2184310 METAL- OXI DE- SEM CONDUCTOR DYNAM C RAM BACKGROUND OF THE | NVENTI ON:
1. Field of the Invention. The invention relates to the field of

seni conduct or dynan1c menories. 5 2. Prior Art.

Met al - oxi de-sem conductor (M3S) and conpl enentary MOS ( CMOS) dynam C

rando cess nenories (DRAMS) continue to increase in density fr, for’
exanpl & the | K menories of the late 1960's to the currentl 3%4&fikk
menories of today. The descrijbed 10 hnventlon S reallzed In a 256K CMOS
menory, although the inventi've concepts described may be utilized in ot h(er
size menories. In DRAMS, typically nenory cells each of which include a

singl e transistor amETaePrexIDEOossMIBLMNUETHR! Biales Mam | 1 nes .Pairs 15 of
bit lines extend froma ratcn-1TRe sense anprrirrer— Dummy cells, restore

circuits, and architecture enploying folded bit lines are connnnly used in
current DRAMBACKGROUNID OF THE CXNVEMTNONDRAM can, of course, be increased by

enpl oyi ng nore nenory cells. But unless higher density 20 fabrication is

used, that is, smaller cells, etc., the higher capacity menories are not

suited for hi gh vol ufre mgdyc&f %ebggmgnhe i ncreased substrate area
decreases yields. There is, thus, always the continuing goal to shrink the
size of the menory cthe sﬂ-nVPIQMrrelasee hto el £1ekd: afagemtgraduetort hey

store |ess 25 Qarg d it becones increasingly difficult’to sense the
bi nary ynam emo es.

5 2. Prior Art.
é?E Metal-oxide-semiconductor (MOS) and complementary MOS
(CMOS) dynamic random-access memories (DRAMs) continue to increase
in density from, for example; the 1K mémqgies of the late 1960's
to the currently'hSed 84K memories bf xodai. The described
10  invention is realized in a 256K_CMOS membry. although the
inventive concepts described may bé utilized ian other size
memories. o
In DRAMS, typically memory cells each of which 1nciude a
single_transisior and capacitof; are coupled to bit lines. Pairs
15 of bit lines extend from a latch-like sénse'nmplifier. Dummy
cells, restore circuits, and architecture employin; folded bit
v lines are commoniy used in current DRAMS.
'The capacity of aninos DRAM can, of course, 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 decreasses 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
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-2- state stored inthe cells. It is easier to sense a snaller cell if the
bit |Itne capacitance is reduced and this can be achieved with fewer cells
op the bit.1ines allowing themto be shortened. On the other hand, whgge.
greater.array efficiency is sought, it is 5 hel pful if nore cellsj&éﬁ
pl aced al ong each of. the bit lines. Using shorter bit lines require noré
sense anplifiers, tonsequently, sone of the increased density gained by
using snmaller cells with shorter bit lines can be | ost because of the
.additi dnal sense anplifiers and related perjpheral circuit (e.g., 10
decodées). One prior art suggestion, although not conmercialized, is to

multiplex pairs of bit lines to a single sense anplifier. This fechnique;
in thoery, perffate gtored 1Phé“%h"d*i‘ll?‘éned"bi"P F?‘ﬁ’e%n'p\ﬁPt BeRfe - fHr}iery cell
addi tional sen VTS ' ld tﬂJgR?QQ ot sl |

precharged to ?ﬁe&%u{fﬁﬁ% 8%e$e¢£q§§gg?§lpgggéﬁﬁa , or'eiigrr_pb{’e%e\?és
volts. I n otheith flewertdlllsi omsther dithkimead al bowinge fthem ntxe beobissrtealedsuch
as half the power supply potential. These precbhargjng.techni ques are used
both with and QRtHWuPtRETH “6e|Y‘_&?“Aﬁ'sb?ﬁ'geé"aav%#géén% 15 5Pu8%y A8 is
one-half tfe pe&?ﬁ]ﬁuaﬁlxomce%grdo?ﬁs@a «188g "BHEY b22bhe HARNEHAES. | €SS

power. However ere are a nu problenms wth this system In one

case, the bit Usisg shoeter ciitalgmes eguige aorienseises anpytfersihe power

supply potential can vary between the :
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 c¢ircuit (e.g.,
10 decoders). '

One prior art suggestion, although not commercialized, is
to multiplex pairs of bit lines to a single sense amplifier. This
technique, in thoery, permits use of the shortened bit lines
without requiring additional sense amplifiers. |

15 |
gb; In some prior art DRAMs, bit lines are precharged to the

20 1@11 power supply potential, for example, five volts. In others,
| the bit lines are charged to a reference potential such as half
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- tinme of the precharging and the actual sensing and this variation
causes difficulty in sensing. Anot her problemw th precharging the bit
li nes<to half the power supply potential is that poor performance results =
wher@e power supply potential is |ow Wth 5 the described invention,

t he t lines are charged to half the power supply potential in a unique
way and in conbination with the multiplexing nentioned above. Not only is
| ess power consuned, but alse the peak currents are reduced with the ..
present invention. For recent discussions of DRAM t echnol ogy, see (1),\_,
9ONS 10 256Kx1 DRAM Wth Doubl e Level AL Technol ogy", |SSCC Digest of
Techni cal Papers pages 226-227, Feb. 1983, by Fujii, T. et al; (2) "A 64Kb
CMOS RAM', 1 SSCC Di gest of Techni cal Papers pages 258 259, Feb. 1982, b

Koni shi , I h |

Tochni cal Bui o n Hrechafolii ahd N3 ehs iRRREMa shigivartaifsy O,
ns 5 V Onl gafidds 12106 thy DR nsensRagl , IAEEEth)_Lﬂmheﬁfuw bfleclistiginfl £l 1 S
pp. 839-845, Vol. SC- 15, No.5. October 1980 by Chan, J. et al; and (5) "A

5V-Only 64R1byHaesc teAnlashe Raver S¥PRiyNPoteitiel 1s1fat peernal of
S’? | :a? Stal gﬁgwwbkﬁYﬁdﬁ %HE %ﬁ\/gﬁ?%&c%?ﬁﬁ]ﬁ get e1 prggg%ﬁ{ :\/ﬁvgﬂ? | or
there is5prbei dhatrabqéthimxlchar Sdei bbtduioesraXd/eBhrgedicho balf atheopowexrcess
Tenory ([]QAN%p1(”H§¥L§¥{¥H 4in a unique way aJh Egtc m 1nat;ognélthlgﬁf

nultiplexing mentiop_ed above. Not only is less power consumed, but \_,a

_also the peak qurrenfs are reduced with the present invention.

