, e3eli\8R6T" $0 7 MAY 2003 SPECI FI CATION TITLE F THE | NVENTI ON

Semi conduct or Menory Devi ce 5 BACKGROUND OF THE | NVENTI ON The preS@pMMrmn3
“invention relates to a sem conductor nmenory device and, mainly, to

t echni que which is effective when utilized in a dynanlc RAM (Randon110
Access Menory) including switch MOSFETs bebmeen a sense anplifier and bit
| ines. The dynam c RAM which is i nt ended!®o0 raise the speed of the sense
anmplifier by turning OFF the selectgmmﬂmmmmmwmmmghared sel ect MOSFET
tenporarily to 15 lighten the | oad nplifier, has been
exenplified by Japanese Patent Lai d-Opens-Nes. 6473596, 5-62463 and
8-106781. |n Japanese Patent Lai dOpen No. 4-167293, on the other hand,

there is di&Rs T}@Ndynanlc RAM In this dynamic RAM 20 swtch MOSFETs
are interposed between the input/output nodes of the sense, anpllfler and

conpl ementary bit lines and are once set to the unsel\\@@“\“ mm m@ the tine

of starti the sense anplifier sense
arrplifierr!%ht'gﬂ'ﬁhf‘e(g]'mggl!I %@%%ﬁgﬁg ry bit lines are isol

Lstart the -

0 7 MAY 2003 anpy t) col um selectlon the gate

vol tage of the sm‘téﬁ“ﬁ%&%ﬁ%@'g%@gg%fﬁ%gia% i ntermedi ate potentlal to
perforgm t he operations in parallel to output one of the sense anplifier 5
anplification signals to the 10lines and to restore the other

anpl i fi catixorcR@ENa om tie bitekrner. After this, the gate voltage of the
switch MOSFETs is returned to the select |evel so that the one
anplification simitelpresert sinventibnongbatée hot al@emicesduatiore menory
cells. Here, the term nlogy "MOS(Metal Oxide Sem conductor)FET" incl udes
'the "M S( memgry rdanite RSt Bahilyor ¥FER tecbndigng whitche igener al

recognition, and widely nmeans the field effect transistor.
effective when utilized in a dynamic RAM (Random

10 Access Memory) including switch MOSFETs between a
sense amplifier and bit lines.

The dynamic RAM, which is intended to raise the
speed of the sense amplifier by turning OFF the
selected side of a shared select MOSFET temporarily to

15 lighten the load on the sense amplifier, has been
exemplified by Japanese Patent Laid-Opens Nos. 64-
73596, 5-62463 and 8-106781. In Japanese Patent Laid-
Open No. 4-167293, on the other hand, there is
disclosed the dynamic RAM. In this dynamic RAM,

20 switch MOSFETs are interposed between the input/output
nodes of the sense amplifier and complementary bit
lines and are once set to the unselect level at the
time of starting the amplification of the sense
amplifier so that the sense amplifier and the

25 complementary bit lines are isolated to start the



15 SUMWWARY OF THE I NVENTION As in the dynam ¢ RAM di scl osed i n Japanese

Pat ent Lai d- OQpens Nos. 64-73596, 5-62463 and 8-106781, before the £@¥2W3
anplification start of the sense anplifier, 20 the shared sel ect s
are turned OFF to isolate the conplenentary bit |lines and the sense nodes
of the sense anplifier. The sense nodes, even if at a full anplification

| evel state, are lowered at their |level, when the shared sel ect MOSFETs are
returned again to 25 the ON state. By the charge share between the read - 2
0 7 MAY 20D3 charge fromthe nenory cells held in a relatively high
parasitic capacity of the bit lines and the charge in the sense nodes, the
potenti al : S ops hat i locATRIA ¢ IS
tenporaringg&?ggzggdspggggﬁgﬂ%fieﬁfgﬁko%rckggggt?ggfﬁonsFLAﬁgg?natively,

even when ngesea%aaeds,s_ 2h8 SOAReH sdswrmy e dada @utpyt lines by the
col umm sel écting operation, the signal anplitude of the sense nodes is also

tenporaril yntegdye@dataspstantingdtby pairrokd itheedpaait fhgs Py the charge
share between the precharge charge held in the parasitic capacity of the
data out pupakrabteland blhiepabavge bif ithe SeNse regEsifisra result, in the
col umm sel ecting operation, the colum selecting operation has to take a
rel atisvel yamipllifmgatior §$§dgnalanswi thendd Hansisgreaald dfo thessenee nodes to
the data input/output lines, and this long tinme causes an obstruction to

t he hi gh spbedothsrabmplifacation Isjiooal iimvddte duit ohbnes n t he Japanese
Pat ent Lai d-Open No. 4-167293, 20 _the gates of the swtch MOSFETs are set
to the i ntBERBEI BhésSpotbat paret yodtrger othdheuspithahmdIQPEEREi 68 at the | ow
| evel by the sense anpljfier_to.the 1/0 lines. | arallel with this, the
re-storager?BPrPgsoﬁﬂiFb? 3FLERE 35W51i§°e¢%&51§}%193%e bit 25 lines on
the high | . Si . | n i_n - 0.7 Y 2003 art, however,
t he nennryg%éhﬁghggg%éﬁt%%gbﬁﬁaggnFﬁrgﬁggfpo%hﬁgﬁﬁyi¢ﬁ§rﬁ3$e-storage of

the daja opjhas bhobnbexehopideeisexcl usively accel erated, as described
above, the effect in viewof the entire 5 nmenory access is questionable, as

clarified by ourpérygsthgatépnsnl6gpsifesi(Rgthhabyiilge data re-storage on
the low |l evel side is not perforned before the switch MOSFETs are returned
to the ON séemieonéactbe)bEDer ihedddeshaheef"Mast( Meted! VEsswl predl em t hat t he
10 timng control at the level is conplicated, as
Semiconducor)FET according to the general recognition,
and widely means the field effect transistor.
15
SUMMARY OF THE INVENTION
As in the dynamic RAM disclosed in Japanese
Patent Laid-Opens Nos. 64-73596, 5-62463 and 8-106781,
before the amplification start of the sense amplifier,
20 the shared select MOSFETs are turned OFF to isolate
the complementary bit lines and the sense nodes of the
sense amplifier. The sense nodes, even if at a full
amplification level state, are lowered at their level,

when the shared select MOSFETs are returned again to

25 the ON state. By the charge share between the read




clarified by our investigations, considering that the gate voltage to be
fed to the gate of one switch MOSFET is changed at the |evels of gmﬂmyzwg
unsel ect level - the select level - the internmediate |evel - the

unsel ect level within a short time period fromjust before the start of the
sense operation to the restoring operation of the bit lines, that the

provi sion of the switch MOSFETs makes no sense if the transfer fromthe
select level to the internediate 20 level is not nmade before the sense

out put grows sufficient, and that the el enments have a process di spersion.

It is further clarified by our investigations that the change fromthe

TLer redl fadGuckrif Lhe HERSLECLeTKehend) g Qf%%qxng 25 the

hi gh speed 0 ere-s ratlo ns. obj ect of

the inventiop,| ?ti@ 8%??2:% ao§e€h%05%‘3tl he@eﬂﬂspee%ﬂ% phas

realized stabl e anp y|n operation an sense

amplifier yhé hsén§ém&@egonﬁhéugbteatﬁheo& ftPlee@Rini@® ayhdy her obj ects and
novel features of the invention will beconme apparent fromthe description

to be mudeivbpd s6fEh&bcehbosihradcanpRakyidey idr awn@s-aRepf esent ati ves of
the invention to be disclosed herein will be briefly summarized in the
foll ovl ng.rdduSpéci dscalayifseidt bk MISFEhveartdgattiemsased bet ween a sense
anplifier disposed in a dynami ¢ RAM and conpl enentary bit |ines: after

si gnal volaligesnakieelgadevar whenhgheebseosengodissr aticompiested word
lines froma pIuralltg of dynam ¢ nenory cells 15 selected, to the
plurality withathe da éoﬁﬁFEHﬁniaP?sbPV thge SOLAMR GRS t h t hei r

i ndi vi dual storage i nformati ons, switch control signal of said switch

MOSFETs | CRFRMGEA" f r bhf aS 3808 taT“B &Fuds Pfe U SRS AWGOL Bt al

havi ng: an CFF state_ or I f@@dr% i stance for the signal

0 h
vol tage re %&F YeT%OE%fﬁfXOﬁ%?gﬁgékggy 5&?9 ineS: "dn G state with a
relatjyel y; RLANGG £RE 8nBe eNkhakcAbeathiedh Uik Sense nodes are

set to one +eve £€§ e anp fying opgratlon of the sense anplifier; and an
25 OFF Staél.ee@lia@g@OéEé\igé' heidt hg ehbepaka¥élics@apacity of the
data output lines and the charge in the sense nodes.
As a result, in the column selecting operation, the
column selecting operation has to take a relatively
15 long time for transmitting the signal of the sense
nodes to the data input/output lines, and this long
time causes an obstruction to the high speed, as also
clarified by our investigations.
In the Japanese Patent Laid-Open No. 4-167293,
20 the gates of the switch MOSFETs are set to the
intermediate potential to effect the outputting
operation at the low level by the sense amplifier to
the I/0 lines. In parallel with this, the re-storage

(or reloading) of the data is effected in the bit

25 lines on the high level side. As well known in the




0 7 MAY 2003 sense anplifier is fed with an operating voltage to start the
anplifying operation in response to the change in said switch contp?I Y 2003
signal; an anplification signal generated by. said anplifying opera g% '@
transmtted t hrough the colum select circuit to said input/output lines in
response to the columm sel ect signal; and said switch control signal is
returned to the select level in response to the selecting operation of said
columm select circuit. 10 Wth the construction thus far described, in the
anplifying operation of the sense anplifier, one of the sense nodes is
connected with the bit line so that a high signal charge can be established

by the pargsitig F£$§§plq%“ph readp 5eii e§to£ £Hg ngggg 15 sel ecting

oper ati on, tHere S|gna can ot pu to the data

i nput / out QU4 eI 1 1 e o] € S€e out put
operatlonﬁﬁggfgé%%E@gRlPTICﬁﬁ%ﬁggéf%?}§$$€%§§2%?FFH? éaFE g%éc ematic

| ayout d'%ﬂ@%“ﬁﬁ%@M'§1d€“1§”5¥5hd§XWe£§ dbeeti¥pankq, RAM to which the
invention is applied; Fig. 2 is a schenatic |ayout dlagran1shomnng one

enbodi menegtriiftRds Whodid,ax Nk f tscpeih pheewl o€i tRE bn23rien the dynam c
RAM according to the invention; - 6 O 7 MAY 2003 Fig. 3 is acircuit

di agr 8m omemoeysiaaasis dd epdexdi ivemdbbé , the dyaantie®Abyaoaar ding to the
i nvention around the sense anplifier portion thereof fromthe address input
to the datavestpgati®ng,g.conhsigleriig cuhat dihgrdatshoeragosage
on the low level side is not performed before the
switch MOSFETs are returned to the ON state. On the
other hand, that effect involves a problem that the
10 timing control at the level is complicated, as
clarified by our investigations, considering that the
gate voltage to be fed to the gate of one switch
MOSFET is changed at the levels of the unselect level
- the select level - the intermediate level - the
15 unselect level within a short time period from just
before the start of the sense operation to the
restoring operation of the bit lines, that the
provision of the switch MOSFETs makes no sense if the
transfer from the select level to the intermediate
20 level is not made before the sense output grows
sufficient, and that the elements have a process
dispersion. It is further clarified by our
investigations that the change from the intermediate

level to the unselect level raises an obstruction to

25 the high speed of the re-storage operations.




enbodi ment of the sense anplifier portion of the dynam c RAM according to
the invention; Fig. 5is a circuit diagramshow ng one enbodi nent
mai n anpllfler shown in the 10 enbodinment of. Fig. 3; Fig. 6 is a circuit
di agram showi ng one enbodi nent of the output buffer of the dynam c RAM

accordi ng

to the invention; Fig. 7 is a timng chart for explaini

b7 MAYe003

ng one 15

exanpl e of the reading operation of the dynam c RAM according to the
Fig. 8 is atimng chart for explaining the reading operation of

i nventi on;
the dynami ¢ RAM according to the invention;

20 Fig. 9 is a timng chart for

expl ai ni ng anot her exanple of the reading operation of the dynam c RAM

according 1o they] myentdeibe Fige Lvbae fofi 1EUEL diagham showi ng one

enbodi ment of the timng generation circult or

sel ect si ¢@liconductor Qngm%y 2003cEl ghidh hﬁsar@a'I‘l'}%dCQart for

expl ai ni ng anot her exanpl e of” the readi ng operation of

accor di ng dtxypihe dnpyeity oig

enbodi ment of the sense anplifier having the overdrive function;
a schemat igergd e rampl 1 Byetitw tt Ros agimpdei agneteueriio. renheof the sense

anplifier
5

10

15

20

25

portion
foregoing and other objects and novel features of the

invention will become apparent from the description to
be made with reference to the accompanying drawings.
Representatives of the invention to be disclosed
herein will be briefly summarized in the following.
Specifically, switch MOSFETs are interposed between a
sense amplifier disposed in a dynamic RAM and
complementary bit lines: after signal voltages were
read out by the selecting operations of said word
lines from a plurality of dynamic memory cells
selected, to the plurality of pairs of complementary
bit lines in accordance with their individual storage
informations, the switch control signal of said switch
MOSFETs is changed from a select level to the
intermediate potential having: an OFF state or a
relatively high ON resistance for the signal voltage
read out to said complementary bit lines; an ON state
with a relatively low ON resistance for a potential at
which the sense nodes are set to one level by the
amplifying operation of the sense amplifier; and an

OFF state at a potential of the other level; said

generating the shared

t he dynam ¢ RAM
bératZohSafdChl Bligh @ipre@damrsiowi ng one 5

Fig. 13 is



to be used in the dynami ¢ RAM according to the 10 invention; Fig. 14 is a
timng chart for explaining another exanple of the reading-operati o] 4iY f(i&
dynami ¢ RAM according to the invention; Fig..15 is a circuit diagram
showi ng the sense 15 anplifier portion of another enbodi mrent of the dynam c
RAM according to the invention; and Fig. 16 is a waveform di agram f ox
explaining the ' operations when the invention is applied to a synchronous
DRAM 20 DETAI LED DESCRI PTION OF THE INVENTION Fig. 1 is a schematic |ayout
di agram show ng one enbodi nent of a dynam c RAMto which the invention is
applied. INFig. 1, of the individual circuit blocks 25 constructing the
dynam c RAM I ch.the i nyepLj;on.l g 4 Y. 1200 lied, a main
portion is C %%f?@ﬁghgaﬁraﬁﬁ ?%Pngékﬁng 0 g%ﬁ%ﬁ%ﬁﬁ%ﬁéﬁé)esugstrate of
single cry i Skt t lli 6y i nuf act uri ng

t he senicd%%%%%o?ﬁ?pééggg?ﬁgxgi?ES??.lg%lg'tﬁ%%ﬁgﬂggﬁﬁﬁégé?g?he menory
array is epthfgbyidi ¥h¢adsintent eBhtrdht RAYGRINOtL LIRRE A Yat ight ati ve

thereto. At a Tentral portion 14 in the longitudinal direction of the

sem conducs Dgn&Di genbhatedapg BaOMI dagh1aFyiimuldpautatulod nf£rface circuit
including 10 an address input circuit, a data input/output circuit and a

bondi rgy patiransmajttadpoheoughpphyg eolamnt siel@atdidigcuiol t@gea 58 ep- down
circuit, and so on. On the two sides, as contacting with the nenory arrays,
of the cenirpiitpoutpuh lineshénerespoasearngedheolammntt skebecter regi ons 13.
Each of the four nmenory arrays, as divided into left and right two and into
upper and 3&gRalivendi aldesyéteht sopkaolosdignadi il whtweredntef the

sem conductor chjip, as described above, is nade to 20 construct one nenory
‘bank. In =R% %?1$ﬁ5 HBYBLy 18 FEFRONS Enditn thGwS@d&sFem T egion 11 i s

provi ded at_an uggand-domm center _portion w.th r§§pect to the | ongitudinal

di rect i on. BEHYE AN d°hef BuAt HPL UM REF6N T dSEASFE there are formed nain

wor d ﬂg Lver 1egipns, 1en@ 4l 8.LL80YT BHAL! ¥adr LES B QKL | T nes of

amplifying operation of the sense amplifier, one of
the sense nodes is connected with the bit line so that
a high signal charge can be established by the
parasitic capacity on the bit lines. In the column

15 selecting operation, therefore, a high read signal can
be outputted to the data input/output lines thereby to

effect the high speed of the sense output operation.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Fig. 1 1s a schematic layout diagram showing one
embodiment of the dynamic RAM to which the invention
is applied;
Fig. 2 is a schematic layout diagram showing one
embodiment of the sub array and its peripheral circuit

25 in the dynamic RAM according to the invention;




0 ? MAY 2003 nenory array divided into the upper and | ower ones. The nenory
cell array (or sub array) 15 is formed, as shown in an enlarged vi el MAGLE]H)
that it is surrounded by sense anplifier regions 16 and sub word 5 driver
regions 17. The sense anplifier region and the sub word driver region

provi des an intersection region (or cross area) 18 at their intersecting
portion. A sense anplifier, as provided in the sense anplifier region 16,
is constructed by the shared sense nethod. 10 On the left and right sides
around the sense anplifier other than those arranged on the two ends of the
menory cell array, there are provided conplenentary bit lines, which are

sel ectively CO”E?%%?%§ﬁ$rété$%&£f9|&ﬂ§£E5&y°Pi585iEEEPQEFEFQ | eft or right

menory 15 cel | e nmenory arrays,; as divided into t and right

four with éngﬁﬂﬁj&{er{@ 65‘%%"1%% 1 Bapall §86LLAANET thhgpeem conductor chi p,

as descri bed above, are arra intw pairs. Ar the central portions of

the 20 two R M d@diind hmeaééﬁ@sesm%mtmerpgbﬁ,iohh%%z@oef arranged the

mai n row decoder region 11 and nain word drivers 12. These nmain word

drivers 1Zgapnaiid adirs@iecinshgned £pe getecbhggufgi n word |ines, which
are extended through one of the nenory arrays. On the 25 other hand, the

mai n word driversgl? 4aries pr avideditwi diagrdf)l sho@idgMBie2003 sub word
selecting drivers, which are extended in parallel with the main word |ines
t 0 gener atembpdimentoraf sdiecsemse | anpl T ganl poatienl bfbéhedescri bed
hereinafter. 5 One nenory cell arrag (or sub array)15 as shown in the
enl ar ged Aya\amics Rhaqrardine ©3etebinwpeatiPRés, al t hough not shown, and

256 pairs of co%plenentary bit lines. (or dat%hlines) Berpendicular to the
‘former, althoughifot Jedfed AA5F 4 mi FIAIRAM 19NPKLRE: BRCAl ternativel y, there

are prOVi%%%5%¥%é%%)of the main amplifier shown in the

10 embodiment of Fig. 3;

Fig. 6 is a circuit diagram showing one
embodiment of the output buffer of the dynamic RAM
according to the invention;

Fig. 7 is a timing chart for explaining one

15 example of the reading operation of the dynamic RAM
according to the invention;

Fig. 8 is a timing chart for explaining the
reading operation of the dynamic RAM according to the
invention;

20 Fig. 9 is a timing chart for explaining another
example of the reading operation of the dynamic RAM
according to the invention;

Fig. 10 is a circuit diagram showing one
embodiment of the timing generation circuit for

25 generating the shared select signal;




word lines and 512 pairs of conplenmentary bit |ines perpendicular to the
former. If the one nenory array is provided, as shown, wth SiXteﬁ?gﬂEgﬁﬂy
cell arrays (or sub arrays) 15 in the bit line direction, the sub 3
| i nes are provided as a whole about 4 K for the 256 constructi on and about
8 K for the 512 construction. Since eight nmenory cell arrays are provided
in the word line direction, the conplenentary bit lines are provided as a
whol e about 4 K for the 20 256 construction and 8 K for the 512
construction. Since these eight nenory arrays are provided as a whole, the
entirety is given a storage capacity of 8 x 2K x 4K = 64M bits or 8 x 4K x
8K = 256 Mits. e e; I a8y~ iylded | L gh i 25 respect
to the main mrglgi'nqu%ggcg?itﬁ?@r{ggrc%i%ﬂ %é’l&bmgnfhgné?%‘réggel | array

