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(57) ABSTRACT 
There is provided memory mats including bit lines, word 
lines, and memory cells coupled to the bit lines and word 
lines, and a Sense amplifier array including latch circuits 
provided in areas between the memory mats placed in the bit 
line direction, respectively, a pair of input/output nodes of 
which is connected to a pair of bit lines separately placed in 
the memory mats on both sides of the area, respectively. For 
a general memory mat other than both end portions in the bit 
line direction, Word lines in any one of the memory mats are 
activated while, for end memory mats provided on the both 
end portions in the bit line direction, word lines of the both 
memory mats are activated together. 
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FIG. 4A 
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FIG. 5A 
GENERAL MAT MWD CIRCUIT EXAMPLE 
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FIG. 9A 
DELAYS FOR ALLOCATING BLEO/ 
SHR{XSWL TIMING MARGEN ARE REOURED : 

-- 

CLK CLK 

REDUNDANCY REDUNDANCY 
CHECK (HIT) CHECK (HIT) 
SHR SHR 

BLEQ BLEO 

FXB FXB 

SWL DELAY SWL 

REDUNDANT MAT REGULAR MAT 

NO DELAYS FOR ALLOCATING BLEGK-SWL TIMING 
MARGEN ARE REOURED : 

/1 -N 

CK CLK 

REDUNDANCY REDUNDANCY 
CHECK (HIT) CHECK (HIT) 

BLEO BLEO 

FXB FXB 

SWL SW 

REDUNDANT MAT REGULAR MAT 



Sheet 12 of 26 US 2001/0009519 A1 Jul. 26, 2001 Patent Application Publication 

: IWW GNE ONISSE OOW NI (q) 
| || LWW TWHENEO 9NISSE OOV NI (e) 

|Z XOOT8 OMS|| }|OOT8 QNAS| 
| ||WW TWHENES) 

0 X|OOT8 C??AS 

0 | WW TWHENE|5) 

SA BLOCK2 LIOK2) 

SA BLOCK 1 LIO-(1) 

SA BLOCKOLO<0) 

8 X|OOT8 ONWSZ XOOT8 OMS| }|OOT8 QMS 

  

      

  

  

  



Patent Application Publication Jul. 26, 2001 Sheet 13 of 26 US 2001/0009519 A1 

FIG. 1 1A 
GENERAL MATS ON BOTH SIDES 
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DYNAMIC RAM AND SEMCONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is a divisional application of Ser. 
No. 09/705,837, filed on Nov. 6, 2000, the entire disclosure 
of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 This invention relates to a dynamic random access 
memory (RAM) and a semiconductor device and more 
particularly to an effective technology using a So-called one 
croSS point method where a dynamic memory cell is 
arranged at a croSS point of a word line and a bit line. 
0003. According to the search done after this invention 
was made, Some inventions which might be related to the 
present invention described later as an open bit line type (or 
one cross point method) dynamic RAM were found, includ 
ing Japanese Patent Laid-OpenNo. 206991/1988 (related art 
1, hereinafter), Japanese Patent Laid-Open No. 13290/1989 
(related art 2, hereinafter), U.S. Pat. No. 5,608,668 (related 
art 3, hereinafter), and Japanese Patent Laid-Open No. 
41081/1993 (related art 4, hereinafter). According to related 
arts 1 and 2, one Sense amplifier is fitted into a pitch for two 
bit lines by positioning Sense amplifiers alternately based on 
the open bit line method (one-cross point method). Accord 
ing to related arts 3 and 4, there is provided a circuit for 
achieving, based on an electrical model which is Substan 
tially the same as a bit line, a reference Voltage required for 
an operation by a Sense amplifier provided at an end portion 
in case where Sense amplifiers are positioned alternately for 
more efficient use of a chip area as in the related arts 1 and 
2. 

SUMMARY OF THE INVENTION 

0004. Due to process variations, which will be increased 
with an increase in micronization of elements, operational 
conditions would differ largely between a Sense amplifier at 
the end portion and a Sense amplifier to which bit lines are 
equipped on both sides. Thus, according to reviews by the 
inventor hereof, it was found out that the operational Sta 
bility would be important more and more. In the related arts 
1 and 2, no considerations are made for the arrangement at 
the end portion in case where Sense amplifiers were arranged 
alternately with respect to bit lines. 

0005 Further, cost reduction has been desired for the 
dynamic RAM (DRAM, hereinafter). In order to achieve the 
cost reduction, reducing chip sizes may be the most effec 
tive. The size of a memory cell has been reduced by 
promoting its micronization. However, it will be necessary 
to further reduce the cell Size by changing the operating 
method of memory arrays from now on. By changing the 
memory array operating method from the two croSS point 
method to the one croSS point method, the cell size can be 
reduced 75% ideally based on the same design rule. In order 
to achieve the cell size reduction more effectively, the 
inventor hereof considered effective uses of memory cells 
provided at the end portion and the reduction of their 
occupying area when the Sense amplifiers are arranged 
alternately in the memory array according to the one croSS 
point method as described above. 
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0006. It is an object of the present invention to provide a 
DRAM and a semiconductor device based on the one cross 
point method which can attempt improvement of operational 
margins and reduction of a chip area. The above and other 
objects and new features of the present invention will be 
apparent from the description in this specification and with 
reference to the accompanying drawings. 
0007 An outline of a typical aspect of the present inven 
tion disclosed herein may be described in brief as follows: 
There is provided a plurality of memory mats including a 
plurality of bit lines, a plurality of word lines, and a plurality 
of memory cells coupled to the plurality of bit lines and the 
plurality of word lines, the plurality of memory mats being 
placed in a direction of the bit line, and a Sense amplifier 
array including a plurality of latch circuits being provided in 
areas between the memory mats placed in the bit line 
direction, respectively, a pair of input/output nodes of which 
is connected to half of bit lines provided in the memory 
mats. In this case, for a general memory mat other than both 
end portions in the bit line direction, word lines in any one 
of the memory mats are activated while, for end memory 
mats provided on the both end portions in the bit line 
direction, word lines of the both memory mats are activated 
together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a schematic layout view showing one 
embodiment of a DRAM to which the present invention is 
applied; 
0009 FIGS. 2A and 2B are configuration views showing 
one embodiment for describing memory mats of the DRAM 
according to the present invention; 
0010 FIGS. 3A and 3B are illustrative diagrams show 
ing one embodiment of a memory cell array in the DRAM 
according to the present invention; 
0011 FIGS. 4A, 4B and 4C are illustrative diagrams for 
showing one embodiment of a word System control opera 
tion of the DRAM according to the present invention; 
0012 FIGS.5A and 5B are circuit diagrams for showing 
one embodiment of a main word driver, MWD, of the 
DRAM according to the present invention; 
0013 FIGS. 6A, 6B and 6C are illustrative diagrams for 
showing another embodiment of the word System control 
operation of the DRAM according to the present invention; 
0014 FIG. 7 is a circuit diagram for showing one 
embodiment of a sense amplifier portion of the DRAM 
according to the present invention; 
0.015 FIGS. 8A and 8B are circuit diagrams for showing 
one embodiment of a row System Selector circuit of the 
DRAM according to the present invention; 
0016 FIGS. 9A and 9B are waveform diagrams for 
showing operations of the row System Selector circuit of 
FIGS. 8A and 8B; 
0017 FIG. 10 is a block diagram for showing one 
embodiment of an I/O circuit of the DRAM according to the 
present invention; 
0018 FIG. 11A and 11B are circuit diagrams for show 
ing one embodiment of an I/O circuit of the DRAM accord 
ing to the present invention; 
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0.019 FIG. 12 is a block diagram for showing another 
embodiment of an I/O circuit of the DRAM according to the 
present invention; 
0020 FIGS. 13A and 13B are schematic configuration 
diagrams showing one embodiment of a bit line configura 
tion on end mats in the DRAM according to the present 
invention; 
0021 FIG. 14A is an equivalent diagram of FIG. 13B, 
and FIGS. 14B and 14C are waveform diagrams for show 
ing a read-out and Select operation of a folded type end mat 
of FIG. 14A; 
0022 FIG. 15 is a circuit diagram for showing one 
embodiment of a Sense amplifier control circuit in the 
DRAM according to the present invention; FIGS. 16A and 
16B are layout diagrams for showing one embodiment of the 
folded type end mat in the DRAM according to the present 
invention; 

0023 FIGS. 17A and 17B are cross section views show 
ing one embodiment of the folded type end mat of FIGS. 
16A and 16B; 
0024 FIG. 18 is a schematic configuration diagram for 
showing another embodiment of a bit line configuration of 
the end mat in the DRAM according to the present inven 
tion; 
0.025 FIG. 19 is a schematic configuration diagram for 
showing another embodiment of the bit line configuration of 
the end mat in the DRAM according to the present inven 
tion; 
0.026 FIG. 20 is a schematic layout diagram for showing 
one embodiment of the DRAM to which the present inven 
tion is applied; 
0.027 FIG. 21 is a magnified view of end mats and 
general mats adjacent thereto in a memory bank BANK 1 
shown in FIG. 20; 

0028 FIG. 22 is a circuit diagram for showing one 
embodiment of an FX driver and a Sub-word driver accord 
ing to the present invention; 
0029 FIG. 23 is a layout diagram for showing one 
embodiment of the FX driver and the Sub-word driver 
according to the present invention; 
0030 FIG. 24 is a schematic layout diagram for showing 
another embodiment of the DRAM according to the present 
invention; and 

0.031 FIG. 25 is an overall block diagram for showing 
one embodiment of the DRAM according to the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.032 FIG. 1 shows a schematic layout diagram of one 
embodiment of a dynamic RAM, DRAM, to which the 
present invention is applied. In FIG. 1, a main part is 
emphasized among individual circuits constituting the 
DRAM to which the present invention is applied, and it is 
formed over one Semiconductor Substrate of Single crystal 
Silicon based on a known technology for manufacturing a 
Semiconductor integrated circuit, for example. 
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0033. In this embodiment, a memory array can be divided 
into, but not limited to, four as a whole. They can be 
Separated to the left and the right with respect to the 
longitudinal direction of a Semiconductor chip. Provided on 
a center part 14 are an address input circuit, an input/output 
interface circuit having data input/output circuit and a bond 
ing pad array and power Supply circuits including Step-up 
and step-down circuits. A memory array control circuit (AC) 
11 and a main word driver (MWD) 12 are positioned in a 
part being contact with memory arrays on both sides of the 
center part 14. The memory array control circuit 11 has a 
control circuit and a main amplifier for driving a Sub-word 
Select line and/or a Sense amplifier. A column decoder area 
(YDC) 13 is provided at a vertical center part about the 
longitudinal direction in each memory array divided into 
four, that is, two above and two below or two on the left and 
two on the right with respect to the longitudinal direction of 
the Semiconductor chip as described above. 
0034. In each of the memory arrays, the main word driver 
12 forms Select Signals for a main word line extended 
through one corresponding memory array. A driver for a 
sub-word select line for sub-word selection is provided in 
the main word driver area 12 and generates a Select Signal 
for the Sub-word select line extended in parallel with the 
main word line as described later. The column decoder 13 
generates a Select Signal for a column Select line extended 
through one corresponding memory array. 

0035 Each of the memory arrays is divided into a plu 
rality of memory cell arrays (memory mats, hereinafter) 15. 
AS Shown in its magnified View, the memory mat 15 is 
formed by being Surrounded by Sense amplifier areas 16 and 
sub-word driver areas 17. A part where the sense amplifier 
area 16 and the Sub-word driver area 17 cross is called a 
croSS area 18. A Sense amplifier provided in the Sense 
amplifier area 16 is constituted by a latch circuit in the 
CMOS configuration and is of a So-called one croSS point 
method or open bit line type, which amplifies signals of 
complementary bit lines extended to the right and the left 
with respect to the Sense amplifier. The Sense amplifiers are 
positioned alternately with the bit lines. Thus, the bit line 
provided in the memory mat is divided into half and allo 
cated alternately to two Sense amplifier arrayS Sandwiching 
them. 