For recent discussions of DRAM technology, see (1) "A OONS
10 256Kx1B DRAM With Double Level AL Technology", ISSCC Digest of

Technical Papers pages 226-227, Feb. 1983, by Pujii, T. et al; (2)

fA 64xb'cuos RAM", ISSCC Digest of Technical Papers pages 258,259,
Feb. 1982, by Konishi, 8. et al, (3) "A 70NS High Density CMOS
DRAM", ISSCC Digest of Technical Papers pages 56-57, Feb. 1983, by

15 Chwang, R. et al; (4) "A 100 ns 5 V Only 64K x 1 MOS Dynamic RAM",
1EEE Journal of Solid-State Circuits pp. 839-845, Vol. SC-15, No.S5.

October 1980 by Chan, J. et al; and (5) "A 5V-Only 64K Dynamic RAM

Based on High S/N Design", IEEE Journal of Solid-State Circuits p. \/
846, Vol. S8C-~15, No. 5, October 1980 by Masuda, H. et al.



a plurality of nenory cells coupled to.said first pair of bit lines; a
sense anplifier coupled tp said first pair of bit lines, said senge
amplifier i4rcluding pairs of inbalanced 10 capaci tors whi chei ve .
signal s during sensing, said inbalanced capacitors providi ng cofrpénsati arn -
for parasitic coupling of signals to said first pair of bit lines;
restoring neans for selectively restoring Eotentlals on said flrst pair of
bit lines, during a read/store cycle 15 =& <oupled to said first pair of

bit lipes; and precharging neans for precharging said bit lines to
approxi™ately 1/2 thESUMMARY OF JbiE| INENTEON i al used by sai d DRAM wher eby
| nproved sensing of signals on said first 20 pair of bit |ines occurs.

25  BRIEF DESCRI PTI ON ORcTifashfAY WG kb iryertadn Rhake hew of the

i nvented nenory used to descri be e gene architecture. Figure 2 is an

el ectrical schematic pbvided #maealdx)dd-aRhEddMdlEOEbr EMIY)Y dividinic, Rahddm-NeS,

sense anplifier, restore circuits, nultiplexing nmeans and i nt er connect i on
of the bit lines to td&easmpuhdzgumnmﬂcbmﬁsﬂﬁggure 3 are timng di agrams

used to describe the operation of the circuit of Figure 2. 10
Figure 4 illusBrates the mefilrstopgixi bf dvitolir@sgure 2 redrawn
a plurality of memory cells coupled to said first
pair of bit lines;
o _ a sense amplifier coupled to said first pair of bit
lines, said sense amplifier including pairs of imbalanced
10 ' capacitors vhich receive signsls during sensing, said
imbalancéd capacitors broviding ﬁompensation for paraéitic
coupling of signals to said first pair of bit lines;
restoring means for selectivély restoring potentials
on said first pair of bit lines, during a read/store cycle
15 coupled to said first pair of bit lines; and |
precharging means for precharging said bit lines to
appruximafely 1/2 the power supply potential used by said
DRAM; , _
whereby improved sensing of signals on said firat
20 pair of bit lines occurs.

25
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for purposes of explanafion. Figure 5 is a diagramused to describe

'potehtial level s in the circuit of Figure 4. Figure 6 -are waveforns used to

describe current peaks with 15 the invented menory. - 6-° DETAI LED x
| PTION OF THE | NVENTI ON: A net al - oxi de- sem conduct or (MOS) dynanic
ra access nmenory. (DRAM is described. In the follow ng description,
nunmerous specific details are set forth such as specific arrays, nunber of
5 cells, etc. It will be obvious to one skilled in the art that the .
present invention may be practiced w thout these specific details. In_other
| nstances, well-known circuits associat®d with DRAMs such as decoders,
etc., are not illustrated in order not to unnecessarily obscure -the present
i nventi OBRIE® DESCRIPTION OF THE DRAWMIGSVI EW OF PREFERRED EMBCDI MENT I n the
currently preferred enbodi nent, the DRAM is fabricated enpl oyi ng CMOS
technology. In particular, the array is fabricated in an n-well using
doubl e pol yCrySiggplida Si' & Pihal BRbY Ut tGE InveRE0R Ueibhy JiU3 to
n-wel | / substrate junction s reverse 15 brased and acts“as a mnority
carrier lsesertbe WheCgenezdicescabbtere.0r s i nduced by al pha particles. The

overal |l structure of the cell is shown in copending U S.
applicationentitled"OCMOS DRAM', Serial -Np. 470,454, filed February 28,
1063, and assionagute 416 5SdiReF1El) WARHACUE LEW FekBi1y70 In
the currently preferred enpbodi nent, the nmenory is

5 preferred memory cell, bit lines, sense amplifier, restore circuits, _
multiplexing means and interconnection of the bit lines to the o/

input/output lines.

Figure's are timing diagrams used to describe the operation

of the circuit of Figure 2.

10 Figure 4 illustrates the sense amplifier of Figure 2 redrawn

for purposes of explanation.

Figure 5 is a diagram uged to describe_potentiul levels in

the circuit of Figure 4.

Figure 8 are waveforms used to describg current pesks with

15 the invented memory.



ofganized as a 256Kxl nenDryf Gat e oxi.de thicknesses (second | ayer of
pol ysilicon) of 250A are used. The cells have an area of approximately 70

[err]n2 wi t-h a storage capacitance of approxi mately -7- 55fF. The word .
line dri-vers enploy a negative "boosted" potential which yields an average
cell. stored charge _of approxi matel'y 275fC. The bit line to cell capaci ce

ratio is approxi mately 12-to-1 providing a 190nY¥ signal for sensing ovef a
wi de operatlng range. 5 The nenory operates froma five volt potential and
draws an average current of 45mA and a standby current of |mA A 256 cycle
refre§h’arrangenent is used at interval séof 4nS. The substrate on which the
entire nmenory is fabricated includes four redundant rows and colums. 10
Access ti meDERTAILED PESORIPTIONBF THECINMENTIOND with row accessing. The
menory enpl oys:-static colum circuits, thus permtting a faster

"Rippl enode” (a static colum npde) access where 512 bits can be accessed

Wi th an access timg %t@mmaar@mawnmr pRIS YOy niick abdlon-acegs
active current of approxinately 25 ARCHI TECTURE OF

PREFERRED Emrwmumaeaemundgantm a:hpoﬁolbmisal deasariphiatc npreris | vy
preferred enbodinent with 16K arrays 10 as shown in Figure 2. The a rays

