2184309 METAL- OXI DE- SEM CONDUCTOR DYNAM C RAM BACKGROUND OF THE | NVENTI ON:
1. Fiefd of the Invention. The invention relates to the field of

semi conductor dynanmic nmenorieg, 2. Prior Art. Metal-oxide-seniconductor
(MO3S) and_conpl enentary MOS ((CMOS) dynam ¢ random access @ﬁig%gﬁgg( NB)
continuetdo increadse in density from for exanple, the 1K i f the

| ate 1960's to the currently used 64K nenories of today. The described 10
invention is realized in a 256K CMOS nenofy, .al though the inventive
concepts described may be utilized in other size nmenories. |n DRAVS, C
typically nmenory cells each of which include a single transistor and ‘
capaci tor, are METAR+OXIDECSEMICONDUCTOR D¥a0AMBC BBM. of bit |ines extend froma

| atch-1ike sense anplifier. Dumry cell's, restore circuits, and -
architecture enploying folded bit lines are comonly used in current DRAMs.
The capacity ogaekcRdoRpCORMERINVERTESL S€, be increased by enploying nore
menory cells. BOT UNless nigher density 20 fabrication is used, that is,
snmal ler cells, etc., the higher capacity menories are not suited for high
vol une producti on because [ S rate area decreases yields.
There is, thus, aImay?'thgigg%fﬁﬁﬁﬁggﬁggéﬁqgé'shrink the size of the nmenory

cells. However, as thernechhsemtidnedEatdiitocthe ! fi1dS b sedimdibtor char ge

and it becomes increasingly difficult to sense the binary ‘
dynamic memories.

5 2. Prior Art.
@;' Metal-oxide-semiconductor_(MOS) and complementary MOS E%
i ' (CMOS) dynamic random—-access memories (DRAMs) continue to increase
in density froﬁ, for eiample; the 1K memories of the late 1960's
to the currently nsed_64k memories of today. The described
10  invention is realized in a 256K CMOS memory, although the
inventive concepts described-mai be utilized in other size
memories. _ _ - .
In DRAMS, typically memory cel}s each of which include a
single transistor and capacitpr, areé coubled to bit lines. Pairs
15 of bit lines extend from a latch-like sense amplifier. Dummy |

cells, restore ciréuits, and architecture employing folded bit

Fain?

lines are commonly used in current DRAMs.

¢
*l

The capacity of an MOS DRAM can, of course, be increased
by emhloying 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 produétion
because the increased substrate area decreases yields. 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



-2- state stored in the cells. It is easier to sense a smaller cell if the
bit line capacitance is reduced and this can be achieved with fewer cells
onwthe bit Ijnes allowing themto be shortened. On the other hah& where
greater array efficiency is sought, it is 5 hel pful if nore cells are
pl aced aFong each-of the bit lines. Using shorter bit lines require nore
sense anplifiers, consequently, some of the increased density gained by
using snmaller cells with shorter bit lines can be | ost because of the

addi tional sense anplifiers and rel ated peripheral circuit (e.g., 10
decodéxs). One prior art suggestion, although not comercialized, is to
multiplex pairs of bit lines to a single sense anplifier. This technique,
in thoery, perrgtaseUstdorel ihanehesirnedibiis leaster Wol Bonde cgualiexyg cell
additional sense anplifiers. 15 In sonme prior art DRAMs, bit lines are
precharged to tifetke bitf dine psnecitancel §8 Raduged #ud this saniecechleyed
volts. In other he bit &S h f e .o such
as half the povVé‘r g T °B}){ e ﬁé ebﬁ%egiélg%fe‘téggl?’g‘{ﬁ tﬁ% n%n.“%ué@%r‘g Ssed
both with and vod hauto«uemme,l hserd\rgnhvénwraglvmmgenep i=haooght), it is
one- half the power sugply potential is _that the nenory consunes | ess

power. Holeverbelpgul dfymere caligcrrePlaced adops,pach t°ﬁl §h%)Ps‘t‘ 08%r one

, the bi Th
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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.,
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 | | |
&_, In some prior art DRAMs, bit lines are precharged to the

20 full power supplf potehtiul, for example, five volts. In others,
the bit lines are charged to & 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 problens'with
this system. 1In one case, the bit lines are precharged during an

inactive cycle. The power supply potential can vary between the



-3- time of the precharging and the actual sensing and this variation
causes difficulty in sensing. Anot her problemw th precharging the bit
l’rlnes to half the power supply potential is that poor performance results *
when t he power supply potential is |ow. Wth 5 the described invention,
the bit lines are charged to half the power supply potential in a unique
way and in conbination with the multipl exi ng nentioned above. Not only is
| ess power consuned, but also the peak currents are reduced with the
present invention. For recent discussions of DRAMtechnol ogy, see (1)-A
9ONS 10 256Kx1B DRAM Wth Doubl e Level AL Technol ogy", 188CC Di gest o’
~Techni cal Papers pages 226-227, Feb. 1983, by Fujii, T. et al; (2) "A 64Kb
CMOS RAM', | SSCC Di gest of TechnlcaJ ¥ﬁpers pages 258 259,: Feb. 1982, by

Toohni cai “ingobr s, pitondtedBbuid HoCRaRlay oitRLRA end STRRAR 7, 1o

ns 5 V Ondausedkdie £l Dby DinaghsidiiM , Addttior] prétiiim Qltﬁqlﬂedhﬁ'ﬁiﬁ @hécw ts
pp. 839-845, Vol. SC-15, No.5. COctober 1980 by -Chan, J. et al; and (5 "A

5V-Only et D}naento kAL Behec gower Hﬂgnlywﬂsesigh"is EBEE BROFY nal  of

S'([)l :’i? > %%meéo%eg%&r %’E%Thi\l%ﬁgggr dhﬁﬂ.yt 80% pr esen'?’ql gzen | Ogat heRr e

i s desdr i tiedl desoreitdd dnveetiongi the thidt Mn(s\/m)a d;tﬂudcxoruldomhscnms

nenor DRA co i sin a first and second pajrs line; 5
Pl U al | B3PI REREASHATOLh &t CigARRE AT A8 1 [foRbLaation when '¢he

multiplexing mentioned nbove. Not only 1is lsss power consumed, but -,
also the peak currents are reduced with the present 1nvsntion. b

For recent discussions of DRAH technology, see (1) "A OONS
10 256Kx1B DHAM lith Double Level AL Technology", ISSCC __gsst of

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

"A 64Kb CMOS RAM" 18SCC __gest ot Technicsl Pagsrs pages 258 259,

Feb. 1982, by Konishi S. et al, (3) "A 7ONS High Density CIOS

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. 8C~15, No.5.

