1 SEMICONDUCTOR MEMORY HAVING STAGGERED SENSE AMPLIFIERS ASSOCIATED WITH
A LOCAL COLUMN DECODER Field of the invention The invention relates generally to a
semiconductor memory, and more 5 particularly to a Dynamic Random Access Memory (DRAM)
wherein a local column decoder is associated with staggered sense amplifiers. Background of the
invention Basically, a DRAM is an integrated circuit that stores data in binary form (e.g., 10 "1" or "0")
in a large number of cells. The data is stored in a cell as a charge on a capacitor located within the
cell. Typically, a high logic level is approximately equdl to the power supply voltage and a low logic
level is approximat&g It ENDUHOORMEMIRY ¢elgINfESHNGSERFRISERAN AWPaIFERSd in an array

so that individual cells can be ﬁggﬁﬁ%@%ﬁf:m?ﬁ?éﬂ:mmﬁ ght of as rows and 15

columns of cells. Each row includes a word line that interconnects ceIE: on the row with a common
control signal. SimilaHigléaghheckwentioaludes a bit line that is coupled to at most one cell in each row.

Thus, the word and b ines, gaiy e gRROld S 18 1aChdohipln ARsess saebioelbal ey To

read data out of a cell, the cafg)acnor of a céll is acCessed selecting the 20 word line associated with

the cell. A c%mp?@m@rqf’gw Bif MY ATREI S AR (rpsRMSTINTE R MNsrly 29 6QiMBrated to an
equilibrium voltatfsoteissegaitibataibnihoitagestee gpiseypinalfiiprmidway between the high Vdd and low
Vss (typically ground) logic levels. Thus, conventionally, the bit lines are equilibrated to one-half of the
power supply voltag hVielel 8 chgpt emmilgple is activated for the selected 25 cell, the capacitor of
the selected cell disc nto the bit line, thus changing the volta e on the bit

line. A differential anﬁﬁﬁ'@?“&oﬂ%@dﬁlﬁ?H@F@H’é‘ﬁeﬂ)‘"‘é@ﬁtégﬁ%@%{ﬁf’pﬂﬁ@r"? fRaRy u%raa foSdetect and
amplify thelfliffefé¢hoe @' voltaderannhmipaiodbtislifbs. data is stored in a cell as a charge on a

capacitor located within the cell. Typically, a high logic level is approximately eqgual
to the power supply voltage and a low logic ievel is approximately equal to ground.
The celis of a conventional DRAM are arranged in an array so that individual
cells can be addressed and accessed. The array can be thought of as rows and
15  columns of cells. Each row includes a word line that interconnects cells on the row
with @ commoen control signal. Similarly, each column includes a bit line that is
coupled to at most one cell in each row. Thus, the word and bit lines can be
controlled so as to individually access each cell of the array.
To read data out of a cell, the capacitor of a cell is accessed by selecting the
20 word line associated with the cell. A complementary bit line that is paired with the bit
line for the selected cell is equilibrated to an equilibrium voltage. This equilibration
voltage (Veq) is typically midway between the high Vdd and low Vss (typically
ground) logic levels. Thus, conventionally, the bit lines are equilibrated to one-half of
the power supply voltage, Vdd/2. When the word line is activated for the selected
25  cell, the capacitor of the selected cell discharges the stored voitage onto the bit fine,
thus changing the voltage on the bit fine. A differential amplifier, conventionally
referred {o as a sense amplifier, is then used to detect and amplify the difference in
voltage on the pair of bit fines.
Figure 1 represents a conventional memory architecture wherein in order to
30 correctly read a data item from a memory cell of a memory array, a current read from
a cell of an addressed memory matrix Ay is compared at a sense amplifier SA0-SA7
of a sense amplifier array SAA to a current read from a cell of a reference memory
matrix Ry that serves in particular to compensate for unknown offset values that are
due to irreguiarities in the fabrication process.



Figure 1 represents a conventional memory architecture wherein in order to 30 correctly read a data
item from a memory cell of a memory array, a current read from a cell of an addressed memory matrix
Am is compared at a sense amplifier SAO-SA7 of a sense amplifier array SAA to a current read from a
cell of a reference memory matrix Rm that serves in particular to compensate for unknown offset
values that are due to irregularities in the fabrication process. 2  In order to reduce the surface area
of a memory, a stacking technique, so-called "staggering" technique, is conventionally used to take
into account the pitch difference in between the sensé amplifier and the cells. Several sense amplifiers
SAO-SA7, generally 4 or 8 as it is the case on figure 1, are therefore staggered one 5behind each
other in the longitudinal direction of the bit lines, such as the bit lines BL2 and bBL2 (complementary to
BL2) coupled to sense amplifier SA2.  The architecture 1:of fiﬁ‘ure 1 sufferf% éQ%t atbg:%lﬁ@%%nd its
complementary run SV a1 LfAHeR 0§ rARitieTs. RS Teads fo ATongeston of the space
available as metaic@ligddstaggssingdieghniniginie spivestenaby ersd totaeitieasepdrt piplifiers.
Moreover, addrgsgifgd SRasstives!thé thenscamnpyfae cerbiieteseiswSavaradlsenseaadpifsrbuses built