0036) One memory mat 15 shown in the magnified view 
includes 512 sub-word lines (word lines) and 1024 data 
lines, that is one of the complementary bit lines orthogonal 
to them. In one of the memory arrayS, 32 of memory mats 
15 are provided as regular mats and two of memory mats 15 
are provided as redundant mats in the direction the bit lines 
extend. Since the redundancy memory mats, or end memory 
mats, have half of memory cells as described later, two end 
memory mats are needed to be equivalent to one. The end 
memory mats may be used for reference. In this case, one 
memory mat is allocated for redundancy. 

0037 Since the memory mat 15 is provided with a pair of 
complementary bit lines with the Sense amplifier 16 as its 
center, the bit lines are divided essentially into 16 by the 
memory mats 15 in the bit line extending direction. Further, 
four of the memory mats 15 are provided in the word line 
extending direction. Thus, in the word line extending direc 
tion, the Sub-word line is divided into four by the memory 
mats 15. 
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0038. In one memory mat 15, there is provided 1024 bit 
lines except for the end memory mats and therefore memory 
cells equal to about 4 K are connected thereto in the word 
line direction. Further, there is provided 512 sub-word lines 
and therefore memory cells equal to 512x32=16 K are 
connected thereto in the bit line direction. Accordingly, one 
memory array has a memory capacity amounts to 4 KX16 k 
=64 M bits and then four memory arrays have a memory 
capacity amounts to 4x64 M=256 Mbits. 
0039. It should be understood that a term “MOS” herein 
originally and Simply refers to the metal oxide Semiconduc 
tor configuration. However, in these days, the term MOS 
generally includes the one where metal of essential parts of 
a Semiconductor device is replaced by non-metal electrical 
conductor Such as poly-Silicon or where oxide is replaced by 
another insulator. Also, the term CMOS is understood as 
having wide technical meanings depending on the variation 
of what MOS refers to, as described above. MOSFET is also 
understood as having wide meanings. Virtually, MOSFET is 
recently understood as having meanings including a con 
figuration in broad, which can be caught as an insulating 
gate field effect transistor. The terms CMOS and MOSFET 
herein are based on those general meanings. 
0040 FIGS. 2A and 2B show configuration diagrams of 
one embodiment for describing memory mats of a dynamic 
RAM, DRAM, according to the present invention. FIG. 2A 
shows circuits corresponding to two memory mats MATO 
and MAT1 equipped in a hierarchical word line method 
DRAM as shown in FIG. 1. FIG. 2B shows a layout 
corresponding to them. In FIG. 2A, a memory cell MC 
including a MOSFET and a cell storage CS is connected to 
each of all cross points of a bit line BL and a sub-word line 
WL. A sense amplifier SA is connected to the bit line BL 
while a Sub-word driver SWD is connected to the word line 
WL. 

0041. In this embodiment, in order to reduce the number 
of main word lines, or in other words, in order to moderate 
the wiring pitch of the main word line, four sub-word lines 
in the direction of the complementary bit line, but not 
limited to, are positioned for one main word line, as 
described later. A sub-word select driver is positioned in the 
direction of the main word line in order to Select one 
Sub-word line among those Sub-word lines, which are 
divided into two in the main word line direction as shown in 
FIG. 1, and four of which are allocated toward the comple 
mentary bit line direction, respectively. The sub-word select 
driver forms a Select Signal for Selecting one from four 
Sub-word select lines extended toward the direction of the 
Sub-word driver arrangement (Sub-word driver array 
SWDA). The main word line MWL is extended in parallel 
with the Sub-word line WL, not shown. The column select 
line YS is positioned in parallel with the bit line BL extended 
direction orthogonal thereto, not shown. 
0.042 Sense amplifiers SA in a sense amplifier array SAA 
provided between the two memory mats, MATO and MAT1, 
are connected to the complementary bit lines extending to 
the both sides of the two memory mats, MATO and MAT1. 
One sense amplifier SA of these sense amplifiers SA is 
positioned for, but not limited to, each two bit lines in the 
Sense amplifier array SAA. Therefore, in case that there are 
1024 bit lines BL as above, 512 (half of 1024) sense 
amplifiers SA are provided in the Sense amplifier array SAA 
provided between the memory mats MATO and MAT1. 
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0043. In the memory mat MAT0, the remaining 512 bit 
lines are connected to the Sense amplifiers SA provided in 
the Sense amplifier array SAA, which is the opposite side of 
the memory mat MAT1. In the memory mat MAT1, the 
remaining 512 bit lines are connected to the Sense amplifiers 
SA provided in the sense amplifier array SAA provided in 
the opposite side of the memory mat MAT0. When sense 
amplifiers SA are distributed on both sides in the bit line 
direction, one Sense amplifier may be formed for every two 
bit lines Separately and alternately on its both ends. Thus, the 
sense amplifier SA and the bit line BL can be matched in 
pitch in order to form memory mats and Sense amplifier 
arrays with higher density. 

0044) This is the same in the sub-word driver SWD. 512 
sub-word line WL provided in the memory mat MATO are 
divided into 256 each and connected to the 256 Sub-word 
driver SWD in the sub-word driver array SWDA positioned 
on both sides of the memory mat MAT0. In this embodi 
ment, two Sub-word lines WL are used as one pair and every 
two Sub-word drivers SWD are distributed. In other words, 
the Sub-word lines corresponding to two memory cells, 
which have a common connection portion to bit lines, are 
uses as one Set and two Sub-word drivers are positioned at 
one end of the memory mat MAT0 (upper side of FIG. 2A). 
Two Sub-word lines similar to the above adjacent to them are 
also used as one Set and positioned at the other end of the 
memory mat MATO (lower side of FIG. 2A). 
004.5 The sub-word driver SWD, not shown, generates a 
Select Signal for the Sub-word line of the memory mats 
provided on the both sides sandwiching the sub-word driver 
array SWDA in which the sub-word driver SWD is formed. 
Thus, the sub-word driver SWD may be distributed effi 
ciently based on the Sub-word line formed in accordance 
with the memory cell arrangement pitch. Further, the Sub 
word line WL can be selected faster. 

0046. A memory cell MC is formed at each cross point of 
the bit line BL and the sub-word line WL in the memory cell 
arrays (or memory mats) MATO and MAT1 surrounded by 
the sub-word driver array SWDA and the sense amplifier 
array SAA, for example. In the memory mat MATO in which 
each of the memory cells MC is formed, as shown in FIG. 
2B, an upper electrode (plate electrode) PL in the Storage 
capacitor CS is a flat electrode formed commonly in all of 
memory cells MC within the memory mats MATO and 
MAT1. The plate electrode PL is fed at the border of the 
sub-word driver array SWDA and memory mats MAT0, 
MAT1 from a power supply wiring VPLT wired in the bit 
line BL extending direction through the connection point 
PLCT. In FIG. 2A, the storage node SN is a bottom 
electrode of the Storage capacitor CS and the connection 
point with an address select MOSFET is shown. 

0047. In this embodiment, as shown in FIG.2B, the plate 
electrodes PLO and PL2 as above formed in the memory 
mats MATO, MAT1, respectively, which exist on both sides 
of the Sense amplifier array SAA are connected to each other 
through a wire PLSA using the plate layer itself. Further, a 
plurality of wires PLSA are provided through the sense 
amplifier array SAA in order to reduce resistance between 
two plate electrodes PL0 and PL1 significantly. Thus, when 
micro-signals read out from the memory cell MC Selected 
between the complementary bit lines BL of the memory 
mats MATO and MAT1 are amplified by the sense amplifier 
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SA, noises which have opposite phases against each other 
caused in the plate electrodes PL0 and PL1 can be canceled 
rapidly, which allows the significant reduction of the noises 
caused in the plate electrodes PL0 and PL1. 
0048 FIGS. 3A and 3B show illustrative diagrams of 
one embodiment of a memory cell array in a DRAM 
according to the present invention. FIG. 3A shows a layout 
of memory cell arrays in two memory mats MATO and 
MAT1. FIG. 3B shows an element cross section structure 
taken on line A-A in FIG. 3A. In FIG. 3A, a layout and 
croSS Section of a Sense amplifier SA area provided between 
the MATO and MAT1 are omitted. 

0049. The memory cell array includes an active regions 
ACT of MOSFET, a connection point (contact) SNCT for 
connecting between Storage node SN of the memory cell and 
a Source/drain diffusion layer corresponding to the Storage 
node SN of the MOSFET formed in the active region ACT, 
and a connection point (contact) BLCT for connecting 
between a bit line BL and a source/drain diffusion region 
corresponding to input/output terminal of the memory cell 
corresponding to the bit line BL of the MOSFET formed in 
the active region ACT. The structure shown in FIG. 3B 
further includes a capacitance insulating layer of a memory 
capacitor. Here, a first metal layer M1 and a bit line BL are 
on a Same wiring layer and a first poly-Silicon layer FG and 
a Sub-word line WL are on another Same wiring layer. 

0050. As shown in FIG.3B, the plate electrode PL of the 
memory mats MATO and MAT1 provided on both sides of 
the Sense amplifier SA does not terminate on the Sense 
amplifier SA but is connected through an electrode itself 
constituting the plate electrode PL. Thus, resistance between 
the plate electrode PL of the memory mat MATO and the 
plate electrode PL of the memory mat MAT1 can be reduced 
significantly. The COB (Capacitor over Bitline) structure is 
used for the memory cell. That is, a storage node SN is 
provided on the bit line BL. Thus, the plate electrode PL is 
not divided in the memory mat MAT by the bit line BL and 
the connection point BLCT of the address select MOSFET, 
and one flat plane can be formed. Therefore, the resistance 
between the plate electrodes can be reduced. 

0051). In this embodiment, as shown in FIG.3B, the plate 
electrode PL is advantageously a Stacked layer Structure 
such as the PL (D) and PL (U), which can reduce a sheet 
resistance value of the plate electrode PL. AS one example, 
when a high dielectric layer such as BST and Ta2O5 is used 
for the capacitance insulating layer CP of the Storage capaci 
tor, the capacitance of the Storage capacitor CS can be 
increased by using Ru for the bottom electrode (storage 
node) SN and the upper electrode lower layer PL (D). Since 
Ru has a lower sheet resistance value than that of poly-Si 
having been used conventionally, the resistant value of the 
plate electrode PL can be reduced. 

0052) When W is stacked as the plate electrode PL(U) in 
the Structure, the resistance value of the plate electrode PL 
can be further reduced. Thus, when the resistant value of the 
plate electrode PL itself is reduced, the noises on the plate 
electrode PL can be cancelled faster and the plate electrode 
PL noises can be reduced. TiN can be used for the plate 
electrode PL (D), also. In Such a case, the same result as the 
above can be obtained. 
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0053. The memory cell structure above includes a con 
nection point SNCT for connecting the storage node SN and 
a source/drain diffusion layer of the MOSFET, which is 
adjacent to the bit line BL, as shown in FIG. 3A. In other 
words, a signal path for transmitting to the Storage node a 
change in potential of the bit line BL when a parasite 
capacitance exists between the Storage node of the memory 
cell and the bit line BL in the vertical direction of the cross 
Section. Thus, it is advantageous to connect plate electrodes 
PL mutually by wiring using itself. 
0054 FIGS. 4A, 4B and 4C show diagrams for illustrat 
ing one embodiment of a control operation of the word 
system in the DRAM according to the present invention. For 
the structure of the memory mat, as shown in FIG. 4(A), 
four memory mats arranged in the bit line direction are 
represented for the illustrative purpose. Memory mats on 
both sides in the bit line direction is called end memory mats 
(simply called end mat hereinafter) while a memory mat 
Sandwiched by Sense amplifiers SA is called general 
memory mat (simply called general mathereinafter). Since 
the sense amplifiers SA are connected to the bit line for 
every other memory mat, half of bit lines are regarded as 
dummy in the end mats. Thus, when word lines in the end 
mat is Selected, the number of memory cells to be Selected 
will be half of the number of word lines in the general mat 
if selected. 