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

Based on High S/N Design", IEEB_Journal of Solgd-State Circuits p. -~
846, Vol. SC-15, No. 5, October 1980 by Masuda, H. et al.
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lines; a sense anplifier; nultiplexing nmeans for selectively coupling one
of sald first and second pairs of bit lines to said sense 10 amplifier,
sai*d nult|pIeX|ng means coupled to said first and second pairs of bit kiches
and said sense anplifier;-first and second restoring means for selectively
restoring potentials on said first and second pairs of bit |ines,
respectively, during a read/restore CXC% said restoring neans
coupled to said pairs of bit |ines; sai 7|rst and second restoring neans
bei ng Qﬁfarately act SUMMARY OF THE BTI®R ne sequence for restoring
potent s on said first j@@@,&fﬁgnyg ngrﬁr;g;nQ|gn+dﬂya§na$hgyg“ﬁgrent tines;
wher eby current peaks for sai are re Uﬁip BRI EF
DESCRI PTION OF THE DRpfemdksd F?g!ﬁ'féﬂr°?‘§d%r1ﬂ"&ﬁ°%%%°€f ¥OR) idynamitd nenory

used to descri be thermcuchmu(mpﬂl uﬁprﬁmg-an el ectri cal
schematic of the presentl red nes, sense
anplifier, restore circui §§r% %plsgﬁf'ﬁ ‘Wél tn‘%ﬁ ?i?@?%‘onnect i on of the
bit lines to tHe input/ow plaralitys ofFnemoxy Sc&l.e aoupled th mpdidnditised to . -

descri be the operati the circuit of Figure 2. 10 Figure 4
il lustrates the sense anplifier of Figure 2 redrawn for purposes of
exp| anati on. a sense mpl:l.f ers

nultiplexing means for selectively coupling one of
- said first and second pairs of bit lines to said sense
10 auplifior,'said multiplexing means coupled to said first
&_x and second pairs of bit lines and said sense amplifier;
first and second restoring means for selectively
restoring potentials on said first and second pairs of
bit lines, respectively, during a read/restore cycle,
15 said restoring means coupled to said pairs of bit lines;
said first and second restoring means being
separately activated at different time sequence for
| restoring potentials on said first and second pairs of
bit lines at different times;
20 vhereby current peaks for said DRAM are reduced.



Figure 5 is a diagramused to describe potential levels in the circuit of
Eﬂgure 4. Figure 6 are waveforns used to describe current peaks with 15 the
i'nvented nenory. -6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON: A, ' <
met al - oxi de-sem conductor (MOB) dynam c random access nenory (DRAM),
described. In-the follow ng description, nunerous specific details are set
forth such as specific arrays, nunber of 5 cells, etg. It will be obvious
to one skilled in the art that the present invention nay be practiced

Wi t hout these pecific details. In other jnstanCES, wel | -known circuits
associ ated with DRAMs such as decodersss5€tc., are not illustrated in Wder
not to unnecessarily obscure the present |nvent|on 10

OVERVI e currently preferred enbodlnent t he
DRAMI%M@H@ ning nol ogy. In particular, the array is
fabricated in an n-well using double pol ycrystalline si licon (polysilicon)

t echnol ogy. The Jj3-wel I bstr unc reverse 15 bi ased and acts as
a mnority carri'éf% Sﬁr‘ f Jf‘ﬁﬂtﬁ%?’%of‘f"?ﬁfﬂr@‘?‘?ﬁ'&u&%ﬂ’tff al pha

particl e%eszppbé)vt%aumét‘rlug{.égﬁegﬁm{.pe cell is shown in copending
U S application ,entitled DRAM', Serial No. 470,454, filed February

28, 1983, and aSS|gned to the aSS|gnee of the present invention. 20

In the currently erred-enmb r ani zed as a 256Kzl
menory. Gate. oxﬁ%é'%h#cﬁ?n@&g tg'g ha’ﬁ%{?gﬂmyf ‘tBe PrAenEEy |
5 preferred memory cell, bit linee, eenee amplifier. restore circuits,

multiplexing meene and 1nterconnection of the blt lines to the

1nputloutput lines._
Figure 3 are timing diagrams used to describe the operation
of the circuit of Figure 2.
i0 Figure 4 111uetretee the sense amplifier ot Figure 2 redrawn
for purposes of explenetion.
Figure 5 is a diagram used to describe potential levels in
the circuit of Figure 4.
o’

Pigure 6 are waveforms used to describe current peaks with

15 the invented memory.
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k)
of polysilicon) of 250A are used. The cells have an area of approximtely
70 pn2 with a storage capacitance of approximately -7- 55fF. The word
li:ne drivers enploy a negative "boosted" potential which yields an avggage
cell stored charge of approximately 275fC. The bit line to cell capacitance
ratio i s:approxi mately 12-to-1 providing a | 90nW signal for sensing over a
wi de operating 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
refresh arrangenment is used at intervals of 4nS. The substrate on which the
entirepenory is fabricated includes fows-redundant rows -and col ums. 10
Access'tinmes of less than 1Q0ns. are obtained with row accessing. The

menory enpl oggriLebi SeseRI PFTONCOF CtHE INVENWIONPErnitting a faster .
"Ri ppl enode"~Ta statTc col umm node) access where 512 bits can be accessed

with an access tine of approximately 40OnS. per bit and with a reduced

active current of apprqQxin oY gt B3 RSkl ale RE OF
PREFERRED ENBODI NENY B8 %’orgar’m’f’%‘gﬁ'orf_"?? dymaate redd th‘eégrlgsent ly

preferred emrpeforEbrad) s Iddscribeds 1 tife Tovtowing degeription hmmaroays 10
are paired and each pair is separated by a row of sense anplifiers 14. The
restore circepecitlé detmilorsnedset fartd guclemasl specifigpenays, aumbercofcnse

anplifiers _at e outer .edges of each paj f ) o)
decoders aﬁd"dg{]ﬁ' ehBut u?ﬁﬁ't %Fiﬁ%' °3ge£§ o°%ﬁeg£{%§hégefh§2§§fe%rt\ Tal
portion 12 ofrbiéhtTeRPéntiod) dayd 8k opiactséewitbout)t theaadsjeciais hdetailays

occurs through these centrally
In other imnstances, well-known circuits associated with DRAMs such

