2154821 -1- CMOS DYNAM C RANDOW ACCESS MEMORY W TH ACTI VE CYCLE ONE HALF
PONER SUPPLY POTENTI AL BI T LI NE PRECHARGE BACKGROUND OF THE | NVENTI ON: 1.
Field of the Invention. The invention relates to the fiel foSe conductor
dynami c ries. 5 2. Prior Art. Metal-oxide-se ao:p (OS)
and com@gnt ary MOS (CMOS) dynam c random access nmenories (DRA

continue to increase in density from for exanple, the 1K nennrles of the

late 1960's to the currently-used 64K nenories of today. The descri bed 1045,

invention is realized in a 256K CMOS nenorysl-al t hough the i nventive

concepts described may be utili ot her si
typical ly menoCYoRHY Méﬁc‘?‘f“{?f’“wﬁg‘é ] IZI‘IEIL N%ﬁét gﬁ% POWER
| atch-1i ke sense anplifier. Dunmmy ceIIs restore circuits, and

capacitor are

architecture g # S are commonly used in current DRAMs.
The capacity ogggﬁﬁw@g'égﬁgﬁglgbkn 10K be i ncreased by enpl oying nore
menory cells. But unless higher density 20 fabrication i's used, that is,
smaller cells, etc., the hlﬁger capacity menories are not suited for high
vol une product i on bedausBlelk 9 n&P%a%‘bch"é‘ErBEtrate area decreases yi el ds.
There is, thus, alwa t SARN k. kh e nmenory
cells. However, as t?%ecgﬁ aﬁoe % srra Iréfrge hﬁlele gt&oge %gggég&hcharge
and it beconelynasi€ akmoghys di ffICU|t to sense the binary

a

o 05 2. Prior Art.
Mefa1-oxide-semiconductor (MOS) and complementary MOS
(CMOS) dynamic random-access memories (DRAMs) continue to increase
in density from, for example,'fhe 1K memories of the late 1960's
to the currently used 64K'mem9r1és of today. The described
10  invention is realized in a-256K CMOS memory, although the
inventive concepts described.may be utilized in other size
memories.
In DRAMS, typically memory cells each of which include a
single ¢transistor and capacitor, ﬁre coupled to bit lines. Pairs

15 of bit lines extend from a latch-like sense amplifier. Dummy

!

cells, restore circuits, and archifeéture employing folded bit
lines are commonly used in current DRAMs.
' The capacity of an MOS DRAM c¢an, 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 are# decreases ylelds. There is,

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

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

25 charge and it becomes increasingly difficult to sense the binary




22- state stored in the cells. It is easier to sense a snaller cell if the
bit |line capacitance i.s reduced and this can be achieved with fews ells
Qn the bif lines allowing themto be shortened. On the other hand ere
greater array efficiency is sought, it is 5 hel pful if nore cells are
pl aced al ong each of the bit lines. Using shorter bit lines require nore
sense~anplifiers, consequently, some of the increased density gained by
using smaller cells with shorter bit |lines can be | ost because of the

addi tTonal sense anplifiers and rel ated peripheral circuit (e.g., 10
decoders). One prior art suggestion, although not conmrercialized, is to
multiplex pairs of bit lines to a single sense anplifier. This technique,

in thoery, permts use of the _shortened bit Lin j t requi {4
addi t i onal sen§?%ﬁrﬁtf’f'?‘£r ; %?ﬁecep]#@sten#)l eals%?/rentﬁ g%yéeerrpal %ﬂ%“ﬁ%ﬁs‘:en
techni que, but i?oéhé. Bik hﬁﬂ@:&?ﬁﬁcfﬁ%@ei £s LARAuBEE OdndPthis Féin bEShémiGyedW th

the present invention, as w be seen, there is a decoupling of the bit

| i nes from t heysenstewanpeeXlisconwtien éniimes eddaving [thenotre her shortaned.
DRAMs, bit lines are precharged to the 2

full ti,al
for exanple, fPpetRather hapd,; gagxe glrﬁégfﬁ tarﬁfﬁegpﬁéegﬁg%%gg t8 %Eg’ 1t 1s

reference pot egbh ghySUeNngte AN sl 41 RANELA SulRREY o0 ST kBé biEhasses.
pr echar gi ng techni ques are used both with and wi thout dumry cells. An

obvi ous advant ageng Gsholraegi bit tldnes erdyalife tivrepserse amppliiers.ential is
e Ty ety ome o el okread WEL1 e F210E 6y AsEPEr Of
prQELenB Wi t h consequently, some
smaller cells with shorter bit lines can be lost because of the
additionél 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. The present

15 invention employs this tedhnique, but not in the manner used in
| the prior art. For instance, with the present invention, as will
be seen, there is aldecqupling of the bit lines from the sense
&'j amplifier when sensing occurs. '
In some prior art DRAMs, bit lines are precharged to the
20 full power supply potential, for example, five volts. In others,
the bit lines are charged to a referenée potential such as half
the power supply_potential. These precharging teghniques are used
both with'and without dummy cells. An obvious advantage to
charging to one-half the power supply_potential is thgt the memory -
25 consumes less power. However, there are a number of problems with

this system. In one case, the bit lines are precharged during an

inactive cycle. The power supply potential can vary between the



this system In one case, the bit |lines are precharged during an inactive
.cycle. The power supply potential can vary between the -3- time of the
prechargi ng and the actual sensing and this variation causes difficulty in
sensgg..~ Another problemw th precharging the bit lines to half the power
sup potential is that poor perfofmance results when the 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 g
conbination with the nultiplexing nentioned above. Not only is |ess power
consuned, but also the peak currents are reduced with the present

i nvention. For recent discussions of DRAM technol ogy, see (1) "A 9ONS 10
256Kx| B DRAM Wt h Doubl e Level AL Technol ogy", .ISSCC Di gest of Techni cal
Papers paggfe2@f-th27/préctiargif@landthélidtual Tserdingl and 29hisAvEAidriGHOS RAM',
| SSCC Di gest of Technical Papers pages 258, 259, Feb. 1982, by Konishi, S.
et al, (3raugeyCNSIiPEhtiDdRspessiages Dloqfgher| mxbdem with nyecherginec 4he

Papers pa -57,. F 3 -15_Chwan - et.al: (4) "A 100 ns 5V
Only 64K gﬁ% ?/?%B tﬁa?ﬂ’?lcf Ij:&%l p"‘fb‘}éEé“B% Warﬁqbgglgolﬁsdygfétgém@ rcuits pp. .
839- 845, \WirfoMfanke rébubts PBéObEle HOREr yupPhRNpotbntehl als 1300 (Wtn"A
5V-Only 64K Dynam ¢ RAM Based on Hi gh S/ N Design”, |EEE Journal of

Sol i d- SPattdechesgribedpinventioy, thesbitslings are ¢hargsd, to dudfpthenoNes, H.
et al. éﬁ%bly potential in a unique way and in coﬁbination with the :
multiplexing mentioned above. Not only is Iess'power consumed, but A
aiso the peak currents are reduced with the preseht invention.

