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SEMICONDUCTOR MEMORY DEVICE CAPABLE
OF REALIZING A CHIP WITH HIGH OPERATION
RELIABILITY AND HIGH YIELD

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of prior applica-
tion Ser. No. 11/330,352, filed Jan. 12, 2006, which is a
continuation of prior application Ser. No. 10/957,722, filed
Oct. 5, 2004, now U.S. Pat. No. 7,002,845, which is a
continuation of prior application Ser. No. 10/452,128, filed
Jun. 3, 2003, now U.S. Pat. No. 6,836,444, which is a
continuation of prior application Ser. No. 10/166,779, filed
Jun. 12, 2002, now U.S. Pat. No. 6,611,447, which is a
continuation of prior application Ser. No. 09/749.443, filed
Dec. 28, 2000, now U.S. Pat. No. 6,424,588, which is
divisional of prior application Ser. No. 09/345,443, filed Jul.
1, 1999, now U.S. Pat. No. 6,240,012, which is based upon
and claims the benefit of priority from the prior Japanese
Patent Application No. 10-187398, filed Jul. 2, 1998. The
entire disclosures of the prior applications are incorporated
herein by reference.

BACKGROUND OF THE INVENTION

[0002] This invention relates to a semiconductor memory
device and more particularly to a nonvolatile semiconductor
memory device such as a NAND cell, NOR cell, DINOR
cell or AND cell type EEPROM.

[0003] As one type of a semiconductor memory device, an
EEPROM capable of electrically programming data is
known. A NAND cell type EEPROM having NAND cell
blocks each constructed by serially connecting a plurality of
memory cells has received much attention since it is inte-
grated with high density.

[0004] One memory cell in the NAND cell type EEPROM
has an FET-MOS structure which has a floating gate (charge
storing layer) and control gate stacked on a semiconductor
substrate with an insulating film disposed therebetween. A
plurality of memory cells are serially connected with the
adjacent two of the memory cells commonly using the
source/drain to construct a NAND cell and the NAND cell
is dealt with as one unit and connected to a bit line. The
NAND cells are arranged in a matrix form to construct a
memory cell array. Generally, the memory cell array is
integrated on a p-type semiconductor substrate or p-type
well region.

[0005] The drains on one-end sides of the NAND cells
arranged in the column direction of the memory cell array
are commonly connected to a bit line via selection gate
transistors and the sources thereof on the other sides are
connected to a common source line via selection gate
transistors. The control gates of the memory cells and the
gate electrodes of the selection transistors are formed to
continuously extend in the row direction of the memory cell
array and used as control gate lines (word lines) and selec-
tion gate lines.

[0006] The operation of the NAND cell type EEPROM
with the above construction is as follows. First, the data
programming operation is sequentially effected for the
memory cells starting from the memory cell which is formed
in position farthest away from the bit line contact. A high
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voltage Vpp (=approx. 20V) is applied to the control gate of
the selected memory cell, an intermediate voltage Vmc
(=approx. 10V) is applied to the control gates and selection
gates of memory cells lying on the bit line contact side with
respect to the selected memory cell and a voltage of OV or
intermediate voltage Vmb (=approx. 8V) is applied to the bit
line according to data. When OV is applied to the bit line, the
potential is transmitted to the drain of the selected memory
cell, thereby causing electrons to be injected from the drain
into the floating gate. As a result, the threshold voltage of the
selected memory cell is shifted in a positive direction. This
state is defined as “1”. On the other hand, if the intermediate
voltage Vmb is applied to the bit line, injection of electrons
does not occur and the threshold voltage is not changed and
is kept negative. This state is defined as “0”.

[0007] The data erase operation is effected for all of the
memory cells in the selected NAND cell block. That is, all
of the control gates in the selected NAND cell block are set
to OV and a high voltage of approx. 20V is applied to the bit
line, source line, p-type well region (or p-type semiconduc-
tor substrate), and all of the selection gates and control gates
in the non-selected NAND cell blocks. As a result, electrons
in the floating gates of all of the memory cells in the selected
NAND cell block are discharged into the p-type well region
(or p-type semiconductor substrate) to shift the threshold
voltage in the negative direction.

[0008] Further, the data readout operation is effected by
setting the control gate of a selected memory cell to 0V,
setting the selection gates and control gates of the memory
cells other than the selected memory cell to a power supply
voltage Vec and determining whether or not a current flows
in the selected memory cell.

[0009] Next, the memory cell array, block arrangement
and the construction of the NAND cell in the NAND cell
type EEPROM are explained in detail.

[0010] FIG. 32 shows the block arrangement of the
memory cell array in the conventional NAND cell type
EEPROM described above. In FIG. 32, all of the blocks 1-0
to 1-N in the memory cell array 1 are formed of NAND cells
(which are referred to as NAND-A cells) of the same
construction. To each of the blocks 1-0 to 1-N, selection gate
lines SG,, SG, and control gate lines CG(1) to CG(8) are
connected. According to a row address, the block and the
row of the NAND cell are selected so that a voltage can be
supplied to the selection gate lines SG,, SG, and control gate
lines CG(1) to CG(8) from a row decoder.

[0011] FIG. 33 shows an example of the detail construc-
tion of part of the memory cell array 1 shown in FIG. 32 and
is an equivalent circuit diagram of the memory cell array
having the NAND cells arranged in a matrix form. Each of
the blocks 1-0 to 1-N in the memory cell array 1 shown in
FIG. 32 corresponds to an area 1-L. (L.=0 to N) indicated by
broken lines in FIG. 33. In this example, a NAND cell group
commonly having the same word line and selection gate line
is called a block and the area 1-L surrounded by the broken
lines in FIG. 33 is defined as one block. The drain of a
selection gate transistor S; of each NAND cell is connected
to a corresponding one of bit lines BL,, BL,, ..., BL_ and
the source of a selection gate transistor S, is connected to a
common source line CS. Memory cells M, M,, ..., Mg are
serially connected between the source of the selection gate
transistor S, and the drain of the selection gate transistor S,.



US 2007/0103958 Al

The operation such as the readout/program operation is
generally effected by selecting one block (which is called a
selected block) from a plurality of blocks by use of the
selection gate transistors S, S,.

[0012] FIGS. 34A, 34B and FIGS. 35A, 35B show in
detail one NAND cell extracted from the circuit shown in
FIG. 33. FIGS. 34A, 34B are a pattern plan view and
equivalent circuit diagram of a NAND cell portion and
FIGS. 35A, 35B are cross sectional views respectively taken
along the A-A' line and B-B' line of the pattern shown in
FIG. 34A. A memory cell array formed of a plurality of
NAND cells is formed on a p-type silicon substrate (or
p-type well region) 11 surrounded by an element isolation
oxide film 12. In this example, eight memory cells M;, M,,
..., My are serially connected in each NAND cell.

[0013] In each of the memory cells M;, M,, . . ., Mg, a
floating gate 14 (14,, 14,, . . ., 14,) is formed above the
substrate 11 with a gate insulating film 13 formed therebe-
tween and a control gate 16 (16,, 16,, . . ., 165) is formed
above the corresponding floating gate with a gate insulating
film 15 formed therebetween. Further, n-type diffusion lay-
ers 19 (19,,19,, ..., 19,) used as the sources and drains of
the memory cells are connected with the sources/drains of
the adjacent memory cells commonly used so as to construct
the series-connected memory cells M,, M,, . . ., M,.

[0014] Selection gates 14, 16, and 14,,, 16,, which are
formed in the same step as the floating gates and control
gates of the memory cells are formed on the drain side and
source side of the NAND cell. The selection gates 14, 16,
and 14, ,, 16, , are electrically connected to each other in an
area (not shown) and respectively used as the gate electrodes
of the selection gate transistors S,, S,. The upper surface of
the substrate 11 on which the elements are formed is covered
with a CVD oxide film (inter-level insulating film) 17 and bit
lines are formed on the CVD oxide film 17. The bit line 18
is formed in contact with a diffusion layer 190 on the drain
side of one end of the NAND cell. The control gates 14 of
the NAND cells arranged in the row direction are respec-
tively commonly arranged as the control gate lines CG(1),
CG(2), . .., CG(8). The control gate lines are used as word
lines. The selection gates 14,5, 16, and 14,,, 16, are also
arranged continuously in the row direction as the selection
gate lines SG|, SG,. A wiring layer 22 for the source line is
disposed between the bit line 18 and a wiring layer exclu-
sively used for the control gate line/selection gate and is
formed in contact with a diffusion layer 1910 on the source
side of the NAND cell (on the end opposite to the bit line
contact portion).