~ as decoders, etc., are not illustrated in order mot to unnecessarily
obscure the present invention.
10 . OVERVIEW OF PREFERRED EMBODIMENT
In the currently preferred embodiment, the DRAM is
fabricated employing CMOS technology. 1Im particular, the array is
fabricated in an n-well using double polycrystalline silicon
'(polysilicon) technology. The n-well/substrate jJunction is reverse
15 biased and acts as a ninoiity carrier barrier vh;ch reduces ;ott
errors induced by alpﬁ; particles. The overall structure of the cell
is shown in copending U.S.application,emtitled- *CMOS. DRAM",Serial No.
470,454, filed Pebruary 28, 1983, and assigned to the assignee of
the present invention. ;
20 In the currently preferred embodiment, the memory is
organized as a 256xxi ménory. Gate. oxide thicknesses (second layer
of polysilicon) of 250A are used. The cells have an area of

approximgtely 70 umz with a storage capacitance of approximately

o e i A oINPT




PR 1 *
di sposed i nput/output lines. The outer arrays conmunicate with the 25

| nput/output lines through the bit lines of the inner arrays as will be

- Escribed in detail 1n conjunction with Figure 2. -8- The row decoders -
nd word line drivers 18 are formed in two horizontal bands. Dual .row

decoders are-used in these bands. The peripheral circuits, for the nost

part, are located in the regions 20. These include the input/output

buffering for data, the 5 buffering for addresses and tim ng signals such

as the standard RAS/ and CAS/ signals. As is commonly done, these buifers

provide TTL to MOS signal |evel shifting.7SENSE AVPLI FI ER MULTI PLEXI N “AND

RESTORE CIRCUI TS In Figure 2, two pairs of bit lines, lines 23 and 24, and

10 lines 25 and 26, are selectively coupled to the -sense anplifier 30

t hrough t?%ffsi sThe word Aire striveps muploycs \neghhitve)tbobsted” Fdtantisdd are

ted th | ' t t | 40 41 th h
Eransi st orhfers YieRd€ el FERLEHY solP iges¥en’tharss 88 AmproripaintvaatBitn s, For
pur poses Che B4t ANdé i €0 cel Decdpalcitadds rd8ie s LPprdxiMateliff BI18d1t 0 as the

inside bit lines (BLI and BLI/) and the bit lines 25 and.26 as the outside
bit |inesPrevidiagiapignV signal fori spnraingnoversiadwidebperating: mepeesent s

the bit J e i .S WLiop. el atl ol ' Lt/ I ‘and
b 11 o ™5, sy oppcCREdd VA Yol v) BEadtlL BUd Whhet I SvBREeS ©"OC
anbi gui t i earféntsiorc ashhandeht snndoyi Ghirenitnes Wyl dal2se eyeieasksresht he t wo

pairs of bit lines extending to the other side of the input/output |ines 40
and 41, shSTArEeRent,de used At intervele ofodag. ;e ppbstraje on which the

entire memory is fabricated includes four redundant rows and \-f

columns. _

10 Access times of less than 100ns. are obtained with row
accessing. The'meﬁof&iemplbjé'étatic eoludn'circuits. thus
permitting a faster "Ripplemode” (i”static colubn:mbde) access where

512 bits can be sccessed with an access time of approximately 40nS.

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

15 ARCHITECTURE OF PREFERRED EMBODIMENT
The 256Kx1 Organization is realized in the presentl&
preferred embodiment with 16K arrays 10 as shown in Pigure 2. The
arrays 10 are paired and each pair is separated by a row of sense o’
.amplifiersllé. The restore circuits 16 are formed in 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 communicate with the
25 input/output lines through the bit lines of the inner arrays as will
be described in detail in conjunction with Figure 2.
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I ncludes a pair of cross coupled p-type transistors and four capacitors
formed from p-channel trapsistor-like structures. The 25 anplifier receives
a sense anpljfier strobe (SAS) signal as is conmonly used with DRAM sensg
anplifiers, The operation of the sense anplifier is discussed in detailcdn
conjunction with Figure 4. -9- Aplurality of cells is connected to each
of the bit lines, each cell conprises a transistor such as transistor 36
and a storage capacitor such as capacitor 37. Wrd lines in the array

sel ect a single capacitor for coupling to one of the bit Ilines (of one
pair) S«for reading, witing or refreshing.o,Note no dummy cells are

enpl oyed along the bit lines. Transistors 45 and 46 receive the precharge
si gnal and provide 'hw rPWCEdLIder B tarif wobe nide i s IBnn.i'e/pﬂocméd opemi on,
after restorati.on, bit line_is at ful | powe ot |m
(five volts) %‘H&°PF&\1 AdE- oDust ot de ?ﬂg 8 AFRCYS 4"3ng£‘2%’ h@gﬁ ®ive
volts and |ip&s pRér@G146ufis grt@i"nfhe mbBe ﬁ!&.(;hif'ﬂlmuiéﬂnﬁi thaUfégions
transi stors 45 and 46 to conJuct the charge on the bit line pairs is

di vi ded and 2he Bhesé¢ jinciude cther éMIMP&bM%PW&Q%IfV?hﬁH‘-t #Bepower
supply pot F enkD e n

potenti al Ss .‘z‘iﬁfdlflif'&)fflo\%e'\%ﬁ%gg gl'@ncé 3 Hé &b"té PanLe'lsﬁalflg% Egﬁﬁ% As,

1/ 2 the supphyd [CASZNéigtalsbe ACiisveonadindy done,cdhess Mtawrmneer'l;t. a:o
factor of 2. During this precharging, transistors 32 and 33 conduct,
assuring t ha¥o$ lfégﬁbHe’se"\ﬂgtﬁ‘P’rF‘tiﬂ& sense anplifier are also precharged to

20 this one half -[errgpyaal githt PP rer( L AYPLERING JanD' RESTURE CLRGFITE ©
~

In Pigure 2, two pairs of bit lines, lines 23 and 24, and

10 lines 25 and 268, are selectively coupléd to the senée ahplitier 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 lines 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.
(Note the designation "left” and "right"” may create ambiguities

20 since the lett.und right lines would be reversed for the two pairs
61 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
includes a pair of cross coupled p~type transistors and four

; capacitors formed from pr-channel transistor-like structures. The

25 amplifier receives a sense amplifier strobe (SAS) signal as is
commonly used with DRAM sense amplifiers. The operation of the

sense amplifier is discussed in detail in conjunctioh with Figure 4.
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I
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
capaci tance associatéd with the Junctions is non-linear (e.g., :function of*
voltage). This variation fromthe 50%figure is 25 -process dependent.) A
regstore circuit 48 is coupled to the ends of the bit lines -10- 25 and
26 and similarty, 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
coupled n-type transistors. The restore circuit 48 includes transistar 50
whi ch coupl es the cross coupled transistors 5 to ground. Simlarly, Whe
restore circuit 48 includes transistor 98 which couples the pair of cross
coupled transistors in circuit 49 to ground. - As wll be described in

detail, transistpry 301 pry! obloRPldis bOfdct3hOLE dilshCul ' che’Byfnfhud, 0 DO
separately activated. Thi's distributes the current consuffed for festoring
the bit |eavhscall icvmprispnmateapsiistodssudihus trdidlistgr tde apaak sioragat .