For recent discussions of DRAM'technology, see (1) "A 90ONS

10 256Kx1B DRAM With Double Level AL Technology", ISSCC Digest of
Technical Papers pages 226-227, Feb. 1983, bj Fujii, T. et al; (2)

"A 64Kb CMOS RAM", ISSCC Digest of Technical Papers pages 258,259,

Feb. 1982, by Konishi, S. et al, (3) "A 70NS High Density CMOS
DRAM", ISSCC Digest of Technical Papérs pages 56-57, Feb. 1983, by

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

October 1980 by Chan, J. et al; and (5) "A 5V-Only 64K Dynamic RAM R
Based on High 8/N Design", IEEE Journal of Solid-State Circuits p.

846, Vol. SC-15, No. 5, October 1980 by Masuda, H. et al.



SUMMARY OF THE | NVENTI ON: A et al - oxi de- seni conduct or (NOS) dynanic

random access nenory (DRAM is described. The nenory includes a first and a
second plurality of nenory cells associated with a sense anplifier A
first pair of bit lines are coupled to the first cells and a secon Lﬁ“of
bit lines are coupled to the second cells. Afirst swtching nmeans permts
sel ectd ve coupling of the first pair of the bit lines to the sense
anplifi.er and a second switching neans pernits the selective coupling of
the sécond pair of bit lines to 10 the sense anplifier. Precharging neans
and a restore circuit are also coupled to each pair of bit Iines. One of
the first or second pair of bit lines is cougled through its respective
switching neans to the sense anplifier when a nmenory cell is selected al ong

that pair of |§wg§mm§mans decoupl es the sel ected pai r of 15
bit lines fromthe sense a Ii er when anplif.ier ns to_sense
the data fromthe rrenﬁr'fﬁt@ge 71 SeRac 'U*‘Pgﬁ éF[%r) ag?'f'%jtf 5?’8%‘?‘??&"8?5 t he
i nput / out put | pOgSJ RDRAM) TeNMBéscAlbedY e ﬁeuaé,ecinwu@ég % 20psPaina @f the
biit lines. The |rst and second switching neans are used to transfer 20

data from one paccrnd)blbrililtwnes mem&hecolﬂﬂeasswialﬂedv\mﬂe ac sapse rappdiftena
to the input/o ue as t th r.ese I nvention
is that the gt cﬂgﬁﬁfb\%g hie{"@ﬁ % T]PP §8§ V’att@ﬁ ?{)ﬁP teﬁ(?gif)aﬂ'"rd & bit
lines and are deagld %@l £ AW NP1add tai'ggcoﬂllgﬂrtésﬁfectsécmd tdag18! e reb

I nvention are set forth in the detailed description.
khf switching means permits selective coupling of the first pair of the

bit lines to the sense amplifier and a second switching means
permits the selective coupling of the second pair of bit linmes to
- 10 the sense amplifier. Precharging means and a restore circuit are
| also coupled to each pair of bit lines. One of the firstior second
pair of bit lines is coupled through its respective switching means
to the sense amplifier when a memory cell is selected along that
pair of lines. The switching means decouples the selected pair of
15 bit lines from the sense amplifier when the sense amplifier begins
to sense the data f:om the.memory cell.
In the currently preferred architecture, the input/output
ot lines in the memory array are coupled to only one pair of the bit
lines. The first and second switching means are used to transfer
20 data from one pﬁir of bit lines to the other to allow the coupling
of data to the input/output lines.
Another unique aspect of the present invention is that the
restore circuits are separately activated for each pair of bit lines
and are deactivated during writing. Other aspects of the present

25 invention are set forth in the detailed description.



BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a plan view of the invented
menory used to describe the general architecture. Figure 2 is an e|ectrical
schematic of the presently 5 preferred nenory cell, bit lines, sense . .
anp yer, restore circuits, multiplexing neans and interconnection of the
bi t hes-to the input/output lines. Figure 3 are timng diagranms used to
descri be the operation of the circuit of Figure 2. 10 Fi gure 4~
illustrates the sense anplifier of Figure 2 redrawn for purposes of
expl anation. Figure 5 is a diagramused to describe potential |evels in the
circuit of Figure 4. Figure 6 are wavef®rns used to describe current peaks
with 15 the invented nenory. -6- DETAI LED DESCRI PTI ON OF THE | NVENTI ON:
A et al - BRIER-DESCREPTIONC DB THRVIDBRAWHNGHM ¢ random access nenory (DRAM is
described. Inthe follow ng descriptron, numerous specific details are set
forth such as specific arrays, nunber of 5 cells, etc. It will be obvious
to one skilled ipg. It ot tsl i on. practiced

W t hout these 5525}’%‘?? 3e't ai *?n Ivﬁg‘(')%t:ftilgné %‘é&gg 'g%ét{;l%yl%%%\i/\m{oci rcuits
associ at ddseiride PRAMgermirall archideeders, etc., are not illustrated in order
not to unnecessarily obscure the present invention. 10

OVERVI EW OF PREFERRED EMBODI MENT

Figure 2 is an electrical schematic of the presently

5 preferred memory cell, bit lines, sense amplifier, restore circuits, —
L

multiplexing means and interconnection of the bit lines to the

input/output lines.

Figure 3 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 used to describe potential levels in

the circuit of Figure 4. R

Figure 6 are ﬁaveforms used'to describe current peaks with

15 the invented memory.



In the currently preferred enbodi ment, the DRAM i s fabricated enpl oying
CMOS t.echnol ogy. In particular, the array is fabricated in an n-well using
doubl e pol ycrystal line silicon (polysilicon) technol ogy. The -
n-well/substrate junction is reverse 15 biased and acts as a mnority ".&
carrier barri-er which reduces soft errors induced by al pha partiq€$3§ The
overalyd structure of the cell is shown-in copending U S. applicatives;
entitled "CMOS DRAM', Serial No. 470,454, filed February 28, 1983, and
assigned to the assignee of the present invention. 20 In the
currently preferred enbodi nent, the nmenory is organized as a 256Kxl nenory.
Gate oxi de thicknesses (second | ayer of polysilicon) of 250A are used. The
cell s have an area of approximately 70 unf with a storage capacitance of
appr oxi mat el ILE -%E\&%O INPENEION)er s enpl oy a negati ve

"boost ed" potential which yields an average cell stored charge of
approximately 275fC. The bit line to cell capacitance ratiois

approxi mat el y 12-t oA mqtrdvéoxiidegsemiiaiudive tox){MOS) odynagdsi rapdoneaceesa de
operating range. 5 The nenory operates froma five volt potential and draws
an average cBeBeny; (BRAMIS AR %%T’gbg‘fanéﬂyﬂbﬁr&éﬁf"&‘ Idﬁﬂ‘.’pﬂ’ s cRarous

refresh ar T apoge Rt &éggisd.&t 3L9t ,Leg'egu% ua%pecJ & arPsid 2hembd W Ch

the entire nenory Is ricated I nc r redundant rows and col ums.
10 5 AceHas, etees Itf wiHs det bawildu8Ote . omer skbblesd lodthe tartr that the

accessing. The nenory enpl oys static colu circuits, thus permtfi a
fasger "RippPEﬁﬁﬁE&"i%éfiggafiT?’bgFuPﬁ? ged wihent 5&ﬁﬁ°e°p°°1£i° detaild.

In other instances, well-known circuits associated with DRAMs such

as decoders, etc., are not illustrated in order not to unnecessarily
obscure the present invention.

10 ' OVERVIEW OF PREFERRED EMBODIMENT .