15 thus digWadede bieidd %e%rﬂﬂgdk%g%@réﬁlpomé éﬁéV&gnmicSﬁRMWd line

driver) 17. This sub word driver Is divided to have one el ghth of the

| engt h of alckereBing \Wor &nlel Nesvdri gemerate a select 5 signal for selecting
the sub word lines extended in paraliel with the former. In this

enbodi nent, in gider 1oikedued AdEi g rai SWoWiNgrénéi nes, i.e., in
order to wden the wiring pitch of the main word lines, four sub word |ines
are abr angaethodimentepfethel Gansoramphifienridaving thet beecdopivenentary bit
line direction, although not especially limtative thereto. A sub word

sel ect i ng famnickdoni;s arranged to sel ect one of the sub word |ines which are
thus divided into eight .in the main word line direction and assigned 15
every four in tEd9cofdl dfedt SOpaRatiq rlementetl dyourndiagrahor d sel ecti ng

dri t, | ect si | f | ecti .of the f b d
sel ect i ng SPPHEDTe e FBROCHIE A7 o536 TRRET OHUBF LE RET SBBTROPR dr i vers. 20
As d i bed, ab J [ f 4 Kb

esor! R LA0RE, 9O HEU ALY liga i 101208 £RRACI Ly of 4 KO L or

8 Kbits with respect enentary rection. If the nenory
cell gpas hihghndSoh;K or 8K are connected with one conplenentary bit |ine,
however, the parasitic 25 capacity of the conplenmentary bit |ines increases

so 0 7 MAY 2003rig. 14 is a timing chart for explaining another
example of the reading operation of the dynamic RAM
according to the invention;
Fig. 15 is a circuit diagram showing the sense
15 amplifier portion of another embodiment of the dynamic
RAM according to the invention; and
Fig. 16 is a waveform diagram for explaining the
operations when the invention is applied to a
synchronous DRAM.
20
DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 is a schematic layout diagram showing one
embodiment of a dynamic RAM to which the invention is
applied. IN Fig. 1, of the individual circuit blocks

25 constructing the dynamic RAM to which the invention is




- 12 0O 7 MAY 2003 i ' that a signal level to be read cannot be obtai ned
due to the small capacity ratio to an information storing-capacith AY 7003
Therefore, the division is also nade into si.xteen with respect to %@
conplenentary bit line 5 direction. Specifically, the conplenentary bit
lines are divided into sixteen by the sense anplifiers 16, as indicated by
thick black lines. Although not especially limtative, the sense anplifier
16 is constructed by the shared sense nethod, and the 10 conplenentary bit
lines are provided on the left and right of the sense anplifier 16
excepting those which are arranged at the two ends of the nenory array, so
that the lj fier 1S sel ect | o] e i i ther the left
Sam%eadm d 'Main gp%féloﬁ? % +¥8%¥%gr9{?8&5 gn)ﬁ‘ R G

or right ¢ enmegntary bl i nes. 0 retarn the signal anount

to be reag gt dift i fdnd 41005 £H0e 87§ Vs IBY1 BecEATLGHEA such that

t he nunber menory cells to be connected there Is”set to

(excepting jiihe Jrie P 431 XyeltOll liodh® F8KEniGE PSPeﬁ\?ﬁBfQic\Ehsrii of bit

e N
lines 20 nore than"that of word lines (or Sub word lines). In the dynamc

RAM of  t hitheC &%ttt 1S i Bstr £edact Lyc@it about 256 Moiits, each of
gquartered nenory arrays has a storage capacity of 8K x 8K = 64 Mits. As a

resul 5, the bit In néssaembdiddingert: | ntloe tlemdyy tawr2p wheeaadriehe word |ines
are divided into sixteen, and - 13 0 ~ MaY zoo3 the sub arrays are

cor r espondiivjldedrintiadeiburqi @lthisgh seheaspecisdypul iniidgrtdmeshowi ng one
enbodi nent of the sub array and its peripheral circuit in the dynam c RAM
accor di ng BheRet® - nd&nti ERPER IS PRIXF 1R kheln ddionondikadenalb arrays

SBARY are di scri m nat by hatching themfromthe sub word driver regions,
t he senseQ%ﬁﬁqq¥%ﬁ‘*ég?ﬁ%?%ﬂﬁf?qék?}?ésC%}%athﬁgepFB§ided in the

i pheri f. 1the for. . 0 .Th b SBARY i di vided i h
Dol 1 b ng BT dathar’ TR ek etBr8HEA¥e rttnat: ShCaPag  ane. 1
fol | ow ng F8F-4fhds” SV o B EHEC S onss , /X 256 11
Lhe E5! SN SEY Al ORIREH 41888, | 2Rt ) SREREE, cTRERPSC T 02 1Y

i's arrangeGhdMal ol rig patP k- ddynesa PweANshppey coOfpLgRRNt ary bit |ines
are nmade up of
including a voltage step-down circuit, and so on. On
the two sides, as contacting with the memory arrays,
of the central portion 14, there are arranged column
15 decodexr regions 13.

Each of the four memory arrays, as divided into
left and right two and into upper and lower two with
respect to the longitudinal direction of the
semiconductor chip, as described above, is made to

20 construct one memory bank. In each of the memory
arrays, a main row decoder region 11 is provided at an
up-and-down center portion with respect to the
longitudinal direction. Above and below this main row

decoder, there are formed main word driver regions 12

25 which individually drive the main word lines of the




256 pairs. Therefore, 256 sub word drivers SWD corresponding to the 256 sub
word lines SW. are divided into halves of 128 and arranged on the |eft 20
and right sides of that sub array. In additi.on to the shared sensf] MAY 2003
anplifier construction, 256 sense anplifiers SA as provided to correspond
to the 256 pairs of conplenentary bit lines BL, are alternately arranged by
128 above and below that sub array. 25 The second sub array SHARY, as

| ocated at the - 14 0 7 MAY 2003 righthand upper position, is provided
with eight preparatory (or redundancy) word lines in addition to the 256
normal sub word lines SW, although not especially limtative thereto, and

h I i I i f , th
the cOMpl GRS Ay VaPrlby Laly 88l £BOTRASGTAL 206 Ry ciarefore, the 204

sub word orresponding to the word 1ines SW. are

separatel y arranged dimdd? Qhiherk8it (80dshbolkraly )t At sgub array. Like
above, the 128 sense anplifiers are arranged above”and bel ow. 10

Specifip&ﬁa@mé@ﬁ é@SSH@&ﬁSi@faﬁoéﬁlﬁﬁgéﬁa&iebhtshb%@%ﬂ@%tiEBE@Q pairs, as
formed in the sub arrays SBARY arranged above and bel ow on the right side,

are comordyrcomm@ed eply t fispsighadpihfied $eigtiohsMDBFRhdawisiib thergense
anplifier SA interposed inbetween. 15 The third sub array SHAKY, as | ocated
at the | efdiiovelr | pegioposlii orThe sennst anpl efli¢o hageoASandulthaord | i nes
SW. as in the adjoining righthand sub array SHAKY. Li ke above, the 128 sub
word drivesub werdepuiver| yegionngedviies k28 intetrisecz3®nsutegiornl 20 |ines
SW. of the sub arrays SHAKY, as |ocated at the | efthand and righthand | ower
posi ti ons, (A CERFHOM §2 Lohhedt cBhRLEN 1NKErS28LiNE MOXEF i@ veAs SWD whi ch

are fornmed in the r§?£ons interﬁoseg inbet@gen. As descrLdi above, the sub
‘array SBABEDSE FPRLIEHCHt 2% RRRVIEPENAR “PEWEFPEEs PP 4% provi ded with

four - 15:reg£5§ f&ﬁyigqggnstructed by the shared sense method.
10 Oon the left and right sides around the sense amplifier
other than those arranged on the two ends of the
memory cell array, there are provided complementary
bit lines, which are selectively connected with the
complementary bit lines of the left or right memory
15 cell array.

The memory arrays, as divided into left and
right four with respect to the longitudinal direction
of the semiconductor chip, as described above, are
arranged in two pairs. At the central portions of the

20 two memory arrays thus arranged in the pairs, there
are arranged the main row decoder region 11 and main
word drivers 12. These main word drivers 12 generate
a select signal for selecting main word lines, which
are extended through one of the memory arrays. On the

25 other hand, the main word drivers 12 are provided with
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pairs of preparatory (or redundancy) bit lines 4RED in addition to the 256
pairs of normal conplenentary bit lines BL. Therefore, the.260 sen
B At 003

ranplifiers SA corresponding to the 260 pairs. of conplenentary bit

BL are separately arranged by 130 above and bel ow that sub array. The
fourth sub array SBARY, as |located at the |efthand upper position, is
provided, as in the adjoining righthand sub array SHARY, with 256 normal 10
sub word lines SW. and ei ght preparatory sub word lines and, as in the
adjoining |lower sub array, with four pairs of preparatory bit lines in
addition to 256 pairs of normal conplenentary bit lines. Therefore, the sub
word drivesd afdr& i ed€lvg adr pneed, bynidR arelaxibadksf tinand right sides,
and the sense anplifiers SA are separately arranged by 130 above and bel ow.
The main wirhlldlesvidl @€ moiexvendetihast ke Genezamkakh @ubection that
one of themis exenplified. On the other hand, columm selecting lines YS
are so 20 wwacermdeiceatnindiel e ts tghallj rest wahlt bat deserabetthem i s
exenplified. The sub word lines SW. are arranged in parallel with the main
word | i neshemdinafiderhe (notshown) conplenentary bit lines BL are arranged
in parallel with the colum selecting |ines YS. 25 For the four sub arrays,
ei ght 5sub word Onggmemqyy; q@bd FIREel @6t PRY RTRAE) EXOBSt ShPXPB are

extended | ke the in rd. lines MAL throygh.the ur sets of (or eight)
Sub ar raysi™ NBMEGAATSHE FHR sib WEr UGt ot thg 2P EnBuBrRB o PxaB and

the four sub hor da %hsoe‘:ll erg:tr'{ “On‘gﬁ FX4B ggstgliﬁEr g gext ended separately
over the er'an&' 0 sub” arrays’ e reason y One set of sub word

sel ecting A&}}ﬁ%@ﬁ%fﬁ BB B&s LhYS asehongHel? ;}gﬁgtﬁmi\%ﬁﬁa@ ' ays and

ext ended over the sub arrays is to reduce the neno Ip size.

Speci fi caldy/ t Hherbriner eighthGudh Wos€l sepeetibnyl LapstEXWet 0 FX7H are
assigned to each sub array and are forned in the wiring channels over the

sensd fanpltiffemrtcar edl telraaniviely ,c dresd samegessatdedrelassulany as 8 x 32 =
256 for the 32 sense anplifiers in 15 the shorter side direction, as in the
menory ar mMeFrdbflimes and |H1 RA¥et bi AeMeHBBENRRRY, Pl LABSSontrary, the

iring i be f d wit hout i.al dedicated i b
assi gni ng RAFPRIGIIAMD Yo SetERThy 11neheRes (BIISEY RBFHBNI y o the

t 20 J i h b

i par a1 S R R R R Dl BRERALAG, (BT Sy Sub arrays
I ntrinsicaldy su@rys worgl 14 nend sp Pk ovidedaovercibg, subeakiay for eight

sub word lines, and the 25 sub word selecting |lines are denanded for
sel eatsi ng word lines are provided as a whole about 4 K for the
256 construction and about 8 K for the 512
construction. Since eight memory cell arrays are
provided in the word line direction, the complementary
bit lines are provided as a whole about 4 K for the
20 256 construction and 8 K for the 512 construction.
Since these eight memory arrays are provided as a
whole, the entirety is given a storage capacity of 8 x
2K X 4K = 64M bits or 8 x 4K x 8K = 256 Mbits.

The one memory array is divided into eight with

25 respect to the main word line direction. For each

- 11 -




- 17 0 7 MAY 2003 one of the eight sub word lines. Since one main word
line ML is forned for the eight sub word |ines SW. which .are foREE?M
according to the pitch of the nenmory cells,.the main word |ines EJ®3a
wide wiring 5 pitch. It is, therefore, relatively easily effected by
sacrificing the wwdth of the wiring pitch slightly to forth the sub word
selecting |ines between the main word |ines MM by maki ng use of the sane
wiring layer as that of the main word lines MM.. 10 The sub word driver SWD
of this enbodi nent adopts a construction to select one sub word |ine SW by
using a select signal, as fed through the sub word selecting |lines FXOH and
SO on, an | ech ySi hRverted f.r .ol e re he sub word
15 driver ﬂ§€\8§§d§%tl é} gqjc%%b(stlﬁugthﬁ%n d:J‘ovolg;ie%cpe'ctﬂcr?%"lfe]@s]u I\gf)(?‘g}!?lé%eé SW. of the

sub arr ayﬁugr BRACArAR et § JrelluARd Ad o 'tnéic%?ﬁle r14hegnag sub arrays

sharing the FXOB, therefore, the four sub word selecting |1 nes are shared

and fed tgubhgogdb atak@rdnivaliss AV iRY @ Hedfe Zh& &igh@pbor! n ot her
words, noting the sub word selecting line FXOB, for the two sub arrays, the

sel ect si ghal 1eagtho oFe thed madnt ke sl W gl b | yerisr SN ass@peytas 256 - 4
= 64. If the first sub word selecting line FXOH is 25 extended in parallel
Wi th $he sdgnaloiforl isededtling the sul) worAYl iAHES détesmded jpmovi ded a
second sub word selecting line FXO which is provided in the | efthand upper
cross arearadledewithe tdel dormsirgnallnt htilse embedyimesdr, simb word drivers
arrayed on the upper and | ower sides through 5 the sub word selecting |line
driver FXPrgr tec&edugs the Smber Qfmait rand helies st s®br word

l ecting,li FXOB. This first o] d sel i | i ne FXOB. i t ended
par ol | ¢l Pt HERE ) WA Senda TS (T Th® SULTGI R | HoEd SUL whor cas
th : 1 [ | i ' ) d dri

rogi on i n pRPRr! &P AT, KEXELLART L B e T e AR 0Tl erent ary

oIt 1pnestBloRer REAH Guhdl 1idel NG T looiii) ML qotd NojAL ne FXOB. Like

the erght first su el ecting |1 nes t he 15 second sub
word sel egtirBetlibRes af¥RoighFRotakes pdcidad, N eMeiyOnasela¥€y. 2, 4 and 6
and odd ones FX1, 3, 5 and 7 and are separately arranged in the sub word
drivers SHDsdbspoged sel echd nigefdir ized riisgldrrsmesi dfo tdel et @me ay SBARY. 20
The sub word selecting line drivers FXD are separately arranged by two
above andoBekb® 6nb wPsds lines, whscindiraattdmshydistidet skt es in Fig. 2. In
the | efthand upper cross,area,ﬂgﬁre specifically: the sub word sel ecting

line drivBrIBFr dRgEheomatife Woset 108 & T A GhASTIIRFR first sub word

selefglngebggg %§g§;ih %%e complementary bit line direction.

The sub word selecting driver generates a select
signal for selecting one of the four sub word
selecting lines extended in the array direction of the
sub word drivers.

20 As described above, one memory array has the
storage capacity of 4 Kbits or 8 Kbits with respect to
the complementary bit line direction. If the memory
cells as high as 4 K or 8K are connected with one
complementary bit line, however, the parasitic

25 capacity of the complementary bit lines increases so
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O T MAY 2003 the two sub word selecting line drivers FXD disposed in the

| efthand i nternmedi ate cross area correspond to the first sub wor t ﬁﬁing
line FX2B and FX4B; and the sub word se|ecting line driver arrangljﬁ 2 he
5 upper side of the lefthand | ower cross area corresponds to the first sub
word selecting line FX6B. In the center upper cross area: the sub word
selecting line driver arranged on the |ower side corresponds to the first
sub word selecting line FX1B; 10 the two sub word selecting |ine drivers
FXD di sposed in the center internediate cross area correspond to the first
sub word selecting line FX3H and FXSH, and the sub word selecting |ine

driver arrap@ed %'lg#]ﬂlﬁ URRRS1 Sid®Ofréde SERASE bEVBHtEiRea AL
corresponds 15 to t'he first sub word selecting Iine FX7B. In the righthand

upper cross ahRa snHe@Eac ithe biowis s¢l esfbhdatiBg dtb¥ehgar ranged on
the |l ower side corresponds to the first sub word selecting |ine FXCH;, the

two sub wevaghaseiteat.i Mhddaf | wees XD sll sposedaPOoi matibe initght hand
internedi ate cross area correspond to the first sub word selecting |ine
FX2B and BXi4Beeandittie radpestr dsdileztcogpl ementaryebiar langed on t he upper
side of the righthand | ower cross area corresponds to the first sub word
sel ecbi ng dinestixeH, 3perafikeldyh wdred admplamentary dbspobigeat the end -
20 0 7 MAY 2003 portions of the nmenory array, no_sub array is present on
their rigRresiddyisied Hata el XGarmdtY Thfcsesye dMPLAEipEFt 18irde are
exclusively driven. Wth the constructjon of this enbodinent in 5 which the
sub word &8 é@ﬁ%’?@ﬁ%&é’é’ %“jﬁ' gojfr?%&njgb'be%et YR PPSs of the pitches
of the main_wor.d.lines. aover the su ravs, . po_speci al. wiri ng channel
Can' be deRRICd A Har s Mo e e FE R shPREDEE Soen | 1 The e gh
sub word selecting dd MRS @l skihAd angesk fREtK3&N sHR gpkay. Wth the sub
word selecting |ine dri'ver FXD being fornmed, however, the cross areas are

enl ajged ‘Rmphsmentiartyne it ghigfed Niegr@tdwided Noh heEe Ce@ESaageas, nore
specifically, there is no areal margin for form ng peripheral 15 circuits

such as a rdwhitc o fc itheuistenseS\Wmplavi idead 16 excepspngdthoseawhichput / out put
lines MO or local input/output lines LIO as indicated by dotted lines in
Fig. 2, power avioSmErsl fadr tdve wiwgy arivds sehsehenmendr¥rarrdyi-veprs for driving
the shared switch 20 MOSFETs,. or drivers for driving the precharge MOSFETS.
In an enbédeterteoransy arplifds ok, 1§ eelomt LippeY/ FeRBeCEEE arrays share

the cross MAPEAE1EHEE G dafingta TTOh CUELTRTOFAEY Pt Eot PBROA of fhe

SeCOTQ even SUbIWOBQdér2¥o retain the signal amount to be read
out to the bit lines, the sub array may be constructed
such that the number of memory cells to be connected
therewith is set to 256 (excepting the redundancy
cells) to make the number of divisions of bit lines

20 more than that of word lines (or sub word lines). In

the dynamic RAM of this case having a storage capacity
of about 256 Mbits, each of quartered memory arrays
has a storage capacity of 8K x 8K = 64 Mbits. As a
result, the bit lines are divided into thirty two

25 whereas the word lines are divided into sixteen, and
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0 7 MAY 2003 selecting lines FXOto FX6 is provided with: an Nchannel power
MOSFET Q15 for feeding an internal constant voltage VDL to the S%Fig
anplifiers (and an N-channel power MOSFET QL6 for feeding a power m&H@% 5
VDD for an overdrive), as will be described hereinafter; and an N channel
power MOSFET QL4 for feeding an earth potential VSS of the circuit to the
sense anplifiers. O the cross areas, the one arranged in the 10 extendi ng
direction B of the second odd sub word selecting lines FX1 to FX7 is
provided with: an inverter circuit for turning OFF a MOSFET for precharging
and equalizing the bit lines; and an Nchannel power MOSFET for feeding the
earth potential 15 VSS of the circuit to the sense anplifiers, although not
especi al | Fhe §ubaBinya Yishér® Eornaspaadimiel PHRWMEREeMOSFET f eeds the earth
potential to a cqommon source |ine (CSN) of MOSFETs for anplifying the
Nchannel MOSFETF1gs doAst PuSERSgatie Javutaifiagsan SHYINdrPRBe two si des

f th i fi ..To the 128 or. 130 lifiers bel i

Lo the SeRTBOSHREI &F A SuRy A e diid S \PeL HR 75 FHECERE earth
tential .f b I T. i din the A-sid

oo ar ed o AR R A e e o e B & de or oss

area. s 22ig. 8,2 MAY 2003 S Wesaidatiahomeay d hepih wPEd |ine driver SWD

selects the 'sub word lines of the sub arrays on its two left and right

si des. m&i@%x@hﬁ%ﬁt@@n%g thae dhid efHerdnt-dn Ate SQSevar®l i fiers are
activated to 5 correspond to the sub word Iines of the two sub arrays

sel ect ed. dtlisert regivnsyorthd isees earampdriciight de onideas@| €kdéed state, nore
specifically, the address selecting MOSFETs are turned ON so that the

‘char ge of ciessstageage @spariovddeads igyrithegemiphventtes hef bthel i ne 10 charge.
It is, therefore, necessary to performthe rel oading operation to activate
the sense f&FBS5-i ers to restore the initial charge state. Excepting those

corresponding tgQ,the sub_arra t.he end port. qgns,, .therefore, the power
I\/%ngs are use%hFosé{%t RS %%@i}%l?e slé’léir‘ﬁ?{i q"ec"r B their two sides. In
t he sub V\qlbqllowﬁgdrfioy&r kWRdis$P RS H{Enee rd@htpor left side of the sub

arrays at the ends of their group, on the contrary, only the sub word |ines

of the sukoakhkanetdon 98 eGlketk 96 6.hat ft RaepewtenMIBRERS radi it e only 20
the sense anplifier group on one side corresponding to the sub arrays. The

sense anpkiff itdwes ward Arcdest dshawwe itzontsiar ecb rsengeeciofiistalityj on. In the sub
arrays arranged on the two sides across the sense anplifiers, these sense
25 anpl i f tées f3astosibt RETEY SEARYg @serlddadied atarphe fyighpizand

15 lower position, is arranged with 256 sub word lines
SWL, and the complementary bit lines are made up of
256 pairs. Therefore, 256 sub word drivers SWD
corresponding to the 256 sub word lines SWL are
divided into halves of 128 and arranged on the left

20 and right sides of that sub array. In addition to the
shared sense amplifier construction, 256 sense
amplifiers SA, as provided to correspond to the 256
pairs of complementary bit lines BL, are alternately
arranged by 128 above and below that sub array.