rom metal vacks encraly pgieBcks: AT S.ol @RS oagaibingigcode e
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future, there neBtls docieBh ] (tarhfisroentsite Bbed wikpit tofseMRANPIESHEEIAIlY on the sense
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factor, not any more the size evices. It Is ere_?ore understood é(?]:fo PEnetal-l tracks are
far too many.  aYaiRiie AR R ABatEryeRaBR G Slilnash N AssAFAT Tt Ay ThEPEPEISE e space
congestionoln thisglifdrgecture, the sense amplifiers array is split into pairs of staggered sense

amplifier banks SABgy3ARe-aaddRediylinesRemet aaiivetpavashaifaneesemtehetabyhit lines

alternate in the Icaof]%tghdai&%(%ggg lg)Jstc-[\]sel:%Rtr rlggr?smve\élél tracks, generally metal-1 tracks. When 64
column address buses are used to decode the sense amplifiers of the sense
amplifier array, around 100 metal-1 tracks need to be present for power supplies,

15 control commands, /Os and decoding (64 tracks for this latest group). But in the
near future, there needs to be a lot of focus of the core circuits of a DRAM,
especially on the sense amplifier. Indeed, with introduction of FDSOI (Fully Depleted
Silicon On Insulator) technology or introduction of high-k/metal gate, devices will get
smaller and the meta! lines could become the limiting factor, not any more the size of

20 the devices. It is therefore understood that 100 metal-1 tracks are far too many.

Figure 2 shows another memory architecture that helps limiting the available
space congestion. In this architecture, the sense amplifiers array is split into pairs of
staggered sense ampilifier banks SABe, SABo and the bit lines adopt an interleaved
arrangement whereby bit lines alternate in the lateral direction of the wordlines WL

25  between a bit line BLO, bBLO, BL2, bBL2 coupled to a sense ampiifier SAQ, SA2 of
the first bank SABOQ of the pair and a bit line BL1, bBL1 coupled to a sense ampiifier
SA1 of the second bank SAB1 of the pair. The alternative arrangement of the bit
lines result in interconnect spaces available in each sense ampilifier bank of the pair
parafiel to the bit lines. Taking bank SABe as an example, interconnect space is

30 available in between bit lines BLO, bBLO and bit lines BL2, bBL2. Taking bank SABo
as an example, interconnect space is available before bit ines BL1, bBL1. With this



25 between a bit fine BLO, bBLO, BL2, bBL2 coupled to a sense amplifier SAO, SA2 of the first bank
SABO of the pair and a bit line BL1, bBL1 coupled to a sense amplifier SA1 of the second bank SAB1
of the pair. The alternative arrangement of the bit lines result in interconnect spaces available in each
sense amplifier bank of the pair parallel to the bit lines. Taking bank SABe as an example,
interconnect space is 30available in between bit lines BLO, bBLO and bit lines BL2, bBL2. Taking
bank SABo as an example, interconnect space is available before bit lines BL1, bBL1. With this 3
alternative arrangement, metal-0 now covers only 5086 of the sense amplifiers. With relaxed
constraints on the sense amplifiers, the layout is easier. However, this architecture necessitates
dividing the memory cells array into sub-arrays, which results on the top and bottom sub-arrays being
only half-used. 5 Moreover, when 64 column addresses buses CAB are used (32 buses dedicated to
each of the sendUPHIANF@FBERBIRE}, HIRfat Now FRYRSS- 2R BRL RILHR $8N5E arRlferardUIfY 70 per
sense amplifier etotimoristaiate bitdbéusensé fapoplfigreh dre flayewtlsoesaiéers from the high number of
column address busmﬂé&éymmaéycﬁﬁébﬁa@w%é@@;&@ Hvaomaimenéiredidingraysrgiconductor
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on crossover pQiis.Ofisaid Ritdings Ao deaid e hiiRRr section). The architecture of figure 2

therefore also suffers from the high number of column address buses.

10 Summary of the invention

The invention aims at providing a semiconductor memory that does not suffer from
the above mentioned drawbacks, and in particular a semiconductor memory
necessitating less column address buses. in this respect, the invention proposes a
semiconductor memory, comprising:
15 - a plurality of bit lines and a plurality of word lines crossing each others,
- a memory cell array formed by a plurality of memory cells arranged in rows and
columns on crossover points of said bit lines and said world lines,
— at least one pair of sense amplifier banks, wherein the sense amplifier banks of a
pair are arranged on opposite side of the memory cell array, and wherein each
20 sense amplifier banks of a pair comprises a plurality of sense amplifiers
staggered in the longitudinal direction of the bit lines, each sense amplifier being
connected to a corresponding bit line according to an interleaved arrangement
whereby bit lines alternate in the lateral direction of the wordlines between a bit
line coupled to a sense amplifier of the first bank of the pair and a bit line coupled
25 to a sense amplifier of the second bank of the pair, the alternative arrangement
of the bit lines resulting in interconnect spaces available in each sense amplifier
bank of the pair paraliel to the bit lines,
characterized in that each sense amplifier bank further comprises at least one local
column decoder for selecting at least one sense amplifier of the sense amplifier
30 bank, the local column decoder being staggered with the sense amplifiers and being



