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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device such as ROM (read only memory) and RAM 
(random access memory). In particular, the present inven 
tion relates to techniques for a miniaturiZed semiconductor 
memory device to redress faults in Word lines caused by 
leaks, broken connections and the like. 

[0003] 2. Description of the Related Art 

[0004] It is Well knoW that, in order to redress faults 
present Within a memory cell array forming a semiconductor 
memory device and increase the yield, it is effective to form 
the memory cell array as a redundant structure. 

[0005] An eXample of a redundant structure is one in 
Which, in RAM and the like, lines (roW lines and column 
lines) of spare memory cells are provided in advance inside 
the semiconductor memory device during the manufacturing 
process and, if it is discovered during the testing process that 
there are faults in the memory cell array, the faults are 
redressed by replacing the line containing the faults With the 
spare roW line or column line. 

[0006] HoWever, it is not possible to employ a redundant 
structure such as that described above in mask ROM and the 
like. In mask ROM, because the memory cell data is 
programmed in the manufacturing process, as the locations 
Where faults are generated are not discovered in advance 
during the manufacturing process, it is not possible to 
program spare lines in the manufacturing process. Namely, 
even if it is discovered afterWards in the testing process that 
there are faults in the memory cell array, it is not possible to 
replace the faulty portion With a spare line as it is With RAM. 

[0007] Therefore, in mask ROM and the like, instead of 
providing spare lines, faults are redressed by error correction 
using ECC (error checking and correcting code). By per 
forming this type of error correction, if the faults are of 
several bits siZe, error redress is possible Without overly 
increasing the ECC bit number. Moreover, the more the ECC 
bit number is increased, the more bit number errors it is 
possible to correct. HoWever, as increasing the ECC bit 
number is directly related to increased chip siZe, this is not 
preferable. Furthermore, naturally, because there is not an 
unlimited number of areas Where ECC allocation is possible, 
When there is a large number of faulty memory cells, it is not 
possible to correct all errors. In such cases, it is necessary to 
discard chips Whose faults Were the object of correction 
measures as faulty chips, Which results in a loWer yield. 

[0008] HoWever, one of the reasons Why many memory 
cells become faulty is because of minute leaks and broken 
connections arising on a Word line as a result of malfunc 
tions in the manufacturing process. Firstly, a description Will 
be given of What happens When leaks occur on a Word line, 
With reference made to FIGS. 11A to 11C. In FIG. 11A, it 
Will be assumed that, in the ROM, a single driver 200 
simultaneously drives four Word lines 2011 to 2014. In the 
same diagram, a leak is shoWn as occurring at the point X 
on the Word line 2014. 

[0009] Here, the reason Why a single driver is driving a 
plurality of Word lines is because it is becoming difficult to 
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provide a driver for each Word line due to the continuing 
miniaturiZation of semiconductor memory devices. Namely, 
through miniaturiZation, because the siZe of the memory 
cells becomes smaller compared With the siZe of the driver, 
the trend is for the siZe of the driver to become relatively 
larger. In ROM and the like, in particular, because a memory 
cell can be formed from a single transistor, the siZe of the 
driver becomes larger by that amount as compared With the 
siZe of the memory cell. Therefore, the problem arises that, 
if a driver is provided for each Word line, the surface area 
increases. As a result, the structure in Which a single driver 
is provided for a plurality of Word lines is currently the most 
common one. 

[0010] As is shoWn in FIG. 11A, When malfunctions arise 
due to various reasons in the manufacturing process, in some 
cases, it is equivalent to a high resistance resistive element 
being present betWeen the ground and the Word line 2014 on 
the substrate or the chip. In such cases, a leak occurs at the 
point X shoWn in FIG. 11A. Here, FIG. 11B shoWs an 
equivalent circuit corresponding to the structure shoWn in 
FIG. 11A, speci?cally, an equivalent circuit for When the 
driver 200 supplies a high level (hereinafter abbreviated to 
“H”) is shoWn only for the Word line 2014. 

[0011] In FIG. 11B, the symbol Vi indicates the potential 
of the Word line 2014 in the vicinity of the output end 
(namely, the end near the Word line) of the driver 200; the 
symbol VXb indicates the potential of the Word line 2014 at 
the point X in FIG. 11A; the symbol Vb indicates the 
potential at the far end of the Word line 2014 as seen from the 
driver 200; the symbol Ra indicates a resistive element 
corresponding to resistance values from the near end of the 
Word line 2014 to the X point; the symbol Rb indicates a 
resistive element corresponding to resistance values from 
the X point to the far end of the Word line 2014; and the 
symbol RX indicates a resistive element corresponding to 
resistance values from the X point to the substrate (or ground 
Wiring). 

[0012] FIG. 11C shoWs the relationship betWeen the 
potential on the Word line and the distance (horiZontal aXis) 
taking the output end of the driver 200 as a reference With 
attention centering on the Word line 2014. Here, When 
memory data is read from a memory cell, the memory cell 
that is being read is turned on or off (referred to beloW as “on 
cells” and “off cells”) in accordance With the memory data, 
and from that it is determined Whether or not current is 
flowing through the bit line. Here, a bit line is also called a 
digit line or a data line. As a result, it is possible to determine 
the data stored in the relevant memory cell. In order to do 
this, it is necessary to set the Word line potential supplied to 
the gate terminal of the cell transistor forming the memory 
cell to the necessary level (namely, to the threshold voltage 
of the cell transistor) or higher. The “Vt of On cell” shoWn 
in FIG. 11C represents this threshold voltage. 

