2184311 -1- METAL- OXI DE- SEM CONDUCTOR DYNAM C RAM BACKGROUND OF THE
I NVENTION: 1. Field of the Invention. The invention relates to the field of

sem ¢ uctor dynamic nenories. 5 2. Prior Art.
thal\ j de-sem conductor (MOS) and conpl enmentary MOS ( lg?gl
r and ccess nenories (DRAMS) continue to increase in d f Jf for

exanpl e, the 1K fmenories of the [ate 1960's to the currently used 64K
menori es of today. The described 10 - inventihon is realized in a 256K CMOS
nmenory, al though the i nventive concepts described may be utilized in otEer
size nmenories. | n DRAMS, ﬁm@ﬂ*int-gﬁﬁl‘m@ﬁ%@ﬁﬁing' ch include a
singl e¢transi stor and ca .~ Pairs 15 of
bit lines extend froma latch-1ike sense anplifier. Dummy cells, restore
circuits, and architecture enploying folded bit lines are commonly used in
current DRANB‘_BACKGROUND OF THE INVENTION: ( The capacity of an MOS DRAM
can, of course, be increased by enploying nore nenory cells. But unless
hi gher density 20 fabrication is used, that is, smaller cells, etc., the
hi gher capacity nenories Mieddnot tHe Tasdehdlodli gh vol une producti on because
the increased substrate .area decreases yields. There is, thus, always the
continuing goal to shﬁhk“t’ﬁété?&e"%‘tﬁﬁet?re*rh% yield |af M““"%% t he
cells are nade fﬁmﬂ emddlQ% . StOre less 25 charge and it becones
|ncreaS|neg cuIt to sense the binary

2. Prior Art.

_i; Metal-oxide-semiconductor (MOS) and complementary H0S

(CMOS) dynamic random-access memories (DRAMs) continue to increase
in density from, for example, the 1K memories of the late 1960's
to the currently used 64K memories of today. The described
10  invention 1s realized in a 256K CMOS memory, although the
inventive concepts described may be utilized in other size
memories.
In DRAMS, typically memory cells each of which include a
siqgle transistor and capacitor, are coupled to bit lines. Pairs
15 of bit lines extend from a latch-like sense amplifier. Dummy
cells, restore circuits, and architecture employing folded bit
gﬁ lines are'commonly used in current DRAMs. (
The capacity of an MOS DRAM can, of coufse. be increased
by employing more memory cells. But unless higher density
20 fabrication is used, that is, smaller cells, etc., the higher
capacity memories are not suited for high volume production
because the increased substrate area decreases ylelds, There is,

thus, always the continuing goal to shrink the size of the memory

cells. However, as the cells are made smaller, they store less

25 charge and it becomes increasingly difficult to sense the binary



-9- state stored in the cells. It is easier to sense a smaller cell if the
bit |4 ne capacitance is reduced and this can be achieved with fewer cells
on the bit lines aJlowing themto be shortened. On the other hand, where.

greater array efficiency is sought, it is 5 hel pful if noré cells are’
pl aced al ong each of the bit |inmes. Using shorter bit lines requj re
sense anplifiers, ¢tonsequently, sonme of the increased density g by
using smaller cells with shorter bit Iines can be | ost because o e

additienal sense anplifiers and rel ated peripheral circuit (e.g., 10
decods{s). One prior art suggestion, altho®#gh not commercialized, is to
mul tiplex pairs of bit lines to a single sense anplifier. This technique,
in thoery, peretaté staredf 1d htheskell®nedtbis dasies to tdensd « cspaillengeell
addi tional -sense anplifiers. 15 I'n sonme prior art DRAMs, bit lines are
precharged to ithsheit ipe qappeitangmip peduced and this eapha achieved
volts. 1n ot NELR: sdult Rbl1d!difing" fus 13008 hitduing Chridn’ 1608 UnBREbdba S U
as half the power Supply potential. TheSe precharglrng techniques are used
both with and os theusthdarnhyndciwhere /greatercarraydeffii cipncyoishhsoughty 10 is

one-half the power suppl otential is that fhe nenpry, 2 onsunes | ess
power . Fﬁmv&e,lpfﬁlergfoéégacﬂ%éfeo?l‘ﬁﬁﬂbft?ﬂﬁ freh %ﬁi@‘s?& 2Bn one

, the bit 4] | | ' Th
Cooel 1 O YRR BP0, FUGIA0 8 e Gmfithen 1 POV

_ consequently, some of the increased density gained by using

smaller cells with shorter bit lines can be lost because of the

~ additional sense amplifiers and related peripheral circuit (e.g.,
16 decoders), |
One pripf art suggestion, although not commercialized, is
to multiplex paiés of bit lines to a single sense amplifier. This
technique, in thoery, permits use of the shortened bit lines
without reqnir;ng additional sense amplifiers. '
15
U ' " In some prior art DRAMs, bit linee are precharged to the

20 full power supply potential, for example, five volts. In others,
the bit lines are charged to a reference potential such as hal?
the power supply potential. These precharging techniques are used
both with and without dummy cells. An obvious advantage to
charging to one~half the power supply potential is that the memory

25 consumes less power. However, there are a number of problems with
this system. 1In one case, the bit lines are precharged during an

inactive cycle. The power supply potential can vary between the



. -3- tine -of the precharging and the actual sensing and this variation
causes difficulty |In sensing. Anot her problemw th precharging the bit
lines to half the povwer supply potential is that poor perf.ormance results -

whe e power supply potential is_low 5 Not only is |ess power consumned,
but 5Q the peak currents are reduced with the present invention. For
recent . di scussi-ons of DRAM { echnol ogy, see (1) "A 90N8 10 256Kx1B DRAM Wth -
Doubl e Level AL Technol ogy", 188CC Di gest of Technical Papers pages

226- 227, Feb. 1983, by Fujil, T. et al; (2) "A 64Kb CMOS RAM', | SSCC.Di gest
of Techni cal Papers pages 258,259, Feb. 1982, by Konishi, s. et al, ( "A
70N8 Hi gh Density CMOS DRAM', | SSCC £sgest of Technical Papers pages 56-57,
Feb. 1983, by 15 Chwang, R et al; (4) "A100 ns 5 VOnly 64K z 1 MOXS
Dynam ¢ FEie of cilie REGPRATELIE apd | thecastualoaensies asd thbm.warsatien . SC 15,

No. 5. Cct 1 - | ; ' ; \/- 4 1,6, RAN
Based on Hig “S?%%lg a{h I%EEE %’lajlr _naﬁag’?é‘g_&ﬂ’ﬁ! zﬂgg{'éz?%cﬁ'?ﬁ%&n %26,
Vol . SC- 15kt Ndned, tdDbadifcthel PoNebymigpiydpotdatial & .that SOOMARY OF THE

I NVENTI ON According to the present invention there is provjided a
met al - oxi PRELOIMRRSH FReRits (hed) the paver pupRly potential is low.

5 .