0055) A word line is selected by the sub-word driver 
SWD distributed at the top and the bottom of the memory 
mat. The sub-word driver SWD responds to a select signal 
for the main word lines formed in the main word driver 
MWD provided commonly for memory mats aligned in the 
word line extending direction, not shown, and a Sub-word 
line Select signal to Select one Sub-word line (sometimes 
simply called word line hereinafter) from the four sub-word 
lines allocated to one main word line. 

0056. In this embodiment, the sense amplifiers are dis 
tributed on both sides of the bit line in the memory mat. 
When a plurality of memory mats are provided in the bit line 
direction, a pair of end mats is provided at both end portions. 
Thus, in order to use end mats only half of whose memory 
cell can be Selected irregularly as described above effec 
tively as a data Storage area equal to the general mat, word 
lines on both Side end pats are concurrently Selected. 
0057. As shown in FIGS. 4B and 4C for the illustrative 
purpose, when each of four bit lines exists on the general 
mats 0 and 1, two sense amplifiers SA provided in the sense 
amplifier block, SA block, 0 are connected to two bit lines 
BLB of the end mat and two bit lines BLT of general mat 0. 
Two sense amplifiers SA provided in the sense amplifier 
block 1 are connected to two bit lines BLB of the general 
mat 0 and two bit lines BLT of general mat 1. Then, two 
Sense amplifiers SA provided in the Sense amplifier block 2 
are connected to two bit lines BLB of the general mat 1 and 
two bit lines BLT of end mat. In the end mat, bit lines, which 
are not connected to the Sense amplifier, are regarded as 
dummy. 

0058 For example, when word lines of the general mat 0 
are Selected, the word lines can Select four memory cells 
crossing four bit lines. Stored information in the four 
memory cells are amplified by the Sense amplifiers of two 
Sense amplifier blockS 0 and 1 provided across the general 
mat 0. Then, rewriting (refresh) operation is performed 
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where memory charge being almost lost by a storage capaci 
tor due to the word line Selection operation is recovered to 
the original charge condition. In other words, the dynamic 
memory cell performs a destructive read-out operation by 
turning ON the address select MOSFET through the word 
line Selection operation, connecting the Storage capacitor to 
the bit lines, and causing a charge share with the bit line 
parasite capacitance to cause in the bit lines changes in 
micro-Voltage in accordance to the memory charge. Thus, 
the dynamic memory cell requires the rewriting operation 
for the memory cell Selected during amplification by the 
Sense amplifier connected to the bit line crossing word lines 
to be selected. 

0059) On the other hand, when word lines on the end 
mats are Selected, only two memory cells can be Selected 
because the word lines on the end mat are constituted by 
crossing two bit lines and two dummy wires. Therefore, 
when data is written in or read out by Selecting the word 
lines of the end mat also, only half of data can be input or 
output, which deteriorates its effectiveness as a memory. 
Accordingly, as shown in FIG. 4C, when the word lines of 
the end mat are Selected, word lines of the end mats on both 
Sides are always Selected. Thus, the number of memory cells 
to be selected by one word line selection can be four, which 
is equal to the number when a general mat is Selected. In this 
way, according to the easy configuration where two word 
lines are always Selected concurrently for the end mats, data 
can be written and read out by the same bit line Selection 
operation in the same manner as the general mat. 

0060 According to this configuration, the end mats can 
be used effectively as a part of the memory area. Thus, in the 
micronized memory cell, for example, a read-out margin of 
the Sense amplifier can be allocated and further a chip 
occupying area per bit can be Smaller as compared with the 
case where bit lines in the end mat are used only for forming 
reference Voltage for the reading-out operation by the Sense 
amplifier in order to allocate a read-out margin for the Sense 
amplifier. 

0061 FIGS. 5A and 5B show circuit diagrams of one 
embodiment of the main word driver MWD of the DRAM 
according to the present invention. FIG. 5A shows a main 
word driver in the general mat, while FIG. 5B is a main 
word driver corresponding to two end mats. In FIG. 5A, a 
signal RMST-15:0> is a mat select signal when 32 memory 
mats are divided into 16 in sets of two as shown in FIG. 1. 
Signals RF3T and RF6T are predecode signals. In the 
general mat, pre-charge MOSFET Q3 in the selected mat is 
turned off by the pre-charge signal RMSXDPT-15:0>. At 
the low level of the signal RMST-15:0>, in one memory 
mat array (four memory mats in the example shown in FIG. 
1), through MOSFETs Q1 and Q2 turned ON by the prede 
code signals RF3T and RF6T, the pre-charge voltage of an 
input terminal of an inverter circuit IV1 is discharged. With 
the low level of the input terminal, the Select Signal 
RMWLB of the main word line becomes low level of the 
Select level. 

0.062 Unselected word lines in the selected mat keeps a 
pre-charge Voltage corresponding to the unselected level 
Since the low level corresponding to the pre-charge Voltage 
of the input signal of the inverter circuit IV1 turns on a P 
channel type feedback MOSFET Q4 provided between the 
input terminal and operational power Supply terminal. In the 
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unselected memory mat, the pre-charge Signal 
RMSXDPT-15:0> remains at the unselected level of the 
low level, which keeps the pre-charge operation. 

0063. In FIG. 5B, a signal RMSET is a select signal for 
the end mat, and signals RF3T and RF6T are predecode 
signals. In the end mats, pre-charge MOSFET in the end mat 
is turned off by the pre-charge signal RMSXDPET corre 
sponding thereto. At the low level of the signal RMSET, in 
a two-end-mats array (four memory mats in the example 
shown in FIG. 1), through MOSFET turned ON by the 
predecode signals RF3T and RF6T, the pre-charge voltage 
of an input terminal of each inverter circuit IV1 is dis 
charged. With the low level of the input terminal, the select 
signal RMWLB of the main word line corresponding to the 
two end mats becomes low level of the select level. 

0064. Unselected word lines in the selected mat keeps a 
pre-charge Voltage corresponding to the unselected level 
Since the low level corresponding to the pre-charge Voltage 
of the input signal of the inverter circuit turns on a P channel 
type feedback MOSFET provided between the input termi 
nal and operational power Supply terminal, in the same 
manner as the case of the general mat. When the word line 
of the general mat is Selected, the pre-charge Signal 
RMSXDPET remains at the unselected level of the low 
level, which keeps the pre-charge operation in the end mat. 

0065 According to the hierarchical word line method, 
the sub-word line (word line) on the lower layer is selected 
by the selection operation of the main word line. Thus, the 
main word driver of the end mat can be caused to perform 
word line Selection for the end mat by means of each circuit 
change, which may generate concurrent Selection condition. 
0.066 FIGS. 6A, 6B and 6Cshow illustrative diagrams of 
another embodiment of a control operation for the word 
system of the DRAM according to the present invention. 
The memory mat configuration, as shown in FIG. 6A, 
represents Seven memory mats arranged in the bit line 
direction for the illustrative purpose. Memory mats on both 
Sides in the bit line direction are regarded as end mats. 
Among general mat Sandwiched by Sense amplifiers SA, one 
placed at the center is called a center mat and is handled 
essentially as an end mat. This configuration is Suitable for 
a case where two general mats are Selected concurrently. In 
other words, it is suitable for the case where 32 memory 
mats are divided into two sets of 16 as shown in FIG. 1 in 
order to address the word System Selection control when two 
memory mats are Selected concurrently. 

0067. When word lines of the general mats 0 and 2 are 
selected concurrently as shown in FIG. 6B so as to increase 
read/write bit numbers, two word lines of the end mats and 
a word line of the center mat are combined as shown in FIG. 
6C. In other words, a memory cell connected to the Sense 
amplifier (sense amplifier block) 2 on the left side of the 
center mat is combined with a memory cell connected to the 
left side end mat and a bit line. A memory cell of a bit line 
connected to a sense amplifier (Sense amplifier block) 3 on 
the right Side of the center mat is combined with a memory 
cell connected to the right Side end mat and the bit line. 
0068 For example, when two sets of mat configurations 
shown in FIG. 4A are provided, the read/write bit numbers 
can be increased in the same manner as above. However, it 
would have four end mats and then four word lines to be 
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activated, which increases the current consumed by the word 
line Selection. Further, in the end mat, the number of dummy 
bits is increased, which increases the occupied area per bit. 
In the configuration where a center mat is placed as above 
and half of the bit lines are combined with the bit lines of end 
mats on both sides, the generation of the number of the 
dummy bit can be minimized, which reduces the occupied 
area and the Select circuit for the bit lines can be common. 

0069. In this case, the center mat is not necessary to be 
located at the center of the plurality of memory mat array. In 
FIG. 6A, a general mat 0 adjacent to the left side end mat 
can be used as the center mat. However, in Such a case, 
distances between the center mat (general mat 0) and the left 
end mat and the right end mat differ Significantly. Thus, a 
transmission path for writing-in or reading-out Signals is 
ruled by a slower one, which Slows the operational Speed 
substantially. Therefore, as in the embodiment shown in 
FIG. 6A, a general mat physically provided at the center of 
an array including a plurality of memory mats is preferably 
uses as the center mat. 

0070 FIG. 7 shows a circuit diagram of one embodiment 
of a Sense amplifier portion of a dynamic RAM according to 
the present invention. The Sense amplifier SA is constituted 
by a CMOS latch circuit including N-channel type amplified 
MOSFET Q5 and Q6 and P channel type amplified MOS 
FET Q7 and Q8, which are in a latch form where a gate and 
a drain are cross-connected. The Sources of the N-channel 
type MOSFET Q5 and Q6 are connected to common source 
line SDN. The sources of P-channel type MOSFET Q7 and 
Q8 are connected to a common Source line SDP. Ground 
voltage VSS and operational voltage VDL of the circuit are 
supplied to the common source lines SDN and SDP through 
a power Switch MOSFET, not shown. The power Switch 
MOSFET may be, but not limited to, provided by being 
distributed in the Sense amplifier portion. 
0.071) A pre-charge (equalize) circuit including an equal 
ize MOSFET Q11 for shorting the complementary bit lines 
BLTO and BLBO and switch MOSFETS O9 and O10 for 
Supplying half pre-charge Voltage VDL/2 to the complemen 
tary bit lines BLTO and BLB0 is provided in the input/output 
node of the Sense amplifier SA. Commonly Supplied to the 
gates of these MOSFETs Q9 to Q11 are pre-charge (bit line 
equalize) Signals BLEQ. A driver circuit for forming the 
pre-charge Signals BLEQ, not shown, includes an inverter 
circuit in the cross area 18 shown in FIG. 1 So as to make 
its Starting-up faster. In other words, prior to the word line 
Selection timing at the beginning of the memory access, the 
MOSFETs Q9 to Q11 forming the pre-charge circuit are 
caused to Switch faster through the inverter circuit distrib 
uted in each of the cross areas 18. 