[0013] As is shoWn in FIG. 11C, the potential of the Word 
line 2014 from the vicinity of the Xt point (omitted from 
FIG. 11B) positioned nearer the driver 200 than is the X 
point is less than the “Vt of On cell” due to the effects of the 
leakage problems at the X point in FIG. 11A. Moreover, 
beyond (i.e. toWards the far end side) the Xt point as Well, 
the potential of the Word line 2014 continues to fall up to the 
X point. At the X point in FIG. 11A, the potential of the 
Word line 2014 changes to the potential VXb, and at the far 
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end of the Word line 2014, the potential of the Word line 2014 
changes to the potential Vb Which is substantially equivalent 
to the potential Vxb. 

[0014] In this Way, the gate potentials of the cell transistors 
forming each memory cell connected to the Word line 2014 
do not reach the threshold value on the far end side of the Xt 
point. Therefore, these memory cells end up being alWays 
off Which results in it being impossible to read of all of these 
memory cells. As described above, even if only a very 
minute leak occurs in a Word line, reading of all of the 
memory cells toWards the far end side of the location Where 
the leak occurs becomes impossible. Accordingly, if the leak 
occurs at the near end of the Word line, then all of the 
memory cells connected to that Word line end up becoming 
unreadable. 

[0015] Next, a description Will be given of What happens 
When a broken connection occurs on a Word line With 
reference made to FIGS. 12A to 12C. In these ?gures, the 
same elements as shoWn in FIGS. 11A to 11C are shoWn 
When a broken connection has occurred. Accordingly, in 
FIGS. 12A to 12C, the same structural elements and signal 
names as Were shoWn in FIGS. 11A to 11C have the same 
descriptive symbols allocated thereto. 

[0016] In FIG. 12A, it Will be assumed that a broken 
connection has occurred at the point X on the Word line 
2014. As a result, the potential on the Word line is sufficiently 
high compared to the “Vt of On cell” as far as the Xu point 
Which is slightly closer to the near end side than the X point, 
moreover, the potential on the Word line is substantially 
?xed. HoWever, no potential is able to be supplied on the far 
end side of the X point Which is Where the broken connec 
tion has occurred. Therefore, the far end side of the Xu point 
shoWn in FIG. 12C becomes completely independent and 
?oating, as is shoWn in FIG. 12B and the potential of the 
Word line cannot be set. Therefore, the Xu point becomes a 
boundary With the potential of the Word line dropping 
abruptly on the far end side thereof and falling far short of 
the “Vt of On cell”. Accordingly, in the same Way as When 
a leak occurs on the Word line, if a broken connection occurs 
on a Word line, reading of all of the memory cells connected 
to the Word line on the far end side of the location of the 
broken connection becomes impossible. 

[0017] As described above, if malfunctions such as leaks 
and broken connections occur, even if the actual memory 
cell itself is not faulty, reading of the memory cell on the far 
end side from the location of the malfunction is not possible. 

[0018] It should be noted that the bit Width of one byte of 
data output from the semiconductor memory device is 
normally one of 8, 16, 32, or 64 bits and this data is read 
from a plurality of memory cells connected to the same Word 
line. Therefore, if malfunctions such as those described 
above occur, the number of bits that cannot be read con 
tained in one byte increases and, even if error correction 
using ECC is performed, the possibility that the faults Will 
not be able to be redressed increases. In cases such as this, 
the chip itself becomes unusable. 

[0019] Here, an EEPROM (electrically erasable and pro 
grammable ROM) disclosed in Japanese Unexamined Patent 
Application, First Publication No. Hei 1-205794 may be 
given as an example of a semiconductor memory device for 
dealing With Word line faults using ECC. This publication 
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describes hoW, in order to make correction even of Word line 
faults possible using ECC, the Word line is divided and a 
high voltage sWitch (a type of buffer) is provided for raising 
the Word line potential in each of the divided lines. By using 
this type of structure, even if there are several leaks in a 
Word line, it is possible to limit the faulty memory cell to one 
bit and to perform correction using ECC. HoWever, as 
described above, the miniaturiZation of semiconductor 
memory devices has progressed in recent times and the 
spaces required for providing a buffer no longer exists. 
Consequently, the providing of a plurality of buffers, as 
described in the above publication, can no longer be said to 
be a viable practical solution. 

[0020] Note that, problems With conventional semicon 
ductor memory devices related to ROM have been pointed 
out, hoWever, the same type of problems occur in semicon 
ductor memory devices other than ROM. Namely, if mal 
functions caused by leaks and broken connections occur in 
a Word line in RAM or the like, then the exact same problem 
occurs of it not being possible to read memory cells con 
nected to the Word line on the far end side of the location of 
the malfunction. To be sure, in the case of RAM and the like, 
it is possible to deal With faults in the Word line by providing 
lines of spare memory cells, hoWever, if it Were possible to 
redress faults Without having to use such spare lines, the siZe 
of the chip could then be reduced by the corresponding spare 
line amount. 

SUMMARY OF THE INVENTION 

[0021] Accordingly, the aim of the present invention is to 
provide a semiconductor memory device capable of redress 
ing faults, When faults such as leaks and broken connections 
occur in a Word line, substantially Without increasing the 
chip siZe and Without generating layout problems such as the 
placement of a driver being made more difficult due to 
increasing miniaturiZation. 