In the currently preferred embodiment, the DRAM is
fabricated employing CMOS techndiogy. In particular, the array is
fabricated in an n-well using dodbie polycerystalline silicon
(polysilicon) technology. The n-well/substrate junction is reverse

15 biased and acts as a minority carrier barrier which reduces Qoft
errors induced by alph# particles. The overall st;ucture of the cell

W is shoun- in copending U;S;ébplicétion, entitled "CMOS DRAM", Serial Na.

470,454, filed February 28, 1983, and assigned to the assignee of
the present invention. '

20 In the currenfiy preterred.emﬁodiment. the memory is
organized as a 256Kxi memory. Gate oxide thicknesses {second layer
of polysilicon) of 250A tre'used. The cells have an area of

approximately 70 umz with a stér#ge capacitance of approximately



512.bits can be accessed mnth an access tine of approximtely 40nS. per bit
and with a reduced active current of approximtely 25mA. 15
ARCHITECTURE OF PREFERRED EMBODI MENT The 256Kx1 organi zation is reallzed i*n
presently preferred enmbodi ment with 16K arrays 10 as shown in Figure 2.
T arfays 10 are paired and each pair is separated by a row of sense
anplifiers 14. The restore circuits 16 are fornmed in rows general |y 20",
parallel to the sense anplifiers at the outer edges of each pair of a?¥ays
10. The columm decoders and data input/output lines are fornmed in the
el ongated central portion 12 of the nenory/~All -data transferred into and
fromthe arrays occurs through these centrally disposed input/output |ines.
The out er Sa£FaysTheowordii Haeedri térs bapLdy iapUgd DD thobstd® bttt he bit
lines of the inner arrays as will. be described in detail in conjunction
with Fi gu@igh vields. “rh?evqr&ﬁﬁd@ﬂddéﬁer%wmsa of noPUP*inately 2THEE.f or ned
In two hory,z0 I n d a es The
TEOBLE LIRS ool RN HIBBERIAMNE USRS S 200008 T

perlpheral circuits, part, are

These i nclpideitbeg |anpeoﬁ\ouii}guh1 bdr @enSind Qﬁedai audehepérmfnfgeume f or
addresses and tim ng gnal s such as the standard RAS/ and CAS/ signals. As
i s comonl ThegBRROTY t?@gé"'fﬁﬁ fIZPR §ridVedBokty potgntiad angndrawsoa| a%eName ng.

SENSE AVPL] JZrleRe Wﬂsﬁh%ﬂﬁa%@mg%s}%%%gﬁgl&'  B58Uitfe1% rkﬁf edil S Of |

bit lines, lines 23 an are selectively coupl ed
to the serwaaspherit éis ﬂeed tetodghetvalsspft 4w 3Thashts2ratespeshisiel the '@e

bit |ines 23 and
ntire nmemory is fabricated includes four redundant rows and

columns.

10 Access times of less than 100ns. are obtained with row
accessing. The memory emp;oys static co;umn circuits, thus
pe;mitting a faster "Ripplémode" (a static column mode) access where
512 bits can be accessed 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 presently
preferred embodimeht with 16K arrays iO as shown in Figure 2. Thé ::}
arrays 10 are paired #nd,each pair is separated by a row of sense
amplifiers 14. 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 centfal portion 12 pf the memory. All data
transferred into and from the arrays occurs through theée 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.



24 are connected to the conplenentary. input/output |ines 40 and 41 through
transistors 43. These transistors are selected by the col um decoders. For
purposes of explanation, the bit lines 23 and 15 24 are referred to.gs t he
inside bit lines (BLI and BLI/) and the bit lines 25 and 26 as the@&de
bit |ines (BLO and BLQ'). The designation inside and outside represents the
bi t I|ne pairs' position relative to the- |nput/output | i nes and sense
anpl jer 30. (Note the designation "left" and "right" nay create
anblﬁﬁ]tles 20 since the left and right Iines would be reversed for the two
pairs of bit lines extending to the other sige of the input/output Iines 40
and 41, shown as lines 54 and 55.) The senSe anplifier 30 includes a pair

~of cross coupl ed p-type Mwaaééo%éarssaamcw‘raunf@ma@wm a8 @F§Bfbrke@Mn two
p-channel transistor-like structures. The 25 anplifier receives a sense

anplifier strberizogts) bandgal Dpel; §°Ecﬁﬁ9BHP§/s (AFEd uGpd Hopfhsse rads. The
anplifiers. | h e I S

conj unction ﬁ?ﬁf@?gﬁi e&}.cq;'t; q°§. Eﬁﬁlﬁygl #”u""eofﬂ'k‘é c}‘%:ég ‘(E':\'gnﬂrtllgctﬁtjgédﬁJ
each of the bgo. ! iThese ﬂaﬂlndeetlie dapptfcagputt HYuffesing dlbrsdctn,asl:hbr ansi st or
36 and a storage capacitor such as capaC|tor 37. Word lines in thg Q%ra%
sel ect a si Aighefteriagi fox addressam ppd  timing slenals,sush 28 the Staghagy, RAS/
paiv) 5 for 'Eadlidiey Wddd1d9 Ok 3 EGRMAIG- ol © 1908 WiIBFefE) provdiE 1L to
enpl oyed along the Dit Tines. Transistors 4s and 46 recelve the precharge
si gnal and pruoS deighal pewedhanpttimgef the bit lines. In typ| cal operation,

after restoration, one bit line is at the full power &D %
Mot SENSE AMPLIFIER MULTIPLEXING AND RESTORE CIRCUITS

In Figure 2, two pairs of bit lines, lines 23 and 24, and
10 lines 25 and 26, are selectively coupled to the.sense amplifier 30
through transistors 33 and 32, respectively. The bit lines 23 and
24 are conneéted to the 6omp1ementary input/output lines 40 and 41
through transistors 43. _These transistors are selected by the
column décoders. 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 bif line pairs’
position relative.to the input/output iines and -sense amplifier 30.
{Note the designation "left" and "right" may create ambiguities
20 since the ieft and right lines would be reversed for the two pairs
of bit lines extending to the other side of the input/output lines
40 and 41, shown as lings 54 and 55.) The sense amplifier 36
1n¢1ude§ a pair.of cross coupled p-type transistors and four
capacitors formed from p-channel transistor-liké structures. The
.25 amplifier receives a2 sense amplifier strobe (SAS) signal as is
commonly used with DRAM.sense amplifiers. The operation of the

sense amplifier is discussed in detail in conjunction with Figure 4.