Not only is less power consumed, but
also the. peak currents are reduced with fhe present invention. o/
For recent discussions of DRAM technology, see (1) "A SONS
10 256Kx1B DRAM With Double Level AL Technology", 1SSCC Digest of
Technical Papers pages 226-237, Peb. 1983, by Pujii, T. et al; (2)
"A 64Kb CHOS RAM™, 18SCC Digest of Technical Papers pages 258,359,
Peb. 1982, by Konishi, S. et al, (3) "A 7ONS High Density CNOS

DRAM", ISSCC Digest of Technical Papers higes 568-57, Feb. 1983, by
15 Chwang, R. et al; (4) "A 100 ng 5 V Only 84K x 1 NMOS Dynamic RAM",

IEEE Journal of Solid-State Circuits PP 859-845, Vol. 8C-15, No.S5.
October 1980 by Chan, J. et al; and (5) "A 5V-Only 64K Dynamic RAM
Based on High 8/N Design", IEEE Journal of Solid-State Circuits p. .
846, Vol. SC-15, No. 5, October 1980 by Masuda, H. et al. ' A



access nmenory (DRAN) conprising: 5 a first pair of bit lines; a

plurality of nmenory cells coupled to said first pair of bit |lines; a sense
agplifier coupled to said first pair of bit lines; 10 restoration
means for selectively restoring potentials on said first pair of bit Jses
during a read/store cycte, said restoration nmeans coupled to said biﬁgggf

|l i nes, said restoration neans applyi megl=a potential approxi mately equal to

t he power supply potential to one of said lines while 15 coupling the

ot her of said |inesSEMMARK o0 SHEINEBNRION precharge means for precharging

a0 Dot of b1 1TSS AolefGLe Bl PRLSELTEL S eual L0 one hel el ¢

sai d pair of bit | ihae Ri-BEAeREa R (R0, Sremp R, e T

aher eby o | ow powr T Fekesd (BBAKY SBEiBbERE DT OV O THE DRAW NGS,

Figure 1 in 3 pl an viewhofifgmaﬂaﬂﬁeafegkﬁﬂqqggyiysed to describe t he general

architecture” Figure 2 is an electrical schematic of the presently 5

preferred nmenory cell, QiplirdlSty S€ EéhcryPebilfcouptslOtE dalidCliLSt pair
of bit lines;

a sense amplifier coupled to said first pair of bit

liness; |

10 restoration means for selectively restoring potentials
on said first pair of bit lines during a read/store cycle,
said restoration means coﬁpled to said bit lipee. said
restoration means applying a potential appioximately equal
to the-power supply potential to one of said lines while

15 coupling the other of said lines to ground potential;

precharge means for precharging said pair of bit lines

to a potential approximately equal to one-half said power
supply potential; aaid precharge means coupling said first
pair of bit lines together during an active memory cycle

20 to cause chaigea oh é#i& pgii of bit lines to be divided

| and to bring said pair of bit lines to said potential
approximately equal to one-half said powver supply potential,

vhereby a low power DRAM is achieved.

25
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mul ti pl exi ng neans and iriterconnection of the bit lines to the input/output
lines. Figure 3 are timng diagrans used to describe the operation of the
circuit of Figure 2. 10 Figure 4 illustrates the sense anplifier of,
Fi gure redrawn for purposes of explanation. Figure 5 is a diagramused to
descriﬁggyotentjal levels in the circuit of Figure 4. -Figure 6 are

wavef o used ‘t'o descri be current peaks with 15 the invented nenory.

-6- DETAILI D DESCRI PTION OF THE | NVENTI ON: A net al - oxi de- senmi conduct or

(MOS) dynam o random access nenory (DRM) is described. In the foll owng
descriptio, numerous specific details afs set forth such s specific wtays
unber of 5 cells, etc. It will be obvious to one skilled in the art that

t he prese i i i wi t hout these specific details. In
ot heP Insm\ﬁg{v’gm'ﬁ MSOM ated with DpRAM such as decoders,
etc., are not illustrated in order not to unnecessarily obscure the present
i nvention. 10 ~ OVERVI EW OF PREFERRED EMBODI MENT | n the
currently prefer Faguedodmntrtlen; Rieyof\the inpented memorsouesd e CVOS

t echnol ogy. | artjc t ' is fabricated in an n-well using

doubl e po?‘%‘r:{/is aItH’ n%u'%l& '}c%ﬁch?%%ﬁwy%iﬁ'i con). technol ogy. The
a-wel | /substrate Junction'is reverse

Figure 2 is an electrical achemutic:ot the p&esently

5 preferred memory'cell, bit lines, sense amplifier, restore circuits,

multiplexing means and interconnection of the bit lines to the o’

input/qutput lines.

Figure 3 are timing diagrams used to describe the operation

of the circuit of Figure 2.

10 Figure 4 illustrates the sense umplifiér of Figure 2 redrawn

for purposes of explanation.

Figure 5 is a diagram used to describe potential levels in

the circuit of Figure 4.
'Figure 6 are waveforms used to describe current peaks with

15 the invented memory.




15 biased and acts as a mnority carrier -barrier which reduces soft errors
i nduced by al pha particles. The overall structure of the cell is shown in
copending U. S.applicationentitled "CMOS DRAM', Serial No. 470,454, filed

February 28, 1983, and assigned to the assignee of the present invenfion.
20 - Intthe currently preferred enbodinment, the nenory is orégé)zed
as a 256k.x 1 nenory. Gate oxide thicknesses (second | ayer of pol-ystTicon)
of 250A are used. The cells have an analéﬁ approximately . to 70 [err] with

a storage capacitance of approximately 55fF. The word line drivers .
enpl oy ™a-ne | "bo " DO | Lma ds an average cell stored
charge of a%@hbiiﬁgt & .biﬂghg’ cell capacitance ratio is
approximately 12-to-I providing a |90 nv signal for sensing over a w de

operating range. 5.The nmenory operates froma five volt potential and draws
an average curfent bf'ﬁ&ﬁﬁﬁ%@'&%’é%ﬂ‘%r@@ﬁ Urnapie randossecenss:

et 1 T ooy yeersy (pRa 18 edllorkBhE ¥ uSeklh T onial daiFleloR, Wlklocy | ¢

Access ti nmesgpiéclitaesdétailel £¥¢) Betatartdhivacll A hadL110\VafPy,S nagberl 02

| tati | [ its, th 1tLi f ast '
"R ppl erous- Sgbikr 4ty A8 THH Mecevius:te ot ml bhed ar tae rti saat e e

o SR A e Pt A Wi GRS
PREFERRED EVBOBCHENTid#in0286Oste1druown atreul tes aseasisted with MBAMS ceelt | y

’ -.. as decoders, etc., are not illustrated in order sot to unnecessarily
~ obscure the present inventiosn.

10 . OVERVIEW OF PREFERRED EMBODIMENT

. In the currently pro!.rrod enbodiment, the DRAM is
fabricated employing CMOS tochablocy. Ia particular, the arrni-ta
fabricated in an n-'olllulzu;-dohblo polycrystaliine silicon
(polysilicon) tochnolocy; The n-well/substrate junction is rnvcric

15 bizsed and scts as & minority carrier barrier which reduces ;ott
errors induced by alpha purticle-. The overall structure of the cell
is shown in copendihg U.S.spplication,entitled "CMOS DRAM",Serial No.
470,454, f1led Pebruary 38, 1983, and assigned to the assignes of

.tho preseat invention.

20 : In the currently preferred embodiment, the memory is
organized as a 850t:i l.iory. Gate ozide thicknesses (second layer
of polysilicon) of 350A ;ro'upod.- The cells have an area of
approximately 70 y=® with ;_cforagg cuyuctfcgco of approximately

]
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“preferred enbodi nent with-16K arrays 10 as shown in Figure 2. The arrays 10
are paired and each pair is separated by a row of sense. anplifiers 14.