25 The second sub array SBARY, as located at the

- 14 -



0 7 MAY 2003 the read signals of the conplenentary bit |ines corresponding
to the selected sub word lines by turning OFF to isolate the shared switch
MOSFETs corresponding to the conplenentary bit lines on the 5 sidg] MAY f00&
non-sel ected sub word lines, and to return the storage capacitors of the
menory cells to the initial charge state. In this case of the enbodi nent,
the shared switch MOSFETs of the conplenentary bit |ines corresponding to
the selected sub word lines are 10 lowered to an internediate potential in
response to the anplifying operations of the sense anplifiers and are
returned again to the select |level after the read signals fromthe nenory
cells were anplified and transmtted to the input/output |ines through

col um 15 sigflgdtansd nppeds . pds it idn shbsspaoviidedi widibagrdahtof one sinplified
enbodi nent of the dynam ¢ RAM according to the invention around the sense
anpl i fi er prepaxatater@od Tedimdrrcridvesd Lapes @ @ldiddion dtput. In
Fig. 3, 20 the sense anplifier 16, as vertically sandw ched between the two
sub arrayshes 2 ¥hdamelei s word lh@eérﬁﬁraﬁéghﬂ?@g&r &odxenplified, but
the others are shown in block forns. On the other hand, the circuit bl ocks
i ndi cat ed SPYICRAEY 13 HEL RS Nt SFaEr | 95 THESFE) VA% reference
characters.. - 24 0 7 NMAY 200 e the _dynam ¢ nory | l's, as
inter%oseé”btet]vee'é%s tHE SHRRT I%ezgalp?ﬁfséa?’ghgﬁg?gﬁﬁ’agsgy 15 and one
BLT of co [ O I X i S a

r epr esent %ge@mrﬁ“@rd{/)néarrﬁ%éﬁén@kﬁ%—régggg%g?ghggﬁs?%gpgdq?ﬁ rTcI ude an
addr ess s%pgumwd\@sﬁ%mw Arél 8EpLataRPCLERanGRa HRf @32 he letter T
of the bit 1Tine BLT indicates the true side onh which™the high |evel

COrr espongs tihd heeft0Gina Iriqtel dhechgtt eabHaekayhe bikel kpevBLB i ndi cates
the 10 bar side on which the |ow | evel corresponds to the logic 1. The

addr ess salectl2afy SMoSieE anpih hfisedss gate gpnargeddabovie timel helomord | i ne
SW.,, a drain connected with the bit line BL, and a source connected 15 with
t he d0or agwesighicialdry C:heThie? Hiprire| et roupdenpntheysbditaddnafaci tors Cs
are commnlhy fed with a plate vol tage vPLT. A negative back bias voltage
VBH i s ap@f éd'& @ x¥h@asiisst raf efQBrELndRnERE 8PPt RETRVSFEBABR The sel ect

| evel of the sub rd line SW js set to.a high_.voltage VPP which is
rai sed by af’:[arﬂgees%bd)v\folefécgeb%jfo"t’ h%naég?é%ggg g&‘fian_aﬁ&FET Qm from the
0 b Bl A0y MEsughe, spragcaTRla oS wssaRecasg v L1 e
sense anphifd &ferdtd dnfph 101 dhesDi intePposed 0iAbNGeERQ3
15 The third sub array SBARY, as located at the
lefthand lower position, is constructed to have 256
sub word lines SWL as in the adjoining righthand sub
array SBARY. Like above, the 128 sub word drivers are
separately arranged. The 128 of the 256 sub word
20 lines SWL of the sub arrays SBARY, as located at the
lefthand and righthand lower positions, are commonly
connected with the 128 sub word drivers SWD which are
formed in the regions interposed inbetween. As
described above, the sub array SBARY, as located at

25 the lefthand lower position, is provided with four
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line is set to the level of the internal voltage VDL. Therefore, the high
vol tage VPP corresponding to the select level of the word lines is VDL +
Vth + a. The paired conplenentary bit Iines BLT and BLB of the jPP ﬁ,ﬁmiay
di sposed on the left side of the sense anplifier are arranged i pg atrel ,
as shown in Fig. 3, and are suitably intersected, if necessary, so as to
bal ance the capacities of the bit |lines. These conplenentary bit |lines BLT
and BLH are connected with the 10 input/output nodes of the unit circuit of
the sense anplifier through shared switch MOSFETs QL and 2. The unit
circuit of the sense anplifier is constructed to include: N-channel anplify

MOSFET ; - I ' j ng, 15
and eri %%Qgss?szgé%el%%d I o(%%é%néﬁgg}-s?% ggﬂfgéﬁa;ﬂ t%e N-gﬁ;ﬁflel
MOSFETs Q@a@qﬁl\}%éircg SR NESd %aﬂé %Ehﬁofﬁgﬂoeoﬁg%ﬁén@'ilx Hig sources of

t he P-channe Q/ and are connected wth a comon source |line

CSP. The pomkis sy, ! ChpMarste aihe2® d Ndergialdpr coneest €4 with the common
source lines CSN and CSP. Although not especially limtative, the comon

source |inoENpomdinghichide spussess 0bft BempPh enannalryamald fy MOSFETs b
and @ are connected, is fed wwth an operating voltage corresponding to the
25 eabt h dairesd Bl dxne tdepdeaiwiynadr ponged sy t £8HO MeBbizé and6 0 7 MAY
2003 Q14 disposed in the cross area 18. The common source |ine CSP

connect ed bdldw ttHes@Enkeesredfy + he P-channel anplify MOSFETs Q7 and @B is
provided with the Nchannel power MOSFET Q15 di sposed in the cross area 18 5
for feeding the Thft haythy Gubagernad .S e %pf‘?‘ﬁ'é?daé?i %#8€i on signal s

SAN and SAP1 to be fed to the gates, of the, hannel power MOSFETs QL4 and
Q5 are sHFTARRTS YRR P 1Tt obf CRYOTEIRH, oF5 1 AB EPgnal’ SAN i s set Lo

he pover SbI 4RI i ate S5 Bt oreast B BorrEcBsRiNg to the
sel eg | ewgly Qfodde M éﬁn%diéi%?geﬁ%sx}a{&fyoyw%&&eg the operating

vol tage, e.g., VDL fromthe MOSFET A sense node or the input/output
node of thensy tard/) Gl tiPftHdasRiBeiggPiokeershs predydediwhth a
precharge circuit, which is constructed to include an equalize MOSFET QL1
for short ifeopnt ha i ferperdpayatoty | bies]l iaesl sm addiMDSREEe @B 6and QLO for
feeding a 20 hal f precharge voltage VBLR to the conplenentary bit |ines.
The gat es pifinshexfe WOSRET WP temelitary eotonkbnes - f stheweforepr echar ge
signal PCB. The driver circuit for generating the precharge signal PCB is

provi ded ithe R MY 40 HiS P Eh TIRAFIEPLE| REXRRISI5PYI LASUGR not shown,
O 8L B S AT e oS B R [
SeIeCtingare separately arranged by 130 above and below.
The main word lines MWL are so extended in the
horizontal direction that one of them is exemplified.
On the other hand, column selecting lines YS are so
20 extended in the vertical direction that one of them is

exemplified. The sub word lines SWL are arranged in

parallel with the main word lines MWL, and the (not-

shown) complementary bit lines BL are arranged in

parallel with the column selecting lines YS.

25 For the four sub arrays, eight sub word
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timng, the MOSFETs @ to QL1 constructing the precharge circuit are

qui ckly switched through the 5 inverter circuits which are di spersed

di sposed in the individual cross areas. In addition to the circuit&7ﬁéb%m3
in Fig. 3, there are provided, if necessary, in the cross area 18 a half
precharge circuit for setting the comon source 10 |ines CSP and CSN of the
sense anplifier at an inactive tine to a half precharge voltage (VDL/2), a
hal f precharge circuit for local input/output lines LIOT and LIOB, a

di sperse driver circuit for shared select signal lines SHR and SHL, and so
on. 15 The unit circuit of the sense anplifier is connected through shared
switch MOSFETs B and Q4 with the simlar conplenentary bit lines BLT and
HLB of theselechinaylisesnF¥fB LowBK78i aseoextigndachvixite tdvetch MOSFETs
Ql2 and QL3 construct a colum switch circuit, 20 which is turned ON when
the sel ectMaipnePryslinesedWkothreugh| sbe [fowdl seds MGHaevel ), to the
sense nodes,or the input/output nodes of the unit circuit of the sense
amplifier SH¥RAt) o3P FRPRYF outfRACIVPes EheLFOUE| 8RB, WPKG2T and LI 02B. \Wen

(e SUD oy S Bl 2R e SRR SO AP LS oLl
th i he. . fi I t h d itch
1S U0 LoDl e SR BRI Rrp e ELk MG g 10 g1 0 oW

i nput/ out pifepogies QfpbPeaggnsswarPsLb 8krays .CORRRC LR Wt Rrihe upper side
conplenentary bit |1 hes BLT and BLB, to anplfify the mnute signal of the

nmenory celdn&ogecd edsibtHotdesstbetifig $iRcUOFXOE R I HE hgFreby to
transmt the 10 anplified signal through the colum switch circuit (QL2 and

'Q13) to thenhocassigped/ oot phé twoesubl Ot Faged andObXt eithse dwsal

i nput/output lines LIOLT and LI OLH are connected through the swtch circuit
| OSW whi cthe ssul> sposayis | hstbe redsseatbe h8mamy cdngoseikzef 15 N-channel
MOSFETs Q19 and Q20, with main input/output Iines MOT and M OB connected
with e input tErefhbicatly ndben akpei prehtesubAwWorsugie lestt igibwn, the

speed can pe raised higher_by using the so-called "anal o ate", in which a
PPchanneI f&%F%TF’F(gBp?%ﬁﬁé%y?ﬁezﬁgﬁégﬁFaeFovmeﬁﬁ [7& 5 Y and QO.

gat e vort v o Hhed vrbrfe “ors i b BBBn s e e o
resi stance,fan; peet oypELd tRe @i senghenanpeds Welckslheymaire ifiput/ out put
lines MOT and 25 M OB, on the othef hand, there are connected the
many as 8 x 32 = 256 for the 32 sense amplifiers in
15 the shorter side direction, as in the memory array of
Fig. 1. In the foregoing embodiment, on the contrary,
the wiring lines can be formed without any special
dedicated regions by assigning the eight sub word
selecting lines FX0B to FX7B commonly to the two upper
20 and lower sub arrays and by arranging them over the
sub arrays in parallel with the main word lines and in
the mixed manner.
Intrinsically, one main word line is provided

over the sub array for eight sub word lines, and the

25 sub word selecting lines are demanded for selecting
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- 29 0 7 MAY 2003 output terminals of a wite anplifier, although not
shown. Al though not especially I[imtative, in response to one sel ect signal
YS, the colum switch circuit 5 connects the two pairs of conpleqﬁﬁﬁ r@ﬁﬁit
lines BL and BLB with the two pairs of local input/output lines L

LI O1B, and LIO02T and LIO2B. In the sub array selected by the selecting
operation of one main word line, therefore, totally four pairs of 10
conplementary bit lines are selected by the two pairs of colum switch
circuit, which are provided to correspond to one pair of sense anplifiers
on the two sides, so that 4 bits can be sinmultaneously read/witten by

selecting one signal YS. 15 An address signg&.Ai is fed to an_gddress
buf f er 51_0%&%%6@5‘;%&?% %%E?Eafégef’n AT nGREHAR HAg¥Rhifiner to fetch
X add i l. Y, agdd i . .The X_addr. ' | is fed t
gnpr egec{) sneglfg'gtg Jﬁ?gfoltqﬁ%d Sg?%gﬁﬁgféggﬁl:o?upﬁgoﬁgi grl\?/\% d%“?‘ﬂg I\/Ik/\i 28 isO
ted th ' 1 : i ' 12. "'Th
addr cas. bUTTS S¢ ooathed §RLeL8ERECto tnalli KRR, BE' Prbl o e e
term nal, éé’lfé‘,attﬂ%ﬁﬁf;%xﬁpﬁéf‘&e iMed hméaﬂegB%% W?Lh%a%ir\f% fed from the

external term nal e predecoder 1s 25 operated with the dropped

vol tage VRERIcyphengassthamerd¥ore 0 reMYi w03 aRé D1ypoedrdetugr 12 is
operated with the boosted voltage VPP. A col unm decoder (or driver) 53

gener at es pyes Lot LMt 564 eclie Shddeh &5 ther eipangeptiechhe 1Y ghddiyess si gnal
which is fed by the tine sharing 5 operation of the address buffer 51. The
mai n anpl ifo efoxfd tilse oper avexid wsehechendr bpped bekwaga VRERmaso t hat its
signal is outCPut_ted froman external termnal Dout (or DQ _through an

out put buf{ard eineei ML iy opekiReduset At RhepsaBe VAryddt 4gyevpD fed from
the external termnal. A wjte signal, as inputted froman external

term nal G% et 9 the ‘P%’f%h‘é‘ar‘?h}bﬁﬁﬁ MREt nput buffer 63 and is fed to

t he in input/qutput .|ines ar_an t hr ough l.at er-described wite
ampl i er, whi cfF ot EF 9 nl\érl%"?ﬁgs%%} a{kfFfFIBEO%ﬂ“ea’s' shown. The

out put buf i r v'sggﬁi cAfs . in riign .t I I ift circuit,
as will be.%;e%ﬂcs'rsiaggcg)[} n CZE}%IﬁI%J\)M %‘ffe‘gﬁd%’%gl 8glbca8%|dt g}nglF %ml'putti ng the
si gnal hawiyna:s i tosh d@ved ighan syasheeai earvubR the bk k@& gnal . 20
Al t hough not especially limtative, the power voltage VDD fed fromthe
external tssyedwing Sliveds tEXOB Sand swdohpt Andlhe dedppedsignthdge VPERI fed
to the internal circuit and the operating voltage VDL of the sense
anplifier iareertsd tfrom &he forméws ddoreovdrsethe sub word

15 driver SWD adopts a construction to select the sub
word lines SWL of the sub arrays arranged on its left
and right sides. For the two sub arrays sharing the
FX0B, therefore, the four sub word selecting lines are
shared and fed to the sub word drivers as many as 128

20 X 2 = 256. In other words, noting the sub word
selecting line FX0B, for the two sub arrays, the
select signal has to be fed to the sub word drivers
SWD as many as 256 + 4 = 64.

If the first sub word selecting line FX0B is

25 extended in parallel with the main word line MWL,
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25 vol tages are generated, although at the sanme level, by - 31 0 7 MAY
2003 power circuits (or voltage step-down circuits) independent of each

ot her, so that the power noise due to the operations of the periﬁﬂéﬂéﬂm3
circuits may not affect the anplifying operation of the sense 5 anplifier.
The boosted voltage vPP to be used for the select signal and the unsel ect
signal of the word lines (or sub word lines or main word lines) are set to
3.5 V. The precharge voltage VBLR of the bit lines is set to 0.9 V equal to
VDL/ 2, and the plate voltage 10 VPLT is also set to 0.9 V. Mreover, the
substrate voltage VBHis set to -1.0 V. Fig. 4 is a circuit diagram show ng

nbodi t of th lifi ti f the d i ¢ RAM d
Co the | nvERPEENISTRECYAAGH A FECORGHEFD HA! RRlest Y0 | HRei BAP to that
shown in Fiﬁ: g.:A CMOS. | at,ch cib%yit ﬁ% ns%*uctin a unit circu{t of the
sense anpl VRFEP 8 BHRYLAGE: &8 £8S A& o & BRh f1irfeT S MERETS e6 and 6

d the P- , f ' h . Th
Cour cos of F300: RESG SR EREnRAPRESPETE 10 Aihios S 16 B2 8annel  NDSFETS

I d D I t i . i CSN
and CSP i ChVr 8 SOeRBaTy RoRnEe el o (L e Raur e RF A nel  DSrETs

and P-chanpgk YRBFGE$aCceB3EEEEhNY idROWIENe35 MG - Wesd (14§ sense
anplifier, as disposed to - 32 0O T MAY 2003 correspond to the same sub

array. An pperskilegtveliyngt ¥YOom ithel &drist tdid MVBDESDEEEEnG i ne CSN

t hrough the N-channel MOSFET Q19 for receiving the timng signal SAN, and
t he oper atlhge5F¥0Bt agehMDLfisst esubowbhé selmoniagulded IMX®BCSE t hr ough
the N-channel MOSFET QL5 for receiving the timng signal SAPL. In this
‘enbodi nentext@ndedr ih parahlfdl wisbAthectadn eirrdopeinms Mvorndge of the
sense anplifier is fed with the earth potential fed 10 fromthe external
termnal byheh&uBarPRd| L hBeSeplFat ¥hereas the second sub word

10 selecting line is extended over the sub word driver
region in parallel with the column selecting lines YS
and the complementary bit lines BL perpendicular to
the first sub word selecting line FX0B. Like the
eight first sub word selecting lines FX0B to FX7B, the

15 second sub word selecting lines FX0 to FX7 are divided
into even ones FX0, 2, 4 and 6 and odd ones FX1, 3, 5
and 7 and are separately arranged in the sub word
drivers SWD disposed on the left and right sides of
the sub array SBARY.

20 The sub word selecting line drivers FXD are
separately arranged by two above and below one cross
area, as indicated by solid squares in Fig. 2. In the
lefthand upper cross area, more specifically: the sub
word selecting line driver arranged on the lower side

25 corresponds to the first sub word selecting line FXO0B;
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fromthat earth potential VSS, so as to receive no influence of noises from
the peripheral circuits or the like. In short, the earth potentiﬁkPM§§ fed
to the sense anplifier is fed with the earth potential of 15 theY¢i

directly fromthe external term nal through the wiring line which is

provi ded separately fromthe peripheral circuits or the input/output
circuits. At a pair of input/output nodes (or sense nodes) 20 SAT and SAH
of the latch circuit, there is provided the precharge circuit which is
constructed to include the equalize MOSFET QL2 for shorting those

i nput /out put nodes, and the precharge MOSFETs QLO and QL1 for transmtting

he hal f h | VBLR 25 h ; AT d SAB. On th
E)t ﬁerahangt,rﬁé: %%QGS‘Y% Jﬁ%ﬁf%‘fﬁg{"ﬁé%iﬂgeaﬁgggﬁg %aﬁdrsg%% e conneE:t :d
ith the | [ t 1 L LI h h th | itch
Mosrere o o Rt ndd diSa Ll 88s k! SPeh ERHIRERRL AT T8 1€
Mo , . 1 I . and i t
conp! enen & BHET A Wi d S el 18 et e R FREBY e 2oy 0ss (e
sense anplyfd efyPQid i Prse Pock {de fbﬁée&f%}cgfggﬁg%so@tﬁ d 4 are

provi ded between the conplenentary bit I|Ines BLRB di sposed on 10

the risght sher dhee Nt HoNMEndHowerf8doks hbeagates of the shared
switch MOSFETs QL and @@, and the control signal SHRis fed to the gates of

t he shar edcamtéspmsdd Branchédf irdt esulb wbrfiheelateiagcliiaes Fixspveen the 15
conplenmentary bit lines BLLT and BLLH on the left side of the sense
anplifier portidm aihe tdentrib wpper |¢ress SW¥da: SV and wordn arranged to
intersect the former. ' at a right angle, there is disposed the dynanic
‘menory celselfgteing slimmddrivee i rged uee the hadessside sel ecting MOSFET
Qn and the storage capacitor Cs, as described hereinbefgore. Likew se, at

each of jtﬁ%f”f‘?ﬁsé?%‘élﬁi%stllﬁet%tt%@cﬂ%@eﬁ_@?ﬁ?ﬁF}nSi t1PPnELIRRT and BLRB
svea sy Flig e b o8 it Toe 1 hite S8kt v8Re FaprdRsRroe i gnt angl e.
o ruct o 1% SR Rl stes shedle duopTLGoeRIBEL R 1)
capacitor P GSSrdesis kdasalabef 0y e1ide F¥385ah8 8x6BECHInlg di agram
showi ng one enbodi nent of the main anplifier shown in the enbodi nent of
Fig. 3. Theheresub anpid fdesledtsing line driver arranged on the
upper side of the center lower cross area corresponds
15 to the first sub word selecting line FX7B. In the
righthand upper cross area, moreover, the sub word
selecting line driver arranged on the lower side
corresponds to the first sub word selecting line FXOB;
the two sub word selecting line drivers FXD disposed
20 in the righthand intermediate cross area correspond to
the first sub word selecting line FX2B and FX4B; and
the sub word selecting line driver arranged on the
upper side of the righthand lower cross area

corresponds to the first sub word selecting line FX6B.