10 potential (five volts) and the other at ground. Thus, lines 24 and 25
-may be at five volts and lines 23 and 26 at ground. The prechargi ng signal
causes transistors 45 and 46 to conduct, the charge on the bit line pairs -
is diy e'd and the bit lines are brought to approxi mately half the power
suppl’g:etentlal for 15 instance, 2 1/2 volts if the power supply
potential is a fuII five volts. Since the bit lines are only changed to 1/2
the supply potential the active power is reduced by approxi mately a f aetor
of 2. During this precharging, transistors 32 and 33 conduct, assuring that
the nodes within the sense anplifier aré&al so precharged to 20 this one
hal f VCC potential. (In actuality, the bit lines are above 50% of the power
supply potenti al re is some.i nherent bootstrappi ng which

é, .g.,.at 3_50/% TH
occurs fromthe % gf‘g’%“&v PEUFELIS IS sPuapctRd topach afctheadigciinasy wit h
the junctdaQmSchfl HdRpkidefla @?uﬁbist@?ngﬁéﬂ”lsolriggféqgg)36-glds Vé%ﬁfiklon

fromthe 50% figure is 25 process dependent A'restore circul
coupl ed teapabétendschf as mapaict tor 189S Wordl.(lina‘é anchebarruy seledtird y, a

49 d he ends of bit | 23 and 24. Each
of “the r CUPELE ettt K rrREUe tpopte o hEITIBPRAL PRSI

transi s§ ofcr réR@LAESWeLf1dE lorUkbeAEniAEl UdRtel héRimdlyOke PIL WRECH coupl es

the cross coupled transistors 5 to ground. Simlarly, the restore circuit
48 i ncl ucemployahstiongr the bt dhnesupl es the pa| r of cross coupl ed

transistors in c;ntcw s 4? qrqu gl.reAs "9" be .descri begl i n detail, -
transi stors 50 anaaqssf ?n‘% g estgfé %l? SuPT &R eEn g ﬁ'gﬁt ('Smée o/
Separate|ﬂbéVﬂdbvﬁéfﬂbrecharging of the bit lines. In typical operation,
after restoration, one bit line is at the full power supply
10 potential (five volts) and the other at ground. Thus, lines 24 and
25 may be at five volts and lines 23 and 28 at ground. The
precharging signal causes transistors 45 and 46 to conduct, the
charge on the bit lihe pairs is divided and the bit lines are
brought to approximétely 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 changed to 1/2 the supply

potential the active power is reduced_by aﬁproximately a factor of

O

2. During this precharging, transistors 32 and 33 conduct, assuring
that the nodes within the sense amplifier are also precharged to

20 this one half VCC potential. (In actﬁality, the bit lines are
above 50% of the power supply potential (e.g., at 55%). There is
some inherent bootstrapping which occurs from the restore circuits
and also the capacitance associated with the Junctiéns 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

[N Y



This distributes the current consuned for restoring the bit lines 10into
separate periods, thus.limting the peak current. Al so, the waveforns used
. tp active the transistors 50 and 51 cause these transistors to condugct
gradual |y, further reducing current peaks. GENERAL OPERATION COF T ,RCUI T
OF FIGURE 2 Before referring to the detailed timng diagram it w¥Yl"be 15
hel pfyl to have a general understanding of the operation of the circuit of
Fi gurxee/'lz.’ The circuit operates differently dependi ng upon whether data is
beingread fromthe inside bit lines or outgide bit lines. Assume first

that data is to be read fromone of the outside 20 bit lines, for exanple,
fromthe cell rhsi ISL0r C Lt o 7. Liially

transi stor paﬁfgquéin%qsghg{;%!ﬁ%t’,age(fqtggee %&%@hgriggl ﬁ'gs f#%%éldgttérgh%?ngﬁd
46 al so condusf .théhbst QAdees23 hadsease Easpl of ithe ROSRTreaBirdits pomprisels
bit lines to be held at the sane potential, approximately 1/2 VCC. Next,
transi stors 38 PATapfl aREspsieAgPTtRe ARtneksirEss Thed TaBtORS: Cinewly 45 £ .
The word |ine;j I =nCaHs. IS0 tQ ¢ e
25 10 be of t P ARErARLRLEE SO BEL b ROT He"brills | BaBRY MiRndfdeddd”
reduced. (Gpesiground/ Siaibsrly,l theé paitepei eédrcuitges8 imélades)\frandistor 51
| mbal ance i s caused by the charge fromcapacitor 37 on the netal bit |ine

25 and the noBEERoLORRkess EhcPriFpLL PRASSGOURIRD (TaRstatosssin eigcult #hde
of f and sens'g&u‘ﬂtdt.h'ﬂs t‘ﬂqlsggs&s %é{'ﬁir a8t QQQHﬁéxstloQP%dé 3l ¥y this
sensing occurd W th nelther pair of bit 1ines being connected to the sense

? 'Ii-fiher. Af pé¥miteBRé NELsBGBE ! Sirclul 88548 aadS48 3 ®BUEeparatBey adivhted. dat a
romrt he ’

This distributes the current consumed for restoring the bit lines
10 into separate periods, thus limiting the peak current. Also, the
waveforms used to active the transistors 50 and 51 cause these

transistors to conduct gradually,.further reducing current peaks.

GENERAL OPERATION OF THE CIRCUIT OF FIGURE g

Before referring to the detailed timing diagram, it will be
15 helpful to have a general understanding of the operation of the '
circuit of Figure 2. The circuit operates dittereﬁtly depending
upon whether data is being read from the inside bit lines or outside
bit lines.
Kﬁz Assume first that data is to be read from one of the outside
20 bit lines, for example, from the cell comprising traansistor 37 and
capacitor 37. 1Initially, both transistor pairs 32 and 33 conduct,
and the precharging transistors 45 and 48 also conduct. This causes
the sense amplifier nodes and both pairs of bit lines to be held at
the same potgntial, 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



capacitor 37 is thus transferred onto the outside bit |ines where it can be
transferred to the I/Olines 40 and 41. (The specific timng 10 is,

di scussed |l ater for these events.) A restore signal is apptied to . s
transi $5@3 51 to restore the inside bit lines. Transistors 32 are also
caused %o conduct again so that the data sensed by the sense anplifier 30

is transferred onto the outside bit Iines. The outside restore circuit 48
is activated by the application of a 15 signal to transistor 50 restorig
the outside bit lines, thereby returni ng capacitor 37 to its original

state. Therefore, when data is sensed ohtan outside bit line, it is first

Lranst of ka0 B diake B tacbkDE { HunfOURdGal ot e | BPUL/ gput 11 nes.

The inside bit lines are restored r st 't fati on of

t he out sideinbaflahe@chs céﬁseﬁrﬂayl’mhletdﬂﬁtrgdatﬁom Scabecbebxseﬂssxd @lePRdtine
inside bit line 24. Once again, initally both transistors 32 and 33 are
on, and %En”t“ﬁezf‘r‘a"rﬁ’s|t§Fo?%de@5°én3‘§1@eé§ﬂdmnnf&ﬂ 3he BPY |ines and the
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the precharge signal goes transi st are turne wor d
line i s aotoanirad, ImpuritagtLharthest seddiay ocdursOwits aisiither Dpdid iope 24.

Then, transistors 33 are turned off -12- and sensing occurs within the
“anpl i fi eP1301WSaBH‘P%szPBﬂ°'Eﬁd ttﬁet’ees,@g}‘se Rl fieRns| Afiter ssgsiage agai n
turned o f’ %Lfi‘si&oﬁfsagéfg&{dﬁﬁtom fiﬁ%daﬁgtaf‘]rr$§ tpgnsistors 43
conduct (affer’restorin entr al ese nes e inside bit

lines ar eaﬁaemaediélm ttaisi’re_;-rbd amsuostné Sonii:%iaéebai danpervlerecdtt 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. Transistors 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 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 outside bit line, it is

first transferred onto an inside bit line fof coupling to the

<

input/output lines. 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 a1§ng the inside bit
line 24. Once again, initally both transistors 32 ﬁud 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 from the bit line 24. Then, transistors 33 are turned off



¢onduct, allowing the outside restore circuit 48 to operate as part of
precharge cycle. As was the case with sensing fromoutside bit lines, the
|n5|de bit lines are isolated fromthe sense anplifier before data 10 from

......