[0015] Thus, conventionally, the memory cells of the same
dimensions and same construction are formed in each block
of the memory cell array.

[0016] In the memory cell array shown in FIG. 32, since
the blocks are regularly arranged, the control gate lines
CG(1) to CG(8) and selection gate lines SG,, SG, are
arranged at substantially regular intervals in the entire
memory cell array, and therefore, the processing precision
for the word lines or the like becomes relatively high in the
blocks (corresponding to the blocks 1-1 to 1-(N-1) shown in
FIG. 32) lying inside the memory cell array 1. However,
since the wiring pattern becomes irregular in the blocks
(corresponding to the blocks 1-0, 1-N shown in FIG. 32)
lying on the end portion of the memory cell array, particu-
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larly, in a portion near the outer periphery (near the selection
gate line SG, in FIG. 33) of the memory cell array 1, the
etching condition cannot be made constant and the process-
ing precision is lowered.

[0017] Generally, the blocks in the end portion of the
memory cell array are dealt with as non-use blocks by taking
it into consideration that the processing precision is lowered,
but even in this case, it is not a satisfactory measure, and the
selection gate line SG, in the block 1-0, 1-N of FIG. 32 is
cut off or it short-circuits to a source line contact portion by
an increase in the wiring width of the selection gate line SG,,
thus causing a problem. Generally, the selection gate lines
SG,, SG, are wirings whose potentials are determined
according to the selection/non-selection of the block and the
influence given by the non-selected block at the time of
program/readout operation, for example, is eliminated by
setting the bit lines, source line and NAND cell into the
non-selected state when the block is not selected. However,
if the line is cut off, it is difficult to set the non-conductive
state. In this case, there occurs a problem that a leak current
flows from the bit line, the load capacitance of the bit line
and source line is increased, or a short circuit between the bit
line and the source line occurs, and the operation margin is
reduced and the operation may become defective. Further,
when the selection gate line SG, is short-circuited to the
source line contact portion, the source line voltage and the
voltage of the selection gate line SG, may vary and a defect
occurs.

[0018] A problem of a lowering in the processing preci-
sion due to disturbance of the regular arrangement of the
wiring pattern may occur not only in the entire memory cell
array but also in one NAND cell if higher precision is
required. Next, a lowering in the processing precision in a
case where special attention is given to one NAND cell is
explained in detail with reference to FIGS. 36A, 36B, 37A,
37B. FIGS. 36 A, 36B are a pattern plan view and equivalent
circuit diagram showing one NAND cell portion of the
memory cell array, and FIGS. 37A, 37B are cross sectional
views taken along the A-A' line and the B-B' line of FIG.
36A. In FIGS. 36A, 36B, 37A, 37B, portions which are the
same as those of FIGS. 34A, 34B, 35A, 35B are denoted by
the same reference numerals and the detail explanation
therefor is omitted.

[0019] In this example, the line widths of the selection
gate lines SG,, SG, in FIGS. 36A, 36B, 37A, 37B are
denoted by Wsgl, Wsg2, the line widths of the control gate

lines CG(1), CG(2), . . . , CG(8) are denoted by Wcgl,
Weg2, ..., Weg8, spaces between the control gate lines are
denoted by Scgl2, Scg23, . . ., Scg78, and spaces between

the control gate lines and the selection gate lines are denoted
by Ssgl, Ssg2. The NAND cell shown in FIGS. 36A, 36B,
37A, 378 is different from the NAND cell shown in FIGS.
34A, 34B, 35A, 35B in that the wiring layer 22 for the
source line is not provided.

[0020] In the above NAND cell, conventionally, the
designed values of all of the control gate line widths in the
NAND cell are the same. That is, in FIGS. 36A, 37A,
Wegl=Wcg2=. .., =Wcg8. Further, the spaces between the
control gate lines are set to the same value, that is, Scgl2=
Scg23= . .., Scg78. On the other hand, the selection gate
line width is designed to be slightly larger than the control
gate line width in order to enhance the cut-off characteristic
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of the selection gate transistors S,, S, (reduce the leak
current at the time of SG,=S8G,=0V).

[0021] Further, the wiring layer 14 for the selection gate
lines SG,, SG, is formed continuous (the wiring layer 14 is
made continuous in a portion between the selection gate
transistors which are adjacent in a direction along the
selection gate line) and the wiring layer 14 for each control
gate line CG is divided between the memory cells (refer to
the hatched portion in FIG. 36A). Therefore, in order to
lower the damage to the wiring layer 14 of the selection gate
line portion at the time of processing of the wiring layer 14
of'the control gate line portion, the spaces Ssgl, Ssg2 mat be
made larger than Scgl2 to Scg78 in some cases.

[0022] Thus, in the conventional NAND cell, the line
widths and spaces of and between the control gate lines
CG(1) to CG(8) are regularly set (with the same dimen-
sions), but the regularity of the wiring arrangement is not
attained in an area (corresponding to an area above the
control gate line CG(1) or below the control gate line CG(8)
of FIG. 36A) other than the arrangement area of the control
gate lines. Therefore, there occurs a problem that the pro-
cessing for the control gate lines CG(1) and CG(8) on both
end portions of the CG line arrangement portion becomes
unstable in comparison with the control gate lines CG(2) to
CG(7) which are arranged with the regularity with respect to
the adjacent wirings, that is, the processing precision is
lowered. If the processing precision is lowered, the line
width of the control gate line adjacent to the selection gate
line or the channel length of a corresponding memory cell
varies depending on a variation in the processing precision.

[0023] The most serious problem occurring when the
processing precision is lowered may occur in a case where
the line widths of the control gate lines CG(1) and CG(8) on
both end portions become smaller than the designed value.
The problem is explained with reference FIGS. 38A, 38B. If
the line width of the control gate line CG(1) is set to the
designed value, as shown in FIG. 38A, no current (leak
current 1) flows in a memory cell having “1” data (in a state
in which negative charges are injected into the floating gate)
when the gate voltage is OV since the cut-off characteristic
of the memory cell is good. If the line width of the control
gate line CG(1) is made smaller than the designed value, a
state in which a current IL always flows in the memory cell
M, is obtained and “0” data is always read out irrespective
of data programmed into the memory cell, that is, the
amount of charges in the floating gate 14, since the channel
length of the memory cell M; becomes shorter and the
cut-off characteristic of the memory cell is lowered (a leak
current (refer to FIG. 38B) in a state in which it is originally
turned OFF increases). Therefore, there occurs a problem
that correct data cannot be programmed or read out. Like the
case of the control gate line CG(1), the same problem occurs
when the line width of the control gate line CG(8) is made
smaller than the designed value. If all of the eight control
gate lines are made wide in order to solve the above
problem, a new problem that the memory size becomes
larger occurs.

[0024] In the above NAND cell, conventionally, wiring
structures shown in FIGS. 39A, 39B are used for connecting
the selection gate line and the control gate line which extend
from the inside portion of the memory cell array to the row
decoder. Generally, when a contact for connection between
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different wiring layers is made, the wiring layer which is to
be formed in contact with the other wiring layer is charged
in the etching step due to RIE or the like to increase the
absolute value of the potential of the wiring in some cases.
At this time, since the wiring which is not connected to a pn
junction has no current path in which a voltage drop occurs,
a high potential is maintained. In this case, the control gate
line corresponding to the control gate of the memory cell
causes a problem.

[0025] Generally, in a memory cell such as a NAND type
EEPROM, conventionally, the control gate line is not con-
nected to the pn junction and a high potential is applied
thereto in the manufacturing process. At the time of data
programming or erasing, a potential as high as approx. 20V
is applied between the control gate line and the p-type well
region. Further, it is required to inject/discharge electrons
into or from the floating gate by 100,000 times or more by
use of a tunnel current. Thus, an extremely intense electric
field is applied to an insulating film (corresponding to an
oxide film between the wiring layer 16, (i=1 to 8) and the
wiring layer 14; (i=1 to 8) and an oxide film between the
wiring layer 14; (i=1 to 8) and the p-type well region)
between the control gate line and the p-type well region. In
addition, since data is determined by charges stored in the
floating gate, the charge storing characteristic of the floating
gate becomes extremely important and discharging of
charges from the floating gate due to the leak current cannot
be permitted. Therefore, the reliability of the insulating film
between the control gate line and the p-type well region is
significantly important.