The restore circuit$ 16 are formed in rows generally 20 paralle] to the .

sensg anplifiers at -the outer edges of each pair of arrays 10. The colum
dec%éias and data input/output lines are formed in the el ongated central
port 12 of-*the nenory. Al data transferred into and fromthe arrays

occurs through these centrally disposed input/output lines. The outer
arrays communi cate with the 25 input/output |ines through the bit |ihes of
~the inner arrays as will be described in detail in conjunction Wi t h™Pgur e
2.  The row decoders and word line drivérs 18 are forned in two

hori zontal bands. Dual -row decoders are used in these bands. The peri pheral

Circuits55¢pr tive #wosd Jlakt drivers @fplcydal Hegdl vieCBbslited® . pdtEdigai NCl ude
the input/output buffering for data, the-5 buffering for addresses and
tim ng sivpighsyinlds an average orldr steve) chnrgeay tppgpxﬂmsteﬁs 37%2Comonl y

dA(l\)/gﬁl Fl E%E# Bﬁ‘l&l Ré;(%ﬁg ﬁ%& %ﬂ@gﬂf A‘TP 'i'h fltylt 38 b%lirNg Eof bi t

lines, |iprevidbngind 18dnv aiignd tor @sneing@ i erbn aﬂs SpératiihgCangequpl ed to
the sense anplifier 30 through transistors 33 and 32, respectively. The bit

lines 23 Thedmemory operatr dxam ® 4ive Eolb notentinl, and druws, sp aversges 40
oo, e £ N B8 Sy SubbE 3 0, 200 5B SRS b o0l o
referred soramgenemt iissused bt interwaleBb? 4uil BThé )subadrate on which the .

entire memory is fabricated includes four redundsnt rows and _ o/

columns. ' |

10 Access times of less than 100ns. ere obtained with row

eccessing. The memory employs ststie column circuits. thus_

permitting s faster "Ripplemode" (a static column mode) access where

512 bits can be aooessed with ;ﬁ aceess fime o£ spproximttely 40n8.

" per bit and with a reduoed active current of approximately 25mA.

15 ' ARCHITECTURE OP PREPERRED BKBODIHENT
The 256Kx1 organization is realized in the presently _
prererred embodiment with 16K srr;ys 10 as shoyn in Figure 2. The =
arrays 10 are paired and esch pair is separatedjby a row of sense .
. amplifiers 14. The restore cirouits iGIare formed in rows generally
20 parallel to the sense amplifiers at the outer edges of each pair of
arrays 10. The column decoders and dste input/output lines are
!ormed'io'the elongated central portion 12 ot the memory. Al} dsta
transferred into and from the arrays occurs through these centrally
disposed input/cutput lines. The outer arrays communicate with the
25 input/output lines through the bit lines of the inner arrays as will
be described in detail in conjunction with Pigure 2.
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bit lines 25 and 26 as the outside bit lines (BLO and BLO'). The
desi gnation inside and outsi:de represents the bit line pairs' position
rel ative to the input/output |ines and sense anplifier 30. (Note the
designation, "left" and "right" may create anbiguities 20 since the | and
right lines would be reversed for the two pairs of bit lines extendi [c}
the other side of the input/output |lines 40 and 41, shown as |lines 54 and
55.) The sense anplifier 30 includes a pair of cross coupled p-type
transistggg and four capacitors fornmed from p-channel transistor-1like
structures: The 25 anplifier receives a sense.gumplifier strobe (SAS) signal
as is comonly used with DRAM sense anplifiers. The operation of the sense
anplifier is di scussedThen rdet dedodiens cany word | UimendrivétisgdBecare formed)-inatwo
plurality of cells. s n ed e : [ | SREdR
conprises a traJh%riSigf’BF&s)tr}c‘ﬁgé's tdrug%ls?bg‘{]g?gg%%n?‘% é*éc?regb‘e capag’lﬂ%%ar' s(fg
as capacitor 37periphirdl rdvciuitd,hdofr thy most qrirty srediocatapain tthe fegions
coupling to one of the bit lines (of one paip%‘gﬁfor readi ng, writing or

I

refreshing. Not®mnoTaestninednde theelupnn/optent Wigering for ftifes the

Transi stors 4? @ﬂ&e@gné%@ ‘iﬁdﬁtéﬁegrwaﬁﬁfné'&%hlﬁ%&r Q¥ ife fsthndard RAS/
precharging of the bit lines. In typical operation, after restoration, one
bit line is at aifnk CASY|simmads.sAsplis doumpolpndonsl, these bufifers prostidédITL to

ot her at ground, _Thus,_ l]ne 4 and 25 may be at five volts and |lines 23
and 26 at grounﬂpsTﬂ!“b}é%ﬁﬁigéﬁﬁtgﬁﬁhal causes transistors 45 and 46 to

CondUCte ~the SENSE AMPLIFIER MULTIPLEXING AND RESTORE CIRCUITS

In Figure 2, two pairs of bit lines, lines 23 and 24, and
10 lines 25 and 26, are selectively coupled to the sense amplifier 30
through transistors 33 and 32, respectively. The yit lines 23 and
| 24 are connected to the complementary 1nputloutput'11néa 46 and 41
| through transistors 43. These transistors are selected dy the
‘column decoders. For purposes of explanation, the 51t lines 23 and
15 24 are referred to as the inside bit lines (BLI and BLI/) and fhe
bit lines 25 and 26 as the outside bit lines (BLO and BLO/). The
designation inside and outside represents the bit line pnirs"
poéltiou relative to the input/output lines and sense amplifiér 30.
o : (Note the designation "left" and "right" may creste ambiguities
20 since the left and right lines would be reversed for the two pairs
of bit lines extending to the other side of the input/output lines
40 and 41, shown as lines 54 and 55.) The sense amplifier 30
;ncludes 2 pair of cross coupled p-type transistors and four
capacitors formed from p-channel transistor-like structures. The
25 amplifier receives a sense amplifier strobe (SAS) sighul s is
commonly used with DRAM sanse amplifiers. The'operation of the |

sense amplifier 1s_d1§cussed in detail in conjunction with Pigure 4.

et e i e e, PPV
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_...charge onthe bit line pairs is divided and the bit lines aré bfought to
approxi mately half the power supply potential, for 15 instance, 2 1/2 volts
i f the power supply potential is a full five volts.” Since the bit lines .are
onl y=shanged to 1/2 the supply potential the active power is reduced by
sijmat el y a factor of 2. During this prechargi ng, transistors-32 and 33
Gel, assuring that the nodes within the sense anplifier are also
precharged to 20 this one half Vcc potential. (In actuality, the bit |ines
are above 50% of the power supply potential (e.g., at 55%. There s sone
I nherent boot strapping which occurs fromthe restore circuits and %o the
capaci tance associated with the Juncttpons is non-linear (e.g., function of
voltage). This variation fromthe 50%ftigure is 25 process dependent.) A
restore circuit 48 is coupled to the ends of the bit lines -10- 25 and
26 and si mi| ard plugal ity @fccells it camnecded otglesght of ttihe  bhtislivesi,he bit

lines 23 and 24. Fach of the restore gircuits conprigses ai,r of cross
coupl ed®} ﬁﬁgl t‘}°§ﬁ§¥§?‘g;" s%rﬁ%isftggt 5‘?‘%’ & 'Cﬂ"fs(i!ggf niqe G‘Bas {§%9%868 oy 50
Wwhi ch CoiflegSod Niichl 86 ScapadRte I7.aNMeid Qlied 40 tHeOk¥Yhy esiddd @'/ Y, the
restore circuit 48 includes transistor 51 which couples the pair of cross

coupl edsingdasrarasisornten couplinm tooore afnghe it linegLofcone ineda)i n
separ & 19 TR Sritff oo tebiidfibg "etChe bl s o2, 01 0 7 10
t he bitehployedlflony ahechry ddmeperi ods, thus limting the peak current.