10 are pai r c#PesAfie fetabls arpsset, Jorth Smchy s sReRiSic ARTZS o AWMPLF F
The restorg &lingliése. 161@%1&0667?&%&8?& %Soﬂsrmahhx £ the’ &¢ %.%otwe

sense anplifiers at the outer edges each pair of arrays 10. The col um
decoders andpm;éaleatltmutm pur beé practiced wltipyit these spechfin cétasblnqs al
por{:{on 12 OIn tger instthes, wefaiihovn circuits associated with DRAMs such
as decoders. etc., are not 1ilustrated in order not to unnecessarily
obscure the present invention.
10 o . OVERVIEW OF PREFERRED EMBODIMENT
In the currently preferred ehbédiment, the DRAM is
fabricated_enployihg Ccuos technoidgy. In particular, tﬂe array is
rubric;téd.in an n-well using déuble polycrystalline silicon
{polysilicon) teéhnology. fbe n-well/substrate junction is reverse
15 biased and acts as a minor;ty_carrier barrier which reduces ;ott
errqrs 1nduée§ by alpha pﬁrticles, The overall structure of the cell
is shown in copending u.'s.ﬁa'p;.:licati.nn,entitled""'m'ns- DRAH", Serial . No.
s 470,454, filed February 28, 1983, and assigned to the assignee of
the present invention.
20 . In the currently preferred embodiment, the memory is
organized as a_zssx:i memory. Gate oxide thicknesses (second layer
of polysilicon) of 250A are used. The cells have an area of

approximately 70 unz with a storage capacitance of approximately



T . ? 4
transferred into and fromthe arrays occurs through these centrally
di sposed input/output lines. The outer arrays communi-cate with the 25

i nput/output lines through the bit lines of the inner arrays as Wll be .
desgrphed in detail in conjunction with Figure 2. The row decoders. and
wor@‘i_’he drivers 18 are formed in two horizontal bands. Dual row decoders
are Used in thése bands. The peripheral circuits, for the nost part, are

| ocated in the regions 20. These include the input/output buffering for
data, the 5 buffering for addresses and timng signals such as the standard
RAS/ and CAS/ signals. As is commonly done, these buffers provide TTL to
MOS signal |evel shifting. SENSE AVPLI FI ER"MULTI PLEXI NG AND RESTORE

CIRCU TS In Figure 2, two pairs of bi't lines, lines 23 and 24, and lo |ines
25 and 26358Fe sRiec®erd clipecdnbrens emplor asasgutimep"bodsted?0potentini

transistorsg .33 a 2.1 tively. The bit lines 23 and 24 _arg connected
to the cor?aigﬁeﬁ{%r% f‘ﬁp’g‘fs"%ﬁﬁf pfﬁghI iskgred, Fhagge Of approxtPately F UG- 43.
These tranthes b2t S1iie t60¢6X1! @Aphys tadCeCHl 449 14K MIRxima STy RBLRGSES Of
expl anation, the bit -lines 23 and 15 24 -are referred to as the inside bit

| i nes (BLIPTOYAdEng /8 18AuV t3ignpilt 102 MensPEg Over2§ wisle bperatinigdeaugd. | i nes

(BLO and o ' t4. [ nside_angd oyt sj regresents the bit |ine
pairs' p85| ql%)“ﬁ“%ﬁfé’?‘?\%g{% itr_ g Fn%l#/ 3§?€LR°L{I°|§%§€1 6{'%@ 304 ‘gnﬁ”ﬁ'@r 30.
(Not e the exriegnabt o45mal £hd "'a Atandby Furrent\ofCNRAl € ABFEJEYd1e TedPest NCE
the left and right lines wuld be reversed for the two pairs of bit |ines

ext endi ng tErangEmgRt s ypad o ipferyalofof®Gut The neubst@ass oy Fhichthe a&

lines 54 agflefH% hemory'@eS 2u6F1ATRYI 1A uddB four redundant rows and
columns. o o '

10 Access times of less than IOOnéf are obtained with row
accessing. The mehbfj'eﬁ§16y§”statie'éblumn eircuits, thus
permitting a faster "Riﬁﬁlémodé“ (= stutic coluhd'mdde) sccess where
512 bits can be accessed with'an_access time 61 aﬁproiimately 40n8.

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

15 B ARCHITECTURE OF PREFERRED EMBODIMENT
The 256Kxl organization is realized in the presently
preferred eMbodimeht with 186K arrays 10 as shown in figure 2. The o
‘arrays 10 are paired and each pair is éeparated'by a row of sense
- amplifiers 14. The-iestore circuits 18 are formed 1h rows generally
20 parallel to the sense amplifiers at the outer edges of each pair of
arrays 10. The column decoders and data input/output lines are
formed in the elongated central portion 12 of the memory. All data
transferred into and from the arrays occurs through these centrally
disposed input/output lines. The outer arrays'communicute with the
25 input/output lines throﬁgh the bit lines of the inner arrays as will
be described in detail in conjunction with Figure 2.



I ncludes a pair of cross coupled p-type transistors and four capacitors
fornmed from p-channel transistor-like structures. The 25 anplifier receives
assense anplifier strobe (SAS) signal as is commonly used with DRAM sense
anplifiers. The operation of the sense anplifier is discussed in det N
conjunction with "Figure 4. -9- Aplurality of cells is connected t% each
of the bit lines, each cell conprises a transistor such as transistor 36
and a storage capacitor such ds capacitor 37. Wrd lines in. the array

sel ect, a single capacitor for coupling to one of the bit lines (of one
pair) S5 for reading, witing or refreshing. Note no dumvy cells are

enpl oyed along the bit lines. Transistors 2% and 46 receive the precharge
signal and provi de figf RECGOAUAFRIaM woi§ Pide ldriGers daNatyPidriledoBE G ON,
after restoration, one bit Tine s at the . ufd power supg y 10 potentia
(five vol t s)hariconbel dmnds. atDugdoben devpders |argcysed, imndhose hapdge D& | ve

volts and lines 23 d,26. gr,Qun : p. argLn lLaRa S
transistors a%“é’ﬁa"ig %"5"_3%%%0‘?? gheeué &r %n‘?heﬁoﬁtgpi *r'lnec‘%gi Féeions
di vided and gbe fhbsé i 1iRIudé CtHY nHRE/cudpap HudtietBig| Sorhadhta j thepover
supply potential, for 15 instance, 2 1/2 volts if the power su

pl.
potential Bsbueffarinsffar: addresses apd Wmigg gigoals,guch, a8 Gh?y‘&ﬂ%ﬁ%onﬁsd
. 1/2 the supp ntJ he Y y e r Qud e
factor of ZL&B'%Z %%?Jsu%r'ec a?gsi gg, \ﬁ{r ng1§95 'o?%ggg %ﬁgg fcpé;n u%t{ﬂbaho
assuring t hauos ha gnatickevsilt Bhigtitlag.sense anplifier are al so precharged to

20 this one half [errL!PotentLaI. (In actuality, the bit |lines_ are
G, ENSE AMPLIFIER MULTIPLEXING 'AND RESTORE CIRCUITS

" 'In Figure 2, two pairs of bit linmes, 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 bit lines 23 and
24 are connected to the complementary input/output lines 40 and 41
through transistors 43. These transistors are selected by the
column decoders. For purposes of explanation, the bit linés 23 and
15 24 are referred to as the inside bit lines (BLI and BLI/) and the
bit lines 25 and 26 as the outside bit lines (BLO and BLO/). The
designation inside and outside represents the bit line pairs'
position relative to the input/output lines and sense amplifier 30.
gaz (Note the designation "left"™ and "right" may create amblghltiés
20 since the left and right lines would be reversed for tﬁe.two pairs
of bit lines extending to the other side of the input/output lines
40 and 41, shown as lines 54 and §5.) The sense amplifier 30
includes a pair of cross coupled p-type trunéistofs and four
; - capacitors formed from prchannel transistor-like structures. The
2samp11:ier receives a sense amplifier strobe (SAS) signal as is
commonly used with DRAM sense amplifiers. The operation of the

éense amplifier is discussedlin detail in conjunciion with Figure 4.