- at least one pair of sense amplifier banks, wherein the sense amplifier banks of a pair are arranged
on opposite side of the memory cell array, and wherein each 20 sense amplifier banks of a pair
comprises a plurality of sense amplifiers staggered in the longitudinal direction of the bit lines, each
sense amplifier being connected to a corresponding bit line according to an interleaved arrangement
whereby bit lines alternate in the lateral direction of the wordlines between a bit line coupled to a sense
amplifier of the first bank of the pair and a bit line coupled 25 to a sense amplifier of the second bank
of the pair, the alternative arrangement of the bit line$ resulting in interconnect spaces available in
each sense amplifier bank of the pair parallel to the bit lines, characterized in that each sense
amplifier bank further comprises at least one local column decoder for selecting at least one sense

amplifier of the sqpsssaBHdiar Rabostke teadecarhsmibnu troasieeheinyfzioggn ey wishribefsense
amplifiers and being, 4 coupled to the at least one sense amplifier ifier bank by
means of an oqulﬁgﬁ%lgcmﬁrWr’f@ 'Wérﬁaanva%%l&é%ﬁ?é%%ﬁﬂgg 8paaccee8éggr?a%f§§%§ %hbzfgﬁ |£r'1es. Other
preferred, although §¥heimreieved althesgh somlinit@ivbgearsta SfeNsemencAre&sdal'aWlifier bank

comprises a single;aCat sUUIpRRFOSICMRIRELD Baashisenss atplifieebtie seusedraplifier bank.
wherein each sense am Iifierifank ﬁlmrs)rises %ﬁgﬁlgﬁz local column decoders. the local column
decoder is 3 NGREGEREF AP 05 & >°HRe FORI"EORMIN decoder comprises a plurality of decoder

sections, each daevietemsastiosehstraputiiiglbdrb compdstive shrsihanh fsif robmndeeqtsssamplifier
bank. 10 - the sepse; amplifigr-RadS @ dINeRYHRDPR RAGHRpEductor-on-insulator substrate and

a decoder section comprises a pseudo-inverter structure _havinlg two comp!ementa%i{éjougle-gate
transistors in serit® fRaA BT QGAYRI HMRESEE D ARF Y #6 Ferrdeh s HNRuCRALARESHBTe-gate
transistor havingeztfosbgig @upiaciecespeghie sthedisshpifies of the semssistopiifieeivankoth coupled to

a second i%)ut Qfﬂl]%e sense amplifier banks are implemented on a semiconductor-on-insuiator
substrate and a decoder section comprises a pseudo-inverter structure having two
complementary double-gate transistors in series between a first input of the decoder
section and the ground, each double-gate transistor having a first gate and a second
gate, the first gates of the transistors being both coupled to a second input of the

15 decoder section while the second gates of the transistors are both coupled to the
complementary of the first input, an output of the decoder section out being provided
at the middle-point of the serial association of the two transistors.

- a first input of the local column decoder is connected to a first column address bus
by means of a first input line, a second input of the local column decoder is

20 connected to a second column address bus by means of a second input line, and
both the first and the second input lines run in an available interconnect space.

— the first input line is a metal-0 line and the first column address bus is a metal-1
bus.
- the second input line is a metal-0 line and the second column address bus is a

25 metal-1 bus.
the second input line is a metal-0 line, and the second column address bus
comprises a metal-2 bus running in the longitudinal direction of the bit lines and a
metal-1 bus coupled to the metal-2 bus, the metal-1 bus running in the transversal
direction of the wordlines.



15 decoder section while the second gates of the transistors are both coupled to the compleme_ntary of
the first input, an output of the decoder section out being provided at the middle-point of the sgrlal
association of the two transistors. a first input of the local column decoder is connected to a fII"St
column address bus by means of a first input line, a second input of the local column decoder is 20
connected to a second column address bus by means of a second input line, and both the first and the
second input lines run in an available interconnect space. the first input line is a r_netaI-O line and the
first column address bus is a metal-1 bus. - the segond input line is a metal-0 line and the second
column address bus is a 25metal-1 bus. the second input line is a metal-0 fine, and the second column
address bus comprises a metal-2 bus running in the longitudinal direction of the bit lines and a metal-1

bus coupled to t running in the transversal direction of the wordl nes. 5
Brief descrlptlongf éf‘ﬂ@c% @F‘tﬁ@ ?M"p sScts goals and advantages of the invention will become
more apparent upon @Qﬂnﬁsﬁ’ﬁc‘ﬁ)lléﬁﬂﬁg waﬂétﬁd@gﬁﬁp@éﬁhﬁ pregstiend with durtionenteitnereof, given

by way of examphemant] upth retefiegcrdddiavrecostaray MG SHAMNGS SIRINEWBiGRoaifime 1 already
discussed abov%é%\ﬁ%i@e@@’%@%%@%&é gﬁ(d:hl C';:flej: Stence to the accompanying drawings

5  upon which:
- figure 1 already discussed above shows a conventional DRAM architecture:
- figure 2 already discussed above shows another conventional DRAM
architecture, wherein the bit lines are interleaved:;
- figure 3 schematically represents a DRAM according to an embodiment of the
10 invention,;
- figure 4 represents the column addressing of a DRAM according to a first
embodiment of the invention:;
- figure 5 represents the column addressing of a DRAM according to a second
embodiment of the invention;
15 - figures 6a, 6b and B¢ represent various possible embodiments of the invention:
- figure 7 represents a NOR gate on FDSOI that can be used as a local column
decoder in a possible embodiment of the invention.