Al so, th? Transistors 45 and 46 receive the precharge signal and ;:;
provide fo: precharging of the bit lines. In typical operation,
after restoration, one bit line is at the full power supply

10 potential (:1ve volts) and the other at ground. Thus, lines 24 and

25 may be uﬁ f;vq_voits.and iines 23 and 26 at ground. The
prech;rgiﬁg siénu1.¢auses transistors 45 and 46 to conduct, the
charge on the bit line pairs is divided and the bit lines are
brought to approximately half the power supply potential, for

15 1nstance,.2 1/2:§olts if the power supply potential is a full five
volts. sthce the bit lines are_only changed to 1/2 the supply
potential the active power is reduced by approximately a factor of
2. During this precharging, t:unsisto:s 32 and 33 conduct, ussﬁring

~ that the nodgs.ytthin the sense amplifier are also precharged to

20 this one_haiflvcc potential. (In actuality, the bit lines are
above 50% of the power supply potential (e.g., at 55%). There is
some 1nhefent bootstrapping which occurs from the restore circuits
and also the'capacitance nssbcintgd with the junctions is non-linear
(e.g., fungtion of voltage). _This variation from the 50% figure is

25 process dependent.)

A restore_éircuit 48 is coupled to the ends of the bit lines
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wavefornms used to active the transistors 50 and 51 cause these transistors
to conduct gradually, further reducing current peaks. GENERAL OPERATI ON OF
THE CIRCUT OF FIGURE 2 Before referring to the detailed timng diagram it
will be 15 hel pful to have a general understanding of the operation of<the
circuit of Figure-2, The'circuit operates differently dependi ng upon #Z7
whet her data is being read fromthe inside bit lines or outside bit I
Assune first that data is to be read fromone of the outside 20 bit |inEs,
for example, fromthe cell conprising transiygtor 37 and capacitor 37.
Initia™y, both transistor pairs 32 and 33 conduct, and the precharging

transistors 49s5agsh 45 8h&Osi®NGELF, al PestsrdeePcdie 48208 oupbi f & IthBOIEde
and both pairs of bit lines to be held at the sane potential, approximtely
1/2 [err]. NExthe thigniinem 23 s@d 23.anBagh @fpthe (vasgong ¢irguitaicamprises g

Conduct and | fnBv5s B oheee olBFed JreaPh Ao hFare 0 g Wt PR AN L om0

line is  redveegdes tranacdtodr 58 Alichl B5upl dsliithe NétioRBt bélpled $randiétors
OV). An inbalance is caused by thé charge from capacitor 37 on the netal

bit |ine 255ate sreundodeSimilarife thenTestorn icireniBs Apoludes irangiatoyosl
are turned off ' ing.wi thi Se. i £q r 49 t
| mportantly, t'ﬁliggs%ﬁ% reig %@cﬁgpv&{lﬁ"%glgt c’e? pgi %ﬁugig?;?ﬁr#_egisce‘l“htg °
connected to tgigua@NSAsaWRll fiecdeséFftdid 16Nt 1QCE B atEPEIBOSnad SSB3
conduct. The anmplified data fromthe capacitor 37 is thus transferred onto
t he out si de bipermitictheyrestorq circuits 48 and 49 to be separately activated.
ANt This distributes the current consumed for restoring the bit lines
10 into separate periods, thus limiting the p.eu.k current. Also, the
waveforms used to active the transistors 50 and 51 cause these
transistors to conduct gradually, further reducing current peaks.

'GENERAL OPERATION OF THE CIRCUIT OF FIGURE 2

Before referring to the detailed timing diagram, it will be
15 helpful to have a general understanding of the operation of the
circuit of Figure 2. The circult operates differently depending
upon whether data is being read from the inside bit lines or outside
bit lines. _.
) - Assume first that data is to be read from one of the outside ‘
| 20 bit lines, for example, from the -cei.l comprising transistor 37 and
capacitor 37. 1Initially, both transistor pairs 32 and 33 conduct,
and the precharging transistors 45 and 46 also conduct. This causes
the sehse amplifier nodes and both pairs of bit lines to be held at
the same potenﬂ_al. appr_oximﬁtely-l/z V.n+ Next, transistors 33

CC
25 an_d the precharging transistors 45 and 46 are turned off. The word

line is tpgn selected, causing transistor 368 to conduct and line 25

to be either additionally charged, or th_e charge on the line is
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can be transferred to the I/Olines 40 and 41. (The specific tim.ng 10 is
di scussed later for these events.) A restore signal is applied to
transistor 51 to restore the inside bit lines. Transistors 32 are also
caused to conduct again so that the data sensed by the sense anplifier 30
s tr erred onto the outside bit |ines. The outside restore citcuit 48
IS ac ‘ed By ‘the application of a 15 signal to transistor 50 restoring-
the outside bit lines, thereby returning capacitor 37 to its original

state. Therefore, mhen data is sensed on an outside bit line, it is first
transferred onto an inside bit line feateoupling to the input/output'w nes.
The inside bit lines are restored first, 20 foll owed by the restorati on of
the out gieduced.: KCmpssitorsdficstorast&atuldapatentind be. sqnS¥dom|OM)g t he

inside bit. line 24. . ain, initally both transistors 32 and 33 are
o o A ARRIRace; L Aenee o7, Fag, GhskBe, SEOR GRPSAFOT A7 BR: 4 MBS RN | he

nodes Ofpglghes U §h&+130 nddEs mp%ﬁetsén%eanggmmt%y 3(0% 25 [err]. After
the precharge signal goes |ow, transistors are turned off and the word

line i s tranByskows 32cars tyroédirefd aondfdensiogtwl thinf thendeneebanpliitaer24.
Then, éﬁp5|stors are t rne

.- 12- d s thin th
anpl i f1 10 SG°HYA- apgf“?%ﬁ'ﬁ“& Yoit ql’f?e’f%‘ WEQP ﬁiiﬂ:*'g&ﬂ’?ur \rlglg alggl n ©

turned oyt 1ifedVedngScdindRtbe! {6 En8 bénde W81 Fhed]d AdeedS sbpdliig StOrs 43
conduct (after restoring the potential on these lines.) The inside bit

| i nes areccursestxansdstorst3s coadust. tﬂ‘hmmlétteﬁzﬂl&nefmm@perm tted to
capacitor 37 is thus transferred onto the outside bit lines where it T

can be transferred to the 1/0 lines 46 and 41. (The specific timing
10 is discussed later for these events.) A restoreesigﬂal is applied
to transistor 51 to restore the inside bit lines. Transistors 32
are also caused to conduct again so that the data senged by the
sense amplifier 30 is transferred onto the outslde bit lines. The
outside restore circuit 48 is activated by the application of =
15 signal to transistor 50 restoring the outside bit lines, theredby
returning capacitor 37 to its original state. '
Therefore, when data is sensed on an outside bit line, it is
first transferred onto an inside bit line for coupling to the

input/output lines. The inside bit lines are restored first,

O

20 followed by the restoration of the outside bit lines.