0.072 A pair of input/output nodes of the sense amplifier 
SA is connected to the complementary bit lines BLTO and 
BLB0 as well as to local (sub) input/output lines LIOT and 
LIOB extended along the Sense amplifier array via a column 
(Y) switch circuit including MOSFETs Q12 and Q 13. The 
gates of the MOSFETs Q12 and Q 13 are connected to the 
column select line YS, and turned ON when the column 
select line YS are at the select level (high level), which 
connects the input/output node of the Sense amplifier SA to 
the local input/output lines LIOT and LIOB. The similar 
Sense amplifiers, pre-charge circuits and column Switch 
circuits are provided to other complementary bit lines BLT1, 
BLB1, BLT2, BLB2, also. 
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0073. Thus, the input/output node of the sense amplifier 
SA amplifies a minute Voltage change for the bit line half 
pre-charge Voltage, which changes in accordance with a 
memory charge of a memory cell connected to a croSS point 
with a word line of a selected memory mat between two 
memory mats (the MATO and MAT1, for example) provided 
acroSS the input/output node, by using a half pre-charge 
Voltage of a bit line on an unselected memory mat Side. The 
selection by the column select line YS is transmitted to the 
local input/output lines LIOT and LIOB through the column 
switch circuits (Q12 and Q 13). 
0074 As shown in FIG. 1, the local input/output lines 
LIOT and LIOB are extended over a sense amplifier array 
aligned in the main word line extending direction. Further, 
a Sub-amplifier circuit is provided in the local input/output 
lines as necessary to transmit amplified signals. Then, as 
described later, it is connected to a main input/output line 
MIO aligned in the bit line direction and guided to a data 
output circuit or a data input circuit. 
0075 FIGS. 8A and 8B show circuit diagrams of one 
embodiment of a select circuit of a row system of the DRAM 
according to the present invention. This embodiment 
describes a partial circuit of the row System Select circuit 
where one of the end mats or general memory mats are used 
as a redundant circuit. FIG. 8A shows as a reference 
example a row System Select circuit in folded bit line 
methods and shared sense amplifier method. FIG. 8B shows 
a circuit diagram of a pre-charge control Signal generator 
circuit and main word diver in accordance with the redun 
dancy memory mats. 
0076 According to the shared sense amplifier method, 
when one of memory mats provided on both sides of the 
sense amplifier is used, a mat select signal RF9T after relief 
determination for that a failed word line orbit line exists on 
the normal memory mat Side generates a shared Switch 
control signal SHR and a pre-charge Signal BLEQ corre 
sponding to the redundant memory mat. Then, the Switch 
control for the shared Switch MOSFET and termination of 
the pre-charge circuit are matched in time by a delay circuit 
(delay) and a main word line corresponding to the redundant 
memory mat is Selected. 
0077 On the other hand, when the end mat or the center 
mat of this embodiment is used as a redundant circuit, a 
timing Signal RACT of a general mat corresponding to a 
regular circuit generates a pre-charge control Signal concur 
rently with the regular circuit. Then, the main word line for 
the redundant mat uses the mat select signal RF9T of the 
relief determined redundant mat to Select the main word line 
of the redundant mat. In this configuration, Since the pre 
charge operation needed for causing the main word line to 
be available for Selection has done already in advance, the 
main word line can be Selected without inserting a delay 
circuit (delay) as described above. 
0078. According to the configuration, when there is no 
failure in the regular circuit, the word line of the redundant 
mat is not Selected. Thus, there is no problem if the pre 
charge operation is terminated. Since the pre-charge circuit 
performs the pre-charge operation in response to the termi 
nation of the regular circuit operation, any problem will 
occur in the Selection operation of the redundant circuit in 
the next memory cycle even when the pre-charge Voltage of 
the bit line is reduced in Some degree due to leak current, for 
example. 
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007.9 FIGS. 9A and 9B show waveform diagrams for 
illustrating operations of the row System Select circuit shown 
in FIG.8. FIG. 9A corresponds to the circuit operation in 
the FIG.8A as a reference while FIG.9B corresponds to the 
circuit operation of FIG. 8B according to the present inven 
tion. 

0080. As shown in FIG. 9A, in the configuration where 
the shared Switch Select Signal SHR and the pre-charge 
signal BLEQ are turned to the low level after the redundancy 
determination (hit) of the redundant mat, the timing for 
selecting the word line SWL has to be delayed by providing 
a delay circuit as described above in order to allocate a time 
needed for those operations. Here, in the regular mat, the 
signals SHR, BLEQ and FXB remain at the high level and 
the Sub-word line SWL is also in the unselected State since 
the mat itself is unselected based on the redundancy deter 
mination (hit). 
0081. On the other hand, according to the present inven 
tion, as shown in FIG. 9B, the pre-charge signal BLEQ and 
the Sub-word select line FXB of the redundant mat are tuned 
to the low level in response to a clock signal CLK without 
waiting for the redundant determination (hit) of the redun 
dant mat. Then, the redundancy determination (hit) turns the 
Sub-word line SWL into the select state. The Sub-word select 

line FXB will be described later. In the regular mat, the 
pre-charge signal BLEQ and the sub-word select line FXB 
are turned to the low level in response to the clock signal 
CLK. Then, the redundancy determination (hit) returns the 
pre-charge BLEQ and the sub-word select line FXB to the 
high level. 

0082 FIG. 10 shows a block diagram of one embodi 
ment of an I/O (input/output line) circuit of DRAM accord 
ing to the present invention. In this embodiment, memory 
mats include end mats and two general mats in the same 
manner as FIG. 4. Local input/output line LIO-0>, LIO-1> 
and LIO-2>are provided to the sense amplifier blocks (SA 
blockS) 0, 1 and 2, respectively, formed by being sand 
wiched between each of memory mats. 

0083) On the other hand, main input/output line MIO<0> 
and MIO-1>are provided in the memory mat array direc 
tion, that is, in the bit line extending direction. Thus, when 
data is exchanged in 2 bits in the memory mat configuration, 
the local input/output lines LIO-0>and LIO-1>are associ 
ated with the main input/output lines MIO-0> and MIO-1>, 
respectively. Then, when a word line of the general mat 1 as 
described in (a) is selected, the remaining local input/output 
line LIO-22 has to be associated with the main input/output 
line MIO<0>so as to avoid data collision since the local 
input/output line LIO-1>is associated with the main input/ 
output line MIO-1>. 

0084. However, in the end mat as described above, in 
case where two word lines are Selected concurrently, the 
local input/output line LIO-2>corresponding to the right 
Side end mat has to be associated with the main input/output 
line MIO<1>so as to avoid data collision since the local 
input/output line LIO-0> corresponding to the left side end 
mat is associated with the main input/output line MIO-0>, 
which is opposite to the case where the word line of the 
general mat 1 is Selected. 
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0085. Accordingly, in this embodiment, a selector Switch 
is provided between the main input/output lines MIO-0>and 
MIO-1>for the local input/output line LIO-22 provided in 
the Sense amplifier block 2 provided between one end mat 
and a general mat as described above. Thus, the Signal 
transmission path is Switched over in order to achieve the 
asSociation as described above in accessing the general mat 
and in accessing end mat. 
0.086 FIGS. 11A and 11B show circuit diagrams of one 
embodiment of input/output circuit (I/O circuit) of the 
DRAM according to the present invention. FIGS. 11A and 
11B show the circuit diagrams of LIO-MIOSwitching circuit 
in the embodiment shown in FIG. 10. In this embodiment, 
a CMOS bus gate type switch is shown. Similar results can 
be obtained in case of connection by the Sub-amplifier, for 
example. 

0087. In the same manner as the LIO-0>in FIG. 10, the 
local input/output line LIO and the main input/output line 
MIO are connected selectively in one-to-one. When the 
memory mat is unselected, a pre-charge Signal BLEQ cor 
responding thereto is turned to the high level. Then, the 
complementary local input/output line LIOTO and LIOBO 
are maintained in the pre-charge Voltage VBLR by an 
equalize MOSFET and a pre-charge MOSFET in order to 
turn off the CMOS switch MOSFETS O20 to O23. 

0088. When the memory mat is selected, the pre-charge 
Signal BLEQ corresponding thereto is turned to the low 
level, which turns off the equalize MOSFET and the pre 
charge MOSFET of the complementary local input/output 
lines LIOTO and LIOB0. Then, CMOS switch MOSFETs Q 
20 to Q 23 are tuned on, which connects the local input/ 
output lines LIOTO and LIOB0 to the main input/output 
lines MIOTO and MIOB0. In this configuration, the same 
operation is performed in the Switch circuit between the 
local input/output line LIO-1>and the main input/output 
line MIOC1s. 

0089. In order to Switch over between the main input/ 
output lines MIO-0>and MIO<1>depending on the mat 
Selection state in the same manner as the LIOk2>in FIG. 10, 
MOSFETs Q20 to Q23 and Q 24 to Q27, for forming CMOS 
Switch circuits, are provided, respectively. Then, when a 
general mat is selected, the signal MSB is turned to the low 
level, which turns on the Switch MOSFETs Q20 to Q 23 and 
connects the complementary input/output lines LIOT2 and 
LIOB2 to the main input/output lines MIOTO and MIOB0, 
as described above. When an end mat is Selected, the Signal 
MSEB is turned to the low level, which turns on the Switch 
MOSFETs Q24 to Q 27 and connects the complementary 
input/output lines LIOT2 and LIOB2 to the main input/ 
output lines MIOT1 and MIOB2, as described above. 
0090. In this case, a Switch is provided between the local 
input/output line LIO and the main input/output line MIO. A 
plurality of local input/output line LIO are allocated to the 
main input/output line MIO, and only a Selected one is 
connected to the main input/output line MIO. That is, it has 
been described about the case where it is applied to the 
hierarchical input/output lines. However, the same Selector 
Switch is provided for the local input/output line correspond 
ing to one end mat as described above even when the local 
input/output line LIO and the main input/output line MIO 
are directly connected. 
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0.091 FIG. 12 shows a block diagram of another embodi 
ment of input/output line (I/O) circuit of the DRAM accord 
ing to the present invention. In this embodiment, in the same 
manner as FIG. 6, memory mats include end mats and two 
general mats. Sense amplifier blocks (SA blocks) 0 through 
5 formed by being sandwiched between each of memory 
mats are provided with local input/output lines LIO-0>to 
LIO<5>, respectively. 

0092. On the other hand, main input/output lines 
MIO-0>to MIO<3>are provided in the memory mat array 
direction, that is, in the bit line extending direction. Thus, 
when memory mats are divided into two Sets and data is 
eXchanged in 2 bits from each Set, that is four 4 bits as a 
whole in the memory mat configuration, the local input/ 
output lines LIO-1>and LIO-22 are associated with the 
main input/output lines MIO-12 and MIO<0>, respectively, 
in one Set, while in the other Set, the local input/output lines 
LIO<3>and LIO-4-care associated with the main input/ 
output lines MIO<2>and MIO-42, respectively. 

0093. In this case, when a word line of the general mats 
0 and 3 is selected as shown in FIG. 11(A), local input/ 
output lines LIO-0> and LIO-52 have to be associated with 
the main input/output lines MIO-0>and MIO-22, respec 
tively, So as to avoid data collision, Since the local input/ 
output lines LIO-1>and LIO-4-care associated with the 
main input/output lines MIO-12 and MIO<3>, respectively. 

0094. On the other hand, when word lines of two end 
mats and a center mat are selected as shown in FIG. 11(B), 
local input/output lines LIO-0>and LIO-5-have to be asso 
ciated with the main input/output lines MIO-1>and 
MIO<3>, respectively, So as to avoid data collision, Since the 
local input/output lines LIO-22 and LIO-3>are associated 
with the main input/output lines MIO<0>and MIO-2>, 
respectively. 

0.095 Accordingly, in this embodiment, a selector Switch 
is provided between the main input/output lines MIO-0>and 
MIO<1>and MIO<2>and MIO<3>for the local input/output 
lines LIO-0>and LIO-52provided in the sense amplifier 
blocks 0 and 5 provided between one end mat and a general 
mat as described above. Thus, the Signal transmission path 
is Switched over in order to achieve the association as 
described above in accessing the general mat and in acceSS 
ing end mat. 
0096 FIGS. 13A and 13B show schematic configuration 
diagrams of one embodiment of a bit line configuration in 
end mat of the DRAM according to the present invention. 
FIG. 13A shows a diagram illustrating an array configura 
tion where a Sense amplifier is arranged alternatively at one 
Simple croSS point. In the end mat, an invalid bit line exists 
as it is without connection to the Sense amplifier SA. The 
Same end mat is provided on the other side of the Sense 
amplifier SA corresponding to a memory mat MATn, but it 
is omitted here. Since an invalid bit line (dummy bit line) as 
described above exists, the number of valid memory cells 
provided in the end mat would be half of those in the general 
mat. Thus, word lines in the end mats on both Sides are 
Selected concurrently. That is, the combination of two end 
mats produces the memory acceSS equivalent to that with 
one general mat. 
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0097 FIG. 13B shows a folded bet lined in the end mat. 
In other words, a wiring area for the invalid bit line is 
utilized for placing the folded bit line of the end mat. Folding 
the bit line reduces the length of the end mat in the bit line 
direction to the half of the length of the general mat in bit 
line direction, which achieves the area reduction of the end 
mat. This area reduction is achieved in the other memory 
mat, resulting in the area reduction equal to one general mat. 