. e
above 50% of the power supply potential. (e.g., at 55% . There is sone
i nherent boot strappi ng which occurs fromthe restore circuits and al so the

capacigtance associated with the Junctions is non-linear (e!g., function of «
vol _.)‘}.., This variation fromthe 50% figure is 25 process dependent.?) A

rest®e circuit 48 is coupled to the ends of the bit lines -10- 25 and
26 and simlarly, a restore circuit 49 is coupled to the ends of the bit
lines 23 and 24. Each of the restore circuits conprises a pair of cross
coupl ed n-type transistors. The restore circuit 48 includes transi stou50
whi ch couples the cross coupled transistors 5 to ground. Simlarly, the
restore circuit 48 includes transistor 5b-which couples the pair of cross
coupled transistors in circuit 49 to ground. As will be described in

detail, transistaqr ot _the restore cirgui 48 49 to be
separately acti vgt-gésp‘fﬁlr%g g%s‘?r |I§1uﬁ'5$ ?‘r?gsgﬁ‘?r-%nte"sﬁn%{]}@a ngdll‘é‘ﬂ’(bri ng
the bit |ieaeh déll Rb@psiear at trauwiistds, suchUis! triinsii Btod B8 REAKa Gtorafs -

Al so, the waveforns used to active the transistors 50 and 51 cause these

transi st oc&PReL ¥ GUER 45t £andeIter £7r ¢ Hiard, dives g 8he ranraypeelest &ENERAL
. 2
OPERATI ON (i gTéTeabaBttdd fF E&%ﬁf@ﬁ)ﬁ%ﬂ%f ﬂi'tniixf&u;(ggrgf% %1&3 of

;
timng diagram it wll be 15 ave a genera
t he operatfoenreddings wiitimgt oof rélrgshing. TNotecao dumiy opstla agedi fferently

dependi ng upqQn et.her data.i.s.peing read fromthe inside bit lines or
out si de bﬁ'&%ﬁé@.ﬁﬂﬁuﬁée %1?;8}3{% data is to be read fromone of the

out si de . Transistors 45 and 46 receive the precharge signal and Q

provide for precharzing_éf fhe bit liﬁes. .ih'typical operation,
after restoratlon. one bit_line is at the full ﬁower supply

10 potential (five volts) and the other at ground. Thus, lines 24 and

25 maf be at five volts and lines 23 and_zﬁ at ground. The

precharging signal caﬁges 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 instance, 2 1/2 volts if the_pqwer supply potential is a full five
volts. Since the bit lines are oaly changgd to 1/2 the supply
potential_the active power is reduce¢ by approximately a factor of
2. Duriné this precharging, transistors 32 and 33 conduct, assuring ;;}
that fhg.noﬁes within the sense amp;ifigr are also precharged to

lzq this one hﬁlf Vcé potential. (In actuality, the bit lines are
ﬁbove 50% of the power supply potential (e.g., at 55%). There is
some inherent béotstr;ppin; which occurs from the restore circuits
and salso the capacitance associated with the junctions is non-linear

(e.g.. function of voltage). This variation from the 50% figure is
25 process dependent.)

A restore circuit 48 is coupled to the ends of the bit lines



..... !

capacitor 37. Initially, both transistor pairs 32 and 33 conduct, and the
prechar gi ng -t'ransi stors 45 and 46 al so conduct. This causes the sense &
anplifier nodes and both pairs of bit lines to be held at the sane -'-;
potential, approximately 1/2 V Next, transistors 33 25 and the
precharging transistors 45 and 46 are turned off. The word line is then
sel ected, causing transistor 36 to conduct and line 25 to be either

addi tiopally charged, or the charge on the-hose is - -l reduced.

(Capaci t®r 37 stores a full potential (e.g., 5V or OV). An inbalance is

caused by the 25hangc26 nad sopHIAril§| ©redloréciituit 49 iisl codplda 3650tHd @nds
nodes of the sense anplifier 30." Now transistors 32 are turned off and

sensi ng wit hi rP% fheskisdinap| 23 sad 2430 Eseh 0% thpnpestonet pircuitiss conprises
occurs with ngjt [ L fnqlaly N ' ed n
arrplui fi \tlamr. Af '?J e|Pll gén‘gﬂ%og%cﬁér@,le? rgﬁts}i}g g?‘sé%%% §glﬁaué‘{" 2 %‘Egto}%p??ﬁ%"cf égt a

fromthe capacidciuded iransbator 5ONehidH edupléd theccroissicdaplhéd transSstdra e
it can be transferred to the 1/Olines 40 and 41. &The specific timng 10
i s di scussed | R &ropgd. ¢ FA0LIaRIT, the regtpre;¢ircult 48 includes, tragsigtor 51

transi stor 51 &y he3biffed Qﬁﬁ; k18 2Ps{ods @Sﬁpheq);?gtiﬁﬁﬂo%?’fn _aéi]‘i-f?ié%s to

caused to conduct agaln so t the data sense € sense anp ler 30
i s transferredgssind.t ks aiilsi be deseribébdn deddml ,Otransistorat 50 andi 5LUi t 48
I's activated by the agplication of a 15 signal to transistor 50 restoring

the outside biPeTaiteshe iasteps incHine Af *APaL? (% Pe7seRprately aqpiated.
stats< Theref ofifys WAEEr fitRs! Ené YU32En £ btBulléd SIdHE rBhior1ne tnd lbsltS 11nes

10 into separate perlods, thus limiting the peak curreant. Also, the
wvaveforms used to active the transistors 50 and 51 cause these
transistors to conduct_gtadually, 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. Thg circuit operates differently depending
upon whether data is being read.tfom 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 cell 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 sense amplifier nodes and both pairs of bit lines to be held at
the same potential, approximately 1/3 Vc + Next, transistors 33

C
25 and the precharging transistors 45 and_46 are turned off. The word

line is then selected, causing transistor 36 to conduct and line 25

to be either additionally charged, or the charge on the line is



first transferred onto an"inside bit lLine for coupling to the |nput/output
lines. The inside bit lines are restored first, 20 followed by the
restgration of the outside bit lines. Assume now that data is to be sensed
al ongpgyPhe inside bit line 24. Once again, initally both transistors,32 and
33 ar& on, and when the transistors 45 and 46 conduct, all the bit lines
and the nodes-of the anplifier 30 are brought to approximately 1/2