Assume now that data is to be sensed along the inside bit
line 24. Once again, initally both transistors 32 and 33 are on,
and when thettransisters 45 and 46 conduct, all the bit lines and
the nodes of the amplifier 30 are brought to approximately 1[2'

25 VCC' After the precharge signal goes low, transistors 32 are
turned off and the word line is activated, causing charge to flow

onto or from the bit line 24. Then, transistors 33 are turned off



o
conduct , allowing the outside restore circuit 48 to operate as part of
precharge cycle. As was the case with sensing fromoutside bit |lines, the

inside bit lines are isolated fromthe sense anplifier before data 10 from

one of these lines is sensed by the sense anplifier. Sinmlarly, e.pair of
bit lines are restored-at a different tinme than the other pairggiggrﬁ”lines
to assure that thé current peaks are reduced. As is apparent f i gure 2,
the sense anplifier and cells 15 are all. p-channel devices. The cells are
fabrigated in n-wells spaced-apart fromthe.yglls continaing the sense.
anpl i*kj.ers. The restore circuits and colum select transistors are

n-channel tragfd YeRbEn@Uécars *1AM1hCohé hmpll iéte 306y uptlibatioh lozctpet ype
substrate. (The n-well itself is connected to.the positive power 20 supply

potential .) BySAGy oWhexdrpheistars BYlsresgein siurped ¢ dhei déteofisy s
_pl d ! Lt 37 ' taot N ' Lt 48 Jj.S
Capaci tor 57 *HHBIRGFEH | Satec ISR A baf ot S8 EhiRlokef ASeBEhydr (KeBeH®

appr oxi mat el Yrestetihg D Poten LN oROtKeEd Aihes ) ATHY' fhelAEPbEE A fheanafer
of charge onto and from 25 capacitor 37 and Ii ke capacitors. A full [err]

potential IS apptared fireine bpten, tzanpistorshd2 anecplee pegmitted £ o ground
ground 17 om cPPRne Aot bod ST MR EORAILE D Nl er i as pui
. address and deteprécherge cycle.l | ' '
As was the case wiih:sensing trom outside bit lines, the
St inside bit lines are isolated from the sense amplifier before data
10 from one of these lines is sensed by the sense amplitief.
Similarly, one pair of bit lines tre.restored at a different time
than the other pair of bit liies to aesuré that the.current peaks
are reduced. '
As is apparent_frdm Figure 2;-the sehée amplifier and cells
15 are all p-channel devices. The cells are fabricifed in n-wells
spaced-apart from the wells édntinaing the sense amplitiers. The
restore circuits and column select transistors are n;channel
transistors and are fabricated outside the n-well, in the thype
substrate. (The n-well itself 1s.connected tb the.poéitive power
[ 20 supply potential.) By way of example, the tuli.power supply
‘potential of Vcc is.placed across capacitor 37 assuming that the
circuit 48.13 set to charge capacitor 37. The word lines are
bobtstrappéd (driv?n negatifély aproximately 3 volfs below gronnd'
poténtial) to assure complete transfer of charge onto and from
25 capacitor 37 anq'like capacitors. A full Voc potential is
applied to one bit line vhilglthe other is connected'to ground

during restoring. (FPull Voo is obtained from the SAS signal and



whi ch ones of the transistors 32 and 33 are to remain coupled to-the’sense
anplifier after the precharge and prior to the sensing., Such 5 decoders are
wel | -known and may be. simlar to those used for activating dummy |oads, or
dummy cells, in prior art DRAMs. It should be noted that since the bit

| i nes ar arged-to approximately 1/2 [err], there is' no difficdlty -
transfe g charge over transistors 32 and 33 10 .

VWAVEFORMS OF FIGURE 3 Referring to Figure 3, at the beglnnlng of the actlve
cycle, the row address strobe signal (RAS/) as shown by waveform 80, dieps
in potential. This initiates an activel#enory cycle. Follow ng the RASW
signal's drop in potential,; precharging occurs. This is 15 indicated by the
waveforn1Siounqukbkecfyaugesaqg a¥@N@y] s, precharging occurs during the
active cycle. - This does not add to access tinme since decodi ng of

addr esses, etc. psca@mprpsmoasm te exapingreachasddraps dhd sdeteraine t hat

Ll B eChahie WSt nd SLEIGRSIEC e 05, 4 1S o b bk LS
then dropsense SkpVizher W¢et OtHe $rechdrdd aua epﬁort RS ¥ ReREfAEOUBLER O

the gates of transistors 32 is shown as T1 and for transistors 33 as T2.
Wavef or frs dggoders Mea!%l%m’!%rmdnglﬂa‘na eénilmr et $hoise hised| foes. 25

rans; ot o e B alhey (VAR ol SOAE] B SRBRNFLNICC, ¢ o

are turned on af tkr sheuld re ooted sthas simiiec 2hedbit/ lines are charged to

-~

apprOXimltely 1/2 Voo, there is no difficulty transferring. -

charge over transistors 32 and 33.

10 IAVEFORHS OF ?IGURE 3 ‘

| Referring to Figure 3 at the beginnlng of the active cycle,

the row address strobe signal (RAS/) as shown by waveform 80, drops
in potential. This initiates an active memory cycle. Following the
RAS/ signal's drop in potential, precharging occurs. This is

15 1ndica§ed by the waveform 8l1. Unlike prior art memorie;,
precharging océur§ during thé acfive cycle. This_does_not_udd to
access time §1née decoding of a@dresseé, etc. is accomplished during
this precharging. Tﬁis assures that the precharge potential is
referenced to the current Von. Note that the sense amplifier's (W

20 strobe signal is on until the precharging occurs and then drops as
shown by wave!orm 82.

Iu Figure 3, the waveform coupled to the gates of
transistors 32 is shown as Tl and for transistors 33 as T2.
laveformé'ss and 84 are for sénsing data on an outside bit lines.

25 Initiallj both sets of transistors 32 and 33 are conducting then
transistofs 33 are turnéd pff,'toliowed by transistors 32.

Transistors 33 afe turned on after sensing occurs as indicated by



“-14- the line 8'6, and sonetine later, transistors 32 are then turned on.
The word line potential drops to approximately -3 volts as shown by

waveform 85 to fully transfer charge froma cell. For the outside hit line
'sensi ng shown, the potentials on these bit Iines 5 are shown by or s
87. Initially, .one line is at five volts and the other at ground, en

during the precbatrge period, both are brought to one-half [err]. One line
changes potential slightly when the word line is activated, the other

remai ns at one-half [err]. 10 : _ggg potentials on the sense
anpl Kfi er nodes are shown by wavef orns . Once again, one of these

pot ent al s aég%i :EH %l yah%t s%/ gti%q 1“.'& .Io}tgﬁltisc tog'ﬁowctrda‘ftﬁgﬂ fRiraed s,

t he nodes ar zel "and ereis as ange on one node before
sensi ng begi ns. Senthéwddc ULse Yotentixl 48psi to alpprozbmtiel ypod crulitgl as 15