[0022] Therefore, in the present invention, the drive sec 
tion folds back a drive signal supplied to a particular Word 
line to at least one other Word line at the far end side of the 
particular Word line as seen from the drive section. As a 
result, even if faults such as leaks or broken connections 
occur on a particular Word line caused by malfunctions 
during manufacturing, a drive signal is supplied from the 
output end of the drive section to the location of the fault by 
a particular Word line and a drive signal is supplied from the 
far end of a particular Word line to the location of the fault 
via another Word line and a folding section. In semiconduc 
tor memory devices in the related art, the potential from the 
location of the fault to the far end of a particular Word line 
falls due to the fault in the Word line, hoWever, because it is 
possible to compensate for this fall in voltage according to 
the present invention, it is possible to guarantee that the 
voltage supplied to all of the memory cells connected to a 
particular Word line Will be above a threshold voltage. 
Therefore, the above fault in the Word line can be redressed 
and an increase in the yield achieved. 

[0023] Moreover, in the present invention, it is possible to 
connect by folding using Wires any one Word line and other 
Word line and to form these Wires and both these Word lines 
in the same Wire layer. As a result, because it is possible to 
redress faults in the Word line Without providing extra 
contact, it is possible to reduce the surface area required for 
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the Wires compared With When contact or the like is pro 
vided. Moreover, other than the folding section, because 
originally existing Word lines are diverted, basically, it 
amounts to no more than adding a short length of Wiring in 
order to make a connection betWeen Word lines. Accord 
ingly, it is possible to keep the increase in the surface area 
that is needed to redress the faults in the Word line as small 
as possible. 

[0024] Further, in the present invention, it is also possible 
to arrange a plurality of Word lines that are connected in a 
loop con?guration in a concentric pattern. If this is done, it 
is possible to arrange the Wiring such that this plurality of 
Word line loops do not intersect each other. If the plurality 
of Word line loops are made to temporarily intersect each 
other, another Wiring layer needs to be provided, hoWever, if 
this is done, then contact becomes necessary. In contrast to 
this, by forming a concentric pattern, contact and the like is 
not required thereby alloWing the surface area to be corre 
spondingly reduced. 

[0025] Moreover, in the present invention, When there is 
an error in the original data, it is possible to correct this error 
using error correction codes and output error free data to the 
outside. Even if an error correction function is provided in 
a semiconductor memory device Which is incapable of 
forming memory cells in redundant structures, When a 
plurality of memory cells have been rendered faulty due to 
a fault in a Word line, it is not possible to perform a full 
correction using error correction codes. Therefore, the end 
result is that the chip has to be discarded. In contrast to this, 
according to the present invention, even in a semiconductor 
memory device that is incapable of forming memory cells in 
redundant structures, it is possible to redress faults in a 
number of memory cells that are caused by faults in a Word 
line and to thereby achieve an improvement in the yield. 

[0026] Furthermore, in the present invention, When a 
plurality of memory cells are driven simultaneously by the 
same drive signal, it is also possible to fold the drive signals 
so that they do not intersect selection signals for selecting a 
particular memory cell. As a result, because it is possible to 
place the Wiring for the selection signal and the drive signal 
on the same Wiring layer, contact and the like is not required 
as compared With When the selection signals and drive 
signals are intersected, thereby alloWing the surface area to 
be correspondingly reduced. 

[0027] Moreover, in the present invention, it is also pos 
sible to provide drive signals that are inverted relative to 
each other for a particular Word line and for other Word line, 
and also to invert the drive signal When a drive signal is 
folded from the particular Word line to another Word line. As 
a result of this, it is possible to redress faults in the Word line 
and achieve an improvement in the yield even for DRAM 
and the like Which are not alloWed to simultaneously acti 
vate a plurality of Word lines. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0028] FIGS. 1A to 1C shoW the basic technological 
concept of the present invention in the case of When a leak 
has occurred on a Word line. FIG. 1A is an explanatory 
diagram shoWing the Wiring betWeen Word lines driven 
simultaneously by a single driver; FIG. 1B is a circuit 
diagram shoWing an equivalent circuit corresponding to the 
structure shoWn in FIG. 1A; and FIG. 1C is a graph 
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shoWing a comparison betWeen the present invention and the 
related art concerning the relationship betWeen the distance 
from the driver output end and Word line potential. 

[0029] FIGS. 2A to 2C shoW the basic technological 
concept of the present invention in the case of When a broken 
connection has occurred on a Word line. FIG. 2A is an 

explanatory diagram shoWing the Wiring betWeen Word lines 
driven simultaneously by a single driver; FIG. 2B is a circuit 
diagram shoWing an equivalent circuit corresponding to the 
structure shoWn in FIG. 2A; and FIG. 2C is a graph 
shoWing a comparison betWeen the present invention and the 
related art concerning the relationship betWeen the distance 
from the driver output end and Word line potential. 

[0030] FIG. 3 is a block diagram shoWing the overall 
structure of ROM according to the ?rst embodiment of the 
present invention. 

[0031] FIG. 4 is an explanatory diagram shoWing the 
relationship of the connections betWeen the memory section 
10 and the driver in the X decoder 13 shoWn in FIG. 3. 

[0032] FIG. 5 is a circuit diagram shoWing the structure of 
a unit memory cell in the memory section 10 shoWn in FIG. 
3 for a NAND type memory cell structure. 

[0033] FIG. 6 is a circuit diagram shoWing the structure of 
a unit memory cell in the memory section 10 shoWn in FIG. 
3 for a NOR type memory cell structure. 