0.098) When a plurality (N) of memory mats exist in the 
word line direction, areas equal to N general mats can be 
reduced as a whole. It should be noted that in the dynamic 
RAM as described in the embodiment in FIG. 1, there are 
four memory arrays as a whole and an area equal to four 
general mats can be reduced in each memory array. Thus, 
area reduction equal to 16 general mats can be attempted in 
the whole chip. 

0099 FIGS. 14B and 14C show waveform diagrams for 
a reading out Selection operation for the folded type end mat. 
When the bit line is folded for the area reduction of the end 
mat as shown in FIG. 14A, read-out charges from two 
memory cells are transmitted to the bit line by the word line 
Selection operation. In other words, the read-out Signal 
amount of the bit line of the end mat as shown in FIG. 14C 
is twice as much as the read-out amount of the bit line of the 
general mat as shown in FIG. 14B. 

0100. Accordingly, the overdrive period of a sense ampli 
fier for amplifying readout Signals of the bit line of the end 
mat is made shorter than the overdrive period defined in the 
Sense amplifier when the micro-signals of the bit line of the 
general mat are amplified. Alternatively, when the readout 
Signals of the bit line of the end mat are amplified, the 
overdrive of the sense amplifier is omitted. This timing 
adjustment allows the readout operations almost equivalent 
between those with the end mat and the general mat. 

0101 FIG. 15 shows a circuit diagram of one embodi 
ment of the sense amplifier control circuit. When a word line 
of an end mat is Selected, two Sense amplifier arrays operates 
with a relatively large distance. Then, the convergence of 
current required for the amplifying operation by the Sense 
amplifier is reduced in the wire for Supplying operational 
Voltage. As a result, efficient current Supply is achieved. In 
other words, Since the Voltage decrease gets Smaller in the 
power Supply line due to the increase in the operational 
current, the amplifying operation by the Sense amplifier can 
gets faster as much. 

0102) In addition, when a bit line is folded in the end mat 
as described above and two memory cells are Selected by 
Selecting one word line, the Signal amount read out to the bit 
line as described above would be twice. Accordingly, two 
Start-up signals are provided for reducing the Sense amplifier 
over driver period when the end mat is Selected. The Signal 
RSAET is a sense amplifier start-up signal. When the end 
mat is unselected, the high level of the signal MSWEB 
generates overdrive pulses during the period equal to the 
delay time produced by the transmission of a delay Signal 
through two delay circuits (delay) Then, it turns on the 
MOSFET Q30 so that the over drive pulses such as power 
Supply Voltage VDD are Supplied to a common Source line 
SDP of the P-channel type MOSFET of the sense amplifier. 
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0103) On the other hand, when the end mat is selected, 
the signal MSEB is turned to the low level. It opens the gate 
for transmitting a delay output from one delay circuit. Thus, 
over drive pulses are generated during the period equal to the 
delay time, which turns on the MOSFET Q30. Thus, it can 
prevent the Sense amplifier from being over driven exces 
sively when the end mat is selected. After the delay time 
corresponding to the over drive has passed, the MOSFET 
O30 is turned off and MOSFETO 31 is turned on So that the 
operational Voltage inherent to the Sense amplifier Such as 
VDL is supplied. In the common source line SDN of the 
N-channel type MOSFETs, the high level state of the 
start-up signal RSAET turns on MOSFET Q 32 so that 
ground potential VSS of the circuit is transmitted. 

0104. In the DRAM of this embodiment, the power 
supply voltage VDD is relatively high voltage such as 3.3 V 
or 2.5 V. It is stepped down by the VDL to lower voltage 
such as 2.2 V or 1.8 V. When the sense amplifier starts its 
amplifying operation, higher overdrive Voltage Such as VDD 
is used as the VDL So that the start-up to the VDL in the bit 
line gets fasted in order to cause either one of complemen 
tary bit lines BLT and BLB to be the high level in accordance 
with the stored information in the memory cell. When the 
Signal amount is larger as in the end mat and the overdrive 
period is longer, a problem that the high level of the bit line 
excesses the VDL occurs. Thus, the timing adjustment as 
described above is necessary. 

0105 FIGS. 16A and 16B show schematic layout dia 
grams of one embodiment of the folded type end mat. In 
FIG. 16A, a bit line connected to one input/output node of 
a sense amplifier SA on one end is folded at the middle in 
its extending direction. In other words, a bit line and an 
invalid bit line adjacent thereto are connected and folded at 
the middle portion and the remaining half is omitted. In this 
embodiment, in consideration of the layout of the Sense 
amplifiers, neighboring two bit lines are, but not limited to, 
validated, and the invalid bit lines are positioned on its both 
sides. The portion of the invalid bit lines is used for the 
upper bit line to be folded to the upper side and for the lower 
bit line to be folded to the lower side. The repetition of this 
pattern constitutes the end mat. 

0106) As shown in FIG. 17A, the connection of the 
folded part is achieved by using a first polysilicon layer FG 
constituting a gate electrode and a word line of the MOSFET 
in the folded portion and an FG contact, but not limited to. 
AS shown in the croSS Section in 3, the bit lines are regarded 
as a first metal layer M1. The FG contact connects FG and 
M1. When the phase shift method, which is one of micro 
machining technologies, is used, the adjacent bit lines are 
formed in a different process. Thus, they have to be con 
nected to each other by FG and FG contact described above. 

0107. In FIG.16B, one end of a bit line connected to one 
input/output node of the sense amplifier SA is folded by 
using every other bit lines at the middle portion in its 
extending direction. In other words, the bit line connected to 
one Sense amplifier branches off at the connection portion 
with the Sense amplifier So as to produce every other bits and 
extends up to the length equal to half of the general mat bit 
line. The bit line connected to the sense amplifier and the 
adjacent Sense amplifier eXtends up to the length equal to the 
half of the general mat bit length without branching off from 
the connection portion. Then, it is folded and further extends 
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toward the sense amplifier between the branched off bit line. 
In other words, the branched off bit line and the folded bit 
line are positioned alternately. The repetition of the pattern 
described above constitutes the end mat. 

0108. The connection of the folded portion is as shown in 
FIG. 17B, and the bit line is constituted by a first metal layer 
M1 as shown in the cross section in 3, but not limited to. In 
other words, when the phase shift method, which is one of 
the micromachining technologies as described above, is 
used, every other bit lines are formed. Thus, the branched off 
bit line and the folded bit line can be formed integrally in 
respective processes. 
0109 FIG. 18 shows a schematic configuration diagram 
of another embodiment of the end mat bit line configuration 
in the DRAM according to the present invention. In this 
embodiment, it is assumed that the end mat included a 
folded bit line. Thus, two memory cells are connected in 
parallel at a croSS point of a word line and a bit line. This end 
mat is, but not limited to, a redundant mat for relieving a 
failed word line occurred in the general mat. 
0110. When the end mat is used as a redundant mat as 
described above, the number of memory cells to be con 
nected to the word line is reduced to half. Thus, the word line 
is Selected in both end mats in the same manner as above. 
The configuration where the end mat is used as a redundant 
mat and two memory cells are positioned at a croSS point of 
the word line and the bit line as described above not only 
reduces the end mat occupied area but also it produces 
excellent effects including it increases the relief efficiency. 
0111 Connecting two memory cells to the bit line in 
parallel can double the Signal amount as described above. In 
other words, in the end mat, almost none of memory cells 
cause a failure due to a short information holding time. Thus, 
it can Significantly reduce the probability for causing a 
failure that the information holding time is short in the 
redundant mat when Switched to the redundant mat, which 
results in the relief failure. 

0112 FIG. 19 shows a schematic configuration diagram 
of another embodiment of the end mat bit line configuration 
in the DRAM according to the present invention. In this 
embodiment, the end mat includes a folded bit line, which is 
used for reference of the general mat. In this case, the word 
line is fixed to a circuit ground potential; VSS orbit line half 
pre-charge voltage VDL/2. Fixing the potential of the word 
line can reduce noises caused in the end mat when reading 
Out. 

0113 FIG. 20 shows a schematic layout diagram of one 
embodiment of DRAM to which the present invention is 
applied. In this embodiment, a memory array is divided into 
four in the same manner as that in FIG. 1, and they form 
memory BANKO to BANK3, respectively. As represented 
by one memory bank BANK1 for the illustrative purpose, 33 
memory mats and two end mats are provided in the bit line 
direction (YS) and four memory mats are positioned in the 
word line direction (MWL). 
0114 Provided in the longitudinal center part of a semi 
conductor chip are an input/output interface circuit including 
a data input/output circuit and a bonding pad array and a 
power Supply circuit including a step-up circuit and/or a 
step-down circuit. A main word driver MWD is positioned 
along the center part and drives a main word line MWL 
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positioned Such that it can reach to each Sub-word driver 
through the four memory mats. A column decoder area YDC 
is provided in the lateral end par of the Semiconductor chip 
and drives a column select line YS, which extends therefrom 
through the 33 general mats and one end mat to the Sense 
amplifier array corresponding to them. 
0115) In this embodiment, a center mat provided at the 
center of the 33 general mats arranged in the bit line 
direction and the end mat are used as redundancy matS MAT. 
In other words, memory mats shown in FIG. 6 or 12 are 
divided into two sets in the center part and one word line is 
Selected in general mats in each Set. When a word line failure 
occurs in the general mat Selected in either one of Sets, two 
word lines of the center mat and the end mat are Selected for 
the word line failure relief. When the bit line of the end mat 
is folded as described above so that two memory cells form 
a redundancy cell, two word lines may be Selected at the 
Same time in the center mat. 

0116 FIG. 21 shows a magnified view of end mats and 
general mats thereto in the memory bank BANK1 shown in 
FIG. 20. In this embodiment, the hierarchical word line 
method is adopted, and a word line provided in a memory 
mat is Selected based on a combination of a main word line 
MWL and a sub-word select signal FX. The sub-word select 
Signal FX is an operational Voltage of the Sub-word driver 
SWD as described later and its voltage level is a select signal 
of the Sub-word line. 

0117. In the dynamic memory cell, information charges 
are Supplied to a storage capacitor through an address Select 
MOSFET. In order to communicate the high level of the bit 
line to the Storage capacitor, the gate Voltage of the MOS 
FET has to be equal to or higher than a threshold voltage of 
the MOSFET for the high level of the bit line. The effective 
threshold voltage of the address select MOSFET is raised by 
forming a gate insulating film thicker or by Supplying 
negative back-bias Voltage to the Substrate in order to reduce 
leak current in the off state (sub-threshold leak current). 
0118. Therefore, the select level of the sub-word line has 
to be the step-up voltage VPP, which is higher than the 
threshold voltage of the MOSFET with respect to the high 
level of the bit line (VDL or VDD). Thus, an FX driver is 
needed for communicating a Sub-word line Select Signal 
corresponding to the Step-up Voltage to each Sub-word driver 
SWD. The FX driver corresponding to the sub-word driver 
SWD of the general mat may be provided in a cross area 
where a Sense amplifier array SA and a Sub-word driver 
array SWD intersect. On the other hand, when the cross area 
does not exist because the memory bank end terminates at a 
memory cell in the alternate Sense amplifier positioning in 
the open bit configuration. Thus, the FX driver cannot be 
provided. 
0119 When the end mat is used only for reference, the 
word line may be at the fixed level as described above. Thus, 
the Sub-word driver is not necessary and the problem 
described above is not caused. On the other hand, when it is 
used as a redundant mat as in this embodiment, the Sub-word 
driver has to be operated for the failed word line relief. In 
this embodiment, a part of the redundant SWD is used as an 
FX driver area in the end mat. In other words, when the end 
mat is used as a redundant mat, all of word lined formed 
therein do not have to be utilized. Thus, the end portion word 
line is used as a dummy word line and the sub-word driver 
area corresponding to it us used as the FX driver area. 
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0120 In this embodiment, four sub-word line WL0 to 
WL3 are provided with one main word line MWL, and 
Sub-word select lines FX0 to FX3, FXOB to FX3B are 
needed for selecting one of the four sub-word lines. In this 
embodiment, Sub-word lines provided in one memory mat 
are selected half and half by Sub-word driver arrays SWDA 
provided on both side of the memory mat. In other words, in 
the memory mat as shown in FIG. 2, Sub-word drivers are 
distributed to both sides of the memory mat for every two 
word lines in order to achieve Staggered positioning in the 
Same manner as the Sense amplifier. Therefore, when four 
Sub-word line are Selected with one main-word line as 
described above, the Sub-word drivers for generating Sub 
word Select Signals for Selecting one Sub-word line among 
the four sub-word lines are provided for every other memory 
mat in two groups of one for sub-word select signals FX0 
and FX2 and the other for FX1 and FX3. 