[0026] However, conventionally, the wiring is made by
use of two types of wiring layers 22, 18 which are formed
above the control gate line when the control gate line and
selection gate line are connected to a transistor QN in the
row decoder from the memory cell array. Therefore, the step
of making a contact with the wiring layer 16, used as the
control gate line is effected twice in the manufacturing
process (corresponding to (o) and () in FIG. 39A). In this
case, the control gate line is charged at the time of contact
processing of (o), and since the wiring layer 16; and the
wiring layer 22 are already connected together via the
contact (o), the control gate line is also charged at the time
of contact processing of (). Therefore, the period in which
the high voltage is kept applied to the control gate line
becomes long and stress applied to the control gate line
becomes large, thereby degrading the film quality of the
oxide film. As a result, the reliability of data stored in the
memory cell is lowered and the possibility of data destruc-
tion becomes stronger.

[0027] In the case of the selection gate line, since the
voltage applied thereto is approx. 10 at maximum and it has
no floating gate (the wiring layer 14; (j=9, 10) is continu-
ously arranged and a voltage is directly applied thereto
inside or outside the memory cell array), normally, the
reliability thereof is not lowered even if stress is somewhat
applied thereto.

[0028] Thus, in the conventional semiconductor memory
device such as the NAND cell type EEPROM, the process-
ing precision for the block on the end portion of the memory
cell array is lowered and there occurs a problem that the
operation margin is lowered and the operation becomes
defective.
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[0029] Further, in the conventional semiconductor
memory device such as the NAND cell type EEPROM, the
processing precision for the control gate line adjacent to the
selection gate line is lower than that for the other control
gate line, and when the line width becomes smaller than the
designed value, a problem that correct data cannot be
programmed or read out occurs. Further, if the line widths of
all of the control gate lines are uniformly made larger in
order to solve this problem, a new problem that the memory
cell size is increased occurs.

[0030] In addition, in the conventional semiconductor
memory device such as the NAND cell type EEPROM,
since stress applied to the control gate line in the manufac-
turing process is large, the reliability of an insulating film
around the floating gate of the memory cell is lowered and
the possibility of data destruction becomes stronger.

BRIEF SUMMARY OF THE INVENTION

[0031] This invention has been made in order to solve the
above problems and an object of this invention is to provide
a semiconductor memory device capable of preventing
occurrence of a defect caused by a lowering in the process-
ing precision for an end area of a memory cell array and
realizing a chip in which the reliability of the operation is
high and the manufacturing yield is high without substan-
tially increasing the chip size.

[0032] Further, another object of this invention is to pro-
vide a semiconductor memory device capable of preventing
occurrence of a word line with an extremely small line width
due to a lowering in the processing precision caused by loss
or disturbance of the regular (regular-interval) arrangement
of wirings around the word line and realizing a chip in which
the reliability of data programming/readout is high without
significantly increasing the chip size.

[0033] Still another object of this invention is to provide a
semiconductor memory device capable of lowering stress
applied to a memory cell in the manufacturing process,
reducing the pattern area of a row decoder and realizing an
inexpensive chip in which the reliability of the operation is
high and the manufacturing yield is high.

[0034] According to the present invention, there is pro-
vided a semiconductor memory device comprising: a
memory cell array having: first blocks including first
memory cell units each having a plurality of at least one
memory cell; and second blocks including second memory
cell units each having at least one memory cell connected;
wherein the first blocks are arranged on both end portions of
the memory cell array, the second blocks are arranged in the
other portion, and the structure of the first memory cell units
on the end portions of the memory cell array is different
from that of the second memory cell unit.

[0035] According to the present invention, there is still
provided a semiconductor memory device comprising: a
memory cell array having memory cells or memory cell
units formed by connecting at least one memory cell, the
memory cells or memory cell units being arranged in an
array form; wherein selection gate lines are formed by use
of'a mask having a data pattern in which the width of at least
one of a word line and a selection gate line arranged on the
end portion of the memory cell array is set larger than that
of at least one of a word line and selection gate line arranged
on the other portion of the memory cell array.
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[0036] According to the present invention, there is further
provided a semiconductor memory device comprising: a
memory cell array having memory cells or memory cell
units formed by connecting at least one memory cell, the
memory cells or memory cell units being arranged in an
array form; wherein at least one of a word line and a
selection gate line arranged on the end portion of the
memory cell array is formed with a larger width than at least
one of a word line and selection gate line arranged the other
portion of the memory cell array.

[0037] According to the present invention, there is still
further provided a semiconductor memory device compris-
ing: a memory cell array having memory cells or memory
cell units formed by connecting a plurality of memory cells,
the memory cells or memory cell units being arranged in an
array form; a word line unit having a plurality of word lines
each connected to corresponding ones of the memory cells;
and selection gate lines each being connected to correspond-
ing memory cells or memory cell units, wherein the word
lines are formed by use of a mask having a data pattern in
which the line widths of those of the word lines which are
arranged on both end portions of the word line unit is set
larger than those of the word lines adjacent thereto.

[0038] According to the present invention, there is further
provided a semiconductor memory device comprising: a
memory cell array comprising memory cell units arranged in
an array form, the memory cell units each comprising at
least one memory cell and at least one selection transistor;
at least one selection gate line formed by continuously
extending the gate of the at least one selection transistor; and
control gate lines formed by continuously extending the
gates of the memory cells; a row decoder for selecting the at
least one selection gate line and the control gate lines to
control the potentials thereof, the row decoder comprising
transistors; first wirings for connecting the control gate lines
to corresponding transistors in the row decoder, respec-
tively; and at least one second wiring each for connecting
corresponding one of the at least one selection gate line to
a corresponding one of the transistors in the row decoder,
wherein the first wirings are different in structure from the
at least one second wiring.

[0039] According to the present invention, there is further
provided a semiconductor memory device comprising: a
memory cell array having memory cell units arranged in an
array form, the memory cell units each being formed of at
least one memory cell connected, and each having at least
one selection transistor; selection gate lines formed by
continuously extending gates of the selection transistors of
the memory cell units; control gate lines formed by con-
tinuously extending gates of the memory cells of the
memory cell units; and a row decoder for selecting the
selection gate lines and control gate lines of the memory cell
array to control the potentials thereof, the row decoder
comprising transistors; wherein the selection gate line is
connected to a corresponding transistor in the row decoder
from the memory cell array by use of a first wiring layer
which lies above all of the wiring layers used for connecting
the control gate lines to corresponding transistors in the row
decoder from the memory cell array.

[0040] According to the construction of this invention,
occurrence of a defect caused by a lowering in the process-
ing precision in the end portion of the memory cell array can
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be prevented by making a block in the end portion of the
memory cell array different from the other block in con-
struction. Further, since only the block in the end portion of
the memory cell array is made different from the other
blocks in construction, a chip having high manufacturing
yield and high operation reliability can be attained without
substantially increasing the chip size.

[0041] In order to make the construction of the first
memory cell unit on the end side of the memory cell array
different from the second memory cell unit, the first wiring
may be formed by use of mask having a data pattern in
which the first wiring is wider than a corresponding second
wiring in the second memory cell unit.

[0042] Alternatively, the first wiring may be made wider
than a corresponding second wiring in the second memory
cell unit.

[0043] As the first wiring, a selection gate line may be
used.

[0044] Further, in order to make the construction of the
first memory cell unit on the end side of the memory cell
array different from the second memory cell unit, for
example, a space between the contact in the first memory
unit and an adjacent wiring may be made larger than a space
between the contact in the second memory unit and an
adjacent wiring.

[0045] The construction of the first memory cell unit on
the end side of the memory cell array may be made different
from the second memory cell unit by providing a contact in
the second memory cell unit and omitting a contact in a
corresponding portion in the first memory cell unit. In this
case, the operation reliability and manufacturing yield can
be significantly enhanced.

[0046] More specifically, as the above contact, a contact
formed on a node on the source side of the memory cell unit
may be used.

[0047] Further, the first block may be used as a dummy
block or redundancy block.