25[err] After the precharge signal goes |low, transistors 32 are turned off
And the word line is activated, causing charge to flow onto or fron1' e bit

line 24. Then, transistors 33 are turmdd-off .~ |s -12- and sensing curs
Wt hin th%P n&llfler ty ?p Ilcatlon of the (SAS). Wen transistors 33
are agaitPGffhed (Sﬁp‘?’nfé’ d37 aBteres; 8 T4l pogential (en8s &Y AROW as

transi SUGY Snbe1 GRA1YE cdbledChy G ShbPge WnPRlMktBr 87 1S5S AduadS ) The

inside bit lines are 5 restored first. Later, transistors 32 are al so
permtteuktt dimrkﬁmngl thed modeg ¢hcheuseiaie mptiﬂrea- 80ccwNdw 48 to operate as

t of h th f tside bit
Pres Sranplafdke Bhrare rnaicotd nd: sopaing wifin 3 geééiq%"‘#pia Tiest or
dat a- 1§ 40 Qdecars. ofmw?@@ndnyneenw seRBEAE d bubl vt 261 HEY iphif o

Simlarly, one pair of bit I'ines are restored at a different tlne than the
ot her pabit dfingstbdingcconnectedute thecsenss: spplitinr.pcAkterireenstogiced. As is

apparentoééé¥Q.Fk9 leistors %gﬂﬁuQEUHJHLL'EgpfiQQQS &‘t' from the

capacitor 37 is thus transferred onto the outside bit lines where it

_ _ o
can be transferred to the I/O lines 40 and 41. (The specific timing

10 is discussed later for these events.) A restore signal is applied
to transistor 51 to restore the inside bit lines. Tramsistors 32
are also caused to conduct again so that the data sensed by the
sense amplifier 30 is transferred onto the outside bit lines. The
outside restore circuit 48 1s activated by the application of a

15 signal to transistor 50 restoring the outside bit lines, thereby
returning capacitor 37 to its original state.

Therefore, when data is sensed on an outside bit line, 1f is
first transferred onto an inside bit line for coupling to the
1nput/output_11nés. The inside bit lines are restored first, ;;;

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 the transistors 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 fsom the bit line 24. Then, transistors 33 are turned off



15 are all p-channel devices. The cells are fabricated in n-wells
spaced-apart fromthe wells continaing the sense anplifiers. The restore
circuits and colum select transistors are n-channel transistors and ar
fabricated outside the n-well, in the p-type substrate. (The n-well it:
is connécted to the positive power 20 supply potential.) By way of exarr
the full power supply potential of V is placed across capacitor 37
assumng that the circuit 48 is set to charge capacitor 37. The word |ines
are bootstrapped (driven negatively approxi mig+dy 3 volts bel ow ground
potentikal ) to assure conplete transfer of charge onto and from 25 capacitor
37 and |ike capmtidenssng foccuirs within] phé caniplakiers wppbiqblucaom lwift the ne
while the other is connected to ground during restoring. Full [err] i's
obt ai ned from ﬂw)SAS'B?‘grfé'Pnaﬁﬂtg“‘ S3areagRty turoRAcPR chhesdstr d8q 49.)

Decoders are eepgrmmrw S0t PFes A0 228l 1L I3 méi%tts{-m&ecwﬂae& qaeeepf

the transistors 32 and 33 are to renmain coupled to the sense anplifier

after the prec hes'g&mudt\ps ipptettiglh@nsthesendin€ach Thdectwuistes byt clines are
wel | - known and ma m /| ar

Gummy cel s 51 FopfommR BHRtapaters WRpHTTEane RBLTLP MAAD RIS 1

lines are char @8hddct ,ARPIOWMINER kRS Youblsldb EFddtorbNE1euit 40 €5 iohesitd s part
transferring charge over transistors 32 and 33. 10

WAVEFORMS OF FoGURFechaRgéceydleg to Figure 3, at the beglnnlng of the active
cycle, the row addresi S bk & heS cB0E w1t B BbAs1 TPOULURLINE O ThED,; HHeOPS

&_/ inside bit'lines are 1éolated from the sense amplifier before data

10 from one of these lines is sensed by the sense amplifier.
Similarly, one pair of bit lines aré restored at »n different time
than the other pair of bit lines to assure that the current peaks
are reduced. '

As is apparent from Figure 2, the sense amplifier and cells

15 are all p-channel devices. The cells are fabricated in n-welis

spaced-apart from the wells continaing the sense amplifiers. The

restore circuits and column select transistors'are n-channel
transistors and are fabricated outside the'n-iell, in the p-type
substrate. (The n~well itself is conmected to the positive power
sﬁpply potential.) By;'ay of example, the full power supply
potential of Voo 18 placed aéross.caplcitor 37 assuming that the
circuit 48 is set to charge capacitor 37. The word lines are
bootstfapped (dfivén négatively approximately 3 volis below ground
potehtial) to assure éomplete franster of charge onto and from

25 capacitor 37 and like capacitois; A full Vcc potential is

‘applied to one bit line while the other is connected to ground

during restoring. (Full Vcc is obtained from the SAS signal and
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in potential. This initiates an active.menory cycle. Follow ng he 'RAS/
signal's drop in potential, precharging occurs. This ILs 15 Indicated by the
wavef orm 81. Unlike prior art nenories, precharging occurs during-the .
acti(%@cycle This does not add to access tine since decoding of addresses,
etc. acconplished during this precharging. This assures that the
precharge potential is referenced to the current [err]. Note that the sense
anplifier's 20 strobe signal is on until the prechargi ng occurs and then
drops as shown by waveform 82. In FIQE{ t he waveform coupl ed to the
gates of transistors 32 is shown as T and for transistors 33 as
Waveforns 83 and 84 are for sensing data on an outside bit lines. 25

I nitial lgroduwatihtsed <iptuits1@8i 8adr49.32 and 33 are conducting then
transistors 33 are turned off, followed by transistors 32. Transistors 33
are turned on a%@desensmgmaéem% t9s exspine; each w’dreﬂﬁlmd determine 86, and

sonetlne I t en t4 ned word lin tenti al
drops to a%’prox?s ‘fatgli)bé “ﬁ?gg %{/ g?& g% fopmed, §° hsf er
charge fgénged aﬁpiineEoutma:uQUbﬂdﬁrbbtaﬂd PR168N6d RBeSBEWELagh Nesul enti al s
on these bit lines 5 are shown by waveforns 87. Initially, one line is at

five Vol fecoders; pee (ﬁ‘l’:é?‘k%&"gl‘ﬂﬁn'&" PecAimtiarn §ot thoser ueed L period, both
are brouggts étaBcaliily’ 106 O3 iy CBERICSIPBRERE It ShAGDL |V vhen the

word line is activa the other renmins at' one-half [err] 10 The
potentials on tA& skowld daphotedethat cincar thekiinliyes are charged to
approximutely 1/2 Voo» there is no difficulty transferring ;;)

charge over transistors 32 and 33.