0121 FIG. 22 shows a circuit diagram of one embodi 
ment of an FX driver and a sub-word driver according to the 
present invention. The sub-word driver includes a CMOS 
inverter circuit and an N channel type MOSFET provided 
between an output of the CMOS inverter circuit and a 
ground potential of the circuit. Select signals MWLB from 
the main word line are commonly Supplied to input termi 
nals of two CMOS inverter circuit provided in the sub-word 
driver area. The main word select signals MWLB are 
commonly supplied to the CMOS inverter circuits provided 
in the Sub-word driver region provided in the other end of a 
redundancy mat in FIG. 22 in order to select four sub-word 
lines. 

0.122 The sub-word line select signals FX0 and FX2 
formed in the FX drivers are supplied to power supply 
terminals of the two CMOS inverter circuits, that is, Source 
terminals of a P channel type MOSFET included in the 
CMOS inverter circuits, respectively. The operational volt 
age of the FX drivers is used as a step-up voltage VPP, which 
is a select level of the Sub-word line select signals FX0 and 
FX2. The input signals FXOB and FX2B supplied to the 
input terminals of the FX drivers are Supplied to the gate of 
the N channel type MOSFET provided between the output 
of the sub-word driver and the ground potential of the 
circuit. The FX driver and its adjacent FX driver form the 
sub-word line select signals FX1 and FX3. 

0123. When the select signals MWLB of the main word 
line is at low level, the P channel type MOSFET is turned 
ON and the N channel type MOSFET is turned OFF in the 
CMOS inverter circuit. Therefore, the sub-word line SWLO 
or SWL2 are turned to the VPP level in the Sub-word driver 
SWD in which the sub-word line select signal FX0 or FX2 
are turned to the select level VPP by the FX driver. Here, 
Sub-word line select signal FXOB or FX2B of the unselected 
one is turned to the high level, which then turns the Switch 
MOSFET ON in order to fix the Sub-word line SWLO or 
SWL2 at the circuit ground potential. The sub-word line 
SWL corresponding to an area where the FX driver is 
provided is used as, but not limited to, a dummy word line, 
which is also used as, but not limited to, an unselect level 
Such as the circuit ground potential. 

0.124 FIG. 23 shows a layout diagram of one embodi 
ment of an FX driver and a sub-word driver according to the 
present invention. The FX driver forms operational voltages 
of a plurality of sub-word drivers so that it includes an N 
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channel type MOSFET (NMOS) and a P channel type 
MOSFET (PMOS) larger than MOSFETs included in the 
Sub-word driver shown in FIG. 23 for the illustrative 
purpose. In order to form the FX driver with large size 
MOSFETs, as described above, 36 word lines formed in an 
end mat are used as dummy word lines. The FX driver is 
formed in a Sub-word driver region corresponding thereto. 
0.125 FIG. 24 shows a schematic layout diagram of 
another embodiment of dynamic type RAM according to the 
present invention. In this embodiment, a memory array is 
divided into, but not limited to, four as a whole. Thus, two 
memory arrays are provided Separately in the longitudinal 
direction of the Semiconductor chip and two memory arrayS 
are provided Separately in the lateral direction of the Semi 
conductor chip. Those described above are the same as the 
embodiments FIGS. 1 and 20. 

0126. In this embodiment, word lines are placed along 
the chip in the longitudinal direction, and bit lines are placed 
along the chip in the lateral direction. In other words, the 
directions of the bit lines and word lines are opposite to 
those in FIGS. 1 and 20. In each memory array divided into 
four as a whole including two vertically and two horizon 
tally with respect to the longitudinal direction of the Semi 
conductor chip as described above, X-System pre-decoder 
and relief circuits and Y-System predecoder and relief cir 
cuits, but not limited to, are placed at the middle portion with 
respect to the longitudinal direction. A main word driver area 
MWD is formed along the middle portion of the memory 
array and drives main word lines provided by being 
extended toward the bottom or the above in accordance with 
each memory array. 
0127. In the memory array, a Y decoder Y DEC is 
provided on the periphery of the chip, which is opposite to 
the chip center portion. The memory array is divided into a 
plurality of memory mats as described above. The memory 
mat is formed by being Surrounded and Sandwiched by Sense 
amplifier areas and Sub-word driver areas. The croSS portion 
of the Sense amplifier area and the Sub-word driver area is 
called as a croSS area. The Sense amplifier is provided in the 
Sense amplifier area based on the one-croSS point method 
and the Staggered positioning. 
0128. A select operation by the Y system is transmitted to 
the Y decoder placed on the periphery of the chip through an 
address buffer provided in the center part of the chip via the 
relief circuit and the predecoder provided in the middle 
portion of the memory array. Then, a Y Select signal is 
formed in the Y decoder YDEC. A bit line of one memory 
mat array is Selected by the Y Select Signal. Then, it is 
transmitted to a main amplifier MA provided in the chip 
center part on the opposite Side and is amplified and output 
through an output circuit provided in the chip center part. 

0129. In this configuration, it may be seen that signals are 
routed in the chip and it needs a longer time to output a 
readout signal. However, an address Signal needs to be input 
as it is in the relief circuit. Thus, when the relief circuit is 
placed in the chip center, the output time by the predecoder 
is determined based on the check results regarding whether 
or not it is a failed address. In other words, when the 
predecoder and the relief circuit are placed away from each 
other, Signal delays may cause delay in the actual Y Select 
operation. 
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0.130. In the signal transmission math for reading-out in 
the memory array, according to a layout Scheme where the 
Y decoder exists at the center part of the chip, when 
performing reading-out from complementary bit lines of the 
memory mat on the periphery of the chip on the opposite 
Side, an amount of time needed for traversing the memory 
array in order to transmit the Y Select Signal and an amount 
of time needed for the readout Signal from the complemen 
tary bit lines of the memory oat on the periphery of the chip 
to traverse the memory array in the direction opposite to the 
direction of the Y Select Signal through an input/output line 
in order to be transmitted to the main amplifier are added. 

0131. In other words, in the worst case, it takes a longer 
time due to the flow of a Signal making one round trip to the 
memory array. However, according to the present invention, 
the main amplifier MA and the Y decoder YDEC are placed 
on both sides of the memory array. Therefore, the sum of 
Signal transmission path for Selecting complementary bit 
lines of the memory mat and the Signal transmission path 
from Selected complementary bit lines to the input of the 
main amplifier MA through the input/output line can be 
reduced to the half of the one round trip path because the 
Signal transmission path according to the present invention 
only traverses the memory array even if either complemen 
tary bit line is Selected. 

0.132. In the layout as described above, it is further 
advantageous that the end mats are aligned in the longitu 
dinal direction of the chip closely to the center of the chip. 
When the Sense amplifier is placed in the one croSS point 
method and in the Staggered manner, the memory array ends 
with the memory cell. In other words, according to the 
conventional two croSS points method, the memory array 
ends with a sense amplifier. Thus, the Y select line needs to 
be extended to the sense amplifier. On the other hand 
according to the one croSS point method as described in this 
embodiment, the memory array ends with the memory cell. 
Therefore, the Y select line can be terminated at the sense 
amplifier array provided between a general mat and an end 
mat. 

0.133 According to this configuration, a Y select line does 
not exist in the area where an end mat is formed. As a result, 
in the cross section in FIG. 3B, a second metal wiring layer 
M2 and a third metal layer M3 are used for the Y select line 
and the main word line. However, either of the second or 
third wire used as the Y select line on the end mat is in the 
idle State. Thus, the Second or third wire corresponding to 
the YSelect line on the end mat may be used as a Signal wire 
for peripheral circuits provided in the center part. 

0.134. With an increase in functions of the dynamic RAM, 
the peripheral circuits provided at the center of the chip 
needs to be configured with a random logic circuit and a 
more complicated Signal line has to be formed, rather than 
a regular circuit configuration Such as a memory array. In 
other words, in the dynamic RAM, wires are extremely 
congested and many Signal lines are needed. Therefore, 
using an area on the end mat as the wiring area can virtually 
reduce the number of wires in the chip center area. In the mat 
configuration as described above, nearly 100 Signal lines can 
be formed, and nearly 200 wires extended to the end mat 
array direction in the most congested area in the peripheral 
circuit. Therefore, it is meaningful to uses the end mat as the 
Wiring area. 
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0135 FIG. 25 shows a whole block diagram of one 
embodiment of the dynamic RAM according to the present 
invention. Control input signals includes a row address 
Strobe Signal RAS, column address Strobe Signal/CAS, write 
enable signal/WE and output enable signal/OE, where “f” is 
an over-bar of a logic Symbol indicating the low level is at 
the active level. X address and Y address Signals are input 
from a common address terminal Add in time Series Simul 
taneously with the row address strobe signal/RAS and the 
column address Strobe Signal/CAS. 

0.136 The X address and Yaddress signals input through 
an address buffer are captured by a latch circuit. The X 
address Signal captured in the latch circuit is Supplied by a 
predecoder as described above. The output Signal is Supplied 
to an X decoder and a select signal for the word line WL is 
formed. With operation for Selecting a word line, a readout 
Signal as described above appears in the complementary bit 
lines of a memory array and a Sense amplifier performs an 
amplifying operation is performed. The Y address Signal 
captured in the latch circuit is Supplied to a predecoder as 
described above. The output signal is Supplied to an Y 
decoder and a select signal for the bit line DL is formed. X 
and Y relief circuits Store a failed address and compare the 
Stored failed address and the captured address Signal. If they 
are matched, the X and Y relief circuits instruct the X or Y 
decoder to select a spare word line or bit line inhibit the 
Selection of the regular word line or regular bit line. 

0.137 The one selected by the column switch circuit, not 
shown, is connected to the common input/output line and the 
Stored information amplified by the Sense amplifier is trans 
mitted to the main amplifier. The main amplifier is, but not 
limited to, an amplifier, which can be also used as a write 
circuit. In other words, during the readout operation, readout 
Signals read out through the Y Switch circuit are amplified 
and output from an external terminal I/O through an output 
buffer. During the write operation, write Signals input from 
the external I/O are captured through the input buffer, and 
transmitted to the common input/output line and the Select 
bit line through the main amplifier. In the select bit line, the 
write signal is transmitted by the amplifying operation by 
the Sense amplifier, and charges corresponding to them are 
held in the capacitor in the memory cell. 

0138 A clock generator circuit (main control circuit) 
generates each kind of timing Signals needed for the Select 
operation for a memory cell, Such as a capture control timing 
Signal for an address Signal input in accordance with the 
Signals /RAS and /CAS and/or an operation timing Signal for 
the Sense amplifier. An internal power Supply generator 
circuit receives an operational Voltage, Such as Vcc and VSS, 
Supplied from the power Supply terminal and generates each 
kind of internal Voltages Such as the plate Voltage, pre 
charge Voltage Such as Vcc/2, internal Step-up voltage VCH, 
internal Step-down Voltage VDL, and Substrate back bias 
Voltage VBB. A refresh counter generates an address Signal 
for refreshing and is used for the Selection operation of the 
X system in refresh mode. 