one of these lines is sensed by the sense anplifier. Sinmlarly, one: pai r of
bit lines are restored at a different tinme than the other pair of bit lines
to assure that the current peaks are reduced. As is apparent fro gure 2,
the gense anplifier and cells 15 are all p- channel devices. The &&®s are
fabriTated in n-wells spaced-apart fromthe %glls continai ng the sense
anplifiers. The restore circuits and columm Sélect transistors are

n- channel tran siQ n [ ed 0 n t type
substrate. gé néev'\'/e f’g 'gcseulrg s conne%taem qt’%i?ﬁe d;g’gl ﬂ\’lﬁelcﬂﬁé\g? ?r%tgﬁppl y
potential . ) Bxsmy Ofynex MHAn8istdes f3g! ArdWRinStpiHed BR! S¥Hel @htHf1eV 'S
pl aced across capacitor 37 assum ng that the circuit 48'is set to char ge

capaci tor 37. trawpfexsed mtmeéia?% herdt thasesrinnistons ntd sonduety (after
approxi mately_3 vol.t

of charge ont 533?1%11"%0 tgpggn{i %gntl 11)"3%2 23’3’ ??%f{gok,ii {ﬁ'{as{]/gﬁgr

potential is 2pptéma tmr@ne latet | rﬁau/eiéﬁﬁéwezoimraws pévuieebgded 0 ground
during restoring. (Full Vcc is obtained fromthe SAS signal and - 13-

ground from cieredigts adlewineishe quisdder Beshorecpbranidd48 ot oparate ascpart

address and de ew;gc %rmg éﬂkf%nes of the transistors 32 and 33 are to renmnin
coupled to th&* P ge cycle.

U 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 peaks
are reduced.
As 1s 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 outéide the n-well, in the p-type
N substrate. (The n-well itself is connected to the positive poher
20 supply potential.) By way of example, the full power supply
potential of Voc 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 charge onto aﬁd‘from
25 capacitor 37 and like capacitors. A full Voo 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



sense anplifier after the precharge and prior to the sensing. Such 5
decoders are wel |l -known and nmay be simlar to those used for activating
dummy | oads, or dummy cells, in prior art DRAMs. It shoul d*be noted that .
[ a2 bit |ines are charged to approximately 1/2 V, there is no
transferring charge over transistors 32 and 33. 10
OF FIGURE 3 Referring to Figure 3, at the beginning of the active
cycle, the row address strobe signal (RAS/) as shown by waveform 80, dwéps
in potential. This initiates an actiwasrenory cycle. Follow ng the RAS/
signal's drop in potential, precharging occurs. This is 15 indicated by the

waveform_81. Unlike priqr art nmemgries, precharging occurs during the
active c g ar #rfio'sn 8@% ‘Bﬁgt 4%0’&"{39&%%55 time since decodi ng of addresses,
etc. is acconpl iguagdessirdrdlehpisyadl €6MHadi1Ae- eddtl Sa t |
precharge potential is refereﬁ%ﬁh to the currg%t ngféﬁﬁg?g g@%ﬁgqlﬁg sense
anpl i fi ewhdcBOonrs offetlsd civahsistos BAtddd BBeaps ewhaegiiy RGLES tNEdhbhen
drops as shomm‘§¥ ﬁgvefo m82. In Figure 3, the waveform coupled to the
gates of PERSIUIdEieRATter hhe Prochinge, 39d; Briqr psthe glessing g Spgh

Vavef 0k MaieB3daryl 234 #6E1-Kowh O MayUBd G1Mi 18P 'ithbEE Rida ebpes. 25
Initially both sets of transistors §2 and 33 are conducting then

transi st gedigating %FY]e’_ePadﬁf., oy cﬂmﬂeeleﬂf st Lanpstigiropst IRAMBLansi st ors 33
are turned on af{Lle 38031 0 iECHT $hadS L GRECHLPY1nes" dFs JHiEebd "G 861 AN

sonetine later, transistors arexhen turned .
approximately 1/2 V,,, there is no difficulty transferring o’

charge over transistors 32 and 33..

10 FAVEFORMS OF FIGURE 3

Referring to Figure 3, at the beginning of the active cycle,
the row address strobe signal (RAS/) as shan by waveform 86,'dr0ps
in potential. This initiates an active memory cycle. Following the
RAS/ signal's drop in potential, precharging occurs. This is

15 indicated by the waveform 81. Unliké prior art memories,
precharging occurs during the active cycle. This does not add to
access time since decoding of addresses, etc. is accomplished during
this precharging. This assures that the precharge potential is
referenced to the current VCC. Note that the sense'amplifier's

20 strobe signgl 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 for transistors 33 as T2.
Waveforms 83 and 84 are for sensing data on an outside bit lines.

25 Initially both sets of transistors 32 and 33 are conducting then
transistors 33 are turned off, followed by transistors 32.

Transistors 33 are turned on after sensing occurs as indicated by



*The word line potential drops to approximately -3 volts as shown by
waveform 85 to fully transfer charge froma cell. For the outside bit |ine
sensing shown, the potentials on these bit lines 5 are shown by waveforns
87. Initially, one line is at five volts and the other at ground, tfien

during the precharge period, both are brought to one-half Vcc. On ne
changes potential slightly when the word line is activated, the other
remai-ns at one-half Vcc 10 The potentials on the sense anplifier

node'sare shown by waveforns 88. Once again, one of these potentials are
initially at Vcc and the other at groundl4After precharge, the nodes are
equalized and there is a slight change on one nmode before sensing begins.
Sensi ng occurthesiénetfc SAS sometimerlater,| franaistera|32 age\\phey Juppegon.
represent the potentjals on the insid It lines. t hat_ as, pr.eylously
di scussed, even thou% v aoCel # % ng?’éc agd Sﬁp%ﬁté) 3?3%13213%1%{’{ Issl %8?,{3 tahsey

are not rest ogknUBY | wavditoeh 851&ocathl Me teufkPerfichaige Chiomdabyellne PoS ethen
potential in waveform 91, the restore signal for the outside restore

circuit. \Wavedtsideoblt(inp| sensiageshowmt thacpotestiels on Shese Ridr d1nes st

and line 92 shows_ th ep ' lof T en,. the. inside apd o Lde
restoring. 5Th’éteccﬁh8ﬁ§ b?el'%%?%%ﬁ&s%hal fﬁfiltlsiggy\fh%ﬁgt g’ﬁ J|]z§1s gg gﬁv(?wr%ggtlg and
wavef orm 93 sty tdthef dtergrblitd ] ndededieiigo the Spgitabrgée Sgeriiod , Piadthnaral .
Thus, the differential on the inside bit lines will be a full 25 Vcc. - The
data on the |b®ughtetojong-halNed bonediapoehangrs rakentiady 8} 84 yo5

[lustrates Wil LA G8ld tiie VAl ladt1thted) thBCoARYY SetlPith] At BndThe12C
“gekerated with well-known

VCC'

10 The potentials on the sense amplifier nodes are shown by
waveforms 88. Once again, one of these potentials are initiﬁlly at
Vcc aﬁd'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 the SAS signal rises in potentiai.