25 In the sub word drivers thus disposed at the end
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constr

and Q

sense

ucted to include: a CMOS |atch circuit having N channel

2 and P-channel MOSFETs @24 10 and @25 in the | atch shape

anplifier; and an N-channel MOSFET (23 connected between

connected sources of the N-channel MOSFETs 21 and @2 and the
ial of the circuit. The input/output nodes of the CMOS latch circuit

pot ent

are 15 connected with the main input/output

descri

bed herei nbefore. The commonly connected sources of the

MOSFETs Q@1

t Mkpumgnly

earth

lines MOT and M OB, as

P- channe

MOSFETs @24 and 25 in the latch shape are fed with the operating voltage

VPERI .

This voltage VPERI is set at the sanme voltage 20 as the

operating

vol t age VPbrefiohnize ofense afguory elrr#Y | heogubBokreapeskablslent tative, the
nput/output lines MOT and M OB are precharged together with the

i Nnpoty ahtedut diighes dildel ssndcHAtOB-he MERbot¥DLinky SWE @af - shown
precharge circuit 25 di sposed on those |ocal input/output LIOT

main i
| ocal

35
i nes

0 7tkiay12003 sAudet fagreoemitu ssivgmky sdreenout to the loca

and LIOB. -
i nput / out put

LIOT and LIOB and the nain input/output lines MOT and M OB by the
anpl i fyi ng oper Hitbn&hef coms teaedadampm f fileis emeediment dne of 5 the main

- 21 -

oper ati ons of

|nput/output lines MOT and M OB changes fromthe precharge potenti al
(VPERP = VDAFh $he woix a@éddr%?&p%iﬂrwt%bn%mﬂiévéresaaéanaﬁd t he MOSFET
@3 is tugned ON wi.ith the timng signal MAE so that  the otentlal
di f f er enc@ST¥CERpIHIS GRSy Ahde ghbfafs 1@!\?‘6@?9’?‘@1@&’0 Hd &PESi n t he
| at ch Shaﬁ%@ Fi * Q i S a mgw%ut d|a ran1s %n g one ﬁb ment of the
out put bu r dfhanlg'ﬁxﬁ aé& YHetPeve PBﬁ FﬁnFig 6,
there is gls ﬁ@% P o hiad %m h:ﬁ W5t 6 €BhhBEgla
‘the dynam ¢ %A g%EC|f|cgﬁ %2 $erly d
even if the eight sub word selecting lines are
10 arranged for each sub array. With the sub word
selecting line driver FXD being formed, however, the
cross areas are enlarged to obstruct the higher
integration. In these cross areas, more specifically,
there is no areal margin for forming peripheral
15 circuits such as a switch circuit IOSW provided to
correspond to main input/output lines MIO or local
input/output lines LIO, as indicated by dotted lines
in Fig. 2, power MOSFETs for driving the sense
amplifiers, drivers for driving the shared switch
20 MOSFETs, or drivers for driving the precharge MOSFETs.
In an embodiment of Fig. 3, therefore, the two
upper/lower sub arrays share the sub word selecting
line driver FXD to prevent the areal increase.
Of the cross areas, the one arranged in an
25 extending direction A of the second even sub word




decoder is operated with the dropped voltage VPERI to generate a decoded
signal having a correspondi ng signal anplitude. The main werd dri.w '@
operated with the boosted voltage VPP. The nenory array 20 outp@ﬂgﬁgﬁg r ead
signal having a signal anplitude corresponding to the operating voltage VDL
of the sense anplifier, as described hereinbefore. The main anplifier is
operated with the dropped voltage VPERI to generate a correspondi ng read
signal MOB. Here, 25 the letter B of the MOH indicates that the logic "1" -
36 0O 7 MAY 2003 is at the low | evel whereas the logic "0" is at the
light level, and the inverted signal is designated by the MOT. In the
output buffer, the output signal MOB of 5 the main anplifier converts (or
anplifies)S?h@cgigﬂallPé%eFxgoFPegﬁénéﬁn@rpylﬁﬁé diddsed®nv N+t age VPER to a
vol tage | evel corresponding to the external power voltage VDD by a |evel
shift circehen2sl BR §raHBgFF?e91§i§H£IfﬁE@Hnﬁsaﬂb&qﬁfﬁﬂﬂéi nput of a NAND

10 t i it ) th hand, th i [ His i ted b
Fovart or bttt RvaEe v ObE hro Rt seRse” stk eree @A AT 2. The
th i j i d & fed w.th dat
oL | PSR hAESEMN BB EnChi £ ks FLAANSCE T deg g date
voltag§ \“$boC¥EPU£%NG§£f§?i&E)?anCWiHQVSe'ﬁ%§§IQ% ?hcapaC|t|es because

they are forned to have relatively large sizes for achieving high | oad

driving abiéiéigsreep; OLAET ahONDERYRNEROBERY Piis FMESITS £R and ON at a
hi gh speed, 20 the oufput signals of the 'gate circuits GL and & are

sequent i al fyed imdisant é€ethhpoughtiavevksr ofi kol s ri¥a itto tt.chhe power
voltage VDD to be fed to the source of the P-channel output MOSFET QP of
t he out putséns¢ eamplilbered t hrough an i ndependent power term nal VDDQ and
the Of the cross areas, the one arranged in the
10 extending direction B of the second odd sub word
selecting lines FX1 to FX7 is provided with: an
inverter circuit for turning OFF a MOSFET for
precharging and equalizing the bit lines; and an N-
channel power MOSFET for feeding the earth potential
15 VSS of the circuit to the sense amplifiers, although
not especially limitative thereto. This N-channel
power MOSFET feeds the earth potential to a common
source line (CSN) of MOSFETs for amplifying the N-
channel MOSFET, as constructing the sense amplifiers
20 from the two sides of the sense amplifier array. To
the 128 or 130 sense amplifiers belonging to the sense
amplifier area, more specifically, there is fed the
earth potential from both the N-channel power MOSFETs

disposed in the A-side cross area and the N-Channel

25 power MOSFETs disposed in the B-side cross area.
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- 37 0 7 MAY 2003 power line with the operation voltage so that the
Pchannel output MOSFET QP may flow a rel atively high operating cmr mtma

Li kewi se, the earth potential to be fed to the source of the P-c J I

out put MOSFET QN 5 is fed through an i ndependent earth term nal VSSQ and

t he power |ine. The P-channel output MOSFET QP can be replaced by an
N-channel out put MOSFET. In order to achieve the output level up to the
power voltage VDD, however, a boosted voltage nmay be fed to the gate. 10
Thi s boosted voltage nmay utilize the boosted voltage VPP of the word |ine
or the like but is generally generated by a bootstrap circuit. Fig. 7 is a
timng chart forpex@batPipbedoasoesamhe 8hb! W8rieadindg denperedt igp of the
dynam ¢ RAM 15 according to the invention. The shared sel ect signals SHR
and SHL argeB&dts$ othéheuprweebar yenper bgdthe bhe @resls l@veltsuch as the
boosted voltage VPP. By the precharge circuit disposed at the sense node of
t he sense taunpliéferandheighoreidehe compteeeothey hahd20thenesicHLLT and
BLLH and so on, as disposed on the left and right sides of the precharge
circuit, akrefseindoraghtl éepsechmpafiersageeVBcRifrateid ). Before the sub
word line SW1 is selected, the shared select signal SHR corresponding to
the sub 25errespondt he theeFubtwardi danes odt the &iwoussdl egiraysss 07
MAY 2d03 | evel such as the earth potential VSS of the circguit. Therefore,
the sense SRpPFEedr W JRE THB rRE D hb1RSFpREREREARGDEI £10EPRe on the

e LR A A A T S S o
| i nes BLLT, %{%‘-BH"% lgﬁ'sf'ﬁfﬁ' eiL ﬂlgﬁe{jyohhgo_s%lhgc&t G %gleagz?e{ ﬁcgf of the sub

word |ine 8 ef ore e mnute voltage is generat t he sense

anplifier @ﬁ@rééoﬂ?eae%géy'tag 9peEphtABs 124t ke tshamed 5@l ectnsi gnal SHL
is dropped to wn internedi ate voltage such as the dropped voltage VDL.

Then,1d he siefsge anpid fise) @diemdtoN vegosssrprbbapdrBoth ane raised to the
high level to start the anplifying operation of the sense anplifier. 15
Speci fi caltgloddingomperstidnhtVOSEEIVELE thet sensed @Mpliitfhidrde sense
anplifier activation signal SAN to drop the conmmon source |ine CSN of the
sense anpli9ixestenen the haltipteeharge ¢5Rtgge Ewcappdrenthalsesuch as the
earth potential VSSA of the circuit, and the %ower 20 swiitch MOSFET QL5 is
turned ONSRYFEIRRPALREtAnbREf FRP AEFRYS Pon &Sy SR BRPE YW S i se the

conmon therefore, the power MOSFETs are used to activate the

15 sense amplifiers on their two sides. In the sub word
line driver SWD disposed on the right or left side of
the sub arrays at the ends of their group, on the
contrary, only the sub word lines of the sub arrays
are selected so that the power MOSFETs activate only

20 the sense amplifier group on one side corresponding to
the sub arrays.

The sense amplifiers are made to have the shared
sense construction. In the sub arrays arranged on the
two sides across the sense amplifiers, these sense

25 amplifiers perform the reloading operation to amplify
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source line CSP of the sense anplifier fromthe half precharge voltage to
the operating voltage VDL. In this anplifying operation, as shOM@&gwxggﬁ 25
enl arged diagram the potential of the shared select - 39 07 3
signal SHL on the selected side drops to a | ow potential such as VDL, and
the switch MOSFETs QL and 2 connect the bit lines BLLT and BLLB with a
relatively large ON resistance because the potential 5 between the sense
nodes SAT and SAH is as small as a bout 0.9 V. Therefore, a high parasitic
capacity of the bit lines BLLT and BLLB is not directly connected with the
sense nodes SAT and SAH so that the sense nodes SAT and SAB are quickly
extended in a manper, to 10 correspond to the m nute potential difference by

the anpli fiR&tTeAR Ti9R2b? PhetRBNSEMBABPPRFRXY SddciliNe8 Iy, the sense

e AR o e L Al 1 2
potentral iy Ok S0 LS0REEL  Ehe aRar Y, SFiSon MRS S eT o s
coupl | ng 1 TS L50CRE MofbLLHERRRETThiE! Lides A" L Che bi

line BlLHs{fetde {hdenSi-sLRELLBA 0 R8PLI LliRakl oRnef d&
MOSFET Of

Seibag
anplifier, nore specifically, the swtch is turned OFF, and the

swit ch MOSHE d¥ortsgd Urdisse 260£D ¥kt bha hamngey' eeldsares tHe0 nNake coarse
the - 40 0 ~ MaY zoo3 coupling between the sense node and the bit |ines
BLLT and Biditiads chawgel statde mimutleipotese iatf théf embodémeatqui ckly
enlarged by the anplifying operation of the sense anplifier, and the switch
5 MOSFET (thershared swiesk| MGSHETEensi thesconplemepitiany ttitt he bit |ine
HLLB in a nanner to correspond to the extension of the anplification
vol t age t ekt FFIRIRRRAL2 et Ar bpeoFel RET At EHPI ¥OT6f 1tie®SHiare i ne BLLB.

I n ot her rds he switch MOSFET at . this 10.tine functiqgns as the

so- ot ea Siisred ot (Lt TBRCIRER cROEBEERaLi 1 FegRUORTd Bate and a
source in t {0 d tept] e_hit.ld. BLB. . The sense
anplifier %‘? f%‘r%rr]g Jgrﬁg s%ééé)%ég%%’?%t ?gngﬁ%t? P%?nagk%éfﬁo%%st :a\?}ed f eedback

| oop wi th Lo thg JB Ul Gy 0l 298 tRePE1EaRSTELEE R tNR REASR N10des SAT
and SAB. If noises rise at the anplification starting tine to invert the
potential dgligderenteonite resneey t611beweeadahpuealiedhenef ore, an
erroneous reading operation is caused, that is, the 20 anplified output is
rel oaded itrdrsmitered yteethe inpetlsetpntelingeotibrsughi wplower ati on. At
the anplification starting tinme of the sense anplifier, therefore, the
couplliing tsPkert ArFUHES- i s coarse because the gate-source voltage is in
the vicinity of

Fig. 3 shows a circuit diagram of one simplified
embodiment of the dynamic RAM according to the
invention around the sense amplifier portion thereof
from the address input to the data output. In Fig. 3,

20 the sense amplifier 16, as vertically sandwiched
between the two sub arrays 15, and the circuit of the
cross area 18 are exemplified, but the others are
shown in block forms. On the other hand, the circuit
blocks indicated by dotted lines are individually

25 designated by the reference characters.

- 24 -



25 a threshold voltage, even if the shared switch MOSFETs - 41 0 7 MAY
2003 QL and @2 are ON. Therefore, the mnute potenti al differenﬁf gﬁf ]

qui ckly enl arged while preventing the influences of noises from % b?@
line side. In response to this enlargenment, the switch MOSFET QL on 5 the
high level side is turned OFF, and the oN resi stance of the switch MOSFET
@ is gradually reduced in response to the enlargenent of the anplification
signal to the low level side, so that the potential is |owered by
densifying the coupling to 10 the bit lines when the anplifying operation
is perfornmed quickly and stably. Thus, the sense node SAB is given a
substantially high signal charge by the connection with the bit line BZLB
havi ng a rel ati véng afghhesdpapadict memeayasedyl sihrasuginterpes®d ch MOSFET
@. Wien the sense node SAB is connected with the local bit line in
response tBetWBEBoFHRANSHEl ¥OKdsildRa SYE fiteSéfist ©Ng Hkj FFERY anbunt to be
read out by the charge_share with the |ocal bit |ine can be increased 20 to
effect a figtanaapﬁg?LEiﬁﬁ gopplemantaty Hidy 11 5S St A RLBhe readi ng
operation of the dynam ¢ RAM according.tq.the ipyention. .This timng chart
IS intendeﬁst8x8%8¥é?ﬁe§hgssﬁp§FP5|ﬁ%§tgglﬁﬁ€ rgéﬁiﬁgngﬂgfhtion at the 25

| nter npdi ahgnBel epLh Al LN chASCLAKRUY QY NGHIDY Mgy de 0 7 MAY 2003

t he readi ng opefation 0O e prior art, in e shared swi tch MOSFET

on the sel gei gl $hgembsrE?BRERALY ol Wil capMian dhecsenge @plifier is
activated by setting 5 the shared select signall SHL to the | ow |l'evel such
as the letter T of the bit line BLT indicates the true
side on which the high level corresponds to the logic
1, and the letter B of the bit line BLB indicates the
10 bar side on which the low level corresponds to the
logic 1.
The address selecting MOSFET Qm has a gate
connected with the sub word line SWL, a drain
connected with the bit line BL, and a source connected
15 with the storage capacitor Cs. The other electrodes
of the storage capacitors Cs are commonly fed with a
plate voltage VPLT. A negative back bias voltage VBB
is applied to the substrate (or channel) of the MOSFET
Om. The select level of the sub word line SWL is set
20 to a high voltage VPP which is raised by a threshold
voltage of the address §electing MOSFET Om from the
high level of the bit lines.
When the sense amplifier is operated with the

internal dropped voltage VDL, the high level to be

25 amplified by the sense amplifier and fed to the bit
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the earth potential VSSA of the circuit, as shown in Fig. 8, the potentials
of the sense nodes SAT and SAH abruptly enlarge their mnute readin
potential difference. Wien the shared select signal SHL is 10 retﬂdrh%ﬁé(dlﬂﬂb
the select |evel, however, the, sense nodes SAT and SAH are shifted to the
bit line potential side by the charge share between the bit |lines BLT and
BLB having the relatively high parasitic capacity so that their potenti al

di fference becones as snmall as v2. 15 Wen the colum select signal YSis
set to the high level at this timng and connected with the | ocal

i nput/output lines for the reading operation, the signal anount to be
transm tt epihbr oiobet heo! R8I 1b0RYL bEULR! 1t BE$,210 Jdig 488 'yppput / out put

lines MOT 20 and M OB is delayed to reach a voltage V3 necessary for the
anpl i fyi ngripeeegbien @lfxetﬂfgﬁa{rﬂlﬁgﬁle' frioer ceRrRapedthierianidle Therefore,

the col um sel ect si gnal YS'is set at the select level till the voltage V3
is achi eV%lé@tti@{reltobaﬁhéowgﬁﬁplwﬂ%sccign%&,' Qnyey, hetyeerde sense
nodes and the |ocal input/output - 43 7 MAY 2003 lines. On the

contrary, pdired heomphemensatrpgcbisi gtlalesSHLToanﬁheslaaelcﬁtttﬁob sgle is dropped
to the internedi ate potential VDL, as indicated by dotted 5 lines, as in

t he irﬁ/entannaytﬁéSpose@tbal the Leétbistidei néd BbB Isenseeampliopped even if
the shared select signal SHL is returned to the select |evel, because the
anmplified mp@sr@ng@ﬁemomre%elsu a6 FHOWPaABNFGed 30 ATk a%e | ine HLH
for the angi:‘lflc&l on eriQd of the sense anplifier. As a result, the
potenti al Fep cénB ehe helgeﬁ§€eﬁ56€¥ SAP &A%d tSAP31ANGE en arged as

d VL, . Vi | YS d he hi gh
Tovel to SrTRctoLREiFLan o Bier BEFoREeh {PRCRonnaRPIGReBEARY 15 made

with the liggaly | out bt ggga%weéret heraLarey Lepsigpal amount to be

transnitte oug I'nput/output Trnes to the main input/output

| i nes gV OTy Mo&Breembges N6t e8fBdunds chdbaated oy otdeakd ines in Fig.
8, so that the tinme period to reach the 20 voltage V3 necessary for the

anmpl i fyi ngampei fiépntofolidie sBaneanpltitcar MosprRest @d Hir @@ th can be
shortened. In accordance with this, an activation signal MAE of the main
anplifier can berhé mmiiearirexitanf the seheetappiiddesf itshe col utm sel ect
signal YS 25 can be shortened. - 44 0 ~_MAY 2003 The internediate

vol t age sIRMILFBELER 1o nipebuds: t NeCBpRPELi ARPLAEYadOSFHTHQT he sense

anplifier. ‘and Q6 and P-channel amplify MOSFETs Q7 and Q8 having

15 gates and drains cross-connected into a latch shape.
The sources of the N-channel MOSFETs Q5 and Q6 are
connected with the common source CSN. The sources of
the P-channel MOSFETs Q7 and Q8 are connected‘with a
common source line CSP. The power switch MOSFETs are

20 individually connected with the common source lines
CSN and CSP. Although not especially limitative, the
common source line CSN, with which the sources of the
N-channel amplify MOSFETs Q5 and Q6 are connected, is
fed with an operating voltage corresponding to the

25 earth potential by the N-channel power switch MOSFET
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This internediate potential nmay be ideally within VT2 < Internedi ate
Potential < VT1, if the threshold 5 voltages of the MOSFETs QL andUPﬁAYaﬁl]ﬁ:l
designated by VT1 and VT2. Even with another range of VT1l, VT2 <

Internedi ate Potential, however, there arises no problemso |ong as the ON
resistance is so high as to exert no substantial influence upon the start
of 10 anplification of the sense anplifier. The threshold voltages VT1 and
VT2 are expressed by the following forrmulas (1) and (2): VI1 - VT10 +

KJ~VHB - VSAT~ + 2~F - 'J2~ F - - (1); 15 and VI2 - VI2 0 + K1~ ~ VBB -
VSAB ~ + 2 ~F - "J2~F - - Here: VT10 a threshold voltagefor vBB -
VSAT = 0; I f H VERAB &0 ubstrate

ef fect con @ fséggﬁéa vgﬁ(éo)lgéeﬂg% u§£8 Eﬁe sense ‘9‘8 S ?agf%AB a voltage
val ue of tb ce5F Sofiet WhEh 2 AUDSbLALES VB! REE pAllande P

Fel m -1 evel. F| g. 91s atimng chart tor explalning another exanple of the

readi ng opghst 1 6 I“Risf?ﬁ‘ﬁs dd’ﬂaﬂ@ &6 AMs 2pra6eaedi RethothiRe N-nvention. In
t hi s enbodi nent,” when - 7 MAY 2003 the shared sel ect signal SHL on

the sel ectehmisle p@néﬁth)SJFE'i‘lteﬁlt&Iﬁﬁes&ielﬁotﬁét t2bs¥Dlaraid 1dhen
returned to the select |evel such as the voltage VPP, the rising tine tr is
del ayed t ofdr | fedding rigsell intérhak eoluphgagvbbtween the bit |ine BTL and

t he sense node SAT on the high level side is nade gentle to reduce the drop
of the bit |ine SBinge Asnpl Y& tactireapoornsighallsf SANenond Béfdeen t he
sense nodes SAT and SAB can be enlarged fromV1l to V5. This nakes it 10
possi bl e tleP rRadfesitte h@%e@%’ée%ﬁ%uf—hgt NachpgnRespeewero MOBFERR a

i nput/output |ines. Fi isacjrcuit di agram show n%§one enbodi ment of

the tim ngQ]g‘lerPe‘?%tho% "t‘f‘? C%H“?Josr Jg%n%?%??ng PHetBRaPELESE d&VS gnal .