[0048] Further, according to the construction of this inven-
tion, in order to solve a problem caused by a lowering in the
processing precision due to disturbance of the regular (regu-
lar-interval) arrangement of the wirings or the like, the
designed value of the word line width is selectively changed.
More specifically, by setting the designed value of the line
width of the control gate line adjacent to the selection gate
line larger than the line width of the other control gate line,
a degradation in the cut-off characteristic of the memory cell
can be prevented even if the line width of the control gate
line adjacent to the selection gate line becomes smaller than
the designed value. Further, since those of the control gate
lines in the NAND cell whose line widths must be increased
are only two control gate lines adjacent to the selection gate
lines, an increase amount in the memory cells is small.
Therefore, a chip having high reliability in the data pro-
gramming/readout operation can be attained without signifi-
cantly increasing the chip size.

[0049] In the data pattern of the mask, the line widths of
the word lines arranged on both ends of the word line group
may be made larger than the line widths of the adjacent word
lines.
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[0050] Selection gate lines may be arranged adjacent to
the word lines whose line widths are set larger in the data
pattern of the mask.

[0051] A nonvolatile memory cell can be used as a
memory cell and the control gate line formed above the
floating gate can be used as the word line.

[0052] Further, according to the construction of this inven-
tion, since the number of times of operations for making a
contact with the control gate line can be suppressed to one,
stress applied to the control gate line in the manufacturing
process can be reduced and the reliability of an insulating
film around the floating gate can be enhanced. As a result, a
chip having high operation reliability can be attained with-
out increasing the chip size.

[0053] As awiring layer used for connection of the control
gate line extending from the end portion of the memory cell
array to the transistor in the row decoder, a wiring layer
formed below the second wiring layer can be used.

[0054] In the wiring length of a wiring layer used for
connection of the control gate line extending from the end
portion of the memory cell array to the transistor in the row
decoder, it is preferable to occupy at least the half portion
thereof by a wiring of the second wiring layer and, in the
wiring length of a wiring layer used for connection of the
selection gate line extending from the memory cell array to
the transistor in the row decoder, it is preferable to occupy
at least the half portion thereof by a wiring of the first wiring
layer.

[0055] Further, according to the construction of this inven-
tion, since the number of times of operations for making a
contact with the control gate line can be suppressed to one
and a current path formed of a pn junction for preventing the
control gate from being charged to a high voltage is formed
in the contact forming step, stress applied to the control gate
line in the manufacturing process can be reduced and the
reliability of an insulating film around the floating gate can
be enhanced. As a result, a chip having high operation
reliability can be attained without increasing the chip size.

[0056] The selection gate line may be connected from the
memory cell array to a transistor in the row decoder by use
of a second wiring having no connection with the pn
junction other than the source/drain of the transistor in the
row decoder.

[0057] The uppermost wiring layer among the wiring
layers constructing the first wiring can be formed of the
same wiring layer as the uppermost wiring layer among the
wiring layers constructing the second wiring, and in this
case, both of the wiring layers can be formed in the same
manufacturing step.

[0058] The uppermost wiring layer among the wiring
layers constructing the first wiring can be formed of a wiring
layer which is formed below the uppermost wiring layer
among the wiring layers constructing the second wiring, and
in this case, the first and second wirings can be formed in a
superposed configuration and the pattern area can be
reduced.

[0059] The first wiring can be connected to both of the
p-type and n-type diffusion layers, and in this case, since a
current path for discharging charges in either case wherein
positive or negative charges are charged is formed when the
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wiring tends to be charged at the time of formation of a
contact between the wirings in the manufacturing process,
stress applied to the memory cell caused by charges in the
etching process can be significantly reduced. Further, appli-
cation stress can be more effectively reduced by using the
forward current in the pn junction which is larger than the
reverse current.

[0060] The first wiring can be formed of a wiring layer
which is formed below a wiring layer capable of being
directly connected to the wiring layer forming the control
gate line in the memory cell array without using an addi-
tional intervening wiring layer.

[0061] The second wiring can be formed to include a
wiring layer which is formed above a wiring layer capable
of being directly connected to the wiring layer forming the
control gate line in the memory cell array without using an
additional intervening wiring layer.

[0062] For example, a NAND cell type EEPROM may be
adequately used as the memory cell unit in this invention.

[0063] Additional objects and advantages of the invention
will be set forth in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention may be realized and obtained by means of the
instrumentalities and combinations particularly pointed out
hereinafter.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

[0064] The accompanying drawings, which are incorpo-
rated in and constitute a part of the specification, illustrate
presently preferred embodiments of the invention, and
together with the general description given above and the
detailed description of the preferred embodiments given
below, serve to explain the principles of the invention.

[0065] FIG.1is a diagram showing the block arrangement
in a memory cell array of a NAND cell type EEPROM, for
illustrating a semiconductor memory device according to a
first embodiment of this invention;

[0066] FIG. 2 is an equivalent circuit diagram of the
memory cell array having NAND cells arranged in a matrix
form;

[0067] FIG.3A s a pattern plan view showing one NAND
cell portion of the memory cell array in a construction
example of the block constructed by NAND-A cells shown
in FIG. 1 and FIG. 3B is an equivalent circuit diagram
thereof;

[0068] FIG. 4A is a cross sectional view taken along the
A-A'line of FIG. 3A and FIG. 4B is a cross sectional view
taken along the B-B' line of FIG. 3A;

[0069] FIG.5A s a pattern plan view showing one NAND
cell portion of the memory cell in a construction example of
the block constructed by NAND-B cells shown in FIG. 1 and
FIG. 5B is an equivalent circuit diagram thereof;

[0070] FIG. 6 is a cross sectional view taken along the
A-A' line of FIG. 5A, for illustrating the construction
example of the block constructed by NAND-B cells shown
in FIG. 1;
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[0071] FIG. 7Ais a pattern plan view showing one NAND
cell portion of the memory cell in another construction
example of the block constructed by NAND-B cells shown
in FIG. 1 and FIG. 7B is an equivalent circuit diagram
thereof;

[0072] FIG. 8 is a cross sectional view taken along the
A-A' line of FIG. 7A,;

[0073] FIG. 9 is a diagram showing the other block
arrangement of the memory cell array in the NAND cell type
EEPROM,;

[0074] FIG. 10A is a pattern plan view showing one
NAND cell portion of the memory cell in still another
construction example of the block constructed by NAND-C
cells shown in FIG. 9 and FIG. 10B is an equivalent circuit
diagram thereof;

[0075] FIG. 11 is a cross sectional view taken along the
A-A' line of FIG. 10A;

[0076] FIG. 12 is a diagram showing the still other block
arrangement of the memory cell array in the NAND cell type
EEPROM,;

[0077] FIG. 13 is a diagram showing the other block
arrangement of the memory cell array in the NAND cell type
EEPROM,;

[0078] FIG. 14 is a diagram showing the still other block
arrangement of the memory cell array in the NAND cell type
EEPROM,;

[0079] FIG. 15 is a diagram showing the other block
arrangement of the memory cell array in the NAND cell type
EEPROM,;

[0080] FIG. 16A is a pattern plan view showing one
NAND cell portion of a memory cell array in a semicon-
ductor memory device according to a second embodiment of
this invention and FIG. 16B is an equivalent circuit diagram
thereof;

[0081] FIG. 17A is a cross sectional view taken along the
A-A'line of FIG. 16A and FIG. 17B is a cross sectional view
taken along the B-B' line of FIG. 16A;

[0082] FIG. 18A is a pattern plan view showing one
NAND cell portion of a memory cell array in a semicon-
ductor memory device according to a third embodiment of
this invention and FIG. 18B is an equivalent circuit diagram
thereof;

[0083] FIG. 19A is a cross sectional view taken along the
A-A'line of FIG. 18A and FIG. 19B is a cross sectional view
taken along the B-B' line of FIG. 18A;

[0084] FIG. 20 is a circuit diagram showing a construction
example of a row decoder and an example of connection
between the row decoder and the memory cell array in the
semiconductor memory device according to the third
embodiment;

[0085] FIG. 21A is a cross sectional view showing a
control gate line in an example of the structure associated
with connection of the selection gate line and the control
gate line extending from the inside portion of the memory
cell array to the row decoder in the circuit of FIG. 20 and
FIG. 21B is a cross sectional view showing the selection
gate line;
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[0086] FIG.22A is a cross sectional view showing another
example of the structure of the control gate line in a case
where the control gate line is first connected to a different
wiring layer and then connected to the wiring layer which is
the same as the control gate line and FIG. 22B is a cross
sectional view showing another example of the structure of
the control gate line in a case where the control gate line is
first connected to a different wiring layer and then connected
to a wiring layer which lies between the wiring layer and the
wiring layer of the control gate line;