Al so, the waveforns used to aﬁtive t he_transistors 50 and 51 cause these

transi st cTAPRESIRD ANGO: 2§ SRPASLFOT F7ur ¢ WRnd 13868 Iy the, serny geleat acENERAL
- OPERATI ONsdig1&HEa sal ol T26F coha 20B8a 62 tRE LY N4nbe (J¥ole! Mltlrsd

timng diagram it will be 15 hel pful to have a general understandi ng of
t he ope$ afenreadingc writing torotrefrephlog?. Note vordwimy oplimimee differently

Sepenc, "ot FRL ' Pl JaBRATD (o LT e s B s e
out si de Transistors 45 and 46 receive the precharge signal and —
provide-fpr precharging of fhe bit.lines. In typical operation, e
afﬁer restoration, one bit iine is #t the full power suppiy
10 potential (five volts) and the other at ground. Thus, lines 24 and
25 may be.at five volts and Linés_zs and 26 at ground. The
pfechaggin;.qiénal ciuses transistors 45 and 48 to conduct, the
charge on the bit line pairs is divided and the bit lines are
brought tq approxlmatély half the power supply potential, for
15 instance, 2 1/2 volts if the power supply potential is a full five
volts. Since the bit lines are only.chinged to 1/2 the supply
potential the active power is reduced by approximately a factor of
2. During this precharging, transistors 32 and 33 conduct, assuring -
that the nodes within the sense amplifier are also prechurged to. d
20 this one half Vcc potential. (In actuality, the bit lines are
above 50% of the power supply potential (e.g., at 35%). There is
some inherent bootstrapping which occurs from the restore circuits
and also the capacitance associanted with the Jjunctione is non~linear
(e.g.,_:unction of voltage). This variation froﬁ the 50% figure is

25 process dependgnt.)

A restore circuit 48 is coupled to the ends of the bit lines
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20 bit lines, for exanple, fromthe cell conprising transistor 37 and
capacitor 37. Initially, poth transistor pairs 32 and 33 conduct, and the
prsechar gi ng transistors 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 [err] 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
additionally charged, or the charge on thkaotine is reduced. (Capacitor
37 stores a full potential (e.g., 5 or 0V). An inbalance is caused by the
charge fromzmpadi 26&rand/ spmi Yardyed alesitore [cireuld 401d st beuplade so ofthe leads
sense anmplifier 30. Now transistors 32 are turned off and sensing w.thin

the sense arff itheeblt 13gepctdipad $hpoBrghi 95 thenFestorns phEF Uda POmRGiens

nei ther pairy qfysQi be ldrdgs bﬂsamcen%@ tfad deBRes e A0Pidre Rirciftl QB
sensing occurs, transistors 33 conduct. The anplified data fromthe

capaci tor 37indudbastianatster (58dwbitlo coiplesiithiedordss coupled liranelstorsan be
transferred to'the /O lines 40 and 41. (The, s ific timng 10 i

di scussed ?at@r8TPYPdr nddB1ivEtR s ?5"&"{'@?& 8r%“i~ﬁp“3?ia‘|lé i’s”ébﬂ??eﬁf‘%i““ 51

transistor Sdyidh c8apde thbeﬂdﬂs lo#Ccidds lcbliffed tFRaSSdtra £n TArault A4S To
caused to conduct again so that the data sensed by the sense anplifier 30

is transferregrownd.0o Adewididt be dieseribeéd rias detailhe tosnsiatorscS@ and 6lrcuit 48
I's activated by the application of a 15 signal tqQ transistor 50.restoring
the outside BEI®Y ﬁ@%,P‘T‘r?QFEb?/“r"é'tiﬁFn qngj'"(?aﬁgcﬁ oy e o F?g ’d’rﬁidfﬁﬁ .

state. Ther eqR{& diWkplbitasathé ARISRE HhedRe@Uic F8atdring ARe Bilt 18ndd I St
tramstferred onto an inside bit line for coupling to the

10 into separate periods, thus limiting the peak curreant. Also, the
waveforms used to active the transistors 50 and 851 cause these
transistors to conduct gradually, further reducing current peaks.

GENERAL OPERATION OF THE CIRCUIT OF FPIGURE 2

Before referring to the detailed timing diagram, it will bde
15 helpful to have a general understanding of the operation of the

circuit of Figure 2. The circuit operates diztergntly depending
upon whether data is being read from the inside bit 1lines or outside
bit lines. _ '

Assume first that data is to be read from one of the outside

‘o 20 bit lines, fo; example, from the cell comprising transistor 37 and

capacitor 37. In;tially, 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 1/2 Vcc. Next, transistors 33

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
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i nput/output lines. The inside bit lines are restored first, 20 foll owed
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 transistor$
32and 33 are on, and when the transistors 45 and 46 conduct, all the bit
| 'nes and the nodes of the anplifier 30 are brought to apprOX|nater 1/2 25

[err]. After-the precharge signal goes |ow, transistors 32 are turned off
and the word line is activated, causing charge to flow onto or fromthe bit
line 24. Then, transistors 33 are turned off -12- and sensing occurs

within the anplifier 30 by applicationddf the (SAS). Wen transi st or s¥33
are agalniy P g% #s tran {red_onto lines 40 and 41 as
transi stor o&aﬂﬂf %rsﬁebﬁ B} petpptink i(gr8on $h8EOY nes. ) The
i nsi de bjd mee&n&r asSemiaowdtﬁd 'chhrgé ¥ ciﬁi%l%b?té’i%n?’}gé QSO

permtted to conduct, allow ng the outside restore circuit to operate as

part of bttedhaeg@ opdl &he Apdegsot mecae!sammbltm Ag. f rm out si de bit
li nes,

| ings. are ted fromthe se I|f|er before
ot 10 FRORLEHE 4 AEe cEmaacotS %od Stpinp whBiist B8 aphe ametit
Sinilagl 3o SYearbai rmpbreadtly, nesiar&nm%cu&@rat.ﬁnﬂh&i@ﬁ@mh&br@t han the
other pair of bit lines to assure that the current peaks are reduced. As is

appar ent bit dihnBsgbeing contretednte mmspnsemmarwu s Atterreenglhhg p- channel
glg\r/]lt ICﬁZI ﬁgh‘?‘wge&h%%r Ea%abﬁ cat gd#'.e vvel I igasegl‘t ;‘tmf om the wells
capacitor 37 is thus transferred onto the outside bit lines where it —
can be transferred to the 1/0 lines 40 and 41. (The specific timing A
10 is discussed later for these eVéﬁts;)' 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 éensed'bw the
sense amplifier 30 is transferred onto the outside bit lines. The
outside restore circuit 48 is 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'ogtside bit line, it is
tirst transferred onto an inside bit line for coupling to the
input/output lines. The inside 5it'11nes are restored first, -
20 followed by the restoration of the outside bit lines. |
Assume now that data is to be sensed along the 1nside 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 Voo After the precharge signal goes low, transistors 32 are
turned off and the word line 1s activated, causing charge to t1ow