Three tim > 5| d ener at n_SH sel ect |ogic
bl ock. Forygxtgihrrpl ﬁgﬁﬁnl@ ss'El@’%;na S Q{%fgﬁav Yarfe géﬁge elt?sjbn t he
sel eqgloed sdyflg, M%@%ﬂl%éf@w éﬁ&“@%«%n&’psﬁﬁg afe8r engepekai,ed on the

unselected side. On the selected side
voltage VDD (or the boosted voltage VPP corresponding

to the select level of the word lines, if necessary)
for outputting the operating voltage, e.g., VDL from
the MOSFET Q15.

15 A sense node or the input/output node of the
unit circuit of the sense amplifier is provided with a
precharge circuit, which is constructed to include an
equalize MOSFET Ql1 for shorting the complementary bit
lines, and switch MOSFETs Q9 and Q10 for feeding a

20 half precharge voltage VBLR to the complementary bit
lines. The gates of these MOSFETs Q9 to Ql1 are
commonly fed with a precharge signal PCB. The driver
circuit for generating the precharge signal PCB is
provided in the cross area with an inverter circuit,

25 although not shown, for raising the falling speed
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20 specifically, the timng signals Q-C, QSH and QSC are generated to turn
ON out put MOSFETs @7, Q26 and Q27 correspondingly, so that the SHL (SHIT%
potential is set to a binary voltage of VPP - VDL - VPP. On the urlseMiCcIBH
side, the timng signals ~C, QUA and ~C are 25 generated to turn ON out put
MOSFETs @7, Q28 and Q7 - 46 0 7 MAY 2003 correspondi ngly, so that the
SHL (SHR) potential is set to a binary voltage of VPP - VSS - vPP. Wen the
select level is set at the VPP level, as described above, the select |evel
of the timng 5 signal ~ICis set to the boosted voltage of VPP + VT27 for
the MOSFET 27 made of an N-channel MOSFET. For the MOSFET 27 made of a
P-channel MOSFET, the timng signal ~dC has the unselect |evel of the VPP
and the sdiletedveAtofthenstaSIing Vire ohethe swemoom attieesster medi at e
voltage VDL to the select level VPP is to be delayed, as shown in Fig. 9,

t he MOSFERQ specbblembity of p¥ L MOSFENS wondediae |s|¢l1m‘razmgal to turn ON
the two MOSFETs sinmul taneously for the rise fromthe VSS to the VPP 15 and
one of thém®idg ¢ hfehﬁ’ﬂ&SEﬁ;'%?nQ?]etqwlﬂocpﬁétwptl}\\lgt &h@atively, the rise

of the timn SI nal ~Cma be del a B s .ch in e size of the
MOSFETs arRF §H ec’r-’ﬁ‘b‘nl& v%’r‘?a%‘élzﬁiyi §X’EJ EFBI E%tr% r‘i&ké‘ %he selective
si gnal Ievel cha s_a ti.mn rt Jf.ar ai ni ng anot her
exanplse of THE ¥ lg ]Flrggc%]p%srg‘f o?th‘eila?ngﬁngPéAﬁhls&orﬁ nld‘to t he

i nvention. { sense anplifier is overdriven.

Speci fi caI Héq rp':l Cﬁpage% hi gﬁer t han the operating vol tage VDL is 25
fed to the com"rq}, Semﬁf@lcld NG GHfe 0b 1881 EsCHRGNA! in fig. 30 7 MAY 2003

MOSFETs of the sense anplifier to steepen its rise thereby t'o gui cken the

rise of tReheNSErOUSPINided | hef hhgbekegrel ,siidethBoerbRiss.axed i1d ng si gnal
SAP2 is added as the timng signal for drivi ng the common 5 source line

CSP. This & imnaInf) prepisdr FAR2ircuienporasekyingi sbd tommom gourdd age such
s t?% Vpiines CSP and CSN of the sense amplifier at an

inactive time to a half precharge voltage (VDL/2), a

half precharge circuit for local input/output lines

LIOT and LIOB, a disperse driver circuit for shared

select signal lines SHR and SHL, and so on.

15 The unit circuit of the sense amplifier is
connected through shared switch MOSFETs Q3 and Q4 with
the similar complementary bit lines BLT and BLB of the
sub array 15 on the lower side of the drawing. Switch
MOSFETs 012 and Q13 construct a column switch circuit,

20 which is turned ON when the select signal ¥YS is set to
the select level (or high level), to the sense nodes
or the input/output nodes of the unit circuit of the
sense amplifier with local input/output lines LIOLT,

LIO1B, LIO2T and 1.I0O2B. When the sub word line SWL of

25 the sub array on the upper side 1is selected, for
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| evel simultaneously with the timng signal SAN thereby to nake the conmon
source line CSP tenporarily higher than the VDL. In response to the change
of 10 this timng signal SAP2 to the unselect level, the timng WWQWQJNEﬁpl
is generated with a delay to feed the commopn source line CSP with't
operating voltage VDL. Hy this overdrive of the sense anplifier, the 15

vol tage difference between the sense nodes SAT and SAB can be increased as
| arge as V4. As a result, the drop of the sense node SAT when the shared
select signal SHL is returned fromthe internedi ate voltage VDL to the

sel ect voltage VPP can be conpensated by 20 the overdrive voltage, thereby
to qui cken the reading ogeration_to the data input/output lines by the

col um sel ¥amplgnakhesshargd switehg MOSFERS QUi &rhrRS Howi the one

enbodi ment of the sense anplifier having the overdrive 25 function. To the
common souRBBeF; fedespinkhensesse agplitjer pxe Asok BhritheerRSith t he
sour ces of hhe - channel, FETsﬁ%% and (B of the sense anplifier, there is
added not bRFyS ﬁEegoﬁBFtE i IORTRESFR? ofs! Mh o 488 nNeeve k@@l MOSFET
QL6 constructi th rdrive portion. This 5 MOSFET QL6 operates to feed
t he power 35thgﬁneﬁtﬁ¥g‘the common source line CSP in response to the
timng:signal S o r ol r.volt VDD fromthe
sourcg5 of the N@%Eéf %%Fgfhe{:ggl ggl?ﬂ{téég?pgg\’\?\ﬁge% r?lqﬂg:hsel gsneé?s%APZ to be

fed to theaﬂ?l?f@iérsgi*et Sonfedt¥dl 1338 *huPpers diftfe boosted vol tage VPP.
In order to Tighten the dependency of the serise anﬁllfler operating speed

upon the pesgplembhegeyvbit LhaeBossirednwolsrage tWPRpVA e appl i ed, as the
overdrive voltage, in place of the power voltage VDD, 157as fed fromthe

‘external treinubal signalhefgahe, memdriyheedlaiconm@eter] aoeaiag with the
power voltage vDD so that the voltage slightly dropped fromthe power
vol t age VOERrhegted swbdwbrdnmlihe SWhr tberdpyadidi rigaswamitovdrealri ve portion
in response to the timng 20 signal SAP2, the potential of the common
sour & | i mmeLEf pdt Hdgpper ARFA§IYothggECd ML SWidede cdFsiuHt er can be

tenporarilyﬁ{?iggg 6?3? ggl%ﬁgelggagiggp%%/%n%pgngines LIO1T

and LIO1B. These local input/output lines LIOIT and
LIO1B are connected through the switch circuit I0SW,
which is disposed in the cross area 18 and composed of

15 N-channel MOSFETs Q19 and 020, with main input/output
lines MIOT and MIOB connected with the input terminal
of a main amplifier 61. Although not shown, the speed
can be raised higher by using the so-called "analog
gate”, in which a P-channel MOSFET is provided in

20 parallel with the MOSFETs Q19 and Q20. By using the
power voltage VDD in place of a dropped voltage VPERI
as the gate voltage of the MOSFETs Q19 and Q20, on the
other hand, the ON resistance can be lowered to raise
the speed. With the main input/output lines MIOT and

25 MIOB, on the other hand, there are connected the
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Fig. 13 is a schematic el enent | ayout diagram 25 showi ng one enbodi nent of
the sense anplifier portion - 49 0 7 MAY 2003 to be used in the dynamc
RAM according to the invention. In this enbodi nent, the power svm'cF';cmg 2003
MOSFETs Q14 and QL5 for driving the sense anplifier are dispersed an
arranged al ong the sense anplifier 5 array. In other words, the power
switch MOSFETs QL4 and Q15 are not arranged together to have a | arge size
in the cross area, as described hereinbefore, but are dispersed in the
sense anplifier array to have a snmall elenent size. 10 In this enbodi nent,
al t hough not especially limtative thereto, the two MOSFETs Ql4 and QL5 are
arranged t t i Lb Gl rcul i {4 c description
will be m&%ﬁﬁﬁgn%gstﬁg lémﬁrgglargﬂk}?’lg%%tgﬁetaﬁetg@u@gﬁgwa% an exanpl e.
There 15 afgowk r anged consecutively fromthe upper side: the shared swtch
MOSFETs QL and @; the MOSFETs QL0 to QL2 constructing the precharge
circuit; the swiithdMfrElst A2péddaly EoRSEAYEVENT ihheadHBE sel ect
circuit; the P-channel  anplify %CSFETS Q7 and B 20 constructing the CMOS

| at ch circti toné heeNecbaghghanps | f yh&¥OSEEIRMNBwaRd Qe iq@isit ucti ng the
CMOS | atch circuit across the region formng the power switch MOSFETs QL4
and QI%; aruhndetshohedtewn pahr OSEEComQRemedt@fy PAt iliarederBlL 0 el ongat e
the gate along the sense - 50 0 7 MAY 2003 anplifier array, the power

swi t ch MOSHETSBIR 4vibll €S twe prdvEded Lechdvénputsiogdiputhahniregs wi dth t han
that of the shared switch MOSFETs, that is, to have a | arger elenent size

t hereby t obEHP1BvRRA | REQER, caPdehIOBT: 8nf| 5XOLBar elRAr 5BGhSUPN this case the

MOSFET Q14 for drivin e CO n source line CSN of the N-channel MOSFETs
o ol o atehy e el oy ATy SeT UF S o BRERE AR, ot ons THLRDL S0t hat

it d ' h f_th havi
10 T od w LIV hGt b CH6TFRgEC VDB P Lo 2Ra8e FBd ol age VPP, Wien the

power; sWi t Gl MG r i Vi R8st heesSenscRBR! bl &hAl iyl spersed and
arranlgOZd, ﬁ}‘é di sﬂﬁ%ﬁyb%?s\ele/% t?1e£ls(eansgingdgls:1 g%'d Ithﬁgtgvgmg&éfvjﬁtch MOSFETs

can be shajt efeTuh® SMiethzeitbeiopewhicBnate birgvigedoftd he plurality of
sense anplifiers provided in the sub array and to utilize the cross area
ef fecti velgofoespord heo cnecpair &fgsefidei ampliifiiemg omarthd ctwaexpl ai ni ng
anot her exanpl e of the reading operation of the dynam c RAM
sides, so that 4 bits can be simultaneously
read/written by selecting one signal YS.
15 An address signal Ai is fed to an address buffer
51. This address buffer operates in a timing sharing
manner to fetch an X address signal and a Y address
signal. The X address signal is fed to a predecoder
52 so that the select signal of the main word line MWL
20 is generated through the main row decoder 11 and the
main word driver 12. The address buffer 51 receives
the address signal Al fed from the external terminal,
so that it is operated with the power voltage VDD fed

from the external terminal, and the predecoder is

25 operated with the dropped voltage VPERI whereas the
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20 according to the invention. In this enbodinent, the timng chart is
shown to correspond to the exanple in which the shared switch MOSFETs are
made of P-channel MOSFETs. Wen the shared switch MOSFETs are nﬁﬁe ﬁfzugfe
P- channel MOSFETs, the select level is set to the 25 earth pote g -
VSSA of the circuit, and the - 51 0O 7 MaY 2003 unselect level is set to
a voltage such as the dropped voltage VDL corresponding to the high |evel
of the bit lines. Therefore, the shared select signal SHL to be 5 fed to

t he shared switch MOSFETs on the selected side is set to the potenti al

whi ch corresponds to the half precharge voltage VBLR such as vDL/2 after
the sub word, Iine SW. was se}septed so that the read voltage difference
appear ed d42hdUeshHF Hiffest Aﬁsa?ﬂe’éﬁﬁe fwiﬁhtﬁ e DROS lifier. Wien the

potential differe bet ween the sens Al and B is enlarged by the
anpl i fyi ng YPeA9R | '0 Fo Lami sagnser | ‘? ‘?’Fﬁe"%’é ﬁial on the bit 1ine

BLLT on the h| Iev g@ i S d g th t.ch NOSEET thwm ch is made
to 15 havegea{“? a‘?si v ajp ot nf#gpag g wWhiPcASPE8S e ed with the
bit | Te tial

d: ffelrgﬁce eym%érﬁ%e sen no egg}%A%'p B\got&%e@r %etggl%ﬁaqfizn:a?
MOXSFEEs ardgpdisdidrs dherd m@gs slgll_lgggrl\/@FETs to increase the signal

anount on their high level side, it is desirable to set the precharge
potential of therdahRimpMgIGEE 41 NneS dpetite@awifinpehential side and to
cause the CMOS latch circuit constructing the main anplifier to performthe
25 anpl i f yruppepenad Ity WRERI Bse hehatl iMOSEEdFralWiesncutpitted 7 MAY 2003
the main anplifier of Fig. 5 is used, nore specifically, the operating

vol t age suitemmarn rextdingdls fexmimal heogbufers BRiethwpughe aB channel MOSFETS
Q@4 and @5 by the P-channel MOSFETS, and the earth 5 potential of the
circuit i®ygnt dulifeesdd cadhigh tie Rperaknadl wibbrEhe eeyednd Q2. As a

esuhl B S AP R % OBEEELS LB xR L RgR O e, ool on
circuit d'sai%’naarﬁ,sr}aoé’mlr}%l}ékeedgef}s&n an external terminal Din (or
DQ), is fetched through an input buffer 63 and is fed
to the main input/output lines MIOT and MIOB through a
later-described write amplifier, which contained in
15 the main amplifier 61, as shown. The output buffer is
provided at its input portion with a level shift
circuit, as will be described in the following, and a
logic unit for outputting the signal having a shifted
level, in synchronism with the timing signal.
20 Although not especially limitative, the power
voltage VDD fed from the external terminal is set to
2.5 V, and both the dropped voltage VPERI fed to the
internal circuit and the operating voltage VDL of the
sense amplifier are set to 1.8 V. In this case, these

25 voltages are generated, although at the same level, by
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anplifier portion of another enbodi nrent of the dynam c RAM according to the
i nvention. This enbodinent is exenplified by providing a pair of
conplenmentary bit lines in a manner to correspond to the sense MAY. 7003
anplifier. Wen the paired conplenentary bit lines HLT and BLB a L éhy@
assigned to the sense anplifier, too, a bit line cutting MOSFETs QL' and
Q@' are interposed between the bit |lines and the sense nodes SAT and SAB of
the sense anplifier. Moreover, a 20 control signal BCto be fed to the
gates of those MOSFETs QL' and @' is changed, unlike the control of the
ternary levels in the foregoi ng Japanese Patent Laid-Open No. 4-167293,
with the Iy b I I t.he VPP and an 25
B oS PEs LEh S0 FadErE e Bl SHulys)

i nt er nedi entl a as the 2003 Even when

these bit {4 A 0o MBEE]S r Q¥ : be
qui ckly réééﬂ§ﬂ§&Q%#gaia in%%;?gﬁfggtgﬁigggtléﬁga %Q%%ngégg%ﬁﬁﬁglling t he

control siwgnalhdiopetatiohdeot efﬂérﬁfekﬁﬁﬁleraﬁs chichif®@ sO maQr 8 N9
Lai d- Open, but at the binary |level, as has been descri bed”above. These data

i nput/ out pIfddtneshd Qmphify Oy COpe£apBH, otheRet Bengenory array is divi ded
into the sub arrays, as described above, to the |ocal input/output |ines

and ase cempectfeibiby (e Ibaiettwarlttade WPPtootlhe o®eéd foputheut put |ines
provided with the nain anplifier. Fig. 16 is a waveform di agram for

expl ai ni ngalrcopeignabnandhene t eseheeht sagnad afipithedwoada synchronous
DRAM Fig.. 16 exenplifies the case of the 15 burst length HL = 2 and a CAS
| at ency CIREs (Hestulp werd Lipeg| ok pazpewesd lAnERe md&e S&gi ster. For

BL = 2, two col swi.tches are read/witten for fwo consecutive cycles,
‘and for cﬁ‘-°=c3z,§J[% &“{eplﬁr%glaéfgﬁ e"o&Lﬁ?)%‘Ft%%ImFr%ﬁL'n the Bt pitPe&r i nal DQ

two cycl es 20, A7 ter §he eagl eOTERNGLr |D T €RODRE L9 acbankactive

comand, ~an a eSs signal he row system’i s

i nputy ot er Ripad iaanaijse&OQ@@l%& £ whe mihedid, 1{Re sibstpatle select level

such as the VPP. As a result,
voltage VBB is set to -1.0 V.

Fig. 4 is a circuit diagram showing one
embodiment of the sense amplifier portion of the
dynamic RAM according to the invention. The circuit

15 of Fig. 4 is basically identical to that shown in Fig.
3. A CMOS latch circuit constructing a unit circuit
of the sense amplifier is constructed to include the
N-channel MOSFETs Q5 and Q6 and the P-channel MOSFETs
Q7 and Q8, as formed in a latch shape. The sources of

20 these N-channel MOSFETs Q5 and Q6 and the P-channel
MOSFETs Q7 and Q8 in the latch shape are connected
with the common source lines CSN and CSP which are
commonly commected with the sources of N-channel
MOSFETs and P-channel MOSFETs constructing another

25 not-shown similar sense amplifier, as disposed to
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25 mnute read signals appear on the conplenentary bit - 54 ~ 7 NMAY 2003
| ines BLT and BLB. Since the sense anplifier is activated with the
operation timng signal, the mnute read signals of the conpleggz%ng‘git

|l ines BLT and BLH are anplified to the high level such as the R to
the low | evel such as the VSS so that the sub word line SW is rel oaded (or
refreshed) in the selected nenory cell. Then, at the start of the operation
of the sense anplifier, the gate voltage of the shared switch MOSFETs on
the not-shown selected 10 side is tenporarily set to the internediate

vol tage, as descri bed herei nbefore, and then returned to the select |evel
so that the refresh is executed. After two cycles of the bank active
command, £HEEFRVER Ghe iSARR 1P F ¥Rt an address signal of 15 the

col um system not - shown .is fet%hed tQ raise a g%:unn sel ect signal YS1. As

a result, the miifn ORFFRAYOR fR G3%fes’ Mo aintet tx Bhe HPBRRRrged to the
di 11 er onc@ T Soraiifod T TS0 VT FenfRF oM HEFEERC £HE VS sel ect on
0 gener abE SR pirS G St £ salp 5 YRR bR bEC ufn” M
VPERL a5 VTR DT erel mboror & e iR T 50 et 07T MAY 2005

"its | evelgHroudhe tHeD N-eMRind]l IS FEPUY 1 PO OPelb il BgOUhBUt buffer so
that it is outputted in synchronismw th the output timng signal DOC. For

the BL = Zinlihe addyresls SKPI he I1¥ shdisemnibdiwdrthedhd eaaehr onism5 with
the next clock CLK of the read command so that the output signal MO of the
'mai n anpl ifotemtiialgdisStateted @y esporpeptyingheohtagesofi tthef rom t he bank
active command to the decision of the first output signal DQis tRACeq; 10
t he access$eansfe ampdrmiify ricad ab gy the terreecpetentbplt fedout put si gnal
DQis tA Aeqg; and the access tine framthe clock signal CLK to the decision

g
of tH& out dhgn &* S5SNI (HREMIR O R g% BFRER | hiBRt FBRArgtREcessary
anount of read.signal_ tq th i.n 41 lifier i1s guickly achieved at the
time of tﬁréf%“ stZ'Iag:ctela é&loﬁ)eo.r%anr?colr?ls?ﬁgts? h%s a{é%eggc?ﬂlré PRAC can be
short ened.; By JllieeC Q1 i diid e Adie ﬂHeQ*b%ieTﬁérﬁ]i-'Qf éiEE&‘igs ngpeover, the

current to flowto the MOSFETs to be dri ereby can be I ncreased to

reduce then0isikenal rdekayrthetaby eh@ ikt @Ol iVBEA ofed ocd he hi gher
speed. As a result, the period of the clock signal CLK can be accordingly

short ened the s@nse timplsifded dfs tfedd syitdhrdmeusaPRAMotdértiall ofi ng ef fects
can be obtained fromthe 25 foregoi ng enbodi ments. That is:

15 the circuit directly from the external terminal
through the wiring line which is provided separately
from the peripheral circuits or the input/output
circuits.