[0034] FIG. 7 is an explanatory diagram shoWing an 
example of the layout relating to the Wiring from the output 
end of each driver to the input end of a unit memory cell 28 
from the structure shoWn in FIG. 4. 

[0035] FIG. 8 is an explanatory diagram shoWing another 
example of the layout relating to the Wiring from the output 
end of each driver to the input end of a unit memory cell 28 
from the structure shoWn in FIG. 4 

[0036] FIG. 9 is an explanatory diagram shoWing the 
layout corresponding to the NAND type memory cell struc 
ture shoWn in FIG. 5. 

[0037] FIG. 10 is a block diagram shoWing the structure 
of DRAM according to the second embodiment of the 
present invention. 

[0038] FIGS. 11A to 11C shoW When a leak has occurred 
on a Word line in ROM according to the related art. FIG. 
11A is an explanatory diagram shoWing the Wiring betWeen 
Word lines driven simultaneously by a single driver; FIG. 
11B is a circuit diagram shoWing an equivalent circuit 
corresponding to the structure shoWn in FIG. 11A; and FIG. 
11C is a graph shoWing the relationship betWeen the dis 
tance from the driver output end and Word line potential. 

[0039] FIGS. 12A to 12C shoW When a broken connection 
has occurred on a Word line in ROM according to the related 
art. FIG. 12A is an explanatory diagram shoWing the Wiring 
betWeen Word lines driven simultaneously by a single driver; 
FIG. 12B is a circuit diagram shoWing an equivalent circuit 
corresponding to the structure shoWn in FIG. 12A; and FIG. 
12C is a graph shoWing the relationship betWeen the dis 
tance from the driver output end and Word line potential. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0040] (Basic Technological Concept) 
[0041] The embodiments of the present invention Will noW 
be described With reference made to the drawings. Here, 
?rstly, a description Will be given of the basic technological 
concept of the present invention and after that a series of 
descriptions Will be given of each of the embodiments in 
Which the present invention is applied to various types of 
semiconductor memory devices. 

[0042] As described above, in a semiconductor memory 
device of the related art, the path of the supply of an electric 
charge from a driver to a Word line is in the one direction 
from the near end to the far end. Therefore, if there are faults 
in the Word line, the potential of the Word line on the far end 
side of the location of the fault drops and the potential 
supplied to the gate terminal of the memory cell also 
decreases and falls beloW a threshold value of the memory 
cell. Therefore, if the memory cell is an on cell, current 
could be expected to be ?oWing to the memory cell, hoW 
ever, because the gate potential is loW, the current is unable 
to How and the memory cell cannot be recogniZed as an on 
cell. Therefore, in the present invention, a structure is used 
in Which electric charges are supplied to each portion of a 
Word line via a plurality of paths. 

[0043] (1) When the Word fault is a leak 

[0044] FIGS. 1A to IC shoW an example of the present 
invention When a leak occurs on a Word line in the same Way 
as the aforementioned FIGS. 11A to 11C. FIGS. 1A to IC 
correspond to FIGS. 11A to 11C respectively. As is shoWn 
in FIG. 1A, a driver 1 simultaneously drives four Word lines 
21 to 2 4. In the present invention, tWo Word lines of the Word 
lines driven by the same driver are taken as one unit and the 
far ends thereof are connected together to form a loop 
con?guration. Speci?cally, the far end of the Word line 21 
and the far end of the Word line 22 are connected by the Wire 
212, While the far end of the Word line 23 and the far end of 
the Word line 24 are connected by the Wire 234. 

[0045] By using the above structure, it is possible to 
provide redress for memory cells connected to a Word line 
on the far end side of the location Where the leak has 
occurred. For example, if it is assumed that a leak has 
occurred at the point X on the Word line 24, in the structure 
of the related art, a charge cannot be supplied betWeen the 
area in front of the X point to the far end of the Word line 
because of the effects of the leak and reading of the memory 
cell is not possible. In contrast, in the present invention, a 
charge can be supplied to the Word line 24 from the far end 
side of the Word line 2 4 via the Word line 23 and the Wire 234. 
Namely, in a semiconductor memory device of the related 
art, it is only possible to provide a charge by one system, 
While in the present invention, it is possible to supply a 
charge via a plurality of systems (tWo systems in the 
illustrated structural example). Therefore, it is possible to 
apply a voltage equal to or greater than the threshold voltage 
to the gate terminal of a cell transistor even in the area of the 
point X Where the leak has occurred. 

[0046] Note that, because the Word lines 21 to 24 are 
originally formed so as to operate in exactly the same 
manner, connecting the Word lines together causes no opera 
tional problems. Moreover, the number of Word lines simul 
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taneously driven by the driver 1 is not limited to four and 
may be any number of lines. Naturally, as in the structural 
example shoWn in FIG. 1A, When tWo Word lines are 
connected as a unit, the number of Word lines that are 
simultaneously driven by the driver 1 is an even number. 