[0087] FIGS. 23A, 23B, 23C are cross sectional views
showing examples of the structures of the wiring extending
from the memory cell array of the control gate line to the row
decoder, FIG. 23A showing a case wherein the top wiring
layer is used as the wiring layer for the control gate line and
the control gate and the pn junction are directly connected by
use of the wiring layer of the control gate line, FIG. 23B
showing a case wherein the wiring layer used for connection
to the pn junction is a wiring layer formed above the wiring
layer for the control gate line, and FIG. 23C showing a case
wherein a portion for connection of the control gate line to
the pn junction is added to the structure of FIG. 21A;

[0088] FIGS. 24A, 24B, 24C, 24D are cross sectional
views showing examples of the structures of the selection
gate lines, FIG. 24A showing the wiring structure of the
selection gate line for enhancing the charging/discharging
speed of the selection gate line and reducing the pattern area
of the row decoder, FIG. 24B showing the wiring structure
of the selection gate line for connection to the pn junction in
order to reduce stress, and FIGS. 24C, 24D showing the
wiring structures of the selection gate lines for reducing the
pattern area of the row decoder, reducing the stress and
enhancing the charging/discharging speed of the selection
gate line;

[0089] FIGS. 25A, 25B are cross sectional views showing
other examples of the structures of the selection gate lines,
FIG. 25A showing the wiring structure having pn junctions
formed in both of the p*-type diffusion layer-n-type well
structure and the n*-type diffusion layer-p-type well and
FIG. 25B showing the wiring structure in which the n*-type
diffusion layer is directly connected to a wiring layer when
the wiring layer is formed of n-type polysilicon and it is
connected to the p*-type diffusion layer via another wiring
layer;

[0090] FIGS. 26A, 26B are cross sectional views showing
still other examples of the structures of the selection gate
lines, FIGS. 26A, 26B showing the wiring structure for
reducing stress by use of the diffusion layer as the source/
drain region of the transistor in the row decoder;

[0091] FIGS. 27A, 27B, 27C are cross sectional views
showing modifications of the wiring structure shown in
FIGS. 21A and 21B, FIG. 27A showing the wiring structure
in which a wiring layer to which a potential measuring probe
is applied is added above the transistor of FIG. 21A, FIG.
27B showing the wiring structure in which a wiring layer to
which a potential measuring probe is applied is added to the
wiring structure shown in FIG. 27A, and FIG. 27C showing
the wiring structure in which a wiring layer to which a
potential measuring probe is applied is added to the wiring
structure shown in FIG. 21B;

[0092] FIG. 28 is an equivalent circuit diagram of a
memory cell array in the NOR cell type EEPROM;
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[0093] FIG. 29 is an equivalent circuit diagram of a
memory cell array in the DINOR cell type EEPROM;

[0094] FIG. 30 is an equivalent circuit diagram of a
memory cell array in the AND cell type EEPROM;

[0095] FIG. 31 is an equivalent circuit diagram of a
memory cell array in the NOR cell type EEPROM with the
selection transistor;

[0096] FIG. 32 is a diagram showing the block arrange-
ment in a memory cell array of a NAND cell type EEPROM,
for illustrating the conventional semiconductor memory
device;

[0097] FIG. 33 is an equivalent circuit diagram of the
memory cell array having NAND cells arranged in a matrix
form and shows the detail construction example of part of
the memory cell array shown in FIG. 32;

[0098] FIG. 34A is a pattern plan view specifically show-
ing one NAND cell portion extracted from the circuit shown
in FIG. 33 and FIG. 34B is an equivalent circuit diagram
thereof;

[0099] FIGS. 35A, 35B are views each specifically show-
ing one NAND cell portion extracted from the circuit shown
in FIG. 33, FIG. 35A being a cross sectional view taken
along the A-A' line of the pattern shown in FIG. 34A and
FIG. 35B being a cross sectional view taken along the B-B'
line of FIG. 34A;

[0100] FIG. 36A is a pattern plan view showing another
detail construction example of one NAND cell portion
extracted from the circuit shown in FIG. 33 and FIG. 36B is
an equivalent circuit diagram thereof;

[0101] FIGS. 37A, 37B are views showing another detail
construction example of one NAND cell portion extracted
from the circuit shown in FIG. 33, FIG. 37A being a cross
sectional view taken along the A-A' line of the pattern shown
in FIG. 36 A and FIG. 35B being a cross sectional view taken
along the B-B' line of FIG. 36A;

[0102] FIGS. 38A, 38B are cross sectional views of a
memory cell for illustrating a problem occurring in a case
where the processing precision is lowered, FIG. 38A show-
ing a case where the line width of the control gate line is set
to the designed line width and FIG. 38B showing a case
where the line width of the control gate line is smaller than
the designed line width; and

[0103] FIGS. 39A, 39B are views for illustrating the
wiring structure used for connection of the selection gate
and the control gate extending from the inside portion of the
memory cell array to the row decoder, FIG. 39 A showing the
wiring structure of the control gate line and FIG. 39B
showing the wiring structure of the selection gate.

DETAILED DESCRIPTION OF THE
INVENTION

[0104] There will now be described embodiments of this
invention with reference to the accompanying drawings.

First Embodiment

[0105] FIG. 1 shows the block arrangement in a memory
cell array of a NAND cell type EEPROM, for illustrating a
semiconductor memory device according to a first embodi-
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ment of this invention. In FIG. 1, NAND cells (NAND-B
cells) constructing blocks 2-0, 2-N on both end portions of
a memory cell array 2 and NAND cells (NAND-A cells)
constructing the other blocks 2-1 to 2-(N-1) inside the
memory cell array 2 have different constructions. To each of
the blocks 2-0 to 2-N, selection gate lines SG,, SG, and
control gate lines CG(1) to CG(8) are connected. According
to a row address, a corresponding one of the blocks and a
corresponding one of the rows of the NAND cells are
selected so that a voltage can be supplied to the selection
gate lines SG,, SG, and control gate lines CG(1) to CG(8).

[0106] FIG. 2 is an equivalent circuit diagram of the
memory cell array 2 having NAND cells arranged in a
matrix form. In this case, a NAND cell group commonly
having the same word lines and selection gate lines is called
a block and an area 2-L (=0 to N) surrounded by broken
lines in FIG. 2 is defined as one block. The block corre-
sponds to each of the blocks 2-0 to 2-N shown in FIG. 1. The
operation such as the readout/program operation is generally
effected by selecting one block (which is called a selected
block) from a plurality of blocks. The drain of the selection
gate transistor S1 of each NAND cell is connected to a
corresponding one of bit lines BL |, BL,, . . ., BL_, and the
source of the selection gate transistor S, is connected to the
common source line CS. Memory cells M, M,, . . ., M, are
serially connected between the source of the selection gate
transistor S, and the drain of the selection gate transistor S,.

[0107] FIGS. 3A, 3B, 4A, 4B illustrate the NAND-A cell
used for constructing each of the central blocks 2-1 to
2-(N-1) arranged in the central portion of the memory cell
array 2 shown in FIG. 1. FIGS. 3A, 3B are a pattern plan
view and equivalent circuit diagram showing one NAND
cell portion shown in FIG. 2 and FIGS. 4A, 4B are cross
sectional views taken along the A-A' line and the B-B' line
of FIG. 3A. A memory cell array which is formed of a
plurality of NAND cells is formed on a p-type silicon
substrate (or a p-type well region) 11 surrounded by an
element isolation oxide film 12. In this example, in each
NAND cell, eight memory cells M|, M, ..., M, are serially
connected.

[0108] In each of the memory cells M;, M,, . . ., Mg, a
floating gate 14 (14,, 14,, . . ., 14,) is formed above the
substrate 11 with a gate insulating film 13 formed therebe-
tween and a control gate 16 (16,, 16,, 16,) is formed above
the corresponding floating gate with a gate insulating film 15
formed therebetween. Further, n-type diffusion layers 19
(19,, 19,, . . ., 19;,) used as the sources and drains of the
memory cells are connected with the sources/drains of the
adjacent memory cells commonly used so as to construct the
series-connected memory cells M;, M,, M.