15 Waveforms 89 represent the potentials on the inside bit lines. Note
that as previously discussed, even though a cell is seleéted 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

K*; restore signal for the outside restore circuit. Waveform 90

20 illustrates that the 1nsidé restore occurs first and line 92 shows
the separation in time between the inside and outside restoring.
The column selection signal rises in potential as shown by waveform
23 shortly after the inside restore signal rises in potential.
Thus, the differential on the inside bit lines will be a full

25 VCC’ The data on the I1/0 lines is indicated by waveforms 94;
and, waveforms 95 illustrates when the data is valid.

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



-15- circuits comonly used i n DRAM. For this reason, the timng circuits

have not, heen shown. The timng signals for 'sensing on.inside bit lines are
substant |y the sane as those of Figure 3 with the differences 5 X
di scusse bove, particularly the timng for transistors 32 and 33. In the

presently preferred enbodi nent, during a wite cycle, no restore:circuits
are used. They are tenporarily deactived. The bit lines are driven di rectly
fromthe input/output lines shown in-Ebgure 2. This speeds up the wit
cycles. In the prior art, the 10 restore circuits are activated since there

'S N0 viayi Sfuideceuihddg LBEM 1\bhis N PBRCSRIY reBNSH! I3 tiRESE Circuits
can be selectively activated as they are during a read/restore cycle and
al so, boehkreditsuhete % been aghowdeacti vated as they are during a wite

cycl e.. SENSE Al F Th |ifier of Figure
2 has been red?/gLile ¢ IEg: %%BsEgéfhaefnséthmf H s?f’ﬁgbn’atn&?ggﬁrﬁ &nentary bit
lines (behhstmudmﬁmheouaﬁeom thbSe SO MighFe [IG18REhd QY PrerdriR@Ci tOrs 61
and 62 are coupl ed between the nodes 67 and 68 and simlarly, capacitors 63

and 645 aféserRfisledPORAnPRAtIHEST Lotk timheg pfath sRarsistoznsd2tamd 8B.is 20

coupl ed between no SAS naI Its
gate i s coupl ed 9 gﬁ% g.ggggll‘ér }%s#ggﬁeé gﬁggiﬁﬂ 8'&?&’%&& h8te 67,
one of &% redtEreaksrdul teOuPe aibedQ NOKLY G,Sea’e&lnﬁ&ermmfeakei%&alméo node
57. For reasons that will be expl ained, capacitors 61 and 64 25 have the

sane cap®dft bires ane dnkyesi dbrectdy fopmrite) lnpre/E3tpeR)lisesoskerme tnhe sane
capaci tange,, Q8 O de b?iéid RbLYed 27 96" ¢hd Caf@PRgLt an
of Cl1, by gpprom naq.pii% 1%?! ; ggE ¢ aﬂhw alpt %e b
10 restore circuits are activated since there is no way of decoupling
them. With the present invention, these circuits can be selectively
activated as they are during a read/restore cycle and also, both
circuits can be left deactivated as they are during a write cycle.

SENSE AMPLIFIER OF FIGURE 4

15 The sense amplifier of Figure 2 has been redrawn in Figure 4
so that both the true and complementary bit lines (both inside and
outside) are shown on the same level. Capacitors 61 and 62 are
coupled between the nodes 67 and 68 and similarly, capacitors 63 and
64 are coupled between these nodes. The p-channel tramnsistor 50 is .
20 coupled between nodes 67 and the node 57 (source of the SAS signal). N
Its gate is coupled to ﬁode 68. Transistor 60 has its gate coupled
to node 67, one of its terminals is coupled to node 68 and the other
terminal to node 57, ) '
For reasons that will be explained, capacitors 61 and 64
25 have the same capacitance and capaclitors 62 (Cl) and 63 (Cz)
also have the same capacitance. The capacitance of C2 is

slightly larger than the capacitance of C,, by approximately 5%

3



~16- in the presently preferred enbodi nent (the specific difference of 5%
I's not crucial to the present invention). Ideally, when sensing ei a
bi nary ome or a binary zero, the swing on the bit |ine should be gggsiane,
al thdugh in opposite 5 directions. There are a nunber of effects which
prevent this ideal condition. For instance, when the negative potential is
applied to the word |line, the capacitive coupling between the word |Iine and
bit Fine (e.g., gate of transistor 36 and line 25 of Figure 2) brings the
bit Mne nore negative. Also, the bit |line-gapacitance is not lo |linear
~with respect to voltage for a nunber of reasons such as the parasitic

capaci tance aiﬁoﬁ%@tp%gsw;{l@ fpbéféﬁgidcﬁmm&h%i ?H{ee @1 dlik ADSdne0b 5%
er e y

and 33. Anoth féect previously discussed I's at the actual precharge
potential on tiBendt teruchel tos thetpneseot shiwen¥C@iP. The capacitance of the
cells thenmselves is 15 also not linear with respect to vol tage There are

other effects which é&ﬁ%yﬁé\wﬁfi?ﬁ?sﬂf‘ﬁnﬂ%ri Be%’rn‘tfgnaf‘?!?fn 2R ERT Pake
(L diTTicult tReSepsg 8R! thePik! Fillish¥uftf de'§né Cldnes! &Peicugh® I fthost te

Briefly in Figure 5, line /1 represents | vol'tage on the bit |ines
after prechar gingetibas.svihereohre i awumbar o efifec twhi2h preyenicvehici ideel on
at section 72 indicates the pull on one of the bit |ines which occurs when
the word | i necpaditian,aFet instapcenshga the Megrilte Rotertind 1§ PBRLYEd *Por

this explanal Q. yorl'3168P e Bhsadiialvd! B 188 BLAWAC HORERS AL haltObyy

t he above-descri be ects anon hers. omordi nary ng o
addr ess si gnahinei te.gan pstdaifetramnsiGtor 36 amdl lise 125 be Pinaes2) wringist her
a tvue bit line or a _conplenmentary bit line. Assunme that a
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 source and drain regions
of transistors 32 and 33. Another effect previously discussed is
that the actual precharge potential on the bit lines is not
precisely V../2. The capacitance of the cklls theméelves is
15 also not linear with respect to voltage. There are other effects
which 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,'11ne 71 represents the ideal voltage on
\,/ the bit lines after precﬁarging. The éwing of this line in the ﬁore
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 bheing ignored for fhis explanation.)
The capacitors 61 through 64_prov1de compensation for the
above-described effects among otheré. From ordinary decoding of the
25 address signals, 1t can be determined if a cell ;s to be accessed on

eithér 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



cell along line 25 is to be accessed. A potential is applied to -17-

1ine 74 (not line 75). Since capacitor C2 is larger than capacitor. C, |line
67 is driven | ess negatively providing conpensation for the above-described
effecgy. This is shown by 73 in Figure 5. Simlarly, if a cell is selected

al ong'&he true bit lines 23 or 26, 5 the signal is applied to |line 75

causipg line 68 to be higher in potential than the other bit |ine providing

|'i ke conpensation. The capacitors di scussed above permt nore preci se W

adj ust rent than can be obtained from using H‘um’ry cells, especially where
smaller cells are enployed. Additionally they provide a D.C. 10 offset

whi ch i rrp‘r’d‘\?eg‘*gfﬂ‘ﬁ ahge c'{ﬁ*}pen§h‘!q€bﬁﬂph°b'€ﬂm cai i%cllﬂlrcns tiREDgEF N orN