[0047] Next, FIG. 1B shoWs an equivalent circuit com 
prising the Word line 23, the Wire 234 and the Word line 24 
shoWn in FIG. 1A, When the output of the driver 1 is “H”. 
In FIG. 1B, the symbol Vi indicates the potential in the area 
of the output end of the driver 1; the symbol Vxa indicates 
the potential of the Word line at the location of a fault (the 
point X in FIG. 1A); the symbol Va indicates the potential 
at the far end (i.e. at the Wire 234) of the Word lines; the 
symbol Ra indicates a resistive element corresponding to the 
resistance value from the output end of the driver 1 to the 
point X; the symbol Rb indicates a resistive element corre 
sponding to the resistance value from the point X to the far 
end of the Word line; and the symbol Rx indicates a resistive 
element corresponding to the resistance value from the point 
X to the substrate (or ground). The symbols Rc and Rd 
indicate resistive elements on the Word line 23 corresponding 
respectively to the resistive elements Ra and Rb on the Word 
line 24. 

[0048] Here, a comparison Will be given of the potential at 
the location of a leak for both the structure of the related art 
and an example of the structure of the present invention. 
Firstly, in the structure of the related art, the potential Vxb 
from the equivalent circuit shoWn in FIG. 11B is given from 
the folloWing formula. 

[0049] In the example of the structure of the present 
invention, hoWever, the potential Vxa from the equivalent 
circuit shoWn in FIG. 1B is given from the folloWing 
formula. Note that, in the formula, the calculation symbol 
“//” is de?ned as X//YEX><Y/(X+Y). 

[0050] Because it is obvious that (Rb+Rc+Rd)//Ra<Ra, 
the relationship Vxa>Vxb is established. Namely, it is pos 
sible to increase the potential at the location of the leak using 
the structural example of the present invention more than in 
the structure of the related art. Moreover, as is clear from 
FIG. 11B, because there is no current ?oWing in the resistive 
element Rb, the potential Vbzthe potential Vxb. In contrast, 
in the structural example of the present invention, because a 
charge is supplied to the Word line 2 4 via the Word line 23 and 
the Wire 234, the potential Va is a higher potential than the 
potential Vxa. 

[0051] Next, FIG. 1C shoWs the relationship betWeen the 
Word line potential and the distance When the output end of 
the driver 1 is taken as a reference for the Word line 2 4, and 
also shoWs the Word line level distribution according to the 
structure of the related art shoWn in FIG. 11C. According to 
the structural example of the present invention, the potential 
on the Word line 24 at the output end of the driver 1 is the 
potential Vi and this potential steadily decreases the closer 
to the point X. Although the potential on the Word line 24 
becomes the minimum value potential Vxa at the point X, 
this potential exceeds the “Vt of On cell”. Moreover, the 
potential on the Word line 24 steadily increases the closer to 
the far end from the point X and becomes the potential Va 
at the far end of the Word line 24. 
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[0052] In this Way, in the structural example of the present 
invention, a charge is supplied from the driver 1 heading 
toWards the location of the leak in both the direction of the 
near end side of the Word line and in the direction of the far 
end side of the Word line. Therefore, it is possible to increase 
the overall potential of the Word line in Which a leak occurs 
more than in the structure of the related art, and to guarantee 
that the potential over the entire Word line is equal to or 
greater than the “Vt of On cell”. In the structure of the 
related art, it is not possible to read memory cells that exist 
on the far end side of the point Xt (see FIG. 11C), hoWever, 
according to the structural example of the present invention, 
because it is possible for all memory cells to be read, the 
chip does not need to be discarded and an improvement in 
the yield can be anticipated. 

[0053] (2) When the Word fault is a broken connection 

[0054] FIGS. 2A to 2C shoW an example of the present 
invention When a broken connection occurs on a Word line 

in the same Way as the aforementioned FIGS. 12A to 12C. 
FIGS. 2A to 2C correspond to FIGS. 12A to 12C respec 
tively. In FIG. 2A, because a broken connection has 
occurred at the point X on the Word line 24, in the same Way 
as in FIG. 12A, no charge is supplied from the left side 
toWards the right side bridging the point X. HoWever, in this 
case, because a charge is supplied from the far end of the 
Word line 24 to the point X via the Word line 23 and the Wire 
234, it is possible for all the memory cells connected to the 
Word line 24 to be read correctly. 

[0055] Here, FIG. 2B shoWs an equivalent circuit com 
prising the Word line 23, the Wire 234 and the Word line 2 4 
shoWn in FIG. 2A, When the output of the driver 1 is “H”. 
The difference With the fault in the Word line caused by a 
leak (see FIG. 1B) is that the connection point betWeen the 
resistive element Ra and the resistive element Rb is broken, 
therefore, the resistive element Rx does not exist. Moreover, 
if the potential at the far end of the Word line 24 and the 
potential at the location of the broken connection in the 
structure of the related art and the structural example of the 
present invention are compared, then the folloWing is dis 
covered. 

[0056] Firstly, in the structure of the related art, because 
the resistive element Rb is ?oating as is shoWn in the 
equivalent circuit in FIG. 12B, both the potential Vxb and 
the potential Vb are inde?nite. In contrast, in the structural 
example of the present invention, there is practically no 
current flowing in each of the resistive elements Ra to Rd 
shoWn in FIG. 2B due to the broken connection and the 
potential Vxa and the potential Va can be determined from 
the folloWing formula. 