onto or from the bit line 24. Then.'frthsistors 33 are turned off



A
restore circuits and colum sel ect transistors are n-channel transistors
and are fabricated outside the n-well, in-the p-type substrate. (The n-well
itself is connected to t he positive power 20 supply potential. )¢ gBy way of
exanpl e, the full power supply potential of V is placed across capacitor"
37 assum-ng that the cc circuit 48 is set to charge capacitor 37. The word
| i nes are bootstrapped (driven negatively approximately 3 volts bel ow
ground potential) to assure conplete transfer of charge onto and from 25
capacitor 37 and like capacitors. A full Vceipetential is applied to one
bit lire while the other is connected to ground during restoring. (Full V
i s obtained framit seniAg ocoural within thel@mplitdend3d bynappYivaition 46X he
49.) Decoders are enployed to exam ne each address and determ ne which ones

of the transi st(§A8)32 ¥o8R Sransisters O Are Wxipl tuwrned ORe endatandftifier
after the. precfk@msﬁmdpsm 1s9ek N0 %%aswg.s iwsbsﬁt%%sowc%naaet (Catter

wel | - known and e simlar to those used f activating dummy | oads, or
dumy cells, i rrqsltontngarthemtiu ahchede b‘la.mt- 2d Theatinsidec dithtidss are

lines are char ed.to I 1 e is no difficulty
transferring c% jB’%@eﬁ’Fﬁ%ﬁ%rs‘ gﬁ&° 18re & 1130 pernitten’to
WAVEFORMS OF FldddGe®, I%Qflei{w&hwo&au%erést&% eifcilR0 48Nt bpeiratdadiParte
cycle the row address strobe signal (RAS/) as shown by waveform 80, drops

in potential . dmnpsechunmeabmsleu1 active menory cycle. Follow ng the
As was the case with sensing from outside bit lines, the

inside bit lines are isolated from the sense amplifier before data
10 from one of these lines is sensed by the sense amplifier.
Similarly, one pair of bit lines are restored at a different time
than the other pair of bit lines to assure that the current pqaks
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-wells
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-well, in the p-type
suﬁstrate. (The n-well itsel? is connected to the positive power
g_j 20 supply potential ) By way 61 example, the full power sﬁpply
potential of V 1s placed across capacitor 37 assuming that the
circuit 48 is set to charge capacitor 37. The word lines are .
bootstrapped (driven negatively approximately 3 volts below ground
~potential) to assure complete transfer of éharse onto and from
25 capacitor 37 and like capacitors. A full Voc 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



RAS/ signal's drop in potential, precharging occurs. This is 15"indi cated
by the waveform 81. Unlike prior art menories, precharging occurs during
the active cycle. This does not add to access tinme since decoding of .
addr.esses, etc. is acconplished during this precharging.” This assures that
t h& precharge potential is referenced to the current [err]. Note that the
sense anplifier's 20 strobe signal is on until the precharging occurs and
t hen drops as shown by waveform 82. In Figure 3, the waveform coupled to
the gates of transistors 32 is shown as Tl and for transistors 33 as_T2.
Waveforns 83 and 84 are for sensing tda on an outside bit lines. 25w
Initially both sets of transistors 32 and 33 are conducting then

transi stgfound3tpée d1vetees &l and Add.gwed by transistors 32. Transi ét ors 33
are turned on after sensing occurs as indicated by -14- the line 86, and
soneti me | at er, Degaderssary empRoyed: tohexanineneschaddTiess vamdd detemmipet ent i al

d t i mately: - | t h form85 to fully t f
Charge VAR, Soef of the” FraseyEefs 200 4 a¥8 R o LR stp 1ot b@nt | ol s
on thesegbide hnPEStiorahetér ANG PrectR¥RbOKM pRlor 1d)ithdbedainglC 8ok i S at

five volts and the other at ground, then during the precharge period, both
are briugeecdersonte (reli~keown andnpay ibecsimidage $o pthamet used forght | y when t he.

R e i R S T
again, one of tHlesshpdidedei sdtedatbat nsiinical the it lines are charged to
lpproxiﬂttely.ilz VCC? there 15 no d;t:iculty.trans!etring \:;
charge over trana;gtors_sz_and‘ss, . _
10 © UAVEFORMS OF PIGURE 3
| ﬁeferrlng to figure 3; at the beginning of the active cycle,
the row address strobe sigﬁal.(ﬁasl) as shown by waveform 80, drops
in potential. This initiates an active memory cycle. Following the
RAS/ signal's drop in ﬁotential, precharging occurs. This is
15 fndicated by the waveform 81. Unlike prior art memories,
precharging oécﬁrs_during the active cycle. This does not add to

access time since decoding of_nddresseé. etc. is accomplished during

this precharging. This assures that the precharge potential is

o/

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 wnvéform coup;ed_to the gates of
transistors 52 is shown is T1 and :or'transistprs 33 as T2.
Waveforms 83 and 84 Qre for sensing dafa on an outside bit lines.

25 Initially_bbth sets of transistors 32 and 33 are conducting then
transistors 33 are turned off._followed.by transistors 32.

Transistors 33'¢re turnéd 6n after sensing occurs as indicated by
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[err] 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
when the SAS signal riseS in potential. 15 Waveforms 89 represent the
potentials dbn the inside bit lines. Note that as previously discussed, even
though a cell is.selected on one of these bit lines, they are nof4estored
until after the active cycle as indicated by the rise in potential in

wavef orm 91, the restore signal for the outside restore circuit. Waveform
90 20 illustrates that the inside restore occurs first and line 92 shows
the sgparation in tinme between the i nsi d&"4and out si de restorlng The col um

| ect I t ent h b f 93 ft
The. i nside r oamgy MaF 3y nh cweetfan Jashr Arasthesre Aa bry rdsa,prined o8t o
inside bit lines wllriCward Ul!iheZEo{éift&h d:TJiﬁ datepmxme:d:/yo-hlmd is

I ndi cated by waveforns 94; and, wavefornms 95 illustrates when the data is
valid. Al of quounakxnﬂ3vné9E#(§5nﬁ°ntglﬂietg%9ﬂiﬁitQH‘WIQI#fakl¥ qeddwmn For the

t | th
ot “been showPuephESCIL Aa0%, et ol apiovns L6 18Fent e o B BEK!dae™ e
subst anti al lsy d¢e shawP bYS vhbeformel 8Tl Jumng tBaliiy,hohdclidief 18I €O1HVeSvolts and

di scussed above, particularly the tlnlng for transistors 32 and 33. in the
presently pr ef ther othenintdienemd, GGPFn@P ngr the RIpeharse, peried ohoth| aLe) ¢ s

are used. mpor a eact h

directly fro e‘%l gﬁp R 1B éﬁ{ ‘fléﬂés eovvl;fll &T—‘R‘& Feb‘gie&t%?sﬂsiﬁ\éggg up the
writing CyC|eSwhed Rhé o 10iie A activatd,r €bé Wtheri remiing at comechayat ed
since there is no way of decoupling

R vcc'_ . :

10 The potentials on the sense amplifier nodes are showa by
waveforms 88. Once again, one of these potentials are initially at
Vcc'and thé other_at ground. After precharge, the nodes are
equalized and there is a slight change on ome mode before sensing
begins. Sensing occurs when.the SAS signal rises in potential.