[0109] Selection gates 14, 16, and 14,,, 16,, which are
respectively formed in the same steps as the floating gates
and control gates of the memory cells are formed on the
drain side and source side of the NAND cell. The selection
gates 14,, 16, and 14,,, 16,, are electrically connected to
each other in an area (not shown) and respectively used as
the gate electrodes of the selection gate transistors S|, S,.
The upper surface of the substrate 11 on which the elements
are formed is covered with a CVD oxide film (inter-level
insulating film) 17 and bit lines are formed on the CVD
oxide film 17. The bit line 18 is formed in contact with a
diffusion layer 19, on the drain side of one end of the NAND
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cell. The control gates 14 of the NAND cells arranged in the
row direction are respectively commonly arranged as the
control gate lines CG(1), CG(2), . . ., CG(8). The control
gate lines are used as word lines. The selection gates 14, 16,
and 14,,, 16,, are also arranged continuously in the row
direction and respectively used as the selection gate lines
SG,, SG,. A wiring layer 22 for the source line is disposed
between the bit line 18 and the wiring layer for the control
gate line/selection gate and is formed in contact with a
diffusion layer 19, , on the source side of the NAND cell (on
the end opposite to the bit line contact portion).

[0110] FIGS. 5A, 5B, 6 illustrate a NAND-B cell used for
constructing each of the blocks 2-0, 2-N on the end portion
of the memory cell array shown in FIG. 1, FIGS. 5A and 5B
being a pattern plan view showing one NAND cell portion
shown in FIG. 2 and an equivalent circuit diagram thereof
and FIG. 6 being a cross sectional view taken along the A-A'
line of FIG. 5A. The NAND cell of FIGS. 5A, 5B, 6 is
different from the NAND cell shown in FIGS. 3A, 3B, 4A,
4B in the dimension of the line width of the selection gate
line SG,.

[0111] That is, the line width of the selection gate line SG,
in the NAND cell shown in FIGS. 5A, 5B, 6 is larger than
that in the NAND cell shown in FIGS. 3A, 3B, 4A, 4B, that
is, Wsg2 in FIG. 3A<Wsg2 in FIG. 5A.

[0112] Thus, the cell size or the length of the NAND cell
in the lengthwise direction (corresponding to the length of
the cross section taken along the A-A' line in FIGS. 3A, 5A)
becomes slightly larger than that of the NAND cell shown
in FIGS. 3A, 3B, 4A, 4B. The line width of the selection gate
line SG, shown in FIGS. 5A, 5B, 6 is set to such a width
which does not cause breakage thereof even if the process-
ing precision is lowered. With this construction, a problem
of breakage of the selection gate line SG, in each of the
blocks 2-0, 2-N arranged on the end portion of the memory
cell array 2 can be solved. Further, the cell shown in FIGS.
3A, 3B, 4A, 4B which is smaller in cell size than the cell
shown in FIGS. 5A, 5B, 6 is used in the other blocks 2-1 to
2-(N-1) in the memory cell array 2. Therefore, the differ-
ence in length in view of the direction parallel to the bit lines
between this invention shown in FIG. 1 and the conventional
cell array shown in FIG. 34 can be expressed as follows:

[NAND cell size of FIG. 3A-NAND cell size of FIG.
SAx2

[0113] Generally, since the number of blocks is several
hundreds to several thousands, the rate of occupancy by the
above difference in the whole cell size is extremely small
and the above difference is made as small as negligible. That
is, according to the first embodiment, the reliability of the
operation of the chip can be enhanced without substantially
increasing the chip size.

[0114] In the first embodiment, a method for preventing
breakage of the selection gate line SG, in each of the blocks
2-0, 2-N on the end portion of the memory cell array by
setting Wsg2 of NAND-A cell<Wsg2 of NAND-B cell is
explained, but this invention is not limited to the above first
embodiment and can be variously modified. If modifications
described below are used, the reliability of the operation of
the chip and the manufacturing yield thereof can be
enhanced without substantially increasing the chip size for
the same reason as described above.
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[0115] For example, if the space between the selection
gate line SG, and the source line contact is set to Ss1 (refer
to FIGS. 3A, 4A) and when the relation of Ss1 in NAND-A
cell<Ss1 in NAND-B cell is set in the case of FIG. 1 and the
processing precision of the block in the end portion of the
cell array is lowered to make the line width of the selection
gate line SG, larger, the possibility of the short circuit
between the selection gate line SG, and the source line
contact can be extremely lowered since the space Ssl
between the selection gate line SG, and the source line
contact is large. This method is extremely effective and a
chip with high reliability can be realized.

[0116] Further, as shown in FIGS. 7A, 7B, 8, a system for
using a NAND cell from which the source line contact is
omitted as the NAND-B cell (blocks 2-0, 2-N) in FIG. 1 and
using the NAND cell shown in FIGS. 3A, 3B, 4A, 4B as the
NAND-A cell (blocks 2-1 to 2-(N-1)) can be provided. In
this case, since the source line contact is not present in the
block on the end portion of the cell array, the possibility of
the short circuit between the selection gate line SG, and the
source line contact can be eliminated even if the processing
precision of the block on the end portion of the cell array is
lowered to increase the line width of the selection gate line
SG,.

[0117] In FIGS. 7A, 7B, 8, the source line contact is
removed, but the wiring layer 22 for the source line is left
behind. No problem occurs irrespective of the presence or
absence of the wiring layer 22 and whether the wiring layer
22 is necessary or not is determined from the viewpoint of
the processing precision of the wiring layer 22. That is, this
invention is effective irrespective of the presence or absence
of the wiring layer 22.

[0118] Further, in the first embodiment, this invention is
explained by taking a case wherein the blocks of the memory
cell array are arranged as shown in FIG. 1 as an example, but
this invention can also be applied to another case, for
example, a case wherein the blocks of the memory cell array
are arranged as shown in FIG. 9.

[0119] That is, the selection gate line SG, is formed as the
wiring on the end portion of the memory cell array in the
case of FIG. 1, but in the case of FIG. 9, the selection gate
line SG, is formed. In this case, if the wiring width of the
selection gate line SG, is set to Wsgl, breakage of the
selection gate line SG, in the block on the end portion of the
memory cell array can be prevented by setting the relation
of Wsgl in NAND-A cell<Wsgl in NAND-C cell. Further,
the space between the selection gate line SG, and the bit line
contact is set to Sbl, the possibility of the short circuit
between the selection gate line SG, and the bit line contact
can be extremely lowered by setting the relation of Ss1 in
NAND-A cell<Ss1 in NAND-C cell in the case of FIG. 9
like the case of the first embodiment even if the processing
precision of the block in the end portion of the cell array is
lowered to make the selection gate line SG, wider.

[0120] As shown in FIGS. 10A, 10B, 11, by removing the
bit line contact in the block on the end portion of the cell
array, the possibility of the short circuit between the selec-
tion gate line SG, and the bit line contact can be eliminated
even if the processing precision of the blocks 2-0, 2-N on the
end portions of the cell array is lowered to make the
selection gate line SG, wider.
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[0121] The above modifications relating to the first
embodiment can be made significantly effective by variously
combining them.

[0122] For example, in a case where the cell shown in
FIGS. 3A, 3B, 4A, 4B is used as the NAND-A cell and a
combination of the cell shown in FIGS. 5A, 5B, 6 and the
cell shown in FIGS. 7A, 7B, 8 is used as the NAND-B cell
in the block arrangement of FIG. 1, that is, in a case where
the relation of Wsg2 in NAND-A cell<Wsg2 in NAND-B
cell is set and the NAND-B cell from which the source line
contact is removed is used, the reliability of the operation
and the manufacturing yield can be significantly enhanced.

[0123] Likewise, in a case where the cell shown in FIGS.
3A, 3B, 4A, 4B is used as the NAND-A cell, the NAND-C
cell from which the bit line contact is removed (refer to
FIGS. 10A, 11) is used, and the relation of Wsgl in
NAND-A cell<Wsgl in NAND-B cell is set in the block
arrangement of FIG. 9, the reliability of the operation and
the manufacturing yield can be significantly enhanced.