[0057] Namely, according to the structural example of the 
present invention, it is possible to supply substantially With 
no change the voltage output by the driver 1 to each memory 
cell connected to the Word line 23 and the Word line 24 other 
than the area in the location of the broken connection, and 
substantially all of the memory cells are able to be read. On 
the other hand, in the structure of the related art, because the 
gate potential of the memory cells on the far end side of the 
location of the broken connection is inde?nite, it is not 
possible to perform an accurate reading for these memory 
cells. 
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[0058] Next, FIG. 2C shoWs the relationship betWeen the 
Word line potential and the distance When the output end of 
the driver 1 is taken as a reference for the Word line 24. In 
FIG. 2C, the distribution shoWn by the solid line is the Word 
line level distribution according to the structural example of 
the present invention and the distribution shoWn by the 
broken line is the same as the Word line level distribution of 
the related art shoWn in FIG. 12C. According to the struc 
tural example of the present invention, the potential from the 
near end of the driver 1 to the point Xv in front of the 
location of the broken connection (i.e. the point X) is 
substantially the same as the output voltage Vi of the driver 
1 With only slight variations and this potential exceeds the 
“Vt of On cell”. Moreover, although the potential as far as 
the far end from the point XW slightly beyond the location 
of the broken connection toWards the far end side also is 
slightly less than the potential from the output end of the 
driver 1 to the X point due to the effect of the voltage drop 
in the Word line 23, this potential also exceeds the “Vt of On 
cell”. 

[0059] Thus, in the present invention, even When a broken 
connection occurs, a charge is supplied to the location of the 
broken connection from the driver 1 both in the direction of 
the near end side of the Word line and in the direction of the 
far end side of the Word line. Therefore, apart from the 
extremely small area of the actual location of the broken 
connection, it is possible to increase the overall potential of 
the Word line more than in the structure of the related art, and 
it is possible to make the potential of the entire Word line 
equal to or greater than the “Vt of On cell”. Accordingly, 
although in the structure of the related art, it is not possible 
to read memory cells that exist on the far end side of the 
point Xu (seed FIG. 12C), according to the structural 
example of the present invention, it is possible for almost all 
memory cells to be read and an improvement in the yield can 
be anticipated. 

[0060] Note that, it is not absolutely necessary for tWo 
adjacent Word lines to be connected, as is described above, 
and it is also possible, for example, to connect the Word line 
21 and the Word line 23 and to connect the Word line 22 and 
the Word line 24. Naturally, by connecting adjacent Word 
lines together, the total length of the Wiring needed to be 
added to redress the faults in the Word lines can be kept to 
the minimum Which provides the advantage that the amount 
of the increase in the surface area can also be kept to the 
minimum. 

[0061] Moreover, in the above description, the far ends of 
tWo Word lines are connected together, hoWever, it is also 
possible to connect together the far ends of three or more 
Word lines. For example, one consideration might be to 
connect the Wires 212 and 234 in FIG. 1A together With yet 
another Wire so that the four Word lines are all connected 
together. If this is done, even if there are faults in both the 
Word line 21 and the Word line 22, for example, it is possible 
to supply a charge as far as the location of the fault from the 
far end sides of the other remaining Word lines 23 and 24, 
thereby enabling the yield to be increased. 

First Embodiment 

[0062] (1) Overall Structure 

[0063] The semiconductor memory device according to 
the present embodiment is one in Which the present inven 
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tion has been applied to ROM for performing error correc 
tion using ECC, and a block diagram of the overall structure 
thereof is shoWn in FIG. 3. In FIG. 3, the memory section 
10 is formed from a memory cell array 11 in Which is stored 
original data to be output to the outside of the ROM and 
from an ECC memory cell array 12 in Which is stored the 
ECC used for correcting errors in the data. 

[0064] An address AD supplied from outside the ROM 
comprises a roW address used in the selection of a Word line 
and a column address used in the selection of a bit line. An 
X decoder 13 contains in it drivers 14, . . . , 14 for driving 

the Word lines and each driver 14 simultaneously drives n 
number (Wherein n is an integer of 2 or more) of Word lines 
in accordance With Word line activation signals (these are 
not shoWn in FIG. 3). Note that, in FIG. 3, only one driver 
14 is shoWn and, out of the n number of Word lines 
connected to the drivers 14, only tWo adjacent Word lines 
connected in a loop con?guration are shoWn as the Word line 
loop 15. Moreover, unlike the drivers 1 (the inverting 
drivers) shoWn in FIGS. 1A to 1C and 2A to 2C, the drivers 
14 are non-inverting drivers that generate output signals 
Without inverting the level of the input signal, but inverting 
drivers may also be used. 

[0065] Here, When a reading is made from the memory 
section 10, it is necessary to read on the bit line only the data 
of a memory cell connected to a particular Word line of the 
n number of Word lines simultaneously driven. Therefore, 
the X decoder 13 decodes the roW address and sets any one 
of the drivers into operation, and also generates a selection 
signal (Which corresponds to the “bank selection signal” or 
“block selector” described beloW) for selecting the data of 
any one of the memory cells connected to the n number of 
Word lines. This selection signal is supplied to a selection 
transistor (not shoWn in FIG. 3) in the memory section 10. 

[0066] Next, a Y selector 16 selects the bit line that 
corresponds to the data (for example, 8 bit Width data) to be 
simultaneously output to outside the ROM from among the 
plurality of bit lines Within the memory cell array 11, based 
on the column addresses contained in the address AD. An 
ECC/Y selector 17 is the same and it selects a bit line for 
reading the ECC corresponding to the output data from 
among the plurality of bit lines Within the ECC memory cell 
array 12. 