15 Waveforms 89 represent the potentials 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 1ndica£ed by the rise in potential in waveform 91, the
restore signal for the out#;de restore circuit. Waveform 90

o 20 illustrates that the inside restore occurs first and line 92 shows
the sebaration in time between the inside and outside restoring.
The column selection signal rises in potential as shown by waveform
93 shortly after the inside restore signal rises in potential.
Thus, the differential on the ingide bit lines will be a full

25 Voo The data on the I/O lines is indicated by waveforms 94;
and, waveforms 95 111ustrates when the data is valid.

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



them Wth the present invention, these circuits can be sel ect i"VeIg'/
activated as they are during a read/restore cycle and also, both circuits
canﬁ?%uleft deactivated as they are during a wite cycle. SENSE AMPLI FI ER «
RE 4 15 The sense anplifier of Figure.2 hds been redrawn in
Figure 4 so that .both the true and conplenentary bit |ines (both i'nst de and
out side) are shown on the sane |evel. Capacitors 61 and 62 are coupl ed
between the nodes 67 and 68 and similarly, capacitors 63 and 64 are coupled
bet ween t hese nodes. The p-channel transistor 50 is 20 coupl ed between
nodes 67 and the node 57 (source of the SAS signal). Its gate is couphed to
node 68. Cifcuhts osmoply ieed in DRAMS. c RN Bie Fessen, cthe FAming |t s
term nal s d the other termnal to node 57. For
reasons t%ét%“g\ﬁjmagg ;eigfor“aagﬁegﬁo@;pam tors 61 and 64 25 have the sane
capaci tance and Tepatining ssi@ﬁa(i:]ﬁorasdnﬁﬁlu( Gfl) imdizie bitcliines sree
capaci tance The capacitance of [err] is sli htIy Iarger t han t he

capaci t arftubstpntially the same as thoss ot 5%‘“"9 orith, the differanges, -
prefer rsedafdmdaar%vst hf‘nsﬂ‘éﬁlii-fy Enbf e{m%e égbis&ﬁt. %&Uﬂ@'sst o the
present invention). Id y, when sensing e|t I hary one or blnary
zero, the swing Im tHeepbeteduwepadnrlrddbulidumemtm duxihgougirita epyesite 5
directions. There are a nunber of.effects which rev nt this ideal

condi t i on®® FSStPReCATCULItY Ane BARd o JREY\AFS JERAPTAN i’sd%b‘b'i"l'éﬁ t & he word

line, thepfaPAnhkki ¥fe @URbA rﬂr@%i!‘?%ohhehwﬁuw@@tﬁ%d 1Phés |th€n(f‘n g.,
gate of transistor 36 and l.ine 25-of Figure 2) brings -

Figure 2. This speeds up the writing cycles. In the prlor art, the ;;i
10 restore circiuilts are activated since there 1- no ny of decoupling
them. With the present 1nvention, these circuits can be seleetively
activated as they are during a read/restore cycle a.nd also. both
circuits can be left deactivated as they are during a write cycle.

SENSB AMPLIPIER OF FIGURE 4

15 The sense amplifier of Pigure 2 has been redrawn in Figure 4_-
so that both the true and complementary bit lines (both 1nside and
outside) are shown on the same level. Cupacitora 61 und 62 are
coupled between the nodes 67 and 68 and'similurly, cupicitors 63 and
64 are coupled between these nodes. The p-channel transistor 50 is
20 coupled between rodes 67 and the node 57'(source otlthé SAS signmal). 7
Its gate is coupled to node 68. Transistof 60 has its gate coupled
" to node 67, one of its terminals is cbupled to node 68 and the other
terminal to node 57. . | |
For reasons that will be explgined.'capacitdrs -3 1 and 84
25 have the same cupieitance and'caﬁtcitOrs 62.(ci) and 83 (Cz)
also have the same capacitance. The capacitance of Cz is

slightly larger than the capacltanée of C;, by approximately 5%
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t'he bit line nore negative. Also, the bit |line capacitance is not 10 Jineéé
wWth respect to voltage for a nunber of reasons such as the parasitic -
capaci tance associated with the source and drain regions of transis¢btrs 32
and 33. Another effect previously discussed is that the actual precharge
potential -on the.bit lines is not precisely [err]. The capacitance of the
cells thenselves i's 15 also not linear with respect to voltage. There are

ot her effects which cause deviation fromthe ideal condition and which nake
it difficult to sense data particularly as -t18e cell size is reduced.
BriefAy. in Figure 5, line 71 represents the ideal voltage on the bit |ines

after prechar gidxhel BLeselitly piefdiirad! eiiddifedti e ther spelkl fiegal £ seredes ost iSEN
at section 72 indicates the pull on one of the bit Iines which occurs when
the word |ine 18 nedt cyveiad toThhe drgpert ringApEdRNdcel | is being ignored for

thi's explanation.) Th ?%@?C’i-w‘;'? ,&%ﬁ%ﬁg{%lﬂep%ml ﬁggson}ormegsgﬂ‘?gt %er

t he above-described e anong o rom or ecoding o ea%%

addr ess si gnal gne idwiagnodathdebet Minedshéuld 8l thé same, bel thoagh shrl opposi tder
a true bit line or a conplenentary bit |ine. Assune that a cell along line
25 is to be &cltsestdons. pSihexe; are jas nupber of phfects yhich prevent this fdeald

75). Since capacitor, C2 is_l.arger than Ci ' [ ' Ss
negatively pr 0\7?5‘?ﬁtdo&')nt)"eﬁsigflgﬁélcﬁ‘or'gfﬁe a (')‘vgg't es%?%%guglf ggtgﬁl\#ﬁps&?s
shown by 73 in¢hbOwdr@ 21né] fhledthpaciitive €Ripling BelweehcthellwoRg 1iwe mhdebit

bit lines 23 or 26, 5 the signal 1s applied to line 75 causing line 68 to
be higher in pdtesat{eie-sheate 98 tranaisger 36 padpling 35nef | Figureothhrdagron.