[0124] Further, in the first embodiment, the wirings on the
upper and lower end portions of the memory cell array are
the same, that is, the selection gate line SG, is used as each
of the wirings on the upper and lower end portions in the
arrangement of FIG. 1 and the selection gate line SG is used
as each of the wirings on the upper and lower end portions
in the arrangement of FIG. 9, but this invention can be made
effective in a case other than the above cases. For example,
this invention is effective in a case where the wirings on the
upper and lower end portions of the memory cell array are
respectively formed of the selection gate lines SG,, SG,
(refer to FIG. 12) or the selection gate lines SG,, SG (refer
to FIG. 13) and thus they are different from each other on the
upper and lower end portions and this invention can be
applied to a combination of the above modifications. In this
case, the blocks may be divided into three blocks by
respectively using the NAND-B block and NAND-C block
as the blocks 2-0, 2-N on the upper and lower end portions
of the memory cell array and using the NAND-A blocks as
the other blocks.

[0125] Inthe first embodiment, this invention is explained
by taking a case wherein the numbers of the control gate
lines and word lines in the blocks 2-0, 2-N on the end
portions of the memory cell array are the same as those in
the other blocks as an example, but this invention is not
limited to this case. The block on the end portion of the
memory cell array is a block (non-use block) which is not
normally used (which is not used for data programming/
readout) and it is not necessary to set the number of wirings
to the same number as that in the blocks (use blocks) which
are actually used, and it is sufficient to set wirings of a
number which does not cause the processing precision for
the adjacent block to be lowered. For example, in FIG. 1, the
blocks on the end portions are provided in order to maintain
the processing precision of the blocks 2-1, 2-(N-1) adjacent
to the blocks on the end portions of the cell array among the
use blocks 2-1 to 2-(N-1) and it is sufficient to provide the
minimum number of wirings which maintains the processing
precision in each of the blocks. For example, according to
the processing precision, the number of control gate lines in
the block on the end portion of the cell array is set to four
which is smaller than in the other block (refer to FIG. 14) or
the number of control gate lines is increased to twelve in
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order to enhance the processing precision (refer to FIG. 15)
and thus various modifications can be made.

[0126] In the first embodiment, a case wherein the wiring
for the selection gate line on the end portion of the memory
cell array is made wide or the surrounding portion of the
contact of the end portion of the cell array is modified is
explained as an example, but this invention can be applied
to other cases, for example, a case wherein the adjacent
control gate line is also made wide in addition to the
selection gate line on the end portion of the cell array or a
case wherein the wirings in the block on the end portion of
the cell array are all made wide.

[0127] In the NAND cell, at least one of the selection
transistors S;, S, must be kept in the OFF state at the time
of non-selection of the block; otherwise, the bit line and the
source line are short-circuited to each other, thereby causing
a defect. According to the operation system, only the selec-
tion transistor S; may be kept in the OFF state or only the
selection transistor S, may be kept in the OFF state in the
non-selected block. A problem which is particularly serious
in the prior art case occurs a case of FIG. 9 wherein the
selection gate line SG, is formed on the end portion of the
memory cell array when the operation system for setting
only the selection transistor S, in the OFF state is used or a
case of FIG. 1 wherein the selection gate line SG, is formed
on the end portion of the memory cell array when the
operation system for setting only the selection transistor S,
in the OFF state is used. In the above cases, the selection
gate line on the end portion of the memory cell array may be
made narrow and cut off due to a variation in the processing
precision and the bit line and the source line are short-
circuited to each other to make a defect by a deterioration of
the cut-off characteristic caused by a reduction in the chan-
nel length of the selection transistor. By applying this
invention to the above cases, since the line width of the
selection gate line on the end portion of the memory cell
array is made large, the selection transistor can be stably
turned OFF, thereby making it possible to prevent occur-
rence of the defect.

[0128] As described above, the line width of the selection
gate line on the end portion of the memory cell array can be
made large by using the system for setting the line width of
the selection gate line on the end portion of the memory cell
array larger than the other selection gate line on the data
pattern of the selection gate processing mask. Further, this
invention is effective in a case where the line width of the
selection gate line on the end portion of the memory cell
array is made large by use of other methods.

[0129] Further, a variation in the line width of the selection
gate line on the end portion of the memory cell array is small
after processing the selection gate line, but the ratio of the
line width thereof after the processing to the line width of the
selection gate line on the mask is always made lower in
comparison with the other selection gate line width in some
cases because the regular arrangement of the wirings (the
arrangement of the wirings at regular intervals) is not
attained. That is, this is a case wherein the line width of the
selection gate line on the end portion of the memory cell
array always becomes smaller than the other selection gate
line width when all of the selection gate lines have the same
line width on the data pattern of the mask. In this case, it is
effective to use a system for setting the line width of the
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selection gate line on the end portion of the memory cell
array larger than the other selection gate line width on the
data pattern of the mask so as to set all of the selection gate
line widths after the processing to the same value. Since all
of'the selection gate line widths are set to the same value, the
channel lengths of the selection transistors in all of the
NAND cells are set to the same value and occurrence of the
defect caused by the short circuit between the bit line and the
source line can be prevented.

[0130] Further, in the first embodiment, a case wherein the
line widths of'the selection gate lines SG |, SG, in the NAND
cell other than that in the block on the end portion of the
memory cell array are set to the same width is explained as
an example, but this invention is not limited to this case. For
example, even if the line widths of the selection gate lines
SGy, SG, in the NAND cell other than that in the block on
the end portion of the memory cell array are different, the
system for making the line width of the selection gate line
SG, on the end portion of the cell array larger than the line
width of the other selection gate line SG, on the data pattern
of the mask can be effectively used when the wiring on the
end portion of the cell array is the selection gate line SG;.
Likewise, the system for making the line width of the
selection gate line SG, on the end portion of the cell array
larger than the line width of the other selection gate line SG,
on the data pattern of the mask can be effectively used when
the wiring on the end portion of the cell array is the selection
gate line SG, and this invention can be applied to this case.

[0131] The block on the end portion of the memory cell
array is normally provided to enhance the processing pre-
cision of other blocks and maintain the regular (regular-
interval) arrangement of the wirings in the block other than
the block on the end portion of the cell array in the memory
cell array. In this case, a lowering in the processing precision
of the selection gate line and control gate line in the block
on the end portion of the cell array will occur, and therefore,
the block on the end portion of the cell array may be used
as a dummy block (a block which is not generally used as a
data storing area and is provided only to enhance the
processing precision, cannot be selected and cannot be used
in place of another block). Particularly, the block (corre-
sponding to FIGS. 8, 11) from which the source line contact
and bit line contact on the end portion of the cell array are
omitted is used as a dummy block in the first embodiment
since the normal data storing/readout operation cannot be
effected. If the contacts with the bit lines and source lines are
left behind in the block on the end portion of the cell array
and the number of control gate lines in the block is the same
as that in the other block, it is possible to use the block on
the end portion of the cell array as a redundancy block, that
is, a replaceable block (a block which can be replaced by a
defective block by cutting off the fuse) which can be used
instead of a defective block. In a case where the block is
used as a redundancy cell block, a method for recognizing
the operation of the redundancy block on the end portion of
the memory cell array after the chip is manufactured, using
the block as a redundancy block if the operation is normal,
and using the block as a dummy block if the operation is
abnormal can be used. As a result, the number of redundancy
blocks can be increased according to the processed state of
the block on the end portion of the cell array, thereby making
it possible to attain an extremely significant effect. By using
this invention, the processed state of the block on the end
portion of the cell array can be significantly improved in
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comparison with the conventional case and this invention
can be made extremely effective when the block is used as
the redundancy block. Thus, this invention can be applied to
a case where the block on the end portion of the cell array
is used as the dummy block or redundancy block.

Second Embodiment

[0132] Next, a semiconductor memory device according
to a second embodiment of this invention is explained. In the
first embodiment, a lowering in the processing precision of
the block on the end portion of the memory cell array is dealt
with as a problem, but in the second embodiment, a lowering
in the processing precision caused by disturbance of the
regular arrangement of wirings around the word line in one
NAND cell is prevented.

[0133] FIGS. 16A, 16B are a pattern plan view showing
one NAND cell portion of a memory cell array and an
equivalent circuit diagram thereof, and FIGS. 17A, 17B are
cross sectional views taken along the A-A' line and B-B' line
of FIG. 16A. A memory cell array formed of a plurality of
NAND cells is formed in a p-type silicon substrate (or a
p-type well region) 11 surrounded by an element isolation
oxide film 12. Like the first embodiment, in the second

embodiment, eight memory cells M;, M,, . . ., My are
serially connected to construct a NAND cell.
[0134] In each of the memory cells M, M,, . . . My, a

floating gate 14 (14,, 14,, . . ., 14,) is formed above the
substrate 11 with a gate insulating film 13 formed therebe-
tween and a control gate 16 (16,, 16,, 16,) is formed above
the corresponding floating gate with an insulating film 15
formed therebetween. Further, n-type diffusion layers 19
(19,,19,, 19,) used as the sources and drains of the memory
cells M, M,, . .., M; are connected with the sources/drains
of the adjacent memory cells commonly used so as to
construct the series-connected memory cells M, M,, . . .,
M.