0.139. In this embodiment, an end mat control circuit is 
provided. Thus, when it is arranged that reading-out and/or 
Writing-in are also performed on the end mat and when two 
word lines corresponding to end mats are Selected, Switching 
main amplifier in accordance with it and Switching IO 
Switch circuit for avoiding data collision as described above 
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are also performed. When an end mat is used as a redun 
dancy circuit, a word line of the end mat can be selected with 
a signal from the X relief circuit. Thus, the end mat control 
circuit can be replaced by that. 
0140 Operational effects, which may be obtained from 
the embodiments above, are as follows: 
0141 (1) A dynamic RAM according to an aspect of the 
present invention includes a plurality of memory mats 
including a plurality of bit lines, a plurality of word lines, 
and a plurality of memory cells coupled to the plurality of bit 
lines and the plurality of word lines, the plurality of memory 
mats being placed in a direction of the bit line, and a Sense 
amplifier array including a plurality of latch circuits being 
provided in areas between the memory mats placed in the bit 
line direction, respectively, a pair of input/output nodes of 
which is connected to half of bit lines provided in the 
memory mats. In this case, for a general memory mat other 
than both end portions in the bit line direction, word lines in 
any one of the memory mats may be activated while, for end 
memory mats provided on the both end portions in the bit 
line direction, word lines of the both memory mats may be 
activated concurrently. Thus, an operational margin of the 
Sense amplifier can be allocated and further an occupied area 
per bit can be smaller as a result of effective use of the end 
matS. 

0142 (2) Further, a bit line in the end memory mat may 
be formed by using an area twice as long as a bit line pitch 
of the bit line of the general memory mat, and its length in 
the bit line extending direction may be shorter than a length 
of the general memory mat in the bit line extending direc 
tion. Thus, the occupied area in the end mat can be Smaller. 
0143 (3) Further, a bit line in the end memory mat may 
be formed by being folded at a distance equal to or more than 
half of the general memory mat from a connection portion 
with the latch circuit of the sense amplifier array. Thus, the 
occupied area in the end mat can be Smaller and further the 
amount of Signals can be larger when Stored information is 
read out also from the end mat. 

014.4 (4) Further, the end memory mat bit line may 
include a combination of a first bit line pair including two bit 
lines branching off at intervals twice as long as a bit line 
pitch from a connection portion with the latch circuit of the 
Sense amplifier array and extending to a half length of the bit 
line of the general memory mat and a Second bit line pair 
extending linearly to half the length of the bit line of the 
general memory mat from the connection portion with the 
latch circuit of the Sense amplifier array and being folded 
back therefrom so as to being sandwiched by the first bit line 
pair. Thus, when wires are formed based on the phase shift 
method, the first and the second bit lines can be formed 
integrally. 

0145 (5) Further, the gates of MOSFETs of two memory 
cells connected to one bit line may be connected to the word 
line of the end memory mat. Thus, the occupied area in the 
end mat can be Smaller and further the amount of Signals can 
be larger when Stored information is read out also from the 
end mat. 

0146 (6) Further, the dynamic RAM may include a 
plurality of first complementary input/output lines extended 
along the Sense amplifier array, and the Sense amplifier array 
may include a pre-charge circuit for Supplying a pre-charge 
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Voltage corresponding to a middle Voltage of an operational 
Voltage of the Sense amplifier to the complementary bit line 
pair and a column switch MOSFET. Thus, each element 
needed for Selecting a memory cell can be placed rationally. 
0147 (7) The dynamic RAM may further include second 
complementary input/output lines 1 and 2 commonly in 
accordance with the plurality of memory mats, whereby first 
complementary input/output lines provided in a Sense ampli 
fier array corresponding to one end memory mat are con 
nected to the Second complementary input/output lines, and 
a Selector Switch whereby first complementary input/output 
lines provided in a Sense amplifier array corresponding to 
the other end memory mat are connected to the Second 
complementary input/output line 1 when a bit line of a 
general memory mat is Selected, and are connected to the 
Second complementary input/output line 2 when a bit line in 
the end memory mat is Selected. Thus, data collision can be 
prevented for the end mat and data can be written in or read 
Out. 

0148 (8) Further, word lines may be divided into virtu 
ally two sets at a center memory mat provided in a center 
portion among memory mats placed in the bit line extending 
direction, and an operation for Selecting a memory cell may 
be performed by combination of half of bit lines in the center 
memory mat and bit lines in the end memory mat. Thus, data 
can be input/output for more memory cells. 
0149 (9) Further, a timing control may be performed so 
that an amplification speed of the Sense amplifier gets slower 
when a word line in the end memory mat is selected. Thus, 
the reading out operation from the general mat can be 
matched. 

0150 (10) Further, the dynamic RAM may have a hier 
archical Structure including the word line including a main 
word line and a Sub-word line divided into several in an 
extending direction of the main word line, and may further 
include a Sub-word driver in accordance with the divided 
sub-word lines. Preferably, in this case, a plurality of the 
Sub-word lines are allocated to the main word line, and the 
Sub-word driver receives a Signal of the main word line and 
a signal of a Sub-word Select line to Select one Sub-word line 
among a plurality of the Sub-word Select lines. 
0151 (11) Still further, a memory cell provided in the end 
memory mat may be used as a redundant memory cell used 
for relieving a failed memory cell. Thus, the larger Signal 
amount can allow higher relief efficiency for failed word 
lines. 

0152 (12) Further, a preparation operation for the word 
line Selection in a row System Selector circuit provided in 
accordance with the end memory mat may be performed in 
Same timing as a preparation operation for the word line 
Selection in a row System Selector circuit provided in a 
general memory mat. Thus, it allows attempting faster 
memory access. 

0153 (13) Further, a memory cell provided in the end 
memory mat may be used as a redundant memory cell used 
for relieving a failed memory cell, and a driver circuit of the 
Sub-word Select line may be formed in a part of area where 
a sub-word driver is formed and a bit line provided in an end 
memory mat corresponding to the driver circuit may be used 
as a dummy word line. Thus, an area occupied by the 
Selector circuit in the end mat can be Smaller. 
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0154 (14) A dynamic RAM according to another aspect 
of the present invention includes a plurality of memory mats 
including a plurality of bit lines, a plurality of word lines, 
and a plurality of memory cells coupled to the plurality of bit 
lines and the plurality of word lines, the plurality of memory 
mats being placed in a direction of the bit line, and a Sense 
amplifier array including a plurality of latch circuits being 
provided in areas between the memory mats placed in the bit 
line direction, respectively, a pair of input/output nodes of 
which is connected to half of bit lines provided in the 
memory mats. In this case, for end memory mats provided 
on the both end portions, the bit lines may be used as a fixed 
voltage for keeping the MOSFET OFF for forming a refer 
ence Voltage and an area equal to two bit line pitches for the 
bit lines of the general memory mat may be used So that its 
total length and a number of memory cells to be connected 
are virtually the Same as the bit line of the general memory 
mat. Thus, an operational margin of the Sense amplifier can 
be allocated and further an occupied area can be Smaller. 
0155 (15) Further, in that case, the bit lines in the end 
memory mat may be formed by being folded at a distance 
equal to half of the general memory mat from a connection 
portion with the latch circuit of the Sense amplifier array. 
Thus, an operational margin of the Sense amplifier can be 
allocated and further an occupied area can be Smaller. 
0156 (16) Further, the end memory mat bit line may 
include a combination of a first bit line pair branching off at 
intervals twice of a bit line pitch from a connection portion 
with the latch circuit of the Sense amplifier array and 
extending to a length half of the bit line of the general 
memory mat and a Second bit line pair extending linearly to 
the length half of the bit line of the general memory mat 
from the connection portion with the latch circuit of the 
Sense amplifier array and being folded back therefrom So as 
to be sandwiched by the first bit line pair. Thus, when wires 
are formed based on the phase shift method, the first and the 
Second bit lines can be formed integrally. 
0157 (17) Further, in this case, a plurality of sets of the 
plurality of memory mats may be provided in the bit line 
direction and in the word line direction in order to constitute 
one memory array. Also, preferably, at least two of the 
memory arrays are carried by a Semiconductor chip and a 
column Selector circuit for forming a Select Signal of the bit 
line is provided adjacent to one end memory mat in a 
memory array corresponding to an end portion of the 
Semiconductor chip. In addition, a wiring layer Same as a 
wiring layer for transmitting a Selector Signal of the bit line 
on the other end memory mat may be used as a part of a 
wiring layer of a peripheral circuit provided in a Semicon 
ductor chip center portion Sandwiched by the two memory 
arrayS. As a result, it can ease wiring in the chip center 
portion Sandwiched by the two memory arrayS. 

0158 While the invention made by the inventor hereof 
has been described based on its preferred embodiments, it 
should be understood that the present invention is not 
limited to each of those embodiments and various changes 
and modifications may be made without departing from the 
Spirit and Scope of the invention. 
0159 For example, the word line may constitute a two 
layer Structure along with a metal layer instead of the 
hierarchical word line method. The input/output interface of 
the dynamic RAM may be adjusted for various devices such 
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as DDR SDRAM and SDRAM. The dynamic RAM may be 
built in a digital integrated circuit. The present invention can 
be utilized widely for a dynamic RAM and a semiconductor 
device where Sense amplifiers are arranged in Staggered 
manner based on the one croSS point method. Effects which 
can be obtained from the typical aspect of the present 
invention disclosed herein may be described in brief as 
follows: It includes a plurality of memory mats including a 
plurality of bit lines, a plurality of word lines, and a plurality 
of memory cells coupled to the plurality of bit lines and the 
plurality of word lines, the plurality of memory mats being 
placed in a direction of the bit line, and a Sense amplifier 
array including a plurality of latch circuits being provided in 
areas between the memory mats placed in the bit line 
direction, respectively, a pair of input/output nodes of which 
is connected to half of bit lines provided in the memory 
mats, wherein, for a general memory mat other than both end 
portions in the bit line direction, word lines in any one of the 
memory mats are activated while, for end memory mats 
provided on the both end portions in the bit line direction, 
word lines of the both memory mats are activated concur 
rently. Thus, an operational margin of the Sense amplifier 
can be allocated and further an occupied area per bit can be 
Smaller as a result of effective use of the end mats. 

What is claimed is: 
1. A dynamic RAM, comprising: a plurality of memory 

mats comprising a plurality of bit lines, a plurality of word 
lines, and a plurality of memory cells coupled to Said 
plurality of bit lines and said plurality of word lines, said 
plurality of memory mats being placed in a direction of Said 
bit line, 

each of Said plurality of memory cells comprising a 
MOSFET comprising a capacitor having first and sec 
ond electrodes, a gate coupled to corresponding one of 
Said plurality of word lines, and a Source-drain path, 
one of which is coupled to corresponding one of Said 
plurality of bit lines and the other of which is coupled 
to Said first electrode of Said capacitor; and 

a Sense amplifier array comprising a plurality of latch 
circuits being provided in areas between Said memory 
mats placed in Said bit line direction, respectively, a 
pair of input/output nodes of which is connected to a 
pair of bit lines placed Separately in Said memory mats 
on both Sides of Said area, 

wherein, for a general memory mat other than both end 
portions in Said bit line direction, word lines in any one 
of Said memory mats are activated while, for end 
memory mats provided on Said both end portions in 
said bit line direction, word lines of said both memory 
mats are activated together. 

2. A dynamic RAM according to claim 1, wherein a bit 
line in Said end memory mat is formed by using an area 
twice as long as a bit line pitch of Said bit line of Said general 
memory mat, and its length in the bit line extending direc 
tion is shorter than a length of Said general memory mat in 
the bit line extending direction. 

3. A dynamic RAM according to claim 2, wherein a bit 
line in Said end memory mat is formed by being folded at a 
distance equal to or more than half of Said general memory 
mat from a connection portion with Said latch circuit of Said 
Sense amplifier array. 

Jul. 26, 2001 

4. A dynamic RAM according to claim 2, wherein Said 
end memory mat bit line comprises: 

a first bit line pair including two bit lines branching off at 
intervals twice as long as a bit line pitch from a 
connection portion with the latch circuit of Said Sense 
amplifier array and extending to a half length of the bit 
line of the general memory mat; and 

a Second bit line pair extending linearly to half the length 
of the bit line of the general memory mat from the 
connection portion with the latch circuit of Said Sense 
amplifier array and being folded back therefrom So as 
to being Sandwiched by Said first bit line pair. 

5. A dynamic RAM according to claim 4, wherein gates 
of MOSFETs of two memory cells connected to one bit line 
are connected to the word line of Said end memory mat. 