CURRENT Pt,EIA‘K‘?‘ né:.;qlérﬁﬁ]t ree V\éaaﬁ_ are, own to ill str te the

di stri butTon 16F¢ 3 Fén At oceur e l?é'f’f’ é’ﬂ"ﬁ?/nﬁ‘“st PBsTYr dd®at one

time and {tiweotibeirivalif eftectaqt heii1d i1BEshdNC Byad®ith Fiberd B.RAS/ signal is

shown dropping in potential; this initiates an active cycle. During the

active cy3imilanhyl, Jdf er eexheisdagheqf@dvatmg thestorentbitnl bfesh 2Bf Ot &8 ,bi t

| i nes occ Lat and n, f.ac i n har RAS/
1 oos 5 OHIS mtERAT s ABSLIdU kBT h1ed W PRudig TRRRIE B B0 SuldBer e o
reduces pgetentilal etan ané &(bedl siflnubesr_&mﬁagl mgse daubé@éutidatrands into

two separate periods. Also, while not shown in detail in Fi gure 3, t he
signal's used to Eo¢iGPPRELltoRs ddSeuseed i2beVe (ReTHLE MNA@ASCHRR s furt her

reduces tEhE d%’%ﬁ%nGU{l{a%“E H'“lSé o 59%&1 rﬁ%oﬁé‘in%y%ﬁﬁy cH1gse és%‘é'l%ﬂf?s

reduce peak” currents vmt I'ng to access o/
- where smaller cells are employed. Additionally they provide a D.C.

10 offget which'improves gaiﬁ and compénsation in both directions.

REDUCTION IN CURRENT PEAKS

In Figure 6, three waveforms are shown to illustrate the
distribution of current that occurs singe half the array is restored
at one time and the other half at aﬁother time. Once again, the
15 RAS/ signal is shown dropping in potential; this initiates an active

cycle. During the active 6yc1e, and before the data is valid,

restoration of half the bit lines occurs. Later, and in fact,

during a pfecharge cycle (after RAS/ rises in potential) the other

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

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

activate the restore cifcuits are rampgd; This further reducgs the

peak current during both restore cycles. These techniques reduce

peak currents without adding to acéess time.



£18- Thus, a CMOS dram has been described which enpl oys two pairs of bﬂt
lines nmultiplexed onto a single sense anplifier. No dunmy cells are

enpl oyed in the described memory. The bit. lines are charged to one-half the
vol tage supply potential. Peak currents are 5 reduced since half the bit
lines are restored during one period of tine and the other half are
restored during-another period of tine. In our co-pending Applicatio
No.8z§Q439, di vi ded out ‘of the present application, there is. describ and
cl ai mred a netal - oxi de- sem conductor (MXS) dynam c, random access menory
(DRAM) conprising;, 10 a first and second pairs of bit lines; a
plurality of nmenory cells coupled to said bit lines; a sense anplifier;
~mul tiplexing neans for selectively coupling one of said first and second
pairs of bit lines to said sense anplifier,said nmultiplexing 15 means
coupled to said first and second pairs of bit1lBrnes and said sense
anplifier; first and second restoring neans for selectively restoring
potentials on said first and second pairs of bit |ines,respectively,during

a teed/restore cycl ensay d,raﬁg)kh.ﬂgeéﬂgﬁgﬁeﬁo&@&qbw widetl B@b1 ,of"pié‘e,]r;

i nes; 20 sald’first an restoring means bel ng separa
activated at off fofier tives mabtidpxedcentoon sitsgle isegesecimplitfhex. oNosdumhy | r St

and 9Cond D3l &3 a0ked dmm1bJER ' b’ SIS Tbed iy RIS L RO TO1

charged to one~half the voltage suppli potential. Peak currents are
— 5 reduced since half the bit lines are restored-during_one period of
| time and the other half are restored during another period o: time.
In our co-éending Application No.8700439, divided out of the
present application, there 15 described and claimed a metal-oxide-
" semiconductor (MOS) dynamic, random-access memory (DRMM) comprising;
10 a first and second pairs of bit lines;
a plurality of mamﬁry cells coupled to said bit lines;
a sense amplifier;
multiplexing means for selectively coupling ene of said first
" and second pairs of bit lines to said sense amplifier,said multiplexing
15 means coupled to said first and second pairs of bit linss 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'said restoring means coupled to said pairs of bit lines;
20 " said first end second restoring means being separately activated
| at differsnt time sequence for restoring potentials on said first and
second pairs of bit lines at different times;

whereby current pesks for said DRAM are reduced.



I n our copending Application No.8700440 ,divided out of the present
application, there is described and clainmed a netal - oxi de-sem conduct or
(M3S) dynamic, randomaccess nenory (DRAM conprising: 5 ° a first *
pair f:bit lines; a plurality of nmenory cells coupled to said first pair

of bgggflnes; a sense anplifier coupled to said first pair of bit *.

| i nesg”said sense anplifier inclyding pairs of inbalanced 10 capacttors
whi ch receive signals during sen$ing, said |nbalan- ced capacitors N

provi di ng conpensati 09q fSU Bas @%écﬁpég%@ rﬂﬂﬁ“ %J.L?da?ﬁl g f&fr Sie pair |

of bit lines; restorlng means res orin s on said

first pair of bit |dﬂb%§nt%bli&t§uﬁe%ﬂé§é qsedéaeskﬁedlénd claftﬁBﬂDE%ttaQ-sa'd

first pair of bit lines; and precharging neans for precharging said bit

lines to approxi rrat@lwelée’ﬁ.ﬂ:mdu&ewr(masp&wa@m e PdricRin-aticRds Memspy d DRAM
wher eby i nproved sensing of signals on said first pair of bit |lines occurs.

20 I'n our cotOramdli compriydingeat i on No. 8700441, divided out of the

present application, there is described and clained a netal -

oxi de- senmi conBuct or ( ROBjratypadn of rtditdbinemsgcess nenory (DRAM conprising: a

first pair of bit lines; 25 a plurality of nenory cells coupled.to

said first pair of bim plyrsdity Dfemmrnmﬁlﬂ-fmmunbw[tbeﬁidofﬁaﬂtdpﬁn sf pair

of bit Iines; bit liness .

a sense amplifier coupled to said first pair of bit W,
lines, said sense amplifier including pairs of imbalaﬁced
10 capacitors which receive signals during sensing, said imbalan~
_ced capacitors providing compansatioﬁ for parasitic
coupling of signals to said first pair of bit lines;
restoring means for selectively restoring pdtentials
on said first peir 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
approiimetely 1/2.the power supply potential used by said ORAM;
whersby improved sensing of signals on said first-pair N
of bit lines occurs.