10 ' WAVEFORKS oF PIGURE 3

Referring to Figure 3, at the beginning of the active cycle,
the rbw address strobe signal (RASI) a8 shown by waveform 80, drops
in potentia}. This initiates an active.memory cycle. Following the
RAS/ signal's_drqp in potential, precharging occurs. This is

15 indicated by the waveform 81, Unlige prior art memories,
precharginé occurs du:ins the ;ctive cycle. This does not add to
access time since dgcoﬁ;ng_ot gddresgea, etc. is accomplished during
fhis precharging. This assures that the precharge potential is
referenced to the current V... Note that the sense amplifier's -’

20 strobe signal is on until the precharging occurs and then drops as
shown by waveform 82. | |

| In Figure 3 the waveform coupled to the gates of
transistors 32 is shown as Tl and !or transistors 33 as T2.
Waveforms 83 and 84 are for sensing data on an outside bit lines.

25 Initlally_bofh sets 62 transistors Sz.and 33 are conducting then

transistors 33 ire turned off, followed by transistors 32,

Transistors 33 are turned on aftef sensing occurs as indicated by



fwaveforns 88. Once again, one of these potentials are initially at Vcc and
the other at ground. After precharge, the nodes are equalized and there is
a slight change on one node before sensing begins. Sensing occurs whest:t he
SAS signal rises in potential. 15 Waveforns 89 represent the potenggggy on
the inside bit lines. Note that as previously discussed, even thou cel
is selected on oné of these bit |ines, t hey are not restored until after

the active cycle as indicated by the rise in potential in waveform 91, the
restore signal for the outside restore é]rCU|t Waveform 90 20 illustrates
that {bhe inside restore occurs first an 4"ine 92 shows the separation in

[ Sesrn ot b MASeBe A6 RYSTLEE nER o Aer G £ 0Ly MR LD

signal rises in potefyel gbrd NHS. pétentdal f @Fopat ksl apbroklimatery o holtd mBes
will be a full 25 [err] The data on the-1/Olines is indicated

wavef or ns 94;shamdl, bynrageborm 855te | fuldyr srensiemepharge 4508 $§°\HI‘| d’°rAItP°of
the above vvavefor%ylgxb? eneia e&o\%t hf%ge +t5£|9ms on” ihese’ bitUiines

commonl y use®4tAl eason mng clrcults have not been

shown. The gt | JHeN ghéwd) by sﬁoror&ensvng reAtisEigcohat 1nends et eusvubsom sl y
the sanme as those of Figure 3 with the differences 5 dlscg $ R
particul arly thecother i BIpuad g thpR;dyring, the presharge pexindy JOHY. ?

preferred e”%;g%.ﬁ TRPC to, Sle-figh £ WV 'te%f%'ciliﬂe Sfhrlges! B&é‘e:&'ﬁiubiﬁﬁh%u?rused-

They are te y YSACL ved. Ines are driven direc om t he
' nput/output SHeHEThe VedYd iline is activated, the other remains at one-halt

~ Veer o . : _

10' The potentials on the sense ;mplifier nodes are shown by
waveforms 88. Oﬁﬁe again; one of these potgntials are initially 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 fhe SAS signal rises_in potential.

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

restore signal for the outside restore circuit. Waveform 80

20 illustrates that the. inside restore occurs first and line 92 shows

| the separation in time betweén the inside and outside restoring.
The column selection siknal riées in potential as shown by waveform
23 shortly after the 1nside restore signal rises in potential.
Thus. the differential on the 1nside bit lines will be a full

25 Vooe The data on the 1/0 lines }s:}nd;cated by waveforms 94;
and, waveforms 95 illustrates when the data is valid.

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




Figure 2. This speeds up thHe witing cycles. In the prior art, the 10
restore circuits are activated since there is no way of decoupling them
Wth thye present invention, these circuits can be selectively activated as ¢
they’ during a read/restore cycle and also, both circuits can be left
deac ted as .they are during a wite cycle. SENSE AMPLI FI ER OF FI GURE 4
15 - The sense anplifier of Figure 2 has been redrawn in Figure 4 so
that both the true and conplenentary kit |ines (both inside and outside)
are shown on the sane level. Capacitors 61 and 62 are coupl ed between-t he

nodes 67 and 68 and simlarly, citQors 63 and 64 are coupl ed bet we

t hese n08§5°.“16‘1'h8°‘b'!‘8h‘a{n?18?& t%ﬁgggfbr(}gﬁ' Fois) Fepgon, é’(!‘ebé%'gv’é% nodes 67
and the Repe:Rs have Mot Bbed NéhowhS Signal). Its gate is coupled to node 68.
Transi stor 60 has its gate coupled to node 67, one of its termnals is

coupl ed to node Thg timinghsignais forrsensington rosdde bit-dinesawens that wil l
be expl ai-ngd ltQrs 61 and 64 25 e the s capacitance and

capaci toFggﬁ?"%gg?fﬁntg’%g‘TM’ topdy ?‘FH@’ ?aﬂgqga&@%ﬁéﬁﬁ’ée.“‘?ﬂ'fe

capaci § aag8c@ésed? absve) ipgptidulatigetnd MABLAECLdTARIRAEERGR 6082 [diid B3, DY

approximately 5% . 'l -16-"in the presently preferred enbodi nent (the
speci fic differdficéhefpreReptlynrefented emdodimentyr during ianwehte mycle,

| deal |y, ensi i thet inary one or.a binary zero..th i ng on
the bit PERESERE Pl Sk il Yndh e SR ly B ef T 0T
are a nurdier 1pdesfarecst vin alnz_-wﬁ\yem-oﬁ htife _iidﬁﬂt/output lines shown in B
| Figure 2. This speeds up the writing c'ycl'e's. In the prior art, the N’

10 restore circuits are activated since there is no way of decoupling
them. With the present invention, these.éircuité can he selectively
activated as they tre'dufing a read/restbre cycie and also, both
circuits can be left dedctivatéd as they are duringli write cycle.