At a pair of input/output nodes (or sense nodes)

20 SAT and SAB of the latch circuit, there is provided
the precharge circuit which is constructed to include
the equalize MOSFET Q12 for shorting those
input/output nodes, and the precharge MOSFETs Q10 and
011 for transmitting the half precharge voltage VBLR

25 to the sense nodes SAT and SAB. On the other hand,

- 33 -




- 56 0 7 MAY 2003 (1) Switch MOSFETs are interposed between a sense
anplifier disposed in a dynam ¢ RAM and conpl enentary bit lines: after
signal voltages were read out by the selecting operations of sai 7w Q003
lines froma 5 plurality of dynamic nenory cells selected, to the plurality
of pairs of conplenmentary bit lines in accordance with their individual
storage informations, the switch control signal of said swtch MOSFETs is
changed froma select level to the internediate 10 potential having: an OFF
state or a relatively high ON resistance for the signal voltage read out to
said conplenentary bit lines; an ON state with a relatively | ow resistance

for a pot id @lengle ML M6 SN SAWASSe &nﬁ@égﬁ @oen! eyl by the

anplifying operation 15 of the sense anplifier; an OFF state at a

potenti al 1@fkaliha nplultgoutet ;1 Siddl SeReeamdPLibbethisufRdiwet h an operating
voltage to start the anplifying operation in response fo the change in said
sw tch corfol@imnsisgiialch MosFREYd foxatand ¢l Yynvdvosmnegated BBrd20 said
anplifying operation is transmtted through the colum select circuit to
sai d i nputwidht phte ldoiesmn selesporsigial the. cMlarsowat ecthei gnal ; and said
switch control signal is returned to the select |level in response to the
sel ecbi ng shwarest isoritoch IHKSFRES i 20d s@2? eare cprevidedAbesweesult, there is
provi ded an - 57 0 7 NMAY Z003 effect that the sense anplifying operation
of a ni nucemplegnenteay b tHr¥nRsrRLLY 0§ BlkB qdigre§edt @noﬁﬁﬁut t he
anplified _signal, at a high speed to the data input/output lines. 5 (2) A

pr echar ge 1&5c §idS GCLHS CFH‘P i PSS R REFYOBrt 2PANERS s furt her

i ded i d ; wh id d |l ' | ect ed
Stater sarheBad ahidon PR N 4P 44 Rhoul 08 Bkl nat the

I it ol gegp t :?ﬁ i LLgh FETs b
fﬁgppsggﬂgt?%g Jéh&:éllﬁn{é%}lasagsbélﬁ: g{ﬁ? er sense&?fg es.éiggga%ggl tO,NDtShe :enge

anpl hpyi ngnepeliahitorsgf. the mnute signal can be performed stably and
qui ckl'y, and the anplified signal can be outputted quickly to the data 15

i nput/out put |i mae. cAhtiba sdrmdl rBHL tihe feRchwrgee cgacestocan be shared
bet ween the sense nodes and the conplenentary bit |lines thereby to provide
an ef f ect theatshialyedciswigicth MOSRETS | bl and eRR , (3)d Theecoapkeagntary bit

| ines are arranged on the 20 left and right of said sense nodes; said
switch MOSREDS1aS8R ded ffd F s dihet9ak®s f MEEETRaBRdsBVATEBRSI ement ary

the sui t cRVBERERE - a2t (BpPB. BanaTRy PG SerB e Aeuiee HEH SR Gl ementary bi

linelSi S %%Enptl%m%%t%%elb%%[ lli%veeg B'L]§18 and BLLB on the left side
of the sense amplifier portion and the sub word lines
SWL1, SWL2 and so on arranged to intersect the former
at a right angle, there is disposed the dynamic memory
cell which is constructed to include the address

20 selecting MOSFET Qm and the storage capacitor Cs, as

described hereinbefore. Likewise, at each of the
intersections between the complementary bit lines BLRT
and BLRB on the right side of the sense amplifier
portion and the sub word lines SWL3, SWL4 and so on

25 arranged to intersect the former at a right angle,
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0 ~ MaY zoo3 before said word lines are selected. By using this shared
sense construction, the sense anplifying operations of the m nute $i7d¥f2003
can be perfornmed stably and quickly, and the anplified signal can be 5
outputted quickly to the data input/output |lines thereby to provide an
effect that the circuit can be sinplified. (4) Said switch control signa
is returned in a gentle change fromsaid internediate potential to the 10
select level in response to the selecting operation of said colum sel ect
circuit. As aresult, the signal voltage on the other |evel side can be
enlarged to provide an effect that the sense anplifying operations of the
m nute si l...C f . i Y utput the

anplifi edqsrﬁ%éﬁaﬁgm%ﬁge%{?ieg@% ?f‘ﬁ%ﬂﬁéﬂelﬂ%pﬂﬁ%ﬁ pﬁ%lgf:lﬂngg. (5) The main

anpl!fiercb%%kwwdﬂé&*ﬁaf%%@idaa<%héﬂA&a&és@ayéﬂgcﬁﬂﬂgeﬁbgﬁgbne { /out put
termnals is connected with said data i nput/output |inhes; said data 20

i nput / out pld hiheestdIrage eyt cd headtdesctewel of a polarity reversed
fromthat of one | evel of said sense nodes; and said main anplifier feeds,

when it | hiebledmpRifor®.0 t he operating state, said CMOS latch circuit with
an operating voltage corresponding to the 25 other potential. As a result,
t here5i s provi dedgan5- i§89a ci@chiMAYMi2Of¥arefdlestindiadnéhe mai n anplifier
made of the CMOS latch circuit can be operated in a high sensitivity. (6)
Sai d wor d efibeddmend! @dfe themmadiw@mp i firemnshewp| im athey of sub word |ines
assigned comonly to said 5 main word line; the gates of the address sel ect
MOSFETs ofmeLiddm@ntafifc Fishosy c&bhes Madd eomdddtie®Fr Wit h said sub word

| i ; f [ d.li [ t by. b d dri whi ch
eoe ves ERESSFIRAECRosArE W VRl i ity S S BaBRETDE M5 0 10 sub

d I [ i , [ | [ | of th
sub vord FracRelnPERTERR G2y et G d e AR B PER L8, 0001 i g e

end rti t I | A ) s sgdse Lkt Lel, senses the
anpl??iedggﬁgggﬁsﬁﬁrgﬁg?%ét%g gg%%%%ég%?ggfﬁg%%slinesaﬁgyggig?é di sposed on

the left and angRtchiageel1eXOSHETQINCHHePE] iKsSv&ént BReneMOry Cel |
array. As a result, there is provided an effect that the dynam c RAM of a

| ar ge st orapmondyacionpecaedbeouealds exf tthesthdlameel MOSERTe 20 anplifyi ng
operation of the mnute signal and to output the anplified signal at a high
speed to PRé aadaQi@pantotihsueantiepoent e whethe i pgrovitage to be fed
to said sense . anplifier is a dropped voltaﬂe which is drogped from25 the

power vol TAGe {PRATY PYIPR @RAS&SN AT (IS THS taeh ghroult are

15 connected with the main input/output lines MIOT and
MIOB, as described hereinbefore. The commonly
connected sources of the P-channel MOSFETs Q24 and Q25
in the latch shape are fed with the operating voltage
VPERI. This voltage VPERI is set at the same voltage

20 as the operating voltage VDL of the sense amplifier.

Although not especially limitative, the main
input/output lines MIOT and MIOB are precharged
together with the local input/output lines LIOT and
LIOB to VPERI (VDL) by the not-shown precharge circuit

25 disposed on those local input/output LIOT and LIOB.
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0 7 MAY 2003 select |level of said word Iines and the select |evel of said
switch MOSFETs are a boosted voltage which is boosted fromsaid pﬁ*ﬁﬁY2W3
voltage; and said internedi ate potential uses the dropped voltage
corresponding to 5 the operating voltage of said sense anplifier. As a
result, there is provided an effect that the sense anplifying operation of
the mnute signal can be stabilized and qui ckened w thout any addition of a
special internal power circuit, thereby to output the 10 anplified signal
to the data input/output lines at a high speed. Al though our invention has
been specifically described in connection with its enbodi nents, it should
not be lim.t t o t.hose enbodj ments.but, can naturally be nodified in
vari ous ng%hgﬁgﬁﬁQERﬁE %ﬁﬁﬁﬁi?nﬁe??oﬂ¥¥hgog%§? ?RgPiof. In the dynam ¢ RAM
shown in Fi f , S ctian_of the nmenory array,

t he subam%é%?éggy%ék}séﬁ?%%?gﬂ%?i%ége%gﬁgtéﬁg %hgaP?gPy of nodifications,
as 20 exengld,f4 ST S tLon i word driver.
The poweH2§5{%§?H£§§%;r%§é%for ap% @i%§H§h2905§§a?98825gﬁ?§ge VDL to the
sense anplddd@it 1Bivs Rer exeaPiéhs €damy 2f PeehapRele¥oBEETonEN@ foper at i ng
vol tage of the sense anplifier may 25 use t he power voltage fed fromthe
extermal teHenn@in in@it /oufput MIYh@dO0BI@B hhdi BIoBhehhayesngdioat € vol t age
of this case may use a half precharge voltage or may utilize a voltage
gener at ed<ESspqoiextiarddepefent idhe( IBERI anpVbDL ) etomayvolichigee a
differential anmplifier in addition to the 5 one using the CMOS | atch
circuit. Proppadkriad dheakowelevelk| yidei | #rédthe MOSERTcOAdudisor nenory

device using the dynam c nenory cells, such as the sem conductor nenory
‘devi ce to BEFRREING LGV rPe BHRIRAI SigRayr YpBdsSei £BaFt t88ch as a

m croconputer. 10 The effects tpo be obtained by fhe representatives of the
inventicn13§%§ﬂ§ﬁﬁﬁj4%£%ﬁ¥99ﬁ?Il%ea%Pf%$}§8d3¥thﬁeH'F aPREf ol | owi ng.

Specifyi cal j t L0t e d en a sense anplifier
disp%@ed Wk%g' yné%ﬁbMgggﬁgﬁﬁq%gﬁ%$%n%%?gﬁysﬁgﬁgft | ines: after signal

vol tages were regd oy sty 4 hei &l Actd Iy PRRI MbW@Rg0bneai d word lines from
a plurality of dynam c nenory cells selected, to t%e plurality of pairs of
conpl ementeibodiiniedt NS the asgepehaneer fet hof hehe apdamiduahmst or age
informations, 20 the switch control signal of said switch MOSFETs is
changed f rranardigiedio |Eheel inventhion nt dmetiat & potleerte als havsag: an OFF
state or a relatively high ON resistance for the signal voltage read out to

sai d conplsdad & \wHquiy fekockh Wioiekt glhewsi theaepeiEei vel y 25 | ow ON

resi stance for aéaotenfti a}I1 aé whi ch the sense -_ 62
15 operations of the dynamic RAM. Specifically, the

decoder is operated with the dropped voltage VPERI to
generate a decoded signal having a corresponding
signal amplitude. The main word driver is operated
with the boosted voltage VPP. The memory array

20 outputs the read signal having a signal amplitude
corresponding to the operating voltage VDL of the
sense amplifier, as described hereinbefore. The main
amplifier is operated with the dropped voltage VPERI
to generate a corresponding read signal MOB. Here,

25 the letter B of the MOB indicates that the logic "1"
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0 7 MAY 2003 nodes are set to one |level by the anplifying operation of the
sense anplifier; and an OFF state at a potential of the other Ier]7Mﬁpmm3
sense anplifier is fed with an operating voltage to start the anplifying 5
operation in response to the change in said switch control signal; an
anplification signal generated by said anplifying operation is transnitted
t hrough the columm select circuit to said input/output lines in response to
the col umm sel ect signal; and said switch 10 control signal is returned to
the select level in response to the selecting operation of said colum
select circuit. As a result, the sense anplifying operation of a mnute
signal can be perforned stably and quickly, and the anplified signal can be
out putt edid5aat tRehilgh 3poed whelreasdaihe iluyild oW puis | aebhe- 63 0 ~
MAY 2003 WHAT IS CLAIMED IS: 1. A sem conductor nenory device conprising: a
pluralitylafjhwoldveilneandwithle \dfivelrtadirssismal Sied etds ignatedl syof a
plurality of dynamc nenory cells are individually connected; a plurality
of pairs thecMAlenentary bit lines, with which a plurality of dynam c
menory cells are individually connected 10 a plurality of pairs of

transm ssi on MOBFEYRe| ﬁﬂePBESEE!fﬁétrme@@es@meﬂtuﬁaﬂqltwl MOBpapfs of

conpl ementary bit lines and a plurality of pairs of sense nodes for

recei ¥i ngthcBﬁf-PoPmE;LgﬁéﬁraFofW@irrtsgdtoéfs amp if 175 ) 4he yspgnadnse

a I|f|er t heir i.ndividu ut / out put. term_nals_connected with
sgPd pl ur FVF¥ rﬁﬁFPgngﬁngeHSe%ﬁﬁdg% pé&ﬁﬁﬂ?(Y%ﬁ3¥eﬁom?th an

operating ngga? %ég ieﬁgogzgp%%dg% ool r% éﬂg éﬁ%eﬁéwé% and 20 data

out put line sardrsense dhodes are conn ough a col um

' sel ect C|ggy£g govgg ggnécﬁeggﬁtgglE@daq&d%fgﬂlgnn ghligct signal, wherein
t he vol tage | eveI of control signal can be selectlvely set to one of a

sel ect | ey@biidnedSsiigaghepbrhevel faad tdhese iiHIdRGg af exdeyel , - 64 0
7 MAY 2003 wherein after signal voltages were read out by
10 gate circuit Gl. On the other hand, the signal MOTH
is inverted by an inverter circuit N1 and fed to one
input of a NAND gate circuit G2. The other inputs of
these NAND gate circuits Gl and G2 are fed with a data
output timing signal DOC at a signal level
15 corresponding to the power voltage VDD. Output
MOSFETs QP and QN have large gate capacities because
they are formed to have relatively large sizes for
achieving high load driving abilities. In order to
drive those output MOSFETs QP and QN at a high speed,
20 the output signals of the gate circuits Gl and G2 are
sequentially transmitted through inverter circuits N2
to N4.
The power voltage VDD to be fed to the source of

the P-channel output MOSFET QP of the output buffer is

25 fed through an independent power terminal VDDQ and the
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the selecting operations of said word lines fromthe dynam c rrermry[]c]eMYsma
to the plurality of pairs of conplenentary bit lines in accordance with
their 5 individual storage informations, said control signal is changed
fromthe select level to the internediate |evel, wherein said sense
anplifiers are fed with an operating voltage to start the anplifying
operations 10 in response to the change of said control signal to the
internediate | evel, wherein an anplification signal generated by said
anplifying operation is transmtted through the colum select circuit to
said input/output lines in 15 response to the colum sel ect signal, wherein

sai d cont Kok ANde hA thettWenpdramdheyd It £yaesh akgat Vgl ba the sel ect
| evel in response to the selecting operation of said colunmm select circuit,

and 20 whehginhedaioth tipaitr ebsFmansyr sedpnt MdFRETse I ot ivetei High the signal of
said internediate level at their gates are adapted such that they have an
OFF st at eoperatrisgaicuralenthi ghikkwies,sttdiec @arth gt eaaitai€l where the si gnal
is read out fromthe nmenory cells to 25 said conplenentary bit |ines, and
such t hat bendedf to @he solirceMOY ADGS R-+admnresl soniPlist HOSFBT QNrel ati vel y
| ow resi stance whereas the other has the OFF state or the relatively high
ON re8j st afc&ed hmoaght ane ipdanendrntsi egiath ctexminabn¥8S@odnd i s
anplified by the ampl.ifying 5 operations of the sense anplifiers. 2. A
seniconduEP@rpﬁﬁﬁﬁr}lﬁévicghécEUPBPﬁ@e@oQGPﬁqﬁ:ﬂoﬁﬂﬂﬁwégz%ﬁﬁw%%harge

cireult Tor RLeERPEY 19 32 Jannel output MOSFET. In order to

achieve the output level up to the power voltage VDD,
however, a boosted voltage may be fed to the gate.

10 This boosted voltage may utilize the boosted voltage
VPP of the word line or the like but is generally
generated by a bootstrap circuit.

Fig. 7 is a timing chart for explaining one
example of the reading operation of the dynamic RAM

15 according to the invention. The shared select signals
SHR and SHL are set for the precharge period to the
select level such as the boosted voltage VPP. By the
precharge circuit disposed at the sense node of the
sense amplifier, therefore, the complementary bit

20 lines BLLT and BLLB and so on, as disposed on the left
and right sides of the precharge circuit, are set to a
half precharge voltage VBLR (= VDL/2).

Before the sub word line SWL1 is selected, the
shared select signal SHR corresponding to the sub

25 array on the unselected side is set to an unselect
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10 conplenentary bit lines is further provided and connected with said
sense nodes, wherein when said word |lines are in an unsel ected S@?Eﬁ{ﬂ@ I d
control signal is set to a select |level so that the conpl enentar nes
are 15 precharged through said transm ssi on MOSFETs by the precharge
circuit disposed at the sense nodes. 3. A sem conductor nenory device
according to Caiml or claim2, 20 wherein the conplenentary bit lines are
arranged on the left and right sides around said sense nodes, wherein said
transm ssi on MOSFETs are used with select switch MOSFETs of said
conplementary bit lines arranged on the left and right, and 25 wherein the
switch control, si qil of _the - 3 trﬁnsntsisoq:NCSFETs, as

SR e e dCeart ot entit i VOB PE ERE SR 15 o

correspon'?ﬁf%o

unsel ect | qyele ELOY 6 381 YO Gt L1981 BLes sel a6 eledb e sgan conduct or

menory devi cé accordi hg to érein cont signal is returned

N a gentlegmohange: o sl At eR MERLaLegheveligkoshnepadl ect level in

response to t sel ecting operation of 10 said colum select circuit than
that fromyghuteel esitdgyeditpetdfcéntstrBIp8hai1hEVRb the AtdaELONduct or

menory device according to Caim3
5 charge of the selected memory cell is generated on the
complementary bit lines BLLT and BLLB on the left side
by the selecting operations of the sub word line SWL1.
Before the minute voltage is generated so that
the sense amplifier starts its amplifying operation,

10 the shared select signal SHL is dropped to-an
intermediate voltage such as the dropped voltage VDL.
Then, the sense amplifier activation signals SAN and
SAP1 are raised to the high level to start the
amplifying operation of the sense amplifier.

15 Specifically, the power switch MOSFET Q14 is turned ON
with the sense amplifier activation signal SAN to drop
the common source line CSN of the sense amplifier from
the half precharge voltage to a potential such as the
earth potential VSSA of the circuit, and the power

20 switch MOSFET Q15 is turned ON with the sense
amplifier activation signal SAPl to raise the common
source line CSP of the sense amplifier from the half
precharge voltage to the operating voltage VDL.