Detailed description of preferred embodiments of the invention

20 With reference to figure 3, the invention provides a semiconductor memory, in
particular a DRAM, comprising a plurality of bit lines BLO, bBLO, BL1, bBL1, BL2.
bBL2, ..., BL7, bBL7 and a plurality of word lines WL crossing each others. The
memory further comprises a memory cell array MCA formed by a plurality of memory
cells arranged in rows and columns on crossover points of said bit lines and said

25 world lines. The memory further comprises at least one pair of sense ampilifier banks
SABO SAB1, wherein the sense amplifier banks of a pair are arranged on opposite
side of the memory cell array MCA. Each sense amplifier banks of a pair comprises
a plurality of sense amplifiers SAQ, SA2, SA4, SAB; SA1, SA3, SA5 SA7 staggered
in the longitudinal direction of the bit lines. The sense amplifier banks of a pair are

30 Jaid out on opposite side of the memory cell array MCA.



figure 2 already discussed above shows another conventional DRAM architecture, wher(_ein the bit lines
are interleaved, - figure 3 schematically represents a DRAM according to an eml_Jodlment qf the
10invention; - figure 4 represents the column addressing of a DRAM according'to a first embodiment
of the invention; figure 5 represents the column addressing of a DRAM according to a se(_:ond
embodiment of the invention; 15- figures 6a, 6b and 6c represent various possible embodiments of_ the
invention; figure 7 represents a NOR gate on FDSO1 that can be used as a qual column de(_:oder ina
possible embodiment of the invention. Detailed descrgption of preferred embodlments _of the invention
20 With reference to figure 3, the invention provides a semiconductor memory, in particular a DRAM,
comprising a plurality of bit lines BLO, bBLO, BL1, bBL1, BL2, bBL2, BL7, bBL7 and a plurality of word

li WL crossing ea S ry.further comprises a memory, cell array MCA formed by a
;I)?uersality 0(1E memc?ry cg_l sﬁggn?}g%%g&gévcg a%rll%gi:eolﬁ?n'rné? oﬁegr%essﬁarﬁﬁ irti)tasn ?séc?fty?git BAES and said
25 world lines. THEIRBRB) Ratkdieedavp s e setsnamriifiess sémibhenplitotoahiksiSBO SABL,

wherein the se nmanmm.iWObmﬂr&Qf@d)@gaf&melﬁmW&% @Sﬁ#é%;ﬁfemlﬁaiglg%g%‘z %S%,IAI\ 3@%4
SAb: SAL, SA A A r;?a@g%%%%%n%i%%%r?ﬁa% PUBY of FRoBR A eE @B ampitier
banks of a pair 1€ SNSRI BUPBIRABYsREi@E BF inetanesrd ey Beaggenpd/rense@mplifiers.

Each sense amplifier is connected to a corresponding bit line according to an
interleaved arrangement whereby bit lines alternate in the lateral direction of the
wordlines between a bit line coupled to a sense ampilifier of the first bank of the pair
and a bit line coupled to a sense amplifier of the second bank of the pair. Taking bit

10 lines bBLO, BL1 and bBL2 as examples of sequential bit lines in the wordline
direction, bit line bBLO is coupled to sense amplifier SAO of the top sense amplifier
bank SABO, bit line BL1 is coupled to sense amplifier SA1 of the bottom sense
amplifier bank SAB1, and bit line bBL2 is coupled to sense amplifier SA2 of the top
sense amplifier bank SABO. As a result of this interleaved arrangement, bit line BL1

15 does not run over the top sense amplifier bank SABO, thereby leaving an
interconnect space available between bit lines bBLO and bBL2. Similarly, as bit lines
bBLO and bBL2 do not run over the bottom sense amplifier SAB1, interconnect
spaces are available of each side of bit lines BL1, bBL1. More specifically, the
available interconnect spaces are free spaces available for drawing metal-0 lines.

20 The invention further provides locally decoding the sense amplifiers by placing
the logic of the column decoder within the sense amplifier banks. More specifically,
each sense amplifier bank SABO, SAB1 comprises at least one local column decoder
LCDO, LCD1 for selecting at least one sense amplifier of the sense amplifier bank.
The local column decoder LCDO, LCD1 is staggered with the sense ampiifiers of the

25  bank and is coupled to at least one sense amplifier of the bank by means of an
output line OLO, OL1, typically a metal-0 line, running in an available interconnect
space paraliel to the bit lines, such as the interconnect space available between bit
lines BLO and BL2 over the top sense amplifier bank SABOQ for output line QL0 or the
interconnect space available before bit line BL1 over the bottom sense ampiifier

30  bank SAB1 for output line OL1.