. the bit line more negative. Also, the bit line capacitance is not
~ 10 linear with respect to voltage for a number of reasons such as the
‘parasitic capacitance associated with the sourée and drain regions
of transistors 32 and 33. -Another effect previously discussed is
that the actual precharge potential on the bit lines is nof
precisely V,./2. The capacitance of the cklls themselves is
15 also not linear with respect to voltage. There are other effects
vhich cause deviation from the ideal condition and which make it
difficult to sense data particularly as the cell size is reduced.
Briefly in Figure 5, line 71 reprqaents the ideal voltage on
the bit lines after precharging. The swing of this line 1n.the more
20 negative direction at section 72 indicates the pull on one of the
_bit lines which occurs when the'word line is activated. (The charge
from the cell is being ignqred for this explanation.)
The capacitors 61 through 64 provide compensation for the
above~described effects among ofhers. From ordinary decoding of the
25 address signals, 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 1is applied to
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The capacitors discussed above pernmit nore precise adjustnent tThan can be
obt ai ned fromusing dummy cells, especially where smaller cells are
egployed.. Addi tional'll y they provide a D.C. 10 offset which inproves gain+
ald conpensation in both directions. REDUCTI ON | N CURRENT PEAKS In Figure
6, three waveforns are shown to illustrate the distribution of currént that
occurs since half the array is restored at one tine and the other half at
anot her tine. Once again, the 15 RAS/ signal is shown dropping in
potential; this initiates an active cycle. During the active cycle, and
before the data is valid, restoration of~k&tf the bit |ines occurs. Lter,
and in fact, during a precharge cycle (after. RAS/ rises in potential) the
ot her -halfneof74t (mothilinki T8 aStnece TapaeiitorTiC2sis chrges Ik capieryors and 20
distributes these | arge current demands into two separate periods. Al so,
whi | e notlsHdnp % %eaaﬂeq Fepp RRERtively, Providing conpengaiign: for ithet he

restore ﬂ‘;@%g?p{b@dr Emsﬁh*ﬁ; yigt nggd'l}{:g,ggggii%??ﬁle kg current during

both restore cycles. These techniques re ents w t hout adding

to accessisilly, if a céBl is séhectedialbAE theatrie biterraele 23 ope2B,whi ch
enploys two pairs of bit lines_multiplexed onto a single sense anplifier.

No dunfrythe|$ignal cieappdied) fon 1ine Thocepsifity 1BALPS to bachigher) ifes are
charged Loe&ialotkad f}ﬁe_vahfa%x% 1ine HrOPIdANEOLEKS i mpendidloniUr rents are
reduced since half the bit lines are restored during one period of tine and
the other half ZThe eapacdters diiscngsethabore mﬁ#@dm@f& tirgeise
adjustment than can be obtained from usihg dummy cells, especially
where smaller cells are emploied.. Addifionully they provide a D.C.
10 offset which improves gain and'cohpénsation in both ¢1rect;ogs.

REDUCTION IN CURRENT PEAKS

In Figure 6, three waveforms are shown to 1llustrate the
distribution of cufrentlthat occurs since half_the ;fray is restored
at one time and the other half at another time. Once again, the

15 RAS/ signal is shown dropping 1n'§otential; fhis initiates an active
cycle. During the active cycle, ahd’before the dafa 1# valid,
restoration of half the bit lines occurs. Liter, and in fact,
during a precharge cycle (after RAS/ rises in potential) the other
half of the bit lines are restored. This reduces peak currents and ;;J

20 distributes these large current demands into two separate periods.

Also. while not shown in detail 1n"Pigure 3, the signals used to
activate the restore circuits are raﬁped. This zﬁrther reduces the

_peak current during both restore cycles. These technigues reduce

peik currents without adding to access time.
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The present application has been divided out of our 10 copendi ng U. K
Patent Application No.8502632 in which there is described a

net al - oxi de-semi conduct or (MOS), dynanmi ¢ random access menory (-PRAM)

conpri si ng: a first '"and a second plurality of nenory cells; a nse

anpl fier; 15 - .a first pair of bit lines, coupled to said first cells;
a first switching fneans for selectively coupl ing said first pair of bit
lines to said sense anplifier,said fjg st-sw tchi ng means bei ng coupled to
said first bit lines and said sense arrpl ifier; a second pai r of bit

i nes‘k,coupl ed to said s—gggw gg_g,r gm.[;%ﬁ
sel ectively coupling sai econd pal oﬁ% | nes to sal sense
anplifier,said secontreshpinenPhditebineshmltiptersd enta 8 single se8s8d bit

lines and said sensea@mhéﬂ er'No -dbmmy cell¥ QEQ%\?B. OpedeR thel @dscRiBadar gl ng
said first and secon alrs %{‘ 3’%01’%2??5 onge Saldflrhag %st co

pairs of bit lines §ytou Yoo oérseeﬁw&‘?ﬁ’ %

first and secomd sw suﬂplylg:atentnsalmhd?eahrmméanermm sdhdes habf staed 30
one pair of bit lin S\t ing said
one pair of bit i ngéitf rorﬁgsense atrr%laeldf |'Sei£1%gsmsea sense arrpq"i"ﬁljg*?4 senses
data from said one netheryhaldl are westaried durisgtanptherperingd of tnea in said

menory cells is 35 achi eved where said bit line pairs are selectively

coupled to said sense an%‘efler ] .
present application has been divided out of our

10 copending U.K. Patent Application No.8502632 in which
s there is described a metal-oxide~semiconductor (MOS),dynamic
random—-access memory (DRAM) comprising:

a first and a second plurality of memory cells;

a sense amplfier;

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

' ' 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;

20 a second 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 second
switching means being coupled to said second bit lines and

N said sense amplifier;
25 precharging means 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 switching means when one of said memory cells on said

30 one pair of bit lines is selected; '
said one switching means decoupling said one pair 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
35 achieved where said bit line pairs are selectively coupled
to said sense amplifier.



I n our co-pending U K Patent Application No. 8700440 there i S described and
- oxi de-, sem conductor (MOB) dynam c, random access nenory

g: 5 _ a first pair of bit lines; a plurality of
pled to said first pair of bit lines;. a sense anplifier
first pair of bit Line, said sense anplifier includinrg

ced 10 capacinbfs whi ch recei ve signals during sensing,
sai d i nbal anced capacitors providi ng conpensation for parasitic coupling of
irst pair of bit lines; restoring means for selectively_

i al s 1 our e@:pmﬂgfvmtm.&aht pliicatibmap.during a

P&&ﬁ%iﬂ&rﬁl Baldi(lﬂglgf R’ g; | 1 |'n§gﬂ¥3_g pr echar gi ng

BBwer supply
potential used byo;inahdﬁﬁﬁht Qos) dyna:icthnnﬂtghaaqahnvnnhdzyninnmn)ﬁ

cl aijgd a netal
(DRAM conprisin
menory cells cou
coupled to said
pai rs of inbalan

signal to said f
restoring potent
read/ store cycle
means for precha
signals on said