[0135] Selection gates 14, 164 and 14,,, 16,, which are
formed in the same process as the floating gates 14 and
control gates 16 of the memory cells M, M,, M; are formed
on the drain side and source side of the NAND cell. The
selection gates 14, 16, and 14,,, 16,, are electrically
connected to each other in an area which is not shown in the
drawing and respectively used as the gate electrodes of
selection gate transistors S;, S,. The upper surface of the
substrate 11 on which the elements are formed is covered
with a CVD oxide film (inter-level insulating film) 17 and bit
lines (BL) 18 are formed on the CVD oxide film 17. The bit
line 18 is formed in contact with a diffusion layer 190 on the
drain side of one end of the NAND cell. The control gates
14 of the NAND cells arranged in the row direction are
respectively commonly arranged as control gate lines
CG(1), CG(2), . . ., CG(8). The control gate lines are used
as word lines. The selection gates 14,, 16, and 14, 16, are
also arranged continuously in the row direction and respec-
tively used as the selection gate lines SG,, SG,.

[0136] The feature of the NAND cell type EEPROM
according to the second embodiment is that the line widths
of the control gate lines CG(1), CG(8) are made larger than
those of the control gate lines CG(2) to CG(7) as shown in
FIGS. 16A, 17A.

[0137] Generally, the designed value of the line width of
the selection gate lines SG,, SG, is set larger that the line
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width of the control gate line in order to enhance the cut-off
characteristic of the selection gate transistors S, S, (reduce
the leak current at the OFF time). Further, in order to reduce
an influence on the portion of the selection gate lines SG,
SG, at the time of processing the wiring layer 14 on the
portion of the control gate lines CG(1) to CG(8), the
designed values of the spaces Ssgl, Ssg2 between the
control gate lines and the selection gate lines are set larger
than the spaces Scgl2 to Scg78 between the control gate
lines. Therefore, since the regular arrangement of the wir-
ings cannot be maintained in portions between CG(1) and
SG, and between CG(8) and SG,, the processing precision
for CG(1), CG(8) is lowered in comparison with that for
CG(2) to CG(7) and a variation in the processing becomes
large.

[0138] However, by setting the designed value of the line
width of the control gate lines CG(1), CG(8) adjacent to the
selection gate lines are set larger than that of the other
control gate lines as in the embodiment shown in FIGS. 16A,
17A, the finished line width of the control gate lines CG(1),
CG(8) will not become extremely smaller than that of the
control gate lines CG(2) to CG(7) even if the control gate
lines CG(1) and CG(8) are made narrow by a lowering in the
processing precision since the designed value of the line
widths is originally set to a slightly larger value. In this case,
an extreme lowering in the cut-off characteristic of the
memory cell caused by an extreme reduction in the channel
length as shown in FIG. 38B can be prevented and the
cut-off permissible state as shown in FIG. 38A can always
be attained.

[0139] Further, in the second embodiment, since only two
control gate lines which are adjacent to the selection gate
lines among the control gate lines in the NAND cell are set
as the control gate lines whose designed line width is set to
a large value, an increase in the NAND cell size by setting
the designed line width to a large value can be suppressed to
a very small extent.

[0140] Therefore, a chip in which the reliability of the data
programming/readout operation is high can be attained
without significantly increasing the chip size by use of the
second embodiment.

[0141] In the second embodiment, a case wherein the
designed value of the line width is set larger for the control
gate lines which are adjacent to the selection gate lines
among the control gate lines in the NAND cell than for the
other control gate lines is explained. The content of this
embodiment is expressed by the following expressions.

Wegl>Weg?2 to Weg7
Weg8>Weg?2 to Weg7
Weg2=Wcg3=Wcgd=Wcg5s=Wcgb=Wcg7.

[0142] In this case, increasing amounts of the designed
values of Wegl, Weg8 with respect to Weg2 to Weg7 can be
set to optimum values according to the degrees of influences
(the degrees of the lowering in the processing precision) on
the control gate lines CG(1), CG(8) when the regular
arrangement cannot be maintained. Therefore, Weg(1)=
Weg(8), Weg(1)>Weg(8) or Weg(1)<Weg(8) can be set as
an optimum case depending on the degrees of influences on
the control gate lines CG(1), CG(8).

[0143] 1In this case, since Wcgl, Wcg8 are set to values
larger than the line widths of the other control gate lines,
strictly speaking, the regular arrangement cannot be main-
tained in portions between Wcgl and Wceg2 and between
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Weg7 and Wcg8, but the degree of a lowering in the
processing precision for Weg2 and Weg7 by an influence
caused by disturbance of the regular arrangement between
Wegl and Weg2 and between Weg7 and Weg8 can be
suppressed to minimum if differences between Wegl, Weg8
and Wcg2, Weg7 are relatively small. In the second embodi-
ment, a case wherein the word line width is adjusted in a
range in which the degree of the lowering in the processing
precision caused by disturbance of the regular arrangement
due to a difference between the control gate line widths is
low (which is low so as not to cause any problem) is
considered.

[0144] Generally, if S1, Wsg2, Ssg2 are set to substantially
the same values as Su, Wsgl, Ssgl in FIGS. 16A, 36A, it is
desirable to set Wcgl=Wcg8 since the degree of a lowering
in the processing precision is set to substantially the same
value for the control gate lines CG(1) and CG(8). Further, if
S1, Wsg2, Ssg2 are set to values relatively smaller than Su,
Wsgl, Ssgl, it will be optimum to set Wegl>Weg8 and if
S1, Wsg2, Ssg2 are set to values relatively larger than Su,
Wsgl, Ssgl, it will be optimum to set Wegl<Weg8.

[0145] In the second embodiment, a method is explained
for solving a problem that the regular arrangement of the
control gate lines and selection gate lines of the NAND cell
is disturbed and the processing precision of the control gates
CG(1), CG(8) near the boundary on which the regular
arrangement is disturbed is lowered. Generally, since the
degree of the lowering in the processing precision of the
control gates CG(1), CG(8) among the control gates CG(1)
to CG(8) is particularly high, the second embodiment is
effective.

[0146] However, the influence caused by disturbance of
the regular arrangement is given to wirings other than the
wirings on the boundary and the degree of the influence is
higher (the degree of the lowering in the processing preci-
sion is higher) as the wirings are closer to the boundary. For
example, in FIG. 36A, the greatest influence is exerted on
the control gate lines CG(1), CG(8), the next greatest
influence is exerted on the control gate lines CG(2), CG(7),
and the influence which gradually decreases is sequentially
exerted on the control gate lines CG(3), CG(6), . . . . If the
degree of the lowering in the processing precision of the
control gate lines CG(2), CG(7) or the like other than the
control gate lines CG(1), CG(8) becomes high to cause a
problem, the system for setting the line width to a large
designed value can be effectively applied to the control gate
lines CG(2), CG(7). If only the four control gate lines
CG(1), CG(8), CG(2), CG(T) are considered, a system for
setting the designed line width in a portion closer to the
boundary on which the regular arrangement is disturbed to
a larger value as shown by the following expressions can be
effectively used.

Wegl>Weg2>Weg3 to Wegh
Weg8>Weg7>Weg3 to Wegh
Weg3=Wcegd=Wcg5=Wcgb
[0147] A system for setting designed values as follows

according to the degree of disturbance of the regular
arrangement may be effective in some cases.

Wegl>Weg2>Weg3>Wegd, Wegs
Weg8>Weg7>Wegb>Wegd, Wegs
Wegd=Wcegh

[0148] In the second embodiment, a case wherein the
number of control gate lines whose line width is set to a
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slightly larger value is set to the same number for the control
gate lines close to the selection gate line SG, and for the
control gate lines close to the selection gate line SG, is
explained as an example, but this invention is not limited to
this case. For example, if the degree of the lowering in the
processing precision due to disturbance of the regular
arrangement is higher for the control gate line close to the
selection gate line SG,, a system for setting the following
expressions may be most effectively used in some cases.

Wegl>Weg2>Wegd=Wegd