Waveforns 89 represent the potentials on the inside bit lines,, Notge t. as
previ ously debewmshydvaeriars A3t féﬂéél?’.‘i”?%él‘é‘fﬁ’éa Fem e S8 1t h(te’g’é' gl‘aé

l'ines, they ar t S{ Qe id r € patdn M2 18Y 6 Sthesel Bt Qdned DYy
the rise in 33?%%% gﬁ'@i inﬁ{v\e/a\%y%tfdr% 5%3 th'ettdr%egtaor e si gnal for the outside |
restore cigcCdire. shifacber vavidodfis i87.us Inttind lyhaone [idnents ke faveoyal tocand s

first and Iine 92 shows the separation.in tine _between | Ngl '
out si de rest GPPn@Fh%étcﬂ‘t}’rﬁ‘f’sH‘%‘btdi“Gﬁ'_‘giB??alprfgg'érsgel Rg g%fde'nti %gﬁ g’[sujs hown
by wavef orm t, i Re | ngade 1156 (Hafgss GPotentisEelighpDy enti al .
Thus, the di fg"?'gr%g‘g{uééﬂ%g% t le‘t ibﬁgl dzdn%i til Pnes will beafull 25 [err].
The data on twhen| £¥X2 Iwordslire itsdactivatedy the otbensrensingndt opevhedf nx o5

illustrates when the data is valid. Al of the above waveforns may be
genet at ed wi thpewel | - known 3 |

10 The potentials on the sense amplifier nodes are shown by
waveforﬁs 88. Onﬁe again, one of these potentials are iqltiully at
Vcc and the other at ground. After precharge, the nodes are
equalized and there is a slight change on one mode before sensing
begins. Sensing occurs when thé SAS signal rises in potential.

15 Waveforms 89 represent the potentials on the inside bit lines. Note
'. that as previously discuséed, even though a cell is selected on one
of these bit lines, they are not restored until after the active
éycle as indicated by the rise in potential in waveform 91, the

restoré signal for the outside restore circuit. Yaveform 90

—r 20 illustrates that the ina;de restore occurs first and line 92 shows
'ihe separ;tipn in time between the ;nsidp and outside restoring.
The éolumn selection signal ri#es 15 potential as shown by waveform
93 shortly after the inside restqre signal rises in potential.
Thus. the differéhtial_on_the_;nside bit lines will be a full

25 Voo The_dafa on the 1/0 ;1nés is indicated by waveforms 94;
and, waveforms 95 illustrates when the data is valid.

All'of'the above waveforms may be generated with well-known

e e w——————————. = =
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circuits coomonly used in DRAMs. For this reason, the timng circuits have

not been
sybstanti

shown. The timng signals for sensing on inside bit lines are
ally the same as those of Figure 3 with the differences 5

di scugsed above, particularly the timing for transistors 32 and 33. In the

' preferred enmbodi nent, during a wite cycle, no restore circuits
They are tenporarily deactived. The bit lines are driven directly

fromthe input/output |lines shown in Eijgure 2. This speeds up the witing

cycles. |

n the prior art, the lo restore circuits are activated since there

_ | _ (s are oot ince th
can e oPLey R Yoabkfiy, NEd A oRakd? Hoffiile, S4XBRA, Nhe. HF Ryl o and

al so, bot bieeuicis haveaptbdebrefdhodaacti vated as they are during a wite

cycle. SENSE AMPLI FI ER OF FI GURE. 4

The sense anplifier of Figure

15 :
2 has been redraifi®i Ft™ing, sLeIrls, fof senging omlaside bifg 14aepisnfentary bit

175 o bl 358 P U 1 Y Mre R | %%,

and 62 ar

and 64 %r discugiesdaberecpartiesiamydthe timdng- fimtrehsistorsi 32 ndSB83is 20

coupl ed between nodes 67 and. the node 57 (source of the SAS sigaal). Its
gate is coupl ed tI® ABYcPregentiy preferped spbpdiment; during s,pr

one of it
57. For r

t¥ck8ee 67,

55 SUELIY Bty g o S SRR AL, 0 T

easons tha e explalne capacitors

sanme capadiitahtezesnagecdrinnn dizedly Ciom At G8p¢t/Dutput lines shown in

10

15

20

25

Figure 2. This speeds up the writing cycles. In the prior art, the

restore circuits are activated since there is no way of decoupling

them. With the present 1nvent16n}'thé9e circuits can be selectively

activated as they are during a readlrestbre cyéle and also, both

circuits can be left deactivated as they are during a write cycle.
SENSE AMPLIFIER OF FIGURE 4

The sense amplifier of Figure 2'Has-beeh iedravn in Pigure 4
so that both the true and cbmpleﬁentary biﬁ lineé (both inside and
outside) are shown on the same level. Capacitors 61 and 62 are
coupled between the nodes 67 and 68 and similarly, capacitors 63 and
64 are coupled between these nodes. The'p-chahnelltrunsistor 50 is
coupled between nodes’é?'and'the node 5% {source 6! the SAS signal).
Its gate is coupled to node 68, Transistor 60 has its gate coupled
to node 67,'ohe of 1ts'terminals is coupled to node 68 ind thé other
terminal to node 57. o |

For reasone that will bé §xp1¢ined, capacitors 61 and 64
have the same capacitance and capacitors 62 (01)'and 83 (cé)
also have the same capacitance. Thé cipaeitance of cz 1§ '

slightly larger than the capacitance'of 01, by approximately 5% '

ave the

o

o/

'

-
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al so have the sane capacitancé. The capacitance of [err] is slightly |arger
than the capacitance of Cl, by approximately 5% in the presently
preferred enbodi ment (the specific difference of 5%is not crucial to-the
bresent invention). Ideally, when sensing either a binary one or a tfomyry
zero, the swing on the-bit line should be the sane, although in oppos¥fe 5
directions. There-are a nunber of effects which prevent this ideal
condition. For instance, when the negative potential is applied to the word
| i ne,.-t he- capacitive coupling between the wpgd line and bit line (e.g.,
gate“Qf transistor 36 and line 25 of Figure 2) brings the bit line nore
negative. Al sQn {5€ grebehillf prafériddepBod findht! ({hk |dpagaidVidi?refsdmar bet 6%
vol tage for a number of reasons such as the parasitic capacitance -

associ ated wi iils tée crwoisk tondherpiesenggianentdpnd y ansi stors 32 and 33.

Anot her ef fect previqusly, di d iss that th | h  al
on the bit ©ines is HgeebiEBeR,sonathe SfinerR BEoetY, o o', Biadty vl

thensel ves is¢l3 by RAL thd THR 1744 enoASPORE the ¥iihd,2aEthd il EndbFpsdtiter
effects which cause deviation fromthe ideal condition and which make it

difficult tc sdmeetitnsa pThere arert\numbernhef @fifects mhich prensnddthip i’é’PP}
in Figure 5, line 71 represents the ideal, volta on the,bi i ne

prec hgr gi ng. 'ﬁ?@séﬁ\#‘ﬂﬁ %P’tfﬂ‘s“f‘f’ﬁe TheD he rﬁﬁ‘@qgﬁe n%°gt§f‘it€%{ oJi'r Sgﬁggn& ar
section 72 i ndigedkssd (NQepUtle RapRECLRTe chEpDing betwsenVthe hwersr Ui ge iR bilte

word line is activated. (The charge fromthe cell is bei ng i gnored for this
expl anation.) Inse €eqBroi B8Ee FL LrARBARKPTGAE g ildne A dnEhgnrm Moprings
gw, the bit line more negative. Also, the bit line capacitance is not

10 linear with respect to vo}tage for a number of reasons such as the
parasitic capacitance ass?éiated with the source and dra;n regions
of transistors 32 and 33. Another effect previqusly.discussed is
that the actual precharge potential on the bit lines is not
preciseiy Voe/2. The capacifance of the ceklls themselves 1is

15 also not linear with respect to voltage. There are other effects
which cause deviation Irom.the ideal condition and which make it
difficult to sense data partichlarly as the cell size is reduced.