6. A dynamic RAM according to any one of claims 1 to 
5, comprising a plurality of first complementary input/output 
lines extended along Said Sense amplifier array, 

Said Sense amplifier array comprising: 
a pre-charge circuit which Supplies a middle Voltage of an 

operational Voltage of Said Sense amplifier to Said 
complementary bit line pair; and 

when received Y Selected Signal in the gate, a pair of 
Switch MOSFETs provided between the bit line pair of 
Said two memory mats and Said first complementary 
input/output lines. 

7. A dynamic RAM according to claim 6, further com 
prising Second and third complementary input/output lines 
commonly provided in accordance with Said plurality of 
memory mats, 

a first complementary input/output line provided in a 
Sense amplifier array corresponding to one end memory 
mat being connected to Said Second complementary 
input/output line, and 

a Selector Switch whereby a first complementary input/ 
output line provided in a Sense amplifier array corre 
sponding to the other end memory mat is connected to 
Said Second complementary input/output line when a 
bit line of a general memory mat is Selected, and is 
connected to Said third complementary input/output 
line when a bit line in Said end memory mat is Selected. 

8. A dynamic RAM according to any one of claims 1 to 
7, wherein word lines are divided into virtually two sets at 
a center memory mat provided in a center portion among 
memory mats placed in Said bit line extending direction and 
an operation for Selecting a memory cell is performed by 
combination of half of bit lines in the center memory mat 
and bit lines in Said end memory mat. 

9. A dynamic RAM according to claim 5, wherein a 
timing control is performed So that an amplification Speed of 
the Sense amplifier gets Slower when a word line in Said end 
memory mat is Selected. 

10. A dynamic RAM according to any one of claims 1 to 
8, comprising Said word line comprising a main word line 
and a Sub-word line divided into Several in an extending 
direction of the main word line; and 

a Sub-word driver in accordance with said divided Sub 
word lines, 

wherein a plurality of Said Sub-word lines are allocated to 
Said main word line; and 
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Said Sub-word driver receives a signal of Said main word 
line and a Signal of a Sub-word Select line to Select one 
Sub-word line among a plurality of Said Sub-word Select 
lines. 

11. A dynamic RAM according to any one of claims 1 to 
10, wherein a memory cell provided in Said end memory mat 
is used as a redundant memory cell used for relieving a 
failed memory cell. 

12. A dynamic RAM according to claim 11, wherein a 
preparation operation for the word line Selection in a row 
System Selector circuit provided in accordance with Said end 
memory mat is performed in Same timing as a preparation 
operation for the word line Selection in a row System Selector 
circuit provided in a general memory mat. 

13. A dynamic RAM according to claim 10, wherein a 
memory cell provided in Said end memory mat is used as a 
redundant memory cell used for relieving a failed memory 
cell, and 

a driver circuit of said Sub-word select line is formed in 
a part of area where a Sub-word driver is formed and a 
bit line provided in an end memory mat corresponding 
to the driver circuit is used as a dummy word line. 

14. A dynamic RAM, comprising: 
a plurality of memory mats comprising a plurality of bit 

lines, a plurality of word lines, and a plurality of 
memory cells coupled to Said plurality of bit lines and 
Said plurality of word lines, Said plurality of memory 
mats being placed in a direction of Said bit line, 

each of said plurality of memory cells comprising a 
MOSFET comprising a capacitor having a first and a 
Second electrodes, a gate coupled to corresponding one 
among Said plurality of word lines, and a Source-drain 
path, one of which is coupled to corresponding one 
among said plurality of bit lines and the other of which 
is coupled to Said first electrode of Said capacitor, and 

a Sense amplifier array comprising a plurality of latch 
circuits being provided in areas between Said memory 
mats placed in Said bit line direction, a pair of input/ 
output nodes of which are connected to a pair of bit 
lines placed Separately in both memory mats provided 
by Sandwiching Said area, 

wherein, for a general memory mat other than both end 
portions in Said bit line direction, Said word line in 
either one of Said memory mats is activated while for 
end memory mats provided on Said both end portions in 
Said bit line direction, bit lines are used for forming a 
reference Voltage and an area equal to two bit line 
pitches for the bit lines of Said general memory mat is 
used So that its total length and a number of memory 
cells to be connected are virtually the same as the bit 
line of the general memory mat. 

15. A dynamic RAM according to claim 14, wherein bit 
lines in Said end memory mat are formed by being folded at 
a distance equal to half of Said general memory mat from a 
connection portion with Said latch circuit of Said Sense 
amplifier array. 

16. A dynamic RAM according to claim 15, comprising 
Said end memory mat bit line being constituted by a com 
bination of: 

a pair first bit line branching off at intervals twice of a bit 
line pitch from a connection portion with the latch 
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circuit of Said Sense amplifier array and extending to a 
length half of the bit line of the general memory mat; 
and 

a Second bit line pair extending linearly to the length half 
of the bit line of the general memory mat from the 
connection portion with the latch circuit of Said Sense 
amplifier array and being folded back therefrom So as 
to be sandwiched by said first bit line pair. 

17. A dynamic RAM according to any one of claims 1 to 
16, wherein a plurality of memory mats and Sense amplifier 
arrays and a sub-word driver are provided in the bit line 
direction and in the word line direction in order to constitute 
one memory array; 

at least two of Said memory arrays are carried by a 
Semiconductor chip and a column Selector circuit for 
forming a Select Signal of Said bit line is provided 
adjacent to one end memory mat in a memory array 
corresponding to an end portion of the Semiconductor 
chip; and 

a wiring layer Same as a wiring layer for transmitting a 
Selector Signal of Said bit line on the other end memory 
mat is used as a part of a wiring layer of a peripheral 
circuit provided in a Semiconductor chip center portion 
Sandwiched by Said two memory arrayS. 

18. A Semiconductor device, comprising: 
a first memory mat comprising a plurality of first bit lines 

extending in a first direction, a plurality of first word 
lines and a plurality of first memory cells coupled with 
said plurality of first bit lines and said plurality of first 
word lines, 

a Second memory mat comprising a plurality of Second bit 
lines extending in Said first direction; and 

a plurality of first Sense amplifiers formed in an area 
between said first memory mat and Said Second 
memory mat, 

wherein each of Said plurality of first Sense amplifier is 
coupled to corresponding one bit line among Said 
plurality of first bit lines and corresponding two bit 
lines among Said plurality of Second bit line, and 

a length of Said plurality of Second bit lines in Said first 
direction is shorter than a length of Said plurality of first 
bit lines in said first direction. 

19. A Semiconductor device according to claim 18, 
wherein; Said first memory mat further comprises a plurality 
of third bit lines extending in Said first direction and a 
plurality of Second memory cells coupled to Said plurality of 
first word lines and said plurality of third bit lines; and 

Said Semiconductor device further comprises a third 
memory mat comprising a plurality of fourth bit lines 
extending in Said first direction, a plurality of Second 
word line and a plurality of third memory cells coupled 
to said plurality of fourth bit lines and said plurality of 
Second word lines, a plurality of Second Sense ampli 
fiers formed between Said first memory mat and Said 
third memory mat; and 

wherein each of Said plurality of Second Sense amplifiers 
is coupled to corresponding one bit line among Said 
plurality of third bit lines and corresponding one among 
said plurality of fourth bit lines; and 
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said plurality of first bit lines and said plurality of third bit 
lines are placed alternately in a direction perpendicular 
to Said first direction. 

20. A semiconductor device according to claim 19, further 
comprising: 

each of Said plurality of first memory cells comprising a 
first transistor comprising a first capacitor having a pair 
of electrodes, a gate coupled to corresponding one 
among Said plurality of first word lines, and a Source 
drain path, one of which is coupled to corresponding 
one among Said plurality of first bit lines and the other 
of which is coupled to one of Said pair of electrodes of 
Said first capacitor; 

each of Said plurality of Second memory cells comprising 
a Second transistor comprising a Second capacitor hav 
ing a pair of electrodes, a gate coupled to corresponding 
one among Said plurality of Second word lines, and a 
Source-drain path, one of which is coupled to corre 
sponding one among Said plurality of Second bit lines 
and the other of which is coupled to one of Said pair of 
electrodes of Said Second capacitor; and 

each of Said plurality of third memory cells comprising a 
third transistor comprising a third capacitor having a 
pair of electrodes, a gate coupled to corresponding one 
among Said plurality of Second word lines, and a 
Source-drain path, one of which is coupled to corre 
sponding one among Said plurality of fourth bit lines 
and the other of which is coupled to one of Said pair of 
electrodes of Said third capacitor. 

21. A Semiconductor device according to claim 18, 
wherein the length of Said plurality of Second bit lines in Said 
first direction is a half of that of said plurality of first bit 
lines. 

22. A Semiconductor device, comprising: 
a first memory mat comprising a plurality of first bit lines 

extending in a first direction and a plurality of word 
lines and a plurality of first memory cells coupled to 
said plurality of first bit lines and said plurality of first 
word lines, 

a Second memory mat comprising a plurality of Second bit 
lines extending in Said first direction, a plurality of 
Second word lines and a plurality of Second memory 
cells coupled to a croSS point of Said plurality of Second 
bit lines and Said plurality of Second word lines, and 

a plurality of first Sense amplifiers formed in an area 
between said first memory mat and Said Second 
memory mat; 

each of Said plurality of first Sense amplifier being 
coupled to corresponding one among Said plurality of 
first bit lines and corresponding two among Said plu 
rality of second bit lines; 

each of Said plurality of first memory cells comprising a 
first transistor comprising a first capacitor having a pair 
of electrodes, a gate coupled to corresponding one 
among Said plurality of first word lines, and a Source 
drain path, one of which is coupled to corresponding 
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one among Said plurality of first bit lines and the other 
of which is coupled to one of Said pair of electrodes of 
Said first capacitor; and 

each of Said plurality of Second memory cells comprising 
a Second transistor comprising a Second capacitor hav 
ing a pair of electrodes, a gate coupled to corresponding 
one among Said plurality of Second word lines, and a 
Source-drain path, one of which is coupled to corre 
sponding one among Said plurality of Second bit lines 
and the other of which is coupled to one of Said pair of 
electrodes of Said Second capacitor, 

wherein a length of Said plurality of Second bit lines in 
Said first direction is shorter than a length of Said 
plurality of first bit lines in said first direction. 

23. A Semiconductor device according to claim 22, Said 
first memory mat further comprising a plurality of third bit 
lines extending in Said first direction and a plurality of third 
memory cells coupled to Said plurality of third word lines 
and said plurality of first bit lines; 

Said Semiconductor device further comprising a third 
memory mat comprising a plurality of fourth bit lines 
extending in Said first direction, a plurality of third 
word lines and a plurality of fourth memory cells 
coupled to said plurality of fourth bit lines and said 
plurality of third word lines; and 

a plurality of Second Sense amplifiers formed in an area 
between Said first memory mat and Said third memory 
mat, 

each of Said plurality of Second sense amplifiers being 
coupled to corresponding one among Said plurality of 
third bit lines and corresponding one among Said plu 
rality of fourth bit lines; 

each of Said plurality of third memory cells comprising a 
third transistor comprising a third capacitor having a 
pair of electrodes, a gate coupled to corresponding one 
among Said plurality of first word lines, and a Source 
drain path, one of which is coupled to corresponding 
one among Said plurality of third bit lines and the other 
of which is coupled to one of Said pair of electrodes of 
Said Second capacitor, and 

each of Said plurality of fourth memory cells comprising 
a fourth transistor comprising a fourth capacitor having 
a pair of electrodes, a gate coupled to corresponding 
one among Said plurality of third word lines, and a 
Source-drain path, one of which is coupled to corre 
sponding one among Said plurality of fourth bit lines 
and the other of which is coupled to one of Said pair of 
electrodes of Said fourth capacitor, 

wherein said plurality of first bit lines and said plurality of 
third bit lines are placed alternately in a direction 
perpendicular to Said first direction. 

24. A Semiconductor device according to claim 22, 
wherein a length of Said plurality of Second bit lines in Said 
first direction is half of a length of said plurality of first bit 
lines in Said first direction. 
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