Figure 3 represents a single pair of sense amplifier banks SABO, SAB1 wherein each bank has four
staggered sense amplifiers. It will be understood that the invention also applies to a larger number of
pairs of sense amplifier banks, such as for instance 128 pairs, as well as to a different number of
staggered sense amplifiers 5in a sense amplifier bank, such as for instance 2 or 8 staggered sense
amplifiers.  Each sense amplifier is connected to a corresponding bit line according to an interleaved
arrangement whereby bit lines alternate in the lateral direction of the wordlines between a bit line
coupled to a sense amplifier of the first bank of the pair and a bit line coupled to a sense amplifier of
the second bank of the pair. Taking bit 10 lines bBLO, BL1 and bBL2 as examples of sequential bit
lines in the wordline direction, bit line bBLO is coupled to sense amplifier SAO of the top sense
amplifier bank SABO, Qﬁ ine B oupled to I| ier SA1 of the bottom ense amplifier bank
SAB1 , and bitline b liIlsecgﬁl?"\ltégl % §§ s%cér?? i FE" ‘f'ﬁ?ed |8 éﬂ&?tﬁrﬁﬁ ? BiFkEABO. As a
result of this intéIEEVR] %{ﬂ’@iﬁﬁérﬁbmemﬂﬂhéﬂﬂmﬂfdéﬁ ustratedvexameledplaengeedengiifier bank
SABO, thereby aaummmamr@cmmcﬁpm lvaitalmAeiuereMY inesiRbi RYR BBkZiopimilarly,
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s#ch as a I.’bKDRI gate ?&N&N%@%@n%wﬂimﬁéﬁ(ﬁﬁﬁl eragsR maé?wmddmemh ed when
the sense ampli p ates while a NAND gafe is implement the sense
amplifiers have gﬁégeg}égggeéétgg%i %Cgua mnp Wi l?r?g oF 'gfé}%%s??he@r VY?@H i "’E\yout is
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Alternatively, a sense amplifier bank may comprise a plurality of local column

decoders. A possible arrangement of a plurality of local column decoders within a

20 sense amplifier bank is shown on figure 6b where a sense ampilifier bank comprises

two local column decoders LCD3, LCD5, where each local column decoder is

coupied to half of the sense amplifiers of the bank. In the staggered arrangement of

figure 6b, each local column decoder LCD3, LCD5 has two immediately adjacent

sense amplifiers SA1, SA3; SA5, SA7 to which it is coupled. With this arrangement,

25  two consecutive bits of a same word share the same address. But addresses of local

column decoders could also be identical, so that four consecutive bits of a same
world share the same address.

In another variant, a local column decoder may comprise a plurality of decoder

sections, such as two-decoder sections L.CD7, LCD9 as shown on figure 6¢, each

30  section being coupled to respective sense amplifiers. In the arrangement of figure

B¢, the local column decoder is centraily arranged and comprises two sections. A



can be coupled to all the sense amplifiers of the bank. When the bank counts four sense amplifiers as
exemplified by these figures, the local column decoder LCD1 allows decoding the four sense
amplifiers SA1, SA3, SA5, SA7: four consecutive bits of a same word therefore share the same
address. 15Preferably, the sense amplifier banks comprises an even number of staggered sense
amplifiers, and the local column decoders is placed centrally in the bank so as to have an equal
number of sense amplifiers of each of its sides.  Alternatively, a sense amplifier bank may comprise
a plurality of local column decoders. A possible arrangement of a plurality of local column decoders
within a 20 sense amplifier bank is shown on figure 6b where a sense amplifier bank comprises two
local column decoders LCD3, LCD5, where each local column decoder is coupled to half of the sense
amplifiers of the ﬁ’r%? ent of figure 6b, each local column decoder LCD3,

. In the stagge rrgnge
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design, two decoder sections can therefore be incorporated within a local column
decoder staggered with sense amplifiers having the pitch of 8 memory columns. It
will be appreciated that such a NOR2 FDSOI gate has been described in European
patent application n°10175849.8 filed on September 8, 2010. This NOR2 FDSOI
15 gate makes use of the pseudo-inverter structure shown on figure 7 which inputs are
referenced A and B. The transistors of the pseudo-inverter structure are dual-gate
FDSOI transistors having a front control gate and a back gate under the buried oxide
layer SOI substrate, the back gates being controlied by a signal A# which is
complementary to the input signal A applied to the source of the P-transistor. It will
20 be appreciated that SOI FinFETs can also be used in place of such FDSOI
transistors.

It will also be appreciated that the back gates of such a local column decoder
can be used to boost a sense ampilifier, in particular when the transistor drive of the
sense amplifier is not sufficient to restore in time the data into the memory cell. This

25  effect is further symmetrical on both sides of the sense amplifier and doesn’t include
mismatches.

FDSOI also proves advantageous in that FDSO! transistors exhibit less
variability. Width and length of the transistors can be reduced as compared to an
implementation of the invention on a bulk substrate, and the sense ampilifier area

30  can bedivided by 2 to 2.5.