Briefly in Figure 5; line 71 represents the ideal voltage on
.thg bit lines after brecharging. The swing of this line 1n.the more
k_, ' .20 negative direciion at section 72 indicates the pull on one of the
" bit lines which occurs ;hén the word line is activated. (The charge
from the cell is being 1gnoréd for this explanation.)
| | The capacitors 61 through 64 provide compensation for the
abové-described effects among others. From ordinary decoding of the

25 address signals, it can be determined 1f a cell 1is to be accessed on

either a true bit line or a complementary bit line. Assume that a

cell along line 25 is to be accessed. A potential is applied to



above-descri bed effects anong others. From ordinary decodi ng of 'the’ 25
address signals, it can be determined if a cell is to be accessed on either
atrug bit line or a conplenentary bit line. Assunme that a cell along line «
25 i, be accessed. A potential is applied to -17- liine 74 (not line
75) . pe capaci.tor C2 is larger than capacitor C, tine 67 is drivén |les
negati vely providing conpensation for the above-described effects. This is
shown by 73 in Figure 5. Simlarly, it a cell is selected along the true
bit lines 23 or 26, 5 the signal is applied to |line 75 causing line 68 to0
be higher in potential than the other bit -Rfne providing like corrpens&f‘f on.
The capacitors di scussed above permt nore precise adjustnent than can be
obt-ai ned iman7dsieet dinmy7%X) | Sincemapagitor G2cle langercthan|dapaattor

enpl oyed.  Addi tiopal)y . they provide g:D.C. 10 offset which inprqves gain
and corrpeﬁéaal(?ﬁ o otdﬁ%% @ﬁﬁoﬁ%‘.&ﬁéb&ﬂ'@ﬁ?f’wﬁmmamf% Sure
6, three yeaw-QeBbrebea eheedtd.0 rhis'Sle dhéwd [ty ¢8Sid iﬂghir.ﬁrb.of current that
occurs since half the array is restored at one tine and the other half at

anot her t Simila®lge & cell his EB18¥ENd ailgngl thes tehe bl tdnapes 128 op 26,
potential ; this igi_ | at ei a& active cycle..Durd ng éhe active cycle, and
bef ore'?hghﬂa‘fiz}“f' 1gpRlied ko, 1ipe (?I"“ﬁﬁﬁ_]tiﬂ Bta bRebighamAR. Later,
and in fa?&;‘em&'lnﬂh@n RhACBAE VILC L fnd PrbeiafdpSN1ké SéompeRsfidull i @l ) the
other halt of the bit lines are restored. This reduces peak currents and 20
di stributes thes&hpasapaciiere flasunaed sboveoperm ts Bpre precheei ods.
_ adjustment than can be obtained from using dummy cells, especially \;}

where smaller cells are employed. 'Additionally they provide a D.C.

10 offset which improves gain and compensation in both directions.

'REDUCTION IN CURRENT PEAKS -

In Figure 6, three waveforms are shown to illustrate the
distribution of current that occurs since half the array is restored
at one time and the other half at anotﬁef time. ane again, the
15 RAS/ signal is shown dropping in ﬁoteﬁtiai; this_initi;tes an active

cycle. During the métive ¢ycle, and before the data is valid,

_restoration of half the bit lines occurs; L;ter, and in fact,

during & precharge cycle (itter RAS/ rises in potential) thg other

half of the bit lines are restored. This reduces peak currents and ;;)
20 distributes these large current demands into two separate periods.

Also, while not shown in detail in Figure 3, the signals used to

activate the restore circﬁité are faﬁped. This zﬁfther reduces the

peak current during both restore'éyclés. These technigques reduce

peak currents without adding to access time.



Al so, while not shown in detail in Figure 3, the signals used to activate
the restore circuits are ranped. This further reduces the peak current
during both restore cycles. These techniques reduce peak currents w thout
adding to access tine. Thus, a CMOS dram has been descri bed whi chgZ=
enpl oys twopairs of. bit . lines multiplexed onto a single sense anpli%é?@
No dummy. cells are enployed in the ggéﬁribed menory. The bit lines a
charged to one-half the 5 vol t age pply potenti al. Peak currents are
reduced.since half the bit lines are restored during one period of tinme and
the otker half are restioned &) GV0S gram deh creepedescdigd whinh emgloys two The
present invention ‘Pat ent
Application No. 85?%%%??%&@%%#%%2@%Eg%mgng Jéf‘% med a

met al - oxi de- seni cof@BTIET( VON9 duapy FRlds argqeralaved 48 thendescribedyy)

conprising: a fi rSﬁneﬁﬁ!ﬂf a SPEeoBik nkw@brawr@i-géaerrerahaf:ﬁufsmé5 a
sense anplifier; alr of .b

I d t |
first swtching maé'ﬁi{ﬂ-“@r 1¥c‘?qf\78f'§P1C B:PFE ﬁsﬁtsf g?é?’ﬁ%ﬁﬁ‘; B#"“%? |SI ngs
to sai d sense anpl inel€rtheshitd lingss are wes tdredgdurdiag sorecperjod cafpl ed to sai d

first bit lines andjga 'éii\dzf"ne obReES Ref¥T ke fictardd ﬁ@ﬁﬂgd?r%@hé r Perfid !1nes,

coupled to said second cel second SMAtChIn nean or selectlvely

coupling said of time.
10 The present invention has been divided-out-of our
o copending U.K. Patent Application No. 8502632 in which

there is described and claimed a metal-oxide-semiconductor
(MOS), dynamic random-access memory (DRAM) comprising:
a first and a second'plurality of memory cells;
15 a sense amplifier;

a first pair of bit lines, coupled to said first cells;

a first suitchiﬁg.méans for selectively coupling said
first pair of bit lines to said sense amplifier, said first
switching means beitg coupled to said first bit lines and said

20 sense amplifier; ’

a secnnd pair of bit lines, coupled to said second cells.

a second switching means for selectively coupling said
second pair of bit lines to said sense amplifier, said

o second switching'heans being coupled to said second bit
25 1ines and seid sense amplifier; |
precharging mesns for precharging said first and second
pairs of bit lines;
~one of said first and second pairs of bit lines being
coupled to said sense amplifier.by one of said first and second
30 switching means when one of said memory cells on said one
peir of bit lines is selected;

said one switching means decoupling said one pair of bit
lines from sense amplifier as said éense amplifier éenses data
from said one memory cell; |

5 whereby effective seneing of data in said memory cells is
echieved where said bit line pairs are selectively coupled to
sald sense amplifier.