' SENSE AMPLIFIER OF FIGURE 4

15 The sense amplitief ot Figure 2 has béen redrawn in Figure 4
so that both the true and cbmplementari bit lines (both inside and
outside) are shown on the same level. Capscitor§ 61 ind 62 are
coupled between the nodes 67 and 68 and similarly, capacitors 63 and
64 are coupled between these nodes. The p-channel transistor 50 1is

20 coupled between nodes 67 and the node 57 (source of the SAS signal). ‘o
Its gate is coupled to node 68. Transistor 60 hﬁé its sﬂte.coupled
to node 67, one of its terminals is Eoupled fo node 68 ghd the other
terminal to node 57. | | _ | |

For reasons that will be éxéluine@. capacitors 61 and 64

25 have the same ctpacifance and cap&ﬁitora 62 (Ci) and 63 (cz)

also have the same capacitance. The capacitance of cé.is

slightly larger than the capacitance of Ci, by approxiﬁately 5%
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condition. For instance, when the negative potential is applied to the word
line, the capacitive coupling betiween the word line and bit line (e.gRfy -
gate of transistor. 36 and |ine 25 of Figure 2) brings the bit Iine norgn
negati ve. Al'so, the bit line capacitance is not 10 linear with respect ft}b
vol tage for a number. of reasons such as the parasitic capacitance
associated with the source and drain regions of transistors 32 and 33.
Anot her effect previously discussed is that the actual precharge potenti al
on the<bit lines is not precisely VCU 2. Theléapacitance of the calls
themselves is 15 also not linear with respect to voltage. There are other
effects which cousmedprésintap preferree émtoaiment ditheospesitichdrftereheei st 5%
difficult to sense data particularly as the cell S|ze is reduced. Briefly
in Figure 5, |itenpt eewsisdefesthenoreaent 188PREMA™IoN the bit |ines after
precharging. The swi ngygfy 1yl Swhdd GehBrid' o1 TREF £ D1REAP ot offl 4 Hinhdy Bbro,

section 72 indicates the pull” on one-o I nes occurs

word line is acihe/aiwdtlg ¢énlheChot Jdnkr enddlde becthe mmbeung;uogmrnd ofpobsttis
expl anation.) The capacitors 61 through 64 provide conpensation for

above- descri bBdatrecddPas o THGTe M & DuRbeR Sfqphiadts 2hich Ryegent h'é"'ESE“"l
address signal s..\d14G81. bfozd%%m dwh at)ﬁekégiﬁvteo a@e@ﬁ‘i‘is du.ﬁh‘iht&?r

atrue bit line or a conplenentary sume a cell along line
25 is to be acceﬁeeud:rdAlm,em\aabgp&mppélmhpudmg betﬁenl thee vud(nnte landebit

75) .. since capacitor, C2 is Iarger than'c%’pamtor iLne_ 67 £|ven | ess -

negatively pr ov 40 f & Brp FALS: PEntTansister 46, 8ad  Line Pﬁeﬁf eﬁ"f‘(!}é'?s ) Hriness
shoywn, by 73 "T Eh@ Wi Yine more negative. ‘Also, the bit line capacitance is not

10 linear with respect to voltazé tor:a number of reasons such as the
parasitic capacitance qssociated with the source and drain regions
of transistors 32 and 33. Another effect previously discussed is
that the actuai precharge potential on the bit lines is not

~ precisely Vee/2. Tﬁe_capacitgnce of the cells themselves is

15 also not linear with respect to voltage. There are other effects
which cause deviatiqﬁ from the ideal condition and which make it
difficult'to sénse data particularly as the cell size is reduced.

Briefly in Figuré 5, line 71 represents the ideal voltage on
the bit lines after pfecharging, ‘The swing of this line in the more
' 20 negati#e difection_at section 72 1hdicates the pull on one of the
bit lines which occurs vhen the word line is activated. (The charge
from the cell is being ignored for this explanation.)
The capacitors 61 through 64 provide compensation for the
above?described effects among othgrs. From ordinary decodint of the

25 address signilé, it can be determined if a cell is 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



v F t

Sinmilarly, If a cell is setected along.the true bit lines 23 or 26, 5 the
signal is applied to line 75 causing line 68 to be higher in potential than

Foder bit line providing |ike conpensation. The capaci'tors discussed =
¥€Yermt nore precise adjustnent than can be obtained from using-.dunmy
cells, especi-ally where smaller cells are enployed. Additionally they
provide a D.C.-10 offset which inproves gain and conpensation In both
directions. REDUCTION I N CURRENT PEAKS In Figure 6, three waveforns are
shown to illustrate the distribution of cg&rent that occurs since half3the
array is restored at one tine and the other"half at another tine. Ché?f

again, the 15 RAS/ sjgnal is shown dropping in potential; this initiates an

active C%P%."‘DLSPPPg‘ O 782t i RINCHPRARACAfAT HEA éPel??&ﬁ?déF&“i%'MF!tﬂ? |
orechar oS byl LarterRatty dediRepiiticty pRifiounf Sondbesilon ' Blo "

| i nes ar aboesidusedibed dttes taluc Thipehk shown cwy I3anf Pogudesst i but es t hese
| arge current demands into two separate periods. Al so, while not shown in

_ p
det ai | i Sipiianly.3it s pediqis selgeted (ajong: thetruenbit ddpgpc2iarc@Bes are
ranped | S¢ J4alit RET o €5, L o n angl. kot re cycles.
These P ectEEi giljé(adélr ggu%:ﬂepq%ggké%ui}?gn?gl%vaq#%égti’_é‘%gibﬁgg? gﬁ a?%ég%t 'filn . & -
1 Thus, pothiBilal Xhmhathehosherdsidr ilbee mivvildinglikescompensatianof bit |ines
mul Ul plexed Ont G ShBGH G ot8" EhadiTRo iSive orl{MRors phsesde® oI OVEd 11

adjustment than can be obtained fromjusing 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 Pigure 6, three waveforms are shown to illustrate the
distribution of current that occurs since ﬁalt the array is restored
at one time and the other half at another time. Once a;ain; the

15 RAS/ signal is shown dropping 1n poténtiai; this initiates an active
eycle. During the active ciclé. and before the data is valid,
restoration of half the bit lines occurs. Later, and in fact,
during a precharge cycle (after RAS/ rises in potential) the other
half of fhe bit lines are restored. This redﬁces peak curreants and \;J

20 distributes these large curréht demaﬁdslinto tw6 separate periods.

Also, while not shown in detail in Figure 3, fhe aignils used to
activate the restore circuits are rimped. This further reduces the
peak current during both restore cycles. Thése téchniques reduce

peak currents without adding to (céess time.



bit lines ape charged to one-half the voltage supply potential. 5 g~ Peak
currents are reduced si-nce half the bit lines are restored during '
peripd of ti'me and'the other half are restored during another perlod of
time. The present application has been divided-out-of our copending U K.
patent application-No. 9502632 in whi ch_.tfiece 10 S descrl bed and
clainmed a netal - oxi de- se NQUSHARr cc nory
(CRAM conprising: a fi rgb&%ng H@egé%ﬁé %Fatigf&é#beg &E% %"éq P¥m=t ®sense
anpllf%sgr a first pairs of it linasesultiplexasidonts sasingle a;nseeﬂﬂbtifibs-

a first sw tching mman& ?rceaqke&tel ¥Ed Doy U tﬁhgaSQeAbEarm%haRﬁ'rrm bi t
ier, said first switch nmeans beihg coupled to

lines to said sense a [

said first bit Iined* gﬁn‘"?ﬁﬁfes@??é‘ge%ﬁﬁl prg-gplf thge‘(R}ﬁBcﬁ)éPPPU F’BﬁntPi’hes
co:JpI ed tlo saigd ls_ec@adk ftgk‘i'éﬁtsZgre reduced sir&asm.wnﬂwesmiqhheg dtfeans }‘0][