In this respect, it has to be noted that the Applicant has previously designed a NOR2 gate on FDS01
(Fully Depleted Silicon On Insulator) with only 2 transistors. 10 Such a NOR2 gate can thus be drawn
over only 4 memory columns. With such a design, two decoder sections can therefore be incorporated
within a local column decoder staggered with sense amplifiers having the pitch of 8 memory columns.
It will be appreciated that such a NOR2 FDS01 gate has been described in European patent
application n10175849.8 filed on September 8, 2010. This NOR2 FDS01 15 gate makes use of the
pseudo-inverter structure shown on figure 7 which inpgits are referenced A and B. The transistors of
the pseudo-inverter structure are dual-gate FDSO01 transistors having a front control gate and a back
gate under the buried oxide layer 501 substrate, the back gates being controlled by a signal A# which

is complementary to the Lr@?t ?'gﬂlal A apeglied to the source of the P-transistor. It will 20 be
appreciated that SOI FIRFETs'caf DS FPESIATER fiatdnsr iqrah eht dennsietomuch a8 i also be
appreciated that'fis2pegie gatdisiopsu s lpats, doluinstaleeodemeainhe gses torbpesirmsanse

amplifier, in partissdagonhesribiestransister AEurof thespaRe aglifiefis patsHificie hl:‘? ESRiore in time

the data into thed“tr;a mor tceII..This 25 effect is further symmetrical on both sides of the sense
amplifier and doesn'tine EESRISH SRS 2 A4BhIsiA YALS'BIRS\aYing A RBSE <O fh 4Rk w9801
transistors exhibitgcRyiedriagiiaing\irer afd I8agirsobshetérdfsisicrsdtiatob ©reisatbas Eatapared to

an implementatianpGHie faveRINNaN AUk 8UBSYAS i LRESRISS '&@%{ﬁg&@ﬁ%&?e divided
as

by2to25. 9 nghow, it W’j“ be appreciated that the local column decdder, suc or instance a

multi-input logic Jate- TornSanes S1Uis Ate FHaRs0s ATansee fhearlshdo-inverter structure of figure
7, can make use of dbighgate! trehdist@apprEcisted tbiytie iravesiiiorsaranddnpldusdrgadedraaisistor

having a back cesirabies: AL POYOPYIE Ny RAdBYSHSl A SeahSybRIRtEdSaMegpuctor On
Insulator). Each [f_élg%%%testqanas#%{]gin F\Iso be a Fin-type independent double gate tranhsistor. It can

also be made of SER YL ARy ¥ETh BRr M. FinERbceanfwaings AmseFhted that
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TWo single gate t
the invention caiNBePrnpeshriavkld satalransistoibdieshbwi BBRSOETBaltabydlepleiathGiiaen On

Insulator), FDSO ttfagliy enhances the advantages as it allows smalier area per functionality than
bulk.
Figure 4 shows two sense amplifiers banks, consecutive in the word fine

15 direction. Each bank comprises a local column decoder LCDOO, LCDOA centrally
staggered and coupled to all the sense amplifiers of the bank. In the example of
figure 4, each local column decoder is implemented as a dual-input NOR gate. A first
input of the NOR gate is connected to a first column address bus CAB-LSB, for
instance for addressing the least significant bits, by means of a first input line 110, 111

20 running in an available interconnect space. A second input of the NOR gate is
connected to a second column address bus CAB-MSRB, for instance for addressing
the most significant bits, by means of a second input fine 120, 121 running in another
available interconnect space. The first and second input lines 110,111 and 120, 121
are preferably metal-O lines running in spaces left free by the bit lines.

25 If the architecture of the conventional circuit initially required for instance 64
busses to decode each sense amplifier within a bank like on figure 1 or figure 2, then
the new organization proposed by the invention requires only 16 busses CAB-LSB,
CAB-MSB (8 least significant bits — LSB - and 8 most significant bits — LSB}) to fulfil
the same functionality. It will be appreciated that these buses CAB-LSB and CAB-

30 MSB are coupled to a main column decoder configured to output column selection
signals to corresponding local column decoders in the sense amplifier banks. These



10 Depleted Silicon On Insulator), as well as with FInFETs and other types of independent double gate
transistors. As shown above, FDSOI proves advantageous it that it enhances the advantages as it
allows smaller area per functionality than bulk. Figure 4 shows two sense amplifiers banks,
consecutive in the word line 15 direction. Each bank comprises a local column decoder LCDOO,
LCDO1 centrally staggered and coupled to all the sense amplifiers of the bank. In the example of figure
4, each local column decoder is implemented as a dual-input NOR gate. A first input of the NOR gate
is connected to a first column address bus CAB-LSBjtpr instance for addressing the least significant
bits, by means of a first input line 110, 111 20 running in an available interconnect space. A second
input of the NOR gate is connected to a second column address bus CAB-MSB, for instance for

addressing the grisig gnéggraent gri:t .’tc?ch%%%b%? ﬁ%%gﬁrin Utéi%% (iLZO, 152?38%{%? g\ ?g%o;?:tr)ly

available interconnect space. The first'and seco
metal-0 lines ruMSIFRFFARPACHS |pfofr @t [Ryatedlivninet fiasretie Bnehitessing uirtsteagdrivehtional circuit

initially required dondnriRmperiidiPkeseaie deradesashsanss amnlirnmithina hagkdike Ry figure 1 or

figure 2, then th%o%%\(;‘-’ orlganization proposed by the invention requires only 16 busses CAB-LSB,