20 In our co-pending Application No.8700441, divided out of the
present app;ication, there is described and claimed a metal-
uxide-semicondpctdr (M0S) dynamic random-access memory
(DRAM) comprising:

a first pair of bit lines;

25 a plurality of memory cells coupled .to said first pair

of bit lines:; |
a sense amplifier coupled to said.first pair of bit

lines;



. .
restoration neans for selectively restoring potentials on said first pair
of bit lines during a read/store cycle, said restoration neans coupled to
said bit lines, sai'd restoration nmeans applying a potential approxina

equal to the power 5 supply potential to one of said |ines whilégg}
coupling the -other of said lines to ground potential; precharge neans ¥or

precharging said pair of bit lines to a potential approximately equal to
one- half said power supply potential, said gélcharge means coupling said
first pair of bit lines together during an ive nmenory cycle to cause 10

] Dit lines toget| n &t cycle to cause 1

bit Dines to said pot ant raetapian; Tt Che: bRl fosber i BBENSARL
I ial, wh ' i d .

el ol owi de- sem condac EAFe (HC) PRaY S, BEE fthde SUELRY GCrond/aberd Hiitly oetd

conpriising: a first apgdsforatfeH tephd' clpled £ JaRAWIE £fHess sldSFdbteration
anplifier; 5 a first pair of bit lines, coupled to said first

cell's; a first sw tchi pgef@applying & Potshtieg! appeoKindtaly Bausl ftior tie paldr of
bit lines to said sense anplifiersaid first sw tching nmeans being coupl ed
to said first big |inesupply patehtial to one of said lines uwhile coupling the other
of said lines to ground potential;
precharge means for prechargihg said pair of bit lines
to a potential approximately equal to one-half said'power supply
potential, said precharge means coupling said first peir of
bit lines together &uring an active mamory'cycla to cause
10 | charges on said pair of bit lines to bq divided and to
bring said paeir of bit lines to said potential approximately
equal to one-half said power supply"pﬁtential,

uhersby a low pouer DRAM is achieved.



sense anplfier; 10 a second pair of bit lines, coupled to said

. second calls; a second switching neans for selectively coupling said second
pair of bit lines to said sense anplifier, said second sw tching nmeans N
beingégzupled to said second bit quig and said sense anplifier; 15

prec ing neans for precharging safd first and second pairs of bit |ines
sai d precharging nmeans coupling sajd pairs of bit lines together to 73
.equal i ze the potential on said b one of said first and secono®

es;

pairs of bit lin bej 21 " i ng saj.d_sgen Lifier by one
of said first an 'sec%%tgl\'m%? %?ﬁ ﬁam%bgggéé\ﬁgem@%éa%ﬁa@% %g@c’%ﬁ/‘:ecsgl l's on
said one pair of n%inﬁr* I(BRAM) SomptlisEAgid: Said one sw tching means decoupling
said one pair of bit Tines fromsense anplifier as said sense anplifier

senses 25 data f4 qarstisid i RessHBpYur@ity ofhismBy @ifisctive sensing of
data in said nenory calls is achieved w thout dumry cells wher e sai d bit

line pairs are sel ecta\sehye @aphifdidr; 0 sai d sense anplifier. 2. The DRAM
defined by daim1 including first and second restoring circuits coupled to
said firstsand secondafirat pelr [6fi bit Lines, cewpledctd weld figst TedldRAM
defined by Caim2 wherein said second pair of bit lines are selectively
coupled to a pair of #rfjasksuifehinginreos for selectively coupling said
Pirast pair of bit lines to said sense amplifier,said first
'switching means being coupled to said first bit lines and said \;j
sense amplfier; ' .
10 a second pair of bit lines, coupled to said sscond cells;
a sacond.suitching means for selectively coupling said )
second pair of bit lines to said s.ense amplifier, said second
| switching means being coupled to said second bit lines aﬁd
said sense amplifier;
15 precharging means for precharging said first aﬁd second
. pairs of bit lines, said precharging means coupling said
pairs of bit lines together to equalize the pofential on said
bit lines; ~
one of seid first and second pairs of bit lines bsing
. 20 coupling to said sense amplifier by one of said first and
sscond switching means uwhen one of said memory cells on said
one pair of bit lines is eeiacted;
said one switching means decuupliﬁg said one pair of bit
lines from sense amplifier as said sense emplifier senses
25 data from said one memory cell; |
whersby effective sensing of data in said memory cells is

achieved without dummy cells whers said bit line pairs arse

A

selectively coupled to said



k
10 4. The DRAM defined by Caim3 wherein said first and second
restoring circuits are separately activated. 5. The DRAM defined by Caim4
wherein when data is being sensed fromone of said first cells, said second
swi t chi ng neans 15 decoupl es said second pair of bit lines from sai se
anplifier and after said one nenory cell is selected, said first swiEchi ng
nmeans .decaupl es said first pair of bit lines fromsaid sense anplifier. 20
6. The/DRAM defined by Clains 4 or 5 wherein when data is being sensed
fromone of said second cells, said first switching neans first decouples
said first pair of bit lines fromsaid sense anplifier, and subsequently
sai d second sw tching neans decoupl es said second pair of bit lines from
said sense anplifier after said 25 one g f) said second cells has been
selected. 7. The DRAM deflned by C|a|n1 mhereln said precharging | 111111
111111 11111 11111111 S * means for
pr echar gi ng sald e5|t I|nes precharges said pairs of bit lines to
substantially one half t he power - potential used by paid DRAM 8. The DRAM
defined by Caim3 wherein said sense anplifier 5 includes inbalanced
capacitors and wherei R. a ’@iegﬁ&m idssfépﬂilwﬁ‘tlemal dnchivdineddust apdcisecond t o
adj ust potenti al

S o one id r.s. of es to co ens te fo
parasitic chanﬁ%'ﬁ Bﬁt%ﬁﬁﬁﬁi ‘§ﬁ560?° * rﬁ é hpb &hgn a
word line i g agijaet Qgspggq:,_vely. 9. The DRAM defined by O ai ms 3 or 8
wherein said sense

o
3. The DRAM defined by Claim 2 wherein said second pair of

bit lines are selectively coupled to a pair of input/output lines.

10 4. The DRAM defined by Claim 3 wherein sald first and

second restoring circuits are separately activated.

5. The DRAM defined by Claim 4 wherein when data is being
sensed from one of said first cells, said second switching means

15 decouples said second pair of bit lines from said sense amplifier
and after said one memory'cell is selected, sald first switching

N~ means decouples said first pair of bit lines from said sense

amplifier.

20 , 6. The DRAM de:inéd by Claims 4 or 5 wherein when data is
being sensed from one of said second cells, said first switching
means first-decouples said first pair of bit lines from said sense
amplifier, and subéequently said second switching means decouples
said second pair of bit lines from said sense amplifier after said

25 one of said second cells has been selected.

7. The DRAM defined by Claim 6 wherein said precharging

* C L M S *



anpljtter is fabricated fromtransistors of a.first conductivity type and
Said nestoring circuits are fabricated fromtransistors of a second

conduct|V|ty type. 15- 10. The DRAM defined by Claim9 wherein T
sai d t. conductivity type is p-type and said.-second conductivity type is
n-typ 11. A netal - oxi de-sem conductor (MJXS), dynam c random actess 20

menory (DRAM substantially as herein described with reference to and &g
il lustrated in the acconpanyi ng draw ngs. 25 30

a4

means for precharging said pairs’nf bit limes, precharges said pairs of
bit linestosubstantially one half the power potential used by
said DRAM. '

8. The DRAM defined by Claim 3 vherein said sense amplifier
5 includes imbalanced capacitors and wherein s sigoal is applied to
- said‘imyallnced capacitors to adjust potentinls on one of said pairs
ot bit.liﬁes to compeusgﬁe for a pzrasit;e change in potential on -/

one of euiﬂ'bit'lines which occurs 'heh 3 vord_iine is activated.

10 9., The DRAM defined by Claims 3 or 8 wherein said sense
| smplifier is fabricated from transistors of s first conductivity

type and said restoring circuits are fabricated from transistors of

a second conductivity type.

15 10. The DRAX defined by Claim 2 wherein said first

conductivity type is p~type snd said second conductivity type is
n-type. '

. 11. A metal-oxide-semiconductor (M0S), dynahic random-access
20 memory (DRAM) substantially as herein described with reference to and as
_;fillustrated in the accompanying drawings.
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