In this amplifying operation, as shown in the

25 enlarged diagram, the potential of the shared select
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15 wherein the main anplifier including the CMOS |atch circuit havin&
connected input/output terminals is connected with said data output V7 HNA%2003
wherein said data output lines are precharged to the other |evel of a
polarity reversed fromthat of 20 one | evel of said sense nodes, and
wherein said main anplifier feeds, when it is brought into the operating
state, said CMOS latch circuit with an operating voltage corresponding to
the other potential. 25 - 67 0 7 MAY 2003 6. A sem conductor nenory
device according to Caim3, wherein said word lines include a main word
line and a plurality of sub word |ines assigned coomonly to 5 said main

word |i ne,ﬁig}\earleisxhﬂ Q)q‘ %fevsﬁ%eé@d agg%ga%r,(?ﬁjf ect M?EETS of said dynam c

menory cel are connecte aird su i nes, erein one of said

sub wor d |ydied 515601 ok MBDY anaubhaid: des vRssinghoteggiyves the

si gnal of mal n word ne an e signals of sal rd sel ecting
| ines, wheyeldoripict sife Wi Kidee aenesR) SFL s SLER 2SI gnal of the sub
| e

word lines which are disposed on the 15 t and right sides excepting the
end porti qrs adfividlg MRy aeldeisByncansbodiesi theapdregngalamplifiers

sense the
5 between the sense nodes SAT and SAB is as small as a
bout 0.9 V. Therefore, a high parasitic capacity of
the bit lines BLLT and BLLB is not directly connected
with the sense nodes SAT and SAB so that the sense
nodes SAT and SAB are quickly extended in a manner to
10 correspond to the minute potential difference by the
amplification start of the sense amplifier.
Specifically, the sense node SAT corresponding
to the read signal at the high level gquickly rises to
the VDL because the switch MOSFET Q1 is OFF. In the
15 sense node SAB corresponding to the read signal at
the low level, on the other hand, the potential
between the gate and the source of the switch MOSFET
Q2 is extended in resporse to the drop of the
potential to strengthen the coupling to the bit line
20 BLLB thereby to drop the potential of the bit line
BLLB.
At the time of starting the amplification of the
sense amplifier, more specifically, the switch MOSFET

Q1 is turned OFF, and the switch MOSFET Q2 is turned

25 ON with a large resistance, to make coarse the
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anplified signals fromthe conplenentary bit |lines which are di sposed on
the left and right sides 20 excepting the end portions of the negfgﬁﬂfﬁML
array. 7. A sem conductor nenory device according to Claim3, wh

operating voltage to be fed to said 25 sense anplifiers is a dropped

vol tage which is dropped - 68 0 7 MAY 2003 fromthe power voltage fed
froman external termnal, wherein the select |level of said word |ines and
the select level of said transm ssion MOSFETs are a boosted voltage which
is boosted fromsaid power 5 voltage; and in that said internediate | eve
uses the dropped voltage corresponding to the operating voltage of said
sense anplifiers. 10 8. A sem conductor nenory device conprising:. a

plural ity cfupbinh Ibeteasern tiee rs@fisgonplenentatiiebbtit! liees amlmral ity of
menory cells individually connected with said plurality of word lines; 15 a
sense anplard LB asphi eismd ta rded mimgned pdtedtisl caused to appear on
said pair of conplenentary bit [ines when a nenory cell is selected; and a
pai r of MISHERxenterisospdidictyweemlargedrbpftRe smpddfiydaes of said sense
amplifier and said pair of conplenmentary bit |lines, which receives a
control siQpfRyatkon i itheatsenserirpi hfzard ebAsthel swigsdl can be

selective%y set to one of a select |evel, an unsel ect |evel and
5 OSFET Q2 on the low level side densifies the coupling

to the bit line BLLB in a manner to correspond to the
extension of the amplification voltage thereby to
promote the drop of the potential of the bit line
BLLB. In other words, the switch MOSFET Q2 at this
10 time functions as the so-called "linear amplification
MOSFET Q2" having a grounded gate and a source input
thereby to drop the potential of the bit line BLB.
The sense amplifier performs high-speed
operations utilizing the positive feedback loop with
15 the minute voltage to be transmitted to the sense
nodes SAT and SAB. If noises rise at the
amplification starting time to invert the potential
difference with respect to the read level, therefore,
an erroneous reading operation is caused, that is, the
20 amplified output is reloaded in the memory cells to
cause an erroneous storing operation. At the
amplification starting time of the sense amplifier,
therefore, the coupling to the bit lines is coarse
because the gate-source voltage 1s in the vicinity of

25 a threshold voltage, even if the shared switch MOSFETs
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25 their interneidate |evel, - 69 ~ 7 MAY Q003 wherein after said read
si gnal appeared on said pair of conplenentary bit |ines, said cortlriY 2003
signal is changed fromsaid select level to the internediate |level, and 5
wherein after the start of the operation of said sense anplifier, said
control signal is returned fromsaid internediate | evel to said select

| evel . 9. A sem conductor nenory device according to Claim10 8, wherein
said pair of MOSFETs receiving the control signal of said internediate

| evel at their gates are adapted such that they have an OFF state or a
relatively high ON resistance, in the state where 15 said read signa

appears opilsaind @ lax@d conphraereiare bithd iMiatargbiediphidhat one MOSFET
of said pair of MOSFETs has an ON state or a relatively | ow ON resi stance

wher eas t g ffidiemddOSE huiak yhedr gédtwh Dle t beevehaihyetehi gh ON
resistance, in the state 20 where the signal of said one pair of sense

nodes i s dnfllidemks\oft hw iear dircnstind bHive Temesesbapli fier. 10. A
sem conductor nenory device according to Jdaim9, 25 wherein said pair of
MOSFETs r eesiponsg ttee this) enlaygendt 2008e comitoh MOGRAT Q1 sai d sel ect
| evel at their gates are turned ON, and
5 the high level side is turned OFF, and the ON
resistance of the switch MOSFET Q2 is gradually
reduced in response to the enlargement of the
amplification signal to the low level side, so that
the potential is lowered by densifying the coupling to
10 the bit lines when the amplifying operation is
performed quickly and stably.
Thus, the sense node SAB is given a
substantially high signal charge by the connection
with the bit line BLLB having a relatively high
15 parasitic capacity through the switch MOSFET Q2. When
the sense node SAB is connected with the local bit
line in response to the column select signal YS,
therefore, the signal amount to be read out by the
charge share with the local bit line can be increased
20 to effect a fast reading.
Fig. 8 is a timing chart for explaining the
reading operation of the dynamic RAM according to the
invention. This timing chart is intended to explain

the superiority of the reading operation at the

25 intermediate potential in the invention, by comparing
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wherein said pair of MOSFETs receiving the control signal of said unsel ect
| evel at their gates 5 are turned OFF. 11. A sem conductor nenory Ezﬁhfz
conprising: a first menory array including a plurality of first wo A @3,
a pair of conplenentary bit lines 10 intersecting said plurality of first
word lines, and a plurality of nmenory cells; a second nenory array
including a plurality of second word lines, a pair of conplenentary bit
lines intersecting said plurality of second word lines, and 15 a plurality
of menory cells; a sense anplifier shared between said first nmenory array
and said second nenory array for anplifying a read signal which is caused

0 PP AR, SN LASRON Il er B nl oot o 2

menory cell i S se ed; pa VI erposed between a

pair of SgRgeeRo %&J.Q:fh SRISFETCRIE tHP | ddi &t s 1 4 Pﬁi r of conpl enentary
i de

bit lines on the s of said first nenory array and between said pair of

sense 25 pegpdetd yt Rididd o¥fr.conpl enentary bit lines on the - 71 0o ~
MaY zoo3 side of said second nenory array, wherein the gate voltage of each

of the MOSFET pahes &¢de Bensel atblieiersels tarinfatdd dypeseetihgvel , an
unsel ect level and their internediate |evel, 5 wherein when the nenory cel

of sabd fithet shamerdy sslremyt issghalle Hid, td hehegalew vbévelesaoféht he MOSFET
pairs on the side of said second nenory array is set to the unselect |evel,

the earth potential VSSA of the circuit, as shown in
Fig. 8, the potentials of the sense nodes SAT and SAB
abruptly enlarge their minute reading potential
difference. When the shared select signal SHL is

10 returned to the select level, however, the.sense nodes
SAT and SAB are shifted to the bit line potential side
by the charge share between the bit lines BLT and BLB
having the relatively high parasitic capacity so that
their potential difference becomes as small as V2.

15 When the column select signal ¥YS is set to the high
level at this timing and connected with the local
input/output lines for the reading operation, the
signal amount to be transmitted through the local
input/output lines to the main input/output lines MIOT

20 and MIOB is delayed to reach a voltage V3 necessary
for the amplifying operation of the main amplifier
connected therewith. Therefore, the column select
signal YS is set at the select level till the voltage

V3 is achieved, so that it has to keep the connection

25 between the sense nodes and the local input/output
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wherein when the nenory cells of said second 10 nenory array is sel ected,
the gate voltage of the MOSFET pairs on the side of said first nenory array
is set to the unselect level, after said read signal appeared onl %AW 2403i r
of conplenmentary bit |lines, the gate voltage of the 15 correspondi ng MOSFET
pairs is chaged fromsaid select level to said internedi ate | eve, and
wherein after the start of the operation of said sense anplifier, the gate
vol tage of the corresponding MOSFET pairs is returned fromsaid
internediate |l evel 20 to said select level. 12. A sem conductor nenory
device according to Caim11l, wherein said MOSFET pairs receiving the gate
25 voltage ,of said internediate | evel are adapted such _ 72 _ 0 7 MAY
2003 thatlﬂﬁ@$°have an OFF state or a relatively high ON resistance, in the

state where said read signal appears on sai.d pair of conplenentary bit
lines, and suchgphgﬁeoﬁgaﬁﬁgi (ﬁigﬁﬂéﬁﬁﬂiﬁﬁgg%af? eﬂﬁggéﬂ“ 5 state or a
relativel Hh’owr iestaerlc%tvg] rseaethe cgj’{tcpere FE{__I' has the OFF state or the
relativelé |§ﬁ r &sistance,> 147 the R Pe Pﬁe signal of said one

bai 1 of squse hades e gyl ad iy e opeiallpns gl hbecsgnse anplifier.

10 13. A Semi conductor “memory device according , Wherein said
{ ransgi sshqp MOSRET shAitie 1i3RAIM fih | ehO3h6r ¥Rt 129081 chigl digel ect | evel

are turne

line BLB has been dropped even if the shared select
signal SHL is returned to the select level, because
the amplified output on the low level side is
transmitted to the bit line BLB for the amplification

10 period of the sense amplifier. As a result, the
potential difference between the sense nodes SAT and
SAB is so enlarged as is indicaged by V1. When the
column select signal ¥S is raised to the high level to
effect the reading operation with the connection being

15 made with the local input/output lines, therefore, the
signal amount to be transmitted through the local
input/output lines to the main input/output lines MIOT
and MIOB can be increased, as indicated by dotted
lines in Fig. 8, so that the time period to reach the

20 voltage V3 necessary for the amplifying operation of
the main amplifier connected therewith can be
shortened. In accordance with this, an activation
signal MAE of the main amplifier can be timed earlier,

and the select period of the column select signal Y¥YS

25 can be shortened.
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15 and wherein said transm ssion MOSFET pairs receiving the gate voltage of
sai d unselect |level are turned OFF. 20 14. A sem conductor nenory device
conprising: a plurality of word lines; a pair of conplenentary bi t0 1 MNedl a
plurality of dynamc nmenory cells individually connected with said
plurality of word lines; 25 a sense anplifier for anplifying a read signal
- 73 0 7 MAY 2003 which is caused to appear on said pair of
conplementary bit lines when a nmenory cell is selected; and a pair of
MOSFETs i nterposed between a pair of 5 sense nodes of said sense anplifier
and said pair of conplenentary bit lines, witch receives a control signa

at their gates, er.el | | n | et i y set to one
of a sel ect Ieveiw,% é%t%r@%%cwﬁéﬂ%i%%%%ei ?Q?nﬁgrﬁeﬁéggg | evel ,
wher ei n afd.er. i ©ad & I n i LI > enmentary bit

l i nes, sait (;ccg{r‘?rogiém gr@ %%ﬁ%g@ ??gn}:ggi geggkegﬁgﬂgge kft'o t he

i nter nedi ats d avRlermida WA Gt &t £41 thgy Shar taeh1ihew9rgiat yep of said
sense anplifier, said control signal is Teturned fromsaid internedi ate

level to sairhtxahReidwyadoteamdiyhes ey at i satHeseheeknberel , said pair of
5 voltages of the MOSFETs Q1 and Q2 are designated by
VTl and VT2. Even with another range of VTl, VT2 <
Intermediate Potential, however, there arises no
problem so long as the ON resistance is so high as to
exert no substantial influence upon the start of
10 amplification of the sense amplifier.
The threshold voltages VTl and VT2 are expressed

by the following formulas (1) and (2):

VIl = VT10 + KY|VBB - VSAT| + 2®F - V2¢F - - -
(1);

15 and

VT2 = VT20 + KV|VBB - VSAB| + 2®F - V20F - - -
(2).
Here: VT10 a threshold voltage for VBB - VSAT =
0; VT20 a threshold voltage for VBB - VSAB = 0; K a
20 substrate effect constant; VSAT a voltage value of the
sense node SAT; VSAB a voltage value of the sense node
SAB; VBB a substrate voltage; and OF a Felmi-level.
Fig. 9 is a timing chart for explaining another

example of the reading operation of the dynamic RAM

25 according to the invention. In this embodiment, when
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MOSFETs are turned ON, at said unselect |level, said 20 pair of MOSFETs are
turend OFF, and at said internediate |l evel, said pair of MOSFETs are
“adapt ed such that they have an OFF state or a relatively high ON 07 MAY 2003
resistance, in the state where said read signal appears on said pair of
conplenmentary bit lines, and 25 such that one MOSFET of said pair of
MOSFETs has an ON - 74 0 7 MAY 2003 state or a relatively | ow ON

resi stance whereas the other MOSFET has the OFF state or the relatively
high ON resistance, in the state where the signal of said one pair of sense
nodes is anplified by the operations 5 of the sense anplifier. 15. A

sem conduct or nenory device according to Caim 14, wherein said sense
anplifier thelaldesed R signah SHkcont therseliepbedi sgdsi gisal s of a high
| evel and a low |level to said one pair of sense nodes, wherein said one
MOSFET ad@fiteda dhrnvintrimediate petort sal dVPel andvéhgn ow ON resi st ance
receives the signal of said lowlevel, and 15 wherein_said ot her MOSFET
adapt ed t Fera\neshikP ORFe stekectorlevel serht pvethenvghtener ¥85st ance

receives the signal of, said hjgh level. 16. A semni conductor nenory device

accor di ng % AHENDEHE Whetei TP piPrtot - MEFESTEPRIBF an N channel

whr PSP OB G [SURTTE THS Py 15081 B &ngsohe” GEREy 2003 the

UL 2 Bl S R Sl cblde SEcOg B IR G e e e
76 reduce the drop of the bit line BLT. As a result, the
potential difference between the sense nodes SAT and
SAB can be enlarged from V1 to V5. This makes it
10 possible to read out the sense output at a high speed
to the data input/output lines.

Fig. 10 is a circuit diagram showing one
embodiment of the timing generation circuit for
generating the shared select signal. Three timing

15 signals JA, JB and JC are generated by an SH select
logic block. For example, the timing signals &B and
JC are generated on the selected side, whereas the
timing signals JA and JC are generated on the
unselected side. On the selected side, more

20 specifically, the timing signals @C, B and JC are
generated to turn ON output MOSFETs 027, Q26 and Q27
correspondingly, so that the SHL (SHR) potential is

set to a binary voltage of VPP - VDL - VPP. On the

unselected side, the timing signals &¢, JA and JC are

25 generated to turn ON output MOSFETs Q27, Q28 and Q27
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25

MOSFETs of the sense amplifier to steepen its rise
thereby to quicken the rise of the sense output on the
high level side. For this, a timing signal SAP2 is
added as the timing signal for driving the common
source line CSP. This timing signal SAP2 is
temporarily raised to a high voltage such as the VPP
level simultaneously with the timing signal SAN
thereby to make the common source line CSP temporarily
higher than the VDL. In response to the change of
this timing signal SAP2 to the unselect level, the
timing signal SAP1l is generated with a delay to feed
the common source line CSP with the operating voltage
VDL.

By this overdrive of the sense amplifier, the
voltage difference between the sense nodes SAT and SAB
can be increased as large as V4. As a result, the
drop of the sense node SAT when the shared select
signal SHL is returned from the intermediate voltage
VDL to the select voltage VPP can be compensated by
the overdrive voltage, thereby to quicken the reading
operation to the data input/output lines by the column
select signal YS.

Fig. 12 is a circuit diagram showing one
embodiment of the sense amplifier having the overdrive

function. To the common source line CSP which is
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the common source line CSP in response to the timing
signal SAP2. In order to output the power voltage VDD
from the source of the MOSFET Ql6, the select level of
the timing signal SAP2 to be fed to the gate is set to
10 a voltage as high as the boosted voltage VPP.
In order to lighten the dependency of the sense
amplifier operating speed upon the power voltage VDD,
the boosted voltage VPP may be applied, as the
overdrive voltage, in place of the power voltage VDD,
15 as fed from the external terminal, to the gate, and
the drain may be connected with the power voltage VDD
so that the voltage slightly dropped from the power
voltage VDD may be used from the source. By adding
such overdrive portion, in response to the timing
20 signal SAP2, the potential of the common source line
CSP or the operating voltage of the sense amplifiex
can be temporarily raised to a voltage as high as the
VvDD.
Fig. 13 is a schematic element layout diagram

25 showing one embodiment of the sense amplifier portion
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invention. In this embodiment, the power switch
MOSFETs Q14 and Q15 for driving the sense amplifier
are dispersed and arranged along the sense amplifier

5 array. In other words, the power switch MOSFETs Q14
and Q15 are not arranged together to have a large size
in the cross area, as described hereinbefore, but are
dispersed in the sense amplifier array to have a small
element size.

10 In this embodiment, although not especially
limitative thereto, the two MOSFETs Q14 and Q15 are
arranged to correspond to the sixteen unit circuits.
A specific description will be made by taking up the
unit circuit on the left hand as an example. There

15 are arranged consecutively from the upper side: the
shared switch MOSFETs Q1 and Q2; the MOSFETs Q10 to
Q12 constructing the precharge circuit; the switch
MOSFETs Q12 and Q13 constructing the column select
circuit; the P-channel amplify MOSFETs Q7 and Q8

20 constructing the CMOS latch circuit; the N-channel
amplify MOSFETs Q5 and Q6 constructing the CMOS latch
circuit across the region forming the power switch
MOSFETs Q14 and Q15; and the shared switch MOSFETs Q3
and Q4.

25 In order to elongate the gate along the sense
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of the shared switch MOSFETs, that is, to have a

larger element size thereby to allow a larger current
5 to flow therethrough. In this case the MOSFET Q14 for
driving the common source line CSN of the N-channel
MOSFETs is fed at its gate with a relatively low
potential such as the VDL so that it is made to have a
larger size than that of the MOSFET Q15 having a gate
10 fed with the power voltage VDD or the boosted voltage
VPP. When the power switch MOSFETs for driving the
sense amplifier are thus dispersed and arranged, the
distance between the sense nodes and the power switch
MOSFETs can be shortened to equalize the operation
15 timings of the plurality of sense amplifiers provided
in the sub array and to utilize the cross area
effectively for another circuit.
Fig. 14 is a timing chart for explaining another
example of the reading operation of the dynamic RAM
20 according to the invention. In this embodiment, the
timing chart is shown to correspond to the example in
which the shared switch MOSFETs are made of P-channel
MOSFETs. When the shared switch MOSFETs are made of
the P-channel MOSFETs, the select level is set to the

25 earth potential, e.g., VSSA of the circuit, and the
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voltage VDL corresponding to the high level of the bit
lines.
Therefore, the shared select signal SHL to be
5 fed to the shared switch MOSFETs on the selected side
is set to the potential which corresponds to the half
precharge voltage VBLR such as VDL/2 after the sub
word line SWL was selected so that the read voltage
difference appeared at the sense nodes SAT and SAB of
10 the sense amplifier. When the potential difference
between the sense nodes SAT and SAB is enlarged by the
amplifying operation of the sense amplifier, the
potential on the bit line BLLT on the high level side
is raised by the switch MOSFET Ql which is made to
15 have a relatively low gate potential and which is
connected with the bit line BLT on the high level
side, thereby to enlarge the potential difference
between the sense nodes SAT and SAB.
When these P-channel MOSFETs are used as the
20 shared select MOSFETs to increase the signal amount on
their high level side, it is desirable to set the
precharge potential of the date input/output lines to
the earth potential side and to cause the CMOS latch

circuit constructing the main amplifier to perform the

25 amplifying operation by the P-channel MOSFETs. When

- 52 -




10'f 109%&' ()- 10%r&' ()-310%r& ()-L10%T& ()-3 10%& () - 9Z10%& ()-

MBMKVBN{ NNNDEYNC 10 10!'| ' T10%v& ()- , &10%r& () - 3" $9! 10%r8 () -

10%r&’ () - FL10%1& () - 31 10%r&’ () - NODO~CEPpPwPxPaB7C 10 1 07 MAY 2003
10m<” 10%&' () - 36mL0%m8’ () - f/10%m& ()-3-! 10%& ()-

+10%18& () - ! p) #109%& () - xPyPzPPMOQURRgHC 10 1 10m¥f:!10%& ()- @ Yf: ! 10%& ()- @
109%&' ()-y!'l 109 ()-y&MLO%&' ()- 10m 10nRXSScTTFU} UzX9HC 10 1 Y3

10%&' ()-1j Y3

109%& ()-!" Y& 1098 ()-!Y& 10%& ()-Y:!10%& ()--!Y: ! 10%{& ()- -} UUUUUUeWbW-_=
10 1 'F& 109%&' ()-- 109%& ()-z!l 109%& ()-z&Z109%& ()- 10 10

10s<” 10%&'the MAROEMD 1548 {S of ig. 5 is used, more

specifically, the operating voltage such as the VDL is
fed to the source sides of the P-channel MOSFETs Q24
and Q25 by the P-channel MOSFETS, and the earth

5 potential of the circuit is fed to the sources of the
N-channel MOSFETs Q21 and Q22. As a result, the main
amplifier can be operated in an excellent sensible
region in response to the output signal from the sense
amplifier.

