr edet SMFCHERMIGIgRW VRltogs Py arothst opp ef ed secopd Sue Sithng nsksal seronkk and sai d
second ibalql ] : er one
of b deELEEe B B Atadh Mol FRGL AR OOl Lol PR AR, Sl
vol t@gesvangsighal hsaid wherircdaidmethod furgiegpahpssdsng t han said full 10 swi ng
signal, said wherein sai.d nethod further conprises 11l after activating said
wor dli ne, i SOPREGTHEURS U] SEdHe. isplaingaif serond e Pithag(Bhh) @nd gid serond

12 reference bitline (BC1), and thereafter setting said second sense amplifier (52)

13 simultaneously with said first sense amplifier (51), such that a stored datum stored in said

14  second memory cell is refreshed while said datum is written to said first memory cell.
1 6. Apparatus (50, 56) for performing any of the methods of Claims 1- 5.

7. The apparatus of Claim 6 comprising:
first and second bitswitches (T1) adapted to hold only one of said true bitline (BT0)
and said reference bitline (BCO) at said fixed potential prior to amplification by said sense

amplifier (51) during said write operation, while said small voltage difference signal (90)

whn B W N =

develops between said true bitline (BT0) and said reference bitline (BCO).
1 8. The apparatus of Claim 7 further comprising first and second write control switches

2 (T3), wherein said true bitline (BTO0) and a true fan node (FT) are selectively held at said

3 fixed potential being a voltage above ground by said first write control switch (T3) when
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12 reference bitline (BCl), and thereafter setting said second sense
anplifier (52) 13 sinultaneously with said first sense anplifier (51), such
that a stwoedodsrem stored in said 14 second nenory cel | pc3/usei/smshed
while said datumis witten to said first rrermry ceII 1 6. Apparatus (50,
56) for perfor of the methods of d ai rat us

n a
of ~ Cftai #PEE P‘iegFtﬁﬁmn?d PieRsPltagd O SUE SHAmBV LS %r@rf»égd regﬁrﬁncaa %&DC?QQ hol d
onlyson iskilis BCO) at
ot 471 e s RAGmbE 8 R (3 okl ely S # B £5E0 BEEREE o) Sﬁlhn%‘fo er (51)
duri Bg wateccontrol sviaghgTa) ivhen stmhng gnid p:edetsmajnled ol valipeedo tdié nenmey sélgnal
(90) 5 devel ops between said true bitline (BTO and said reference bitline
(BCO. 1 8. The apparatus of Claim?7 further conprising first and second
wite cgn i : : I NeSal . a true
Fon nods (P GHCERRI & Gfi g yebRE CLERRRH LM ecbh R El 3R
vol t ageadrpedeo greobamde kaid Srmettblﬂinb$BTWanﬂ@aMfelrﬂiceM1h@(FCCOI)'&) saMhﬁned 13 WO
03/ 003376 PCT/ USQ1/ 47677 4 stori ng sai d_predet erm ned h voltage to said
menoPy Bpntial By heiggicandustiag shdle sy first gad padegeong vty Can SEehRs RT3 an node
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menory cell. 1 9. The |ntegrated circuit of Caim8 wherein said first and
sai d second bitsw tches |I are 2 adapted tqQ precharge said true bitline

(BTO aH Thginjegrated cépeis OBC Ampd, § w@h@rslrs drang 7 3e8d opeigEPRBERiddirsthy bei ng

duct fi T3 4
Concct LA R b, ol Ly AN ORI AR OOL  AAE B T2
fi gsed paidvaid refererke blind (BCONHuel fiat €dd sinke winplifiér Gl pampliffes a8nill Witaker ei n,

during a read o ggeratlon said first 2 bitswitch (Ti) and said second
bi tswi t eikferenry (52 betaigap said tug bithag GR1Y) and gaif referepre Pitline BEPO0 Badad sai d

reteren i said sense anplifier (51) anplifies a
srrfgl I gtﬁliegdatluhpﬁal(eﬁfer ence%g@&%et ween said true bitline (BTO and said
reference b|t||ne (BCO) to read a 5 stored datum stored in said nmenory

cell. -14
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