CAB-MSB (8 least &g%ﬂlbant bits - LSB - and 8 most significant bits - LSB) to fulfil the same
functionality? It will be’Gppidiegatefireh Arthedinsns sertyBriegiBoantu WA B! 30858t ammdceegsed to a main

column decodercaiifig EastdesOpliass S AU SBICCHEINILS At orepsraSBRAN GHiRRRICHlUm decoders

in the sense amplifier banks. These, 10 16 buses corres aro 40-45 metal-1 tracks, as
compared to theﬁféavﬁgé}@ heé:gce_)gé)értb?nwt%rgﬂ 08t aif ilrﬁoﬂll%%&? so## 5 LoHREL LR Ebnstraint is
thus considerabfjahli SRAFARMBIEEHPRS consrieitve nthe viowline drehtorankisttheal88 tosstraint.
5According a firss anbe@sea iepsesaatedaikdia s bdbadisehagdisprenshgalumsnaidrass busses

VISE bus HGBO S rU a0 PAE Rt i o e i et o TR ROt I aene
direction, while #eRife bred ansidieenafdstnesahadht Banletier ohpieesdrortiherftisiiM8Banged
from the first  bus MSBO to the second MSB bus MSB1, and all LSB buses LSBO-LSB7 are once
again sequentially used. This process is repeated for the 64 sense amplifier banks.
According to another embodiment represented on figure 5, the first column
15  address busses CAB-LSB are metai-1 busses running in the transversal direction of
the wordlines, while the second column address busses CAB-MSB comprises a set
of metal-2 busses M20, M21,..., M27 running in the longitudinal direction of the bit
lines, a metal-1 bus M10, M11,..., M17 running in the transversal direction of the
wordlines being coupled to each metal-2 bus of the set.
20 In the embodiment of figure 5, metal-2 busses are spaced from each other by a
distance corresponding fo eight times the pitch of the sense amplifiers banks (64
memory cells). Metal-2 bus M20 and metal-1 bus M10 are used to address to the
first eight sense amplifier banks, with the metal-1 bus M10 being coupled to the
second input 121, 122 of the local column decoders of the eight first sense amplifier
25  banks (as schematically represented by the dots on figure 5). Similarly, metal-2 bus
M21 and metal-1 bus M11 are used to address the sense amplifier banks nine to
sixteen, with the metal-1 bus M11 being coupled to the second input of the local
column decoders of the sense amplifier banks number nine to sixteen. This process
is repeated for the 64 sense amplifier banks.
30 The invention finally proves advantageous in that most of the column decoder
circuitry can be integrated into the on-pitch area and no longer need to be in the



10 LSB bus LSBO until reaching the eighth LSB bus LSB7. Once the eight first sense amplifier banks
have been addressed, the MSB bus then changes from the first MSB bus MSBO to the second MSB
bus MSB1, and all LSB buses LSBO-LSB7 are once again sequentially used. This process is repeated
for the 64 sense amplifier banks. According to another embodiment represented on figure 5, the first
column 15 address busses CAB-LSB are metal-1 busses running in the transversal direction of the
wordlines, while the second column address busses CAB-MSB comprises a set of metal-2 busses
M20, M21,..., M27 running in the longitudinal direction4of the bit lines, a metal-1 bus M10, M1 1 ,. ..,
M17 running in the transversal direction of the wordlines being coupled to each metal-2 bus of the set.
20In the embodiment of figure 5, metal-2 busses are spaced from each other by a distance
corresponding tg eight times the pitch of the sense amplifiers banks (64 memory cells). Metal-2 bus
M20 and metal-TB8e 1 §?8 Ws%noo ] é\'adﬁe%%cf)ﬁ?%?ﬁ‘sqrg%tﬁpscérﬁg 3?96%&%58 SWktfi'the metal-1
bus M10 being ¥80pstRtionisecgeanshernp muchlowepnomeedotainepiomandechidoes saehe eight first
sense amplifier 25 banks (as schematically represented by the dots on figure 5). Similarly, metal-2
bus M21 and metal-1 bus M11 are used to address the sense amplifier banks nine to sixteen, with the
metal-1 bus M11 being coupled to the second input of the local column decoders of the sense
amplifier banks number nine to sixteen. This process is repeated for the 64 sense amplifier banks.
30The invention finally proves advantageous in that most of the column decoder circuitry can be
integrated into the on-pitch area and no longer need to be in the 11 periphery of the memory, i.e. it
becomes an on-pitch circuit and thus becomes itself very small in area and has a much lower power
consumption and a higher speed. 12



CLAIMS 1. A semiconductor memory, comprising: a plurality of bit lines and a plurality of word lines
crossing each others, 5- a memory cell array formed by a plurality of memory cells arranged in rows
and columns on crossover points of said bit lines and said world lines, at least one pair of sense
amplifier banks, wherein the sense amplifier banks of a pair are arranged on opposite side of the
memory cell array, and wherein each sense amplifier banks of a pair comprises a plurality of sense
amplifiers 10 staggered in the longitudinal direction of the bit lines, each sense amplifier being
connected to a corresponding bit line according to anterleaved arrangement whereby bit lines
alternate in the lateral direction of the wordfines between a bit line coupled to a sense amplifier of the
first bank of the pair and a bit line coupled to a sense amplifier of the second bank of the pair, the
alternative arrangement 150f the bit lines resulting irbimmgnnect spaces available in each sense
amplifier bank of the pair parallel to the bit lines, characterized in that each sense amplifier bank
further comprises at least one local column decoder for selecting at least one sense amplifier of the
sense amplifier bankséhedeeieoturemegcesepheing staggered with the sense amplifiers and being
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5 - a memory cell array formed by a piurality of memory cells arranged in rows and
columns on crossover points of said bit lines and said world lines,