[0067] Next, sense ampli?ers 18, . . . , 18 (denoted as S/A 
in the diagram) are provided in a number corresponding to 
the bit Width of the output data OUT, and these sense the 
memory cell data that is read out from the bit line corre 
sponding to each sense ampli?er and output data to be 
output. The sense ampli?ers 19, . . . , 19 are the same and 

these sense the data on the bit lines selected by the ECC/Y 
selector 17 and output the ECC corresponding to the output 
data. 

[0068] The ECC circuit 20 outputs output data OUT to the 
outside of the ROM via an output buffer (not illustrated) 
after any errors in the output data have been corrected based 
on the output data and ECC. If, hoWever, there are no errors 
in the output data that arrives from the sense ampli?ers 18, 
the ECC circuit 20 outputs this output data Without alteration 
to the outside of the ROM as output data OUT. Moreover, 
When it is not possible to correct the output data, the ECC 
circuit 20 outputs error information indicating the fact that 
the data cannot be corrected from an output terminal (not 
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illustrated) to an external memory controller and CPU (i.e. 
central processing unit) Which are also not illustrated. Note 
that this error information is used for checking memories 
and for sorting chips. 

[0069] (2) Connection Relationship betWeen the Drivers 
14 and the Memory Section 10 

[0070] FIG. 4 shoWs in more detail selection signals and 
Word line drive signals supplied to the memory section 10 
from the drivers 14 that are shoWn in FIG. 3. Note that, the 
memory section 10 shoWn in FIG. 3 is formed from a 
plurality of the structures shoWn in FIG. 4 grouped together 
in the vertical direction of the diagram. Note also that, due 
to its complexity, all of the bit lines and memory cells are not 
illustrated in FIG. 4. 

[0071] In FIG. 4, the symbols W1 to Wn indicate Word line 
activation signals generated inside the X decoder 13 shoWn 
in FIG. 3, and are respectively supplied to the input ends of 
drivers 251 to 25m. The drivers 251 to 25n correspond to the 
drivers 14 shoWn in FIG. 3 and each driver simultaneously 
drives four Word lines as described above. The drivers 261 
to 268 respectively buffer selection signals BS1 to BS8 
described beloW and drive selection transistors (not illus 
trated in FIG. 4) Within a unit memory cell 28. 

[0072] Looking, for example, at the Word line driven by 
the driver 251, in the structure of the related art, all of the far 
ends of the four Word lines Were opened. In contrast to this, 
in the present embodiment, by connecting the far end sides 
of tWo adjacent Word lines, a rectangular Word line loop 271 1 
and a rectangular Word line loop 2712 are formed and the 
Word line loops are connected by Wires in the vertical 
direction at the near end sides of the driver 251. In the same 
Way, the Word lines simultaneously driven by the driver 252 
form a Word line loop 2721 and a Word line loop 2722. 

[0073] The Word line loop 2721 surrounds the Word line 
loop 2711. These Word line loops are both placed concen 
trically to each other. The same conditions apply to the other 
Word lines and the Word line loop 27n1 surrounds all of the 
Word line loops 2711, 2721, . . . and these are all placed 
concentrically to each other. Furthermore, the Word line loop 
27n2 surrounds all the Word line loops 2712, 2722, . . . and 
these Word line loops are all placed concentrically to each 
other. 

[0074] Here, the Word line drive signals supplied to each 
Word line Within the unit memory cell 28 have the order 

Wn, . . . ,W2,W1,W1,W2, . . . ,Wn,Wn, . . . ,W2,W1,W1, 

W2, . . . , Wn from the top to the bottom in FIG. 4. By using 
this formation, as is shoWn in FIG. 4, When the far end sides 
of simultaneously driven adjacent Word lines are connected, 
it is possible for them to be placed in a concentric con?gu 
ration Without the Word line loops intersecting each other. As 
a result, because it is possible to place the Wiring for each 
Word line loop in a single Wiring layer, no extra contact is 
needed and the area of the Wiring can be decreased by a 
corresponding amount. 

[0075] Next, the symbol 28 indicates a unit memory cell 
comprising, for example, NAND (inverted AND) type 
memory cells or NOR (inverted OR) type memory cells and 
is formed from 8><n number of memory cells. By activating 
any one of Word line activation signals W1 to Wn, the eight 
memory cells corresponding to the activated Word line 
activation signals are selected in the unit memory cell 28. 
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Note that, as is also shown in FIGS. 5 and 6 below, the unit 
memory cell 28 is formed by grouping together four 
“blocks” or “banks” to Which tWo selection signals and n 
number of Word line activation signals are supplied. 

[0076] Here, the X decoder 13 shoWn in FIG. 3 is formed 
from one predecoder that predecodes the addresses AD and 
a plurality of main decoders that further decode the output 
from the predecoder. A unit memory cell 28 is provided to 
correspond to each of these main decoders. Accordingly, the 
unit memory cell 28 shoWn in FIG. 4 can be called a 
“decode unit block”. Note that the speci?c structure of the 
unit memory cell 28 Will be described beloW in detail With 
reference to FIGS. 5 and 6. 

[0077] Next, the selection signals BS1 to BS8 are generally 
called bank selection signals or block selectors. As described 
above, if any one of the Word line activation signals W1 to 
Wn is validated, the eight memory cells connected to the four 
Word lines (namely, the tWo groups of Word line loops) 
driven by the driver corresponding to the Word line activa 
tion signal are simultaneously selected Within the unit 
memory cell 28. As a result of this, one of the selection 
signals BS1 to BS8 is validated and a single memory cell 
only is selected from among the eight memory cells simul 
taneously selected. 