second pair of bit lines to said sense anplifier, said second sw tching
means being coupled to said second bit 25 lines and said sense anplifier;
prechargi ng neans for precharging said first and second pairs of bit lines; «

one of 3:’" d first and second pairs of bit |ines being coupled to said sense
anplifie)BPy one of said first and second 30 swi t ching neans when one of
said merpry celTs on said one pair qffbit lines is selected; said one

swi t chi ng neans decoupling said one pair of bit lines fromsense anplifier

as said sense anplifig] oa@nessSpéiing’ trOf) ?ﬂﬂn@”ﬁpxﬁi{@lﬂoﬁ%ﬁsﬁs

whereby effective sensing. of date in said nenory ¢ S 1S ac ieveﬁ’%hé!'@

said bit |ine pathéreris debosibes landColiined eOnstall-cxidecsdiidondadtor | N
our co-pending U K Patent Application No.8700439 there is described and

cl ai red a netal - (M0Sk-dymendos deaidom-abiiEls dasmary c(DRAM)J comprising: TenDr y
(DRAM) conprising:-a first and second pairs of bit lines; 5 a
plurality of nenory celfiizsgommd aecopdspairdiof bitctinessense anplifier;
mul ti pl exi _ng nmeans -f-orgilel 'gi:g%el' COUpI [ mhgnfe’ oh;d‘a: dI f;iit andﬁsscondI
pairs of bi® lines td® T T MIRPTY fells,pou to| eaid pifedinesbupl ed
to said first 10 an‘d s%%csgnﬁinfﬂiﬁ%r?f' bit line and said sense anplifier,;
multiplexing means for selectively coupling one of .
said first and second pairs of bit lines to said sense
amplifier, said multiplexing means coupled to said first /
10  and second pairs of bit lines and said sense amplifier;

) first and aecénﬁ_ #eaté_ring n@qna_ for selectively
restoring potentials on said first and second pairs of
bit lines, :e's’pec_five’lly,. dﬁzfing a r’ead/resfon cycle
a.iti res_fo_::ing means eoﬁéi.ed. fo sa.:_l.a pairs of bit lines;

15 said first and second restoring means being
separately activated at dif!'e_reht_ tiﬁo_ sequence for

| rastori_ng pofenf.ials on said first aﬁd. sécond pairs of
bit .lines at different times;
 vhereby current peaks for said DRAM are reduced.

20 In our co_-_p_en‘diné_ U.K. .iPsten_t dpplication No.8700440,
there is described.and claimed a metal-oxide-semioonductor
(HOS’) dynu'lic:,: random-access nonory '(Dl@_m)' comprising:

& f:!,ist pdr of bit iinos;
& plurality of memory cells coupled to said first
25 pair of bit lines; - : |
a sense aﬁpliﬁer-coﬁpled to said :irsf pair of bit
lines, said sense amplifier '1hc1uding* pairs of imbalanced

' capacitors which receive signals during sensing, said



first and second restoring nmeans for selectively restoring potentials on
said first and second pairs of bit |lines, respectively, during a

read/ restorecycle said restoring neans coupled to said pairs of bit |ines;
15 sa$d first and second restoring neans being separately act{ivated
at different time.sequence for restoring potentials on said first and.
second pairs of bit lines at di f f er ehy ti mes; whereby current peak

said DRAM are reduced. 20 I n our co-fending,U,K. Pat ent App ion
No. 8700440, t her e imbadaneed (napasdtorainnoyiding ieompenpation: fodonductor (MOS)
dynanﬁe, random acoess nennr% ﬁtfvﬁg conprising: a. first pair of bit |ines;
a plurality of nmeRfrpsitie L Ap8 oL plensls: i Aaldsfirgt naizrofi; |jnes; a
sense anplifier c I g to said first pair of bit lines, said sense
anplifier includiﬁéﬁbS'Pg'bf i mbal anced capacitors which receive signals

during sensing, said .obfRalanGE: 6 IRGCWa2LSENAY ShDfoRHPERERLAR S O

parasitic coupling of SIgQ 0 sal irst parr restoring

means for | ecti Vgl %ai8SE 1 PaRpt 66 YR ‘duri bébhal /et Ste P2I I Of
bit Iines,%ﬁurfng a_rgéSIStoreggycle ooup?éﬁe?b_ggigaf??gt 6gir %f bi t
l'ines; and prechargjole s6epred o BALL T GtNPabridt Bt 1inwdy wad
precharging means foi precharging said bit lines to
approximately 1/2 the power supply potential used by said
\~/ ' DRAM; |
10 vhereby improved sensing of signals on said first

pair of bit lines occurs.
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approximately 1/2 the power supply potential used by said DRAM 10
wher eby i nproved sensing of signals on said first pair of bit |ines ocurs.
15 20 CLAI M5 1. A net al - oxi de-sem - conductor (MOS) dynami c random

access y (DRAW conprising: a first pair of bit line; a plurality of
menory coupled to maid first 91 pair of bit lineal a sense °
anplifie oupled to said first pair of bit lines; restoration neans f-or
selectively restoring potentials on said first pair of bit lines during a
read/ store cycle, 10 sai d rest GEAI®M®n neans coupled to said bit li nesy,
said restoration means applying a potential approximately equal to the'’
power supply pottnti & metalraxise-ggmireqnduston; (MO dynante meadeBner of
said lines to ground potentii¥# rechar means for precharging said.pair
of bit lines 15 &CCeas ROPRTE @d%)aﬁ i84R€&| y equal to one-half said

power supply potential . .sajd ec ans coupling said first pair of
458 bt SChEE

bit |ines together dft i© séycle, to cause charges on said

pair of bit lines tobedkiifiG of memory cells coupled to said first
5 " pair of bit lines;
‘& sense amplifier coupled to said first pair of bit
liness
Ireatoration means for selectively regtoring potentials W,
on said first pair of bit lines during a read/store cycle,
10 said restoration meana coupled to said bit lines, said
restoration means applying a potential approximately equal
to the power supply potential to one of said lines while
coupling the other of said lines to ground potentialj
precharge means for precharging said pair of bit lines
15 to'a potential approximately equal to one-half said power
supply potential, said precharge means coupling said first
pair of bit lines together during an active memory cycle,
to cause charges on said pair of bit lines to bé divided
and to bring said pair of bit lines to said potential
20 approximately equal to one~half said power supply potential,
| w;ereby a 1ov.powor DRAM is achieved.
2. The DRAM defined by claim 1 wheiein said sense
amplifier includes two pairs of imbalanced capacitors |
coupled to said sense amplifier and coupled to receive
25 a signal during sensing, such that only one of said set
of capacitors receive said signal during semsing to provide

compensation for parasitic coupling to said bit lines.

T



cand to bring said pair of bit lines to said potential 20 appr oxi mat el y
.equal to one-half said power supply potential, whereby a | ow power DRAWI s
sachi eved. 2. The DRAW defined by claim| wherein said sense anmplifier

i ncludes two pairs of inbalanoed capacitors coupled to said sense fier
and coupled to receive 25 a signal&pQLing sensi ng, such that on of
said set of capacitors receive said signal during sensing to provide
conpensation for parasitic coupling to said bit |ines. 3. The DRAVW

defiped by clai m4, or PhleaDRAN deTdhedi B claiacoOnskr @liaimof irdluldings having a
pIuﬂéLity of menory cells .coupled to said.second pair of bit lines, and

mul ti pl exi ng neans dexondepaixriofebitchbinds hgaving afplwrality fid first and
second pair of bit lines to said sense anplifier, said nmultiplexing nmeans
coupl ed to said fhemaryaselieceanpledi te sfidpsecond dadixjofpit Jdnen,

anplifier. 10 15
and multiplexing means for selectively coupling one of

5 said first and second pair of bit lines to said sense
amplifier, said multiplexing means coupled to said
first and second pairs of bit lines and said sense

amplifier.
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