sel ectively coupling _ said second pair nes .t ense anplifier,
sai d -second swi t chi %asﬁ%fgﬂs B FE T 88 ':Eft ti gnd tg' n@irb'ﬁh?r}}na%e and said
sense anplifier; preestorgddurieaanotier peeicdaofitigesaid first and second 25
pairs of bit lines: one ¢fe eru{;é EABL12AE1 P AL heBA'd19140a-Blidde' BG° De! NG

coupled to said sense il one second sw tching
means when one of s&PEP ﬁi)r'-&»’(ee‘?ﬁtgn'@)rﬁpﬁbi':@tém Ngai 508635 iin whisbsthese

sel ected; 30 1p is dé‘s&bfbéﬂnﬁn&‘ﬂu.éﬂ&dng d&éﬁx@@&%ﬂlnﬁdﬂﬂu&@dr‘j (o) pai t of

bit Vines [rom sense amnli | e 3o58l SerSIy ToM Lntisfigioes data from
U a first and a second plurality of memory cells;
~ a'sense amplifier;
- a first pair of bit lines, coupled to said first cells;
15 a first switching means for selectively coupling said

first pair of bit lines to said sense amplifier, said first
switching means being coupled to said first bit lines and
said sense amplifier; .
a second pair of bit limes, coupled to said second cells;
20 a second switching means for selectively coupling said
' second pair of bit lines to said sense amplifier, said second
switching means being coupled to said second bit lines and
said sense amplifier;
precharging means for precharging said first and second
. 25 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 switching means when one of said memory cells on said
one pair of bit lines is selected;
20 - said one switching means decoopling said one paif of
bit lines from sense amplifier as said sense amplifier senses
" 'data from said one memory cell;
- whereby effective sensing of data in said memory cells
is achieved where said bit line pairs are selectively
35 coupled to said sense amplifier. '



wher eby effective sensing of data in sai.d menory cells is achieved where
said bit_llne pairs are selectively 35 coupled to said sense anplifier.
19 In o@opendl ng UK Patent Applicati-on No. 8700439, there is described
and cl are®d a net al - oxi de-sam conductor (M3S) dynam c, randonm access nenory
(DRAM conprising: a first and second pagrs of bit line.; 5 a
plurality of nenory cell, coupled to saird bit lines; a sense anplifier;

mul ti pl exi ng neans for sel ect| vely coupli ngt one of said first and second

pairs of bit |ines to ap¢r ﬁﬁ@@iaﬂﬂ-ﬁ Bppldcation Mo < B70RHIFeans couDI ed
to said first anckhessodddderibedtiohd aihid o w&a-mesaéﬂcaﬁ&&%@”p' RE

first and second nmeans, f or sel ectively _restoring potentlals on
said first and se@gﬁg ‘{3’5??’5‘“0?”!5‘1"?"?‘?9?@% mﬂ"'@E‘be‘i’M@e
read/restore cycle saial first and epcondipaire ofl st Linesi d pal rs Of bit lines;

;(S:t I vat ed atssg: gf Ialr (razt ?grreﬁ%enc réélggmiﬁg%?gﬁqegﬁéqgﬁs%al d first

and second pairs of bi& SPRgR ifderi erent tines. whereby current peaks for

sai d DRAM are reduced mu@iplexing mealllé1 far sl 8LEIVRLY Loupfing”Bhe W i cation
No. 8700441, ther |ﬁ}descr| b ?‘JD%\ a rret aI oxI de-sem conduct or
(MOS) dynanic, "ﬁe‘f?gfﬁ g/f #icl, senpe; ppplid ﬁﬁ?-r of bit

| i nes; : aaid mitltiplexing means coupled to. aaid first and second

10 pairs of bit lines and said sense amplifier;

"~ first and second restoring meens for selectively
restoring potentials on saild first and second pairs of bit
lines, respectively during 8 read/restore cycle said

. restoring means coupled to said pairs of bit lines;

15 sald first and second restoring means being separately
activated at different'time,sequence for restoring potentials
on seid first and second pairs of bit lines at different times.

~whereby current pesks for said DRAM are reduced.

20 In our copending U.K. Patent Application No. 8700441,
there is described and claimed a mtal-uxide-semicanductor
(MDS) dynamic, random-access memory (DRAM) comprising:
a first pair of bit lines;

a plurality of memory cells coupled to said first pair )

25 .af bit lines;
a sense. amplifier coupled to said first pair of bit
lines; _
restoration means for selectively restoring potentials
on said first pair of bit lines during a.read/btore cycle,
30 sald restoration means 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 potential;
precharge means for precharging said pair of bit lines
35 to a potential approximately equal to one-half sald power
supply potential, said precharge means coupling said first
| pair of bit lines tngather during an active memory cycle to

$



a plurality of nmenory cells coupled to said first pair 25 -of bit lines;
a sense anplifier coupled.to said first pair of bit lines; restoragin
means for selectivety restoring potentials on said first pair of _ Dpes
during a.'read/store cycle, 30 said restoration means coupled to sar'd- -bi t
| i nes, said restoration nmeans applying a pcK)jSentl al approximately equal to

t he power supply potential to one of saidgki)nes while coupling the other of
said lines to ground potential; precharge neans for precharging said pair
of bit Jines 35 to a potenti al approximately equal to one-half said power
suppl y 5’0t ential, saicduse ehirgegeomsairs pelwi wifi bt 3ined o rbmt djmidedcﬁndo'tm
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conpri si ng:




a first pair of bit lines; a plurality of menory cells coupled to said

potenti al

used by said DRAM whereby inproved sensing of signals on said

and prechargi ng neans for

pair of hit lines; a sense anplifier coupled to said first

|l ines, said sense anplifier including pairs of “i nbal anced
gZ%”whi ch receive signals during sensing,

providlng conpensation for parasitic 10

first pair of brt lines; restoring nea for selectively restoring

potentials on said first pair of bit |Fnes, during a read/store cycle

coupled to said first pair of bit |

precharging-said bit lines to 15 §i2§g§OX|nately 1/ 2 the power suppl

said i nbl anced capaci,tors
coupling of signals to said
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palr of bit lines;

a sense amplifier coupled to said first pair of bit
lines, said sense amplifier including pairs of imbalanced
capacitors which receive éignals during sensing, said
imblanced capécitnrs providing compensation for parasitic
coupling of signals to said first pair of bit lines;

restoring means for selectively restoring patentials
on said first pair of bit lines, during a read/store cycle
coupled to said first pair of bit lines; and

precharging means for precharging said bit lines to

. approximately 1/2 the power supply potential used by said

DRAM;
whereby improved sensing of signals on said
first pair of bit lines occurs.

2. The DRAM defined by claim 1 including a second pair
of bit lines and 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 and second pairs of bit lines and said sense
amplifier.
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