— at least one pair of sense amplifier banks, wherein the sense amplifier banks of a
pair are arranged on opposite side of the memory cell array, and wherein each
sense amplifier banks of a pair comprises a plurality of sense amplifiers

10 staggered in the longitudinal direction of the bit lines, each sense amplifier being
connected to a corresponding bit line according to an interleaved arrangement
whereby bit iines alternate in the lateral direction of the wordiines between a bit
line coupled to a sense amplifier of the first bank of the pair and a bit line coupled
to a sense amplifier of the second bank of the pair, the alternative arrangement

15 of the bit lines resulting in interconnect spaces available in each sense amplifier
bank of the pair parallel to the bit lines,

characterized in that each sense amplifier bank further comprises at least one local
- column decoder for selecting at least one sense amplifier of the sense amplifier
bank, the local column decoder being staggered with the sense ampiifiers and being

20 coupied to the at least one sense amplifier of the sense amplifier bank by means of

an output line running in an available interconnect space paralle to the bit lines.

2. The semiconductor memory of claim 1, wherein each sense amplifier bank

comprises a single local column decoder coupled to each sense amplifier of the
25  sense amplifier bank.

3. The semiconductor memory of claim 1, wherein each sense amplifier bank
comprises a plurality of local column decoders.

30 4. The semiconductor memory of any one of claims 1-3, wherein the local column
decoder is a NOR gate or a NAND gate.



2. The semiconductor memory of claim 1, wherein each sense amplifier bank comprises a single local
column decoder coupled to each sense amplifier of the 25sense amplifier bank. 3. The semiconductor
memory of claim 1, wherein each sense amplifier bank comprises a plurality of local column decoders.
13 5. The semiconductor memory of any one of claims 1-4, wherein the local column decoder
comprises a plurality of decoder sections, each decoder section being coupled to respective sense
amplifiers of the sense amplifier bank. 5 6. The semiconductor memory of claim 5, wherein the sense
amplifier banks are implemented on a semiconductort@n-insulator substrate and wherein a decoder
section comprises a pseudo-inverter structure having two complementary double-gate transistors in
series between a first input of the decoder section and the ground, 10 each double-gate transistor
having a first gate and a second gate, the first gates of the transistors being both coupled to a second
input of the decoder section while the second gates of the transistors are both coupled to the

complementary Bf thESiRSMGATHUSOD MBICHE fianieepaf sbeifitn lotit Wesngiptowitteal sothen
middle-point of tecsaeialcangaiasion plirarive dapsdsioksctiond. dhehsesiRNAIM MRy of any
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address bus by means of a first input line erein a second Input o thed0tal column decoder is
connected t8 a second column address bus by means of a second input line, and wherein both the

20first and the sCOTtekisphiidRmIEHN MetMoay 3l AfrBEWRNRRCHRDAERseSarthIf g LCtOr
memory of clain{oiersin B rdaplling 5. aTIERERING A ihe sl salun adgress bus is a

metal-1 bus. 25 9. The semiconductor memory of any one of claims7-8, wherefn tife CeE5IHG input line
is a metal-0 line SHFHYRSVBRHRESCBIBRAYIRIIMESEH §BYSteren BRYIND Bwe. complementary double-

gate transistors in series between a first input of the decoder section and the ground,
10 each double-gate transistor having a first gate and a second gate, the first gates of
the transistors being both coupled to a second input of the decoder section while the
second gates of the transistors are both coupled to the complementary of the first
input, an output of the decoder section out being provided at the middle-point of the
serial association of the two transistors.
15
7. The semiconductor memory of any one of claims 1-6, wherein a first input of the
local column decoder is connected to a first column address bus by means of a first
input line, wherein a second input of the local column decoder is connected to a
second column address bus by means of a second input line, and wherein both the

20 first and the second input lines run in an available interconnect space.

8. The semiconductor memory of claim 7, wherein the first input line is a metal-0
line and the first column address bus is a metal-1 bus.

25 9. The semiconductor memory of any one of claims 7-8, wherein the second input
line is a metal-0 line and the second column address bus is a metal-1 bus.

10. The semiconductor memory of any one of claims 7-8, wherein the second input
line is a metal-0 line, and wherein the second column address bus comprises a
30  metal-2 bus running in the longitudinal direction of the bit lines and a metal-1 bus



10. The semiconductor memory of any one of claims 7-8, wherein the second input line is a metal-0
line, and wherein the second column address bus comprises a 30metal-2 bus running in the
longitudinal direction of the bit lines and a metal-1 bus 14 coupled to the metal-2 bus, the metal-1 bus
running in the transversal direction of the wordlines.

14

coupled to the metal-2 bus, the metal-1 bus running in the transversal direction of the
wordlines.,