[0078] Note that, to select a unit memory cell other than 
the illustrated unit memory cell, in order to invalidate all of 
the selection signals BS 1 to BS8 supplied to the unit memory 
cell 28, they are all set to loW level (abbreviated beloW to 
“L”). Moreover, selection signals and Word line activation 
signals that are different to the selection signals BS1 to BS8 
and to the Word line activation signals W1 to Wn shoWn in 
FIG. 4 are supplied to the unit memory cell other than the 
illustrated unit memory cell. 

[0079] Further, as a structure other than the illustrated 
structure, it is also possible, for example, to form Word line 
loops such that they bridge the selection signals BS3 to BS6. 
HoWever, if this structure is employed, a separate Wiring 
layer from the Word lines must be used for the Wiring that 
bridges the selection signals. Contact must then be provided 
for this and the surface area increases correspondingly. 
Accordingly, as is shoWn in FIG. 4, it is desirable that a 
Word line loop be formed Within tWo adjacent blocks With 
out the selection signals being bridged. Using this structure, 
not only is it possible to form Word line loops on the same 
Wiring layer Without using contact, but the length of the 
Wiring needed to fold back the Word line at the far end side 
can be reduced to the minimum and the optimum arrange 
ment in Which the surface area required for the Wiring is at 
the minimum is made possible. 

[0080] (3) NAND Type Memory Cells 

[0081] Next, tWo types of structural examples Will be 
described as speci?c structures for the unit memory cell 28. 
Firstly, FIG. 5 shoWs ROM that employs a NAND type 
memory cell structure in Which memory cells are vertically 
stacked. Note that, in FIG. 5, only the unit memory cell and 
the Word line have been extracted and illustrated, and only 
the structure relating to one bit line Within the unit memory 
cell is shoWn. Moreover, in FIG. 5, all of the drivers 251 to 
25D and 261 to 268 shoWn in FIG. 4 have been omitted. 

[0082] Here, as described above, a unit memory cell is 
divided into four adjacent blocks 311 to 314. Looking ?rst at 
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the area of the block 311, each bit line is formed from a main 
bit line 32 and tWo sub bit lines 33L1 and 33R1 connected to 
the main bit line 32. Depending on Which of the memory cell 
array 11 and the ECC memory cell array 12 the main bit line 
32 is present in, the top end of the main bit line 32 is 
connected to one of the Y selector 16 or the ECC/Y selector 
17. Note that the Wiring of the main bit line 32 mainly uses 
an aluminum Wiring layer and the sub bit lines 33L1 and 33R1 
are mainly formed from a diffused layer. 

[0083] Next, the symbol 34 indicates a contact betWeen 
the aluminum Wiring layer and the diffused layer for con 
necting the main bit line 32 and the sub bit lines 33L1 and 
33R1. The contacts 35 and 36 are the same as this contact 34. 
Other than these, only gate polycide Wiring is used for the 
Wiring of the Word line loops such as the Word line loop 2711 
and for the block selection Wires supplying the selection 
signals BS1 to BS8. Note that, in order to reduce the 
manufacturing costs of the ROM compared to the RAM and 
the like, it is normal for one each of both the aluminum and 
polycide Wiring layers to be provided. 

[0084] Next, in the block 311, looking ?rst at the sub bit 
line 33L1, nMOS (metal oxide semiconductor) transistors 
forming the respective memory cells MLnl, . . . , ML21, ML11 

and the transistors (abbreviated beloW to Tr) QLl, TrQL2 are 
placed in a vertical stack betWeen the contact 34 and the 
ground. Note that, in order to create the data of (program) 
these memory cells, in accordance With the data to be 
programmed, it is suf?cient if a decision is made as to 
Whether or not the cell transistor should be placed in a 
constantly on state. In this case, in order to place the cell 
transistor in a constantly on state, impurities in the cell 
transistor may undergo ion implantation thereby forming a 
depletion type transistor. 

[0085] TrQL1 indicates a depletion type nMOS transistor. 
Accordingly, although the selection signal BS1 is connected 
to the gate terminal thereof, the TrQL1 is constantly on 
regardless of the level of the selection signal BS1 and is not 
directly connected With the operation. Note that the reason 
for employing this type of structure is so that number of bit 
lines and the number of contacts can be reduced in com 
parison With the related art and so as to integrate the Word 
line directions (the X axis direction). Moreover, in FIG. 5, 
the symbol “D” is given to relevant transistors so that it can 
be immediately seen that the transistor is a depletion type 
transistor. Accordingly, those transistors that do not have the 
symbol D (other than cell transistors) are all enhancement 
type nMOS transistors. This fact is the same for all diagrams 
referred to beloW. 

[0086] Next, TrQL2 indicates a selection transistor used for 
block selection. Namely, by setting the selection signal BS2 
to “H” and placing the TrQL2 in an on state, the memory 
cells MLD1 . . . , ML21, ML11 connected to the sub bit line 

33L1 are able to be read on the main bit line 32. Note that 
Word line activation signals W1 to Wn for selecting the 
respective memory cells are supplied to the gate terminals of 
the memory cells ML11 to MLM. 

[0087] The structure of the sub bit line 33R1 side is the 
same as that of the sub bit line 33L1 side apart from the 
folloWing points. Firstly, the TrQR1 to Which the selection 
signal BS1 is supplied is set as an enhancement type selec 
tion transistor and the TrQR2 to Which the selection signal 
BS2 is supplied is set as a depletion type transistor so that the 
