U. K. Pat ent pli

to said first

10

15

4ﬁyr of bit lines occurs. In our co-pending
ca on

pair of bit lines;
& sense anplifier coupled to said first pair of bit

lines, said sense amplifier including pairs of imbalanced

capacitors which receive signals during sensing, said
imbalanced capacitors providing compensation for
parasitic coupling of signals {0 said first pair of bit
lines;

restoring means for aelectively reatoring potentials

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

25

30

35

said DRAM;

vhereby improved sensing of signals on said first
pair of bit lines occurs. -

In our co-pending U.K. Patent Applieation No.
8700441, there is described and claimed a metal-oxide~
semiconductor (MOS) dynamic, random-access memory (DRAM)
comprising: :

a first pair of bit lines;

& plurality of memory cellas coupled to said first
pair of bit lines; '

& sense amplifier coupled to sald first pair of bit
lines; B
rostoration means for seloctively restoring
potentials on said first pair of bdit lines during a
read/atore cycle, said restoration means coupled to said
bit lines, said restoration means applying a potential
approximately equal to the pover supply potential to one

of said lines while coupling the other of said lines to

ground potential;

. 8700441, there is described and clained a
met al - oxi de? semi condudidast (pads) ofyhidilinesandom access menory (DRAK) 25

conprising: a first paipluehlPiy Jfi Rédery? dihibabidpledl wemrmfﬁsb&s coupl ed

3



pair of bit lines; a sense anplifier coupled to said first pair of bit 30
i nes; restoration neans for selectively restoring potentials on said first
pair of bit |jnes during a read/store cycle, said restorati on nmeans coupl ed
to said bit lines, said restoration means applying a potential 35

approxi mately equaL to the power supplyépotential to one of sai.d |lines
whil e coupling the"other of said |linesYto ground potential; 3434 pr echar ge
means for precharging said pair of bit lines to a potential approxi mately

equa:LtE}S onedh?If ;sai d mnefhmqo mepns of can prabhargling 'p?amhu:lgeoﬂem

coup sai irs nory
cycle, to cause char%ngJ 3& S%Jdtoh't@ﬁf +ﬁ§%%mtﬂg gqsfn%,a g‘i?;]d to
bring said pair of ®eid [powes t%lmélrdpptﬂ!éﬁtlﬂ-al saish prechexgs ynequal to
one-hal f said povergsifiing s@ieFirdl. §ﬂprogbu@ iﬂuapweétm&@ch' eved.

1. A net al - Qxi de- sem conduct or nam c, random accesa menory.
(DRAM) conpri ng an raqtdwe pepory. G¥4 frdlf1°s°GF’2)|qh‘F$ﬁEs°“ said pair of
bit lines to be divided and to bring said pair of bit

lines to said potential approximately equal to one-half

said power supply potential_.,
vhereby a low power DRAM is achieved.




a plurality of nmenory cells coupled to said bit 5 | i nes; a sense
anplifier; multiplexing neans for selectively coupling one of said first
and second pairs of bit lines to said sense anplifier, said nultiplexing .
neans cpupled to said first 10 and second pairs of bit lines angd said
sense anmplifier; first and second restoring neans for selectively restoring
potentials on said first and seco %lpairs of bit lines, respectively,

during a read/rostore cycle said restoring neans coupled to said pairs of
bit lines; 15 : - said flrséggggisecond restoring noeans being
separately activated at differen e sequence for restoring potentldF§ on
said first and s&cond mrtat—oii&n—hehlcmamt:oﬂl (N0S ) dynaniee,s randewebhy

current peaks fo mmé‘% ﬁmﬁ ~ The DRAM defined by cl ai m
1 wherein both Séld restori nea ﬁ%?(f%gggected for witing into said
DRAM 25 3. The DNAmaendnascpydcrlmn of btk diimessi d sense anplifier
~is fabri cat ed from deyipaasaPity df hsﬁoﬂ)%gghl ¥ (?hhygg S4¥d p3kd restoring

nmeans are bric ted fromtransistors of a second conductivity type. 30
4. The def %"by claims 1 or 3 including pre-.charging nmeans to
precharge sai d pairs sisehisé smpkifiepsone-hal f the power supply potenti al
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salid first and second pairs or bit lines to said sense
amplifier, said multiplexing means coupled to0 said first
1o and second pairs of bit lines and said sense amplifier; Y
' Ifirst and éecond restoring means for selectively
restoring potentials on said first and second pairs of
bit lines, reape’ctivoly,' during a r’e&d/restoro cycle
said restoring means coupled to said pairs of bit liness
15 ~sald first and second restoring means being
separately activated at different time sequence for
restoring potentials on said first and second pairs of
bit lines at different timess
vhereby current peaks for said DRAM are reduced.
20 -
2. The DRAM defined by claim 1 wherein both said
restoring means are deselected for writing into said
DRAM. </

25 3. The DRAM defined by claim 1 vherein said sense
amplifier is fabricated from devices of a first
conductivity type and said restoring means are fabricated
from transistors of a second conductivity type.

50 4. The DRAM defined by claims 1 or 3 including pre-
charging means to precharge said pairs of bit lines to
one~half the power supply potential used by said DRAM.

5. The DRAM defined by claim 4 vherein said first and

35 second restoring means causes one line from said first
pair of bit lines and one line from said second pair

of bit lines |
A 0 T




pair of bit lines and one Iine fromsaid second pair of bit |ines to be
charged to said full power potential and the other line of said first and
second pairs of bit lines to be coupled to ground and wherein said
prechargi ng means coupl es said lines together. 5 6. The DRAM defi ned by
claim 1 wherein -said second pair of bit Ii nes are selectivelg coupled to
conpl ementary i nput / out put |ines. 184 7. The DRAM defined by claim1l
wherein said sense anplifier includes pairs of inbalanced capacitors whi ch
recei ve signals during sensing, said inbal anced capacitors providing
conpehgation for parite becchasaed itagsaid Sulipbwer poteritdabiand) theeothar 8.

The nenory defined bylﬁie%f“s%x&*ﬁrﬁtrhrﬁab&:;nhrﬁéirg%ﬁ‘ﬁﬂ'l\i'nEé‘ do/Be 1S

p-type and second conductivity type is n-type.
coupled to ground and wherein said prechargmg means

couples said lines together.

5
6. The DRAM defined by claim 1 wherein -said second
pair of bit lines are selectively coupled to complementary
input/output lines.
1o 7. The DRAM defined by claim 1 wherein -said sense
\U amplifier includes pairs of imbalanced capacitors which
receive signals during sensing, said imbalanced
capacitors providing compensation for parisitic coupling
of signals to said bit lines. .
15 _
8. The memory defined by claim 3 wherein said first
conductivity type is p-type and second conductivity type
is n-type.
20
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