10 Fig. 15 is a circuit diagram showing the sense
amplifier portion of another embodiment of the dynamic
RAM according to the invention. This embodiment is
exemplified by providing a pair of complementary bit
lines in a manner to correspond to the sense

15 amplifier. When the paired complementary bit lines
BLT and BLB are thus assigned to the sense amplifier,
too, a bit line cutting MOSFETs Ql' and Q2' are
interposed between the bit lines and the sense nodes
SAT and SAB of the sense amplifier. Moreover, a

20 control signal BC to be fed to the gates of those
MOSFETs Q1' and Q2' is changed, unlike the control of
the ternary levels in the foregoing Japanese Patent
Laid-Open No. 4-167293, with the binary voltage
between a select level such as the VPP and an

25 intermediate potential such as the VDL.
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Even when these bit line cutting MOSFETs are
provided, the sense output can be quickly read out to
data input/output lines IOT and IOB by controlling the
control signal BC not at the ternary level, as in the

5 foregoing Laid-Open, but at the binary level, as has
been described above. These data input/output lines
IOT and IOB correspond, when the hemory array 1is
divided into the sub arrays, as described above, to
the local input/output lines and are connected by the

10 selector circuit to the main input/output lines
provided with the main amplifier.

Fig. 16 is a waveform diagram for explaining the
operations when the invention is applied to a
synchronous DRAM. Fig. 16 exemplifies the case of the

15 burst length BL = 2 and a CAS latency CL = 2. These
BL = 2 and CL = 2 are set in the mode register. For
BL = 2, two column switches are read/written for two
consecutive cycles, and for CL = 2, the output data
are outputted from the output terminal DQ two cycles
20 after the read command.

In response to a bank active command,'an address
signal of the row system is fetched from the address
input terminal and decoded to set the sub word line
SWL to the select level such as the VPP. As a result,

25 minute read signals appear on the complementary bit
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lines BLT and BLB. Since the sense amplifier is
activated with the operation timing signal, the minute
read signals of the complementary bit lines BLT and
BLB are amplified to the high level such as the VDL

5 and to the low level such as the VSS so that the sub
word line SWL is reloaded (or refreshed) in the
selected memory cell. Then, at the start of the
operation of the sense amplifier, the gate voltage of
the shared switch MOSFETs on the not-shown selected

10 side is temporarily set to the intermediate voltage,
as described hereinbefore, and then returned to the
select level so that the refresh is executed.

After two cycles of the bank active command, a

read command is inputted so that an address signal of

15 the column system not-shown is fetched to raise a
column select signal ¥YS1l. As a result, the main
input/output lines MIOT and MIOB are precharged to the
VDL level just before the column selection, and the
necessary read voltage difference 1s obtained from the

20 bit line information of the ¥YS selection and is
amplified by the main amplifier, as activated with the
signal MAE, to generate an output signal MO. This
output signal MO of the main amplifier is a low
amplitude signal corresponding to the dropped voltage

25 VPER1, as described hereinbefore, and is shifted in
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its level to the VDD level at the input portion of the
output buffer so that it is outputted in synchronism
with the output timing signal DOC. For the BL = 2,
the address of the Y system is switched in synchronism
5 with the next clock CLK of the read command so that
the output signal MO of the main amplifier is
generated correspondingly.
The access time from the bank active command to
the decision of the first output signal DQ is tRACeq;
10 the access time from the read command to the decision
of the output signal DQ is tAAeq; and the access time
from the clock signal CLK to the decision of the
output signal DQ is tAC. According to the invention,
a necessary amount of read signal to the main
15 amplifier is quickly achieved at the time of the Y
selecting operation so that the access time tAC can be
shortened. By the control with the high amplitude
signal, moreover, the current to flow to the MOSFETs
to be driven thereby can be increased to reduce the
20 signal delay thereby to make a contribution to the
higher speed. As a result, the period of the clock
signal CLK can be accordingly shortened to raise the
speed of the synchronous DRAM.
The following effects can be obtained from the

25 foregoing embodiments. That is:
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(1) Switch MOSFETs are interposed between a sense

amplifier disposed in a dynamic RAM and complementary
bit lines: after signal voltages were read out by the
selecting operations of said word lines from a
5 plurality of dynamic memory cells selected, to the

plurality of pairs of complementary bit lines in
accordance with their individual storage informations,
the switch control signal of said switch MOSFETs is
changed from a select level to the intermediate

10 potential having: an OFF state or a relatively high ON
resistance for the signal voltage read out to said
complementary bit lines; an ON state with a relatively
low resistance for a potential at which the sense
nodes are set to one level by the amplifying operation

15 of the sense amplifier; and an OFF state at a
potential of the other level; said sense amplifier is
fed with an operating voltage to start the amplifying
operation in response to the change in said switch
control signal; an amplification signal generated by

20 said amplifying operation is transmitted through the
column select circuit to said input/output’lines in
response to the column select signal; and said switch
control signal is returned to the select level in
response to the selecting operation of said column

25 select circuit. As a result, there is provided an
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effect that the sense amplifying operation of a minute

signal can be performed stably and quickly, to output

the amplified signal at a high speed to the data

input/output lines.

5 (2) A precharge circuit for precharging said
complementary bit lines is further provided at said
sense nodes; and when said word lines are in an
unselected state, said switch control signal is set to
a select level so that the complementary bit lines are

10 precharged through said switch MOSFETs by the
precharge circuit disposed at the sense nodes. As a
result, the sense amplifying operations of the minute
signal can be performed stably and quickly, and the
amplified signal can be outputted gquickly to the data

15 input/output lines. At the same time, the precharge
circuit can be shared between the sense nodes and the
complementary bit lines thereby to provide an effect
that the circuit can be simplified.

(3) The complementary bit lines are arranged on the

20 left and right of said sense nodes; said switch
MOSFETs are used with select switch MOSFETs of said
complementary bit lines arranged on the left and
right; and the switch control signal of the switch

MOSFETs, as corresponding to the unselected

25 complementary bit line, is set to an unselect level
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shared sense construction, the sense amplifying
operations of the minute signal can be performed
stably and quickly, and the amplified signal can be

5 outputted quickly to the data input/output lines
thereby to provide an effect that the circuit can be
simplified.
(4) Said switch control signal is returned in a
gentle change from said intermediate potential to the

10 select level in response to the selecting operation of
said column select circuit. As a result, the signal
voltage on the other level side can be enlarged to
provide an effect that the sense amplifying operations
of the minute signal can be performed stably and

15 quickly to output the amplified signal more quickly to
the data input/output lines.
(5) The main amplifier including the CMOS latch
circuit having connected input/output terminals is
connected with said data input/output lines; said data

20 input/output lines are precharged to the other level
of a polarity reversed from that of one level of said
sense nodes; and said main amplifier feeds, when it is
brought into the operating state, said CMOS latch
circuit with an operating voltage corresponding to the

25 other potential. As a result, there is provided an
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(6) Said word lines include a main word line and a
plurality of sub word lines assigned commonly to said
5 main word line; the gates of the address select
MOSFETs of said dynamic memory cells are connected
with said sub word lines; one of said sub word lines
is selected by a sub word driver which receives the
signal of said main word line and the signals of said
10 sub word selecting lines; said sub word driver
generates a select signal of the sub word lines which
are disposed on the left and right sides excepting the
end portions of the memory cell array; and said sense
amplifier senses the amplified signals from the
15 complementary bit lines which are disposed on the left
and right sides excepting the end portions of the
memory cell array. As a result, there is provided an
effect that the dynamic RAM of a large storage
capacity can be realized to stabilize the sense
20 amplifying operation of the minute signal and to
output the amplified signal at a high speed to the
data input/output lines.
(7) The operating voltage to be fed to said sense

amplifier is a dropped voltage which is dropped from

25 the power voltage fed from an external terminal; the
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5 the operating voltage of said sense amplifier. As a
result, there is provided an effect that the sense
amplifying operation of the minute signal can be
stabilized and quickened without any addition of a
special internal power circuit, thereby to output the
10 amplified signal to the data input/output lines at a
high speed.

Although our invention has been specifically
described in connection with its embodiments, it
should not be limited to those embodiments but can

15 naturally be modified in various manners without
departing from the gist thereof. In the dynamic RAM
shown in Fig. 1 or 2, for example, the construction of
the memory array, the sub array and the sub word
driver can take a variety of modifications, as

20 exemplified by a word shunt construction using no sub
word driver. The power switch MOSFET Q15 for applying
the operating voltage VDL to the sense amplifier may
be exemplified by a P-channel MOSFET.

The operating voltage of the sense amplifier may

25 use the power voltage fed from the external terminal,

- 61 -



| 109% & ()-T!'Sl  109B(3(& ()-T(NMLO0% & ()- 10vtL~z[PE:!W 10( 10( 10(;
MLO% & ()- 31!109& ()-!'M 31! 10% (& ()-! 9! 109& ()-!, 9!'109%& ()-Z ~<PE:!W
1 & vL! 10%<& ()- ! vL!10% () -

V10%<&' ()-, M 10%& ()-z!a, M 10%KU<& () -z, &MLO%&' ()-~] " z[ <1: !

10<<s10%<& ()- 0! 10%<& ()-f! 0! 10%*& ()-fs!!110%& ()- !!s!110% & ()-

07 MAY 2003

PVs!T109& ()- {mN:! 10<<s10%0%& ()-10%&' ()-109%& ()-Y MLO%&' ()- & L0%& () -
10< 10<=taBN:! 10< 109%& ()-F

109& () - mLOY& () - &LOY& () - F109& ()-!tf"109%& () - KOndEN: !

1109 () - -109%& ()-& 10%& ()-  9$! 109%& ()- Y" 10%& () - 4nt uvwx mbCl
10<&M0%<& () 10 10, 10: \109%& ()-6:1 10% (1 - 4109 () - 210% () - f 2nCz[ 9nbC
1011 109 (@S [Mooks ( Fheraatersy -d@%fi‘%)c%é%(‘ﬁ 19 ©f this case may

10

15

20
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use a half precharge voltage or may utilize a voltage
generated especially therefor. The main amplifier may
utilize a differential amplifier in addition to the
one using the CMOS latch circuit. The invention can
be widely utilized in a semiconductor memory device
using the dynamic memory cells, such as the
semiconductor memory device to be packaged over a
digital integrated circuit such as a microcomputer.
The effects to be obtained by the
representatives of the invention disclosed herein will
be briefly described in the following. Specifically,
switch MOSFETs are interposed between a sense
amplifier disposed in a dynamic RAM and complementary
bit lines: after signal voltages were read out by the
selecting operations of said word lines from a
plurality of dynamic memory cells selected, to the
plurality of pairs of complementary bit lines in
accordance with their individual storage informations,
the switch control signal of said switch MOSFETs is
changed from a select level to the intermediate
potential having: an OFF state or a relatively high ON
resistance for the signal voltage read out to said
complementary bit lines; an ON state with a relatively

low ON resistance for a potential at which the sense
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nodes are set to one level by the amplifying operation
of the sense amplifier; and an OFF state at a
potential of the other level; said sense amplifier is
fed with an operating voltage to start the amplifying
5 operation in response to the change in said switch
control signal; an amplification signal generated by
said amplifying operation is transmitted through the
column select circuit to said input/output lines in
reéponse to the column select signal; and said switch
10 control signal is returned to the select level in
response to the selecting operation of said column
select circuit. As a result, the sense amplifying
operation of a minute signal can be performed stably
and quickly, and the amplified signal can be outputted

15 at a high speed to the data input/output lines.
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1. A semiconductor memory device comprising:
a plurality of word lines, with which address
5 select terminals of a plurality of dynamic memory
cells are individually connected;

a plurality of pairs of complementary bit lines,
with which a plurality of dynamic memory cells are
individually connected;

10 a plurality of pairs of transmission MOSFETs
interposed between said plurality of pairs of
complementary bit lines and a plurality of pairs of
sense nodes for receiving a control signal at their
gates;

15 a plurality of sense amplifiers having their
individual input/output terminals connected with said
plurality of pairs of sense nodes and adapted to be
fed with an operating voltage in response to an
operation timing signal; and

20 data output lines, with which said sense nodes
are connected through a column select circuit to be
switch-controlled by a column select signal,

wherein the voltage level of said control signal
can be selectively set to one of a select level, an

25 unselect level and these intermediate level,
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the selecting operations of said word lines from the
dynamic memory cells to the plurality of pairs of
complementary bit lines in accordance with their
5 individual storage informations, said control signal
is changed from the select level to the intermediate
level,
wherein said sense amplifiers are fed with an
operating voltage to start the amplifying operations
10 in response to the change of said control signal to
the intermediate level,
wherein an amplification signal generated by
said amplifying operation is transmitted through the
column select circuit to said input/output lines in
15 response to the column select signal,
wherein said control signal is returned from the
intermediate level to the select level in response to
the selecting operation of said column select circuit,
and
20 wherein said paired transmission MOSFETs for
receiving the signal of said intermediate level at
their gates are adapted such that they have an OFF
state or a relatively high ON resistance, in the state

where the signal is read out from the memory cells to

25 said complementary bit lines, and such that one of
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them has an ON state or a relatively low resistance
whereas the other has the OFF state or the relatively
high ON resistance, in the state where the signal of
the sense nodes is amplified by the amplifying

operations of the sense amplifiers.

2. A semiconductor memory device according to Claim
1,

wherein a precharge circuit for precharging said
complementary bit lines is further provided and
connected with said sense nodes,

wherein when said word lines are in an
unselected state, said control signal is set to a
select level so that the complementary bit lines are
precharged through said transmission MOSFETs by the

precharge circuit disposed at the sense nodes.

3. A semiconductor memory device according to Claim
1 or claim 2,
wherein the complementary bit lines are arranged
on the left and right sides around said sense nodes,
wherein said transmission MOSFETs are used with
select switch MOSFETs of said complementary bit lines
arranged on the left and right, and

wherein the switch control signal of the
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transmisison MOSFETs, as corresponding to the
unselected complementary bit line, is set to an

unselect level before said word lines are selected.

5 4. A semiconductor memory device according to Claim
3,
wherein said control signal is returned in a
gentler change from said intermediate level to the
select level in response to the selecting operation of
10 said column select circuit than that from the select

level to the intermediate level.

5. A semiconductor memory device according to Claim
3,

15 wherein the main amplifier including the CMOS
latch circuit having connected input/output terminals
is connected with said data output lines,

wherein said data output lines are precharged to
the other level of a polarity reversed from that of

20 one level of said sense nodes, and

wherein said main amplifier feeds, when it is
brought into the operating state, said CMOS latch
circuit with an operating voltage corresponding to the
other potential.

25
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6. A semiconductor memory device according to Claim
3,
wherein said word lines include a main word line
and a plurality of sub word lines assigned commonly to
5 said main word line,
wherein the gates of the address select MOSFETs
of said dynamic memory cells are connected with said
sub word lines,
wherein one of said sub word lines is selected
10 by a sub word driver which receives the signal of said
main word line and the signals of said sub word
selecting lines,
wherein said sub word driver generates a select
signal of the sub word lines which are disposed on the
15 left and right sides excepting the end portions of the
memory cell array, and
wherein said sense amplifiers sense the
amplified signals from the complementary bit lines
which are disposed on the left and right sides

20 excepting the end portions of the memory cell array.
7. A semiconductor memory device according to Claim

wherein the operating voltage to be fed to said

25 sense amplifiers is a dropped voltage which is dropped
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boosted voltage whlch is boosted from said power

voltage; and

in that said intermediate level uses the dropped

voltage corresponding to the operating voltage of said

sense amplifiers.

8. A semiconductor memory device comprising:

a plurality of word lines;

a pair of complementary bit lines;

a plurality of memory cells individually
connected with said plurality of word lines;

a sense amplifier for amplifying a read signal
which is caused to appear on said pair of
complementary bit lines when a memory cell is
selected; and

a pair of MOSFETs interposed between a pair of
sense nodes of said sense amplifier and said pair of
complementary bit lines, which receives a control
signal at their gates,

wherein said constrol signal can be selectively
set to one of a select level, an unselect level and

their intermeidate level,
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pair of complementary bit lines, said control signal
is changed from said select level to the intermediate
level, and

5 wherein after the start of the operation of said
sense amplifier, said control signal is returned from

said intermediate level to said select level.

9. A semiconductor memory device according to Claim

10 8,

wherein said pair of MOSFETs receiving the

control signal of said intermediate level at their
gates are adapted such that they have an OFF state or
a relatively high ON resistance, in the state where

15 said read signal appears on said pair of complementary
bit lines, and such that one MOSFET of said pair of
MOSFETs has an ON state or a relatively low ON
resistance whereas the other MOSFET has the OFF state
or the relatively high ON resistance, in the state

20 where the signal of said one pair of sense nodes is

amplified by the operations of the sense amplifier.
10. A semiconductor memory device according to Claim

9,

25 wherein said pair of MOSFETs receiving the
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turned ON, and
wherein said pair of MOSFETs receiving the

control signal of said unselect level at their gates

5 are turned OFF.

11. A semiconductor memory device comprising:

a first memory array including a plurality of

first word lines, a pair of complementary bit lines
10 intersecting said plurality of first word lines, and a
plurality of memory cells;

a second memory array including a plurality of
second word lines, a pair of complementary bit lines
intersecting said plurality of second word lines, and

15 a plurality of memory cells;

a sense amplifier shared between said first
memory array and said second memory array for
amplifying a read signal which is caused to appear on
a pair of corresponding complementary bit lines when a

20 memory cell is selected; and

MOSFET pairs individually interposed between a
pair of sense nodes of said sense amplifier and the
pair of complementary bit lines on the side of said
first memory array and between said pair of sense

25 nodes and the pair of complementary bit lines on the
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pairs can be selectively set to one of a select level,
an unselect level and their intermediate level,

wherein when the memory cell of said first
memory array is selected, the gate voltage of the
MOSFET pairs on the side of said second memory array
is set to the unselect level,

wherein when the memory cells of said second
memory array is selected, the gate voltage of the
MOSFET pairs on the side of said first memory array is
set to the unselect level,

after said read signal appeared on said pair of
complementary bit lines, the gate voltage of the
corresponding MOSFET pairs is chaged from said select
level to said intermediate leve, and

wherein after the start of the operation of said
sense amplifier, the gate voltage of the corresponding
MOSFET pairs is returned from said intermediate level

to said select level.

12. A semiconductor memory device according to Claim
11,
wherein said MOSFET pairs receiving the gate

voltage of said intermediate level are adapted such
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appears on said pair of complementary bit lines, and
such that one MOSFET of said MOSFET pairs has an ON
5 state or a relatively low resistance whereas the other
MOSFET has the OFF state or the relatively high ON
resistance, in the state where the signal of said one
pair of sense nodes is amplified by the operations of

the sense amplifier.

10
13. A semiconductor memory device according to Claim
12,
wherein said transmission MOSFET pairs receiving
the gate voltage of said select level are turned ON,
15 and
wherein said transmission MOSFET pairs receiving
the gate voltage of said unselect level are turned
OFF.
20 14. A semiconductor memory device comprising:
a plurality of word lines;
a pair of complementary bit lines;
a plurality of dynamic memory cells individually
connected with said plurality of word lines;
25 a sense amplifier for amplifying a read signal
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5 sense nodes of said sense amplifier and said pair of
complementary bit lines, witch receives a control
signal at their gates,

wherein said constrol signal can be selectively
set to one of a select level, an unselect level and

10 their intermeidate level,

wherein after said read signal appeared on said
pair of complementary bit lines, said control signal
is changed from said select level to the intermediate
level,

15 wherein after the start of the operation of said
sense amplifier, said control signal is returned from
said intermediate level to said select level, and

wherein at said select level, said pair of
MOSFETs are turned ON; at said unselect level, said

20 pair of MOSFETs are turend OFF; and at said
intermediate level, said pair of MOSFETs are adapted
such that they have an OFF state or a relatively high
ON resistance, in the state where said read signal
appears on said pair of complementary bit lines, and

25 such that one MOSFET of said pair of MOSFETs has an ON
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one pair of sense nodes is amplified by the operations

5 of the sense amplifier.

15. A semiconductor memory device according to Claim
14,
wherein said sense amplifier includes a CMOS
10 latch circuit for outputting signals of a high level
and a low level to said one pair of sense nodes,
wherein said one MOSFET adapted to have said ON
state or said relatively low ON resistance receives
the signal of said low level, and
15 wherein said other MOSFET adapted to have said
OFF state or said relatively high ON resistance

receives the signal of said high level.

16. A semiconductor memory device according to Claim
20 15,
wherein said pair of MOSFETs are of an N-channel
type,
wherein said select level is the select level of
said word lines,

25 wherein said unselect level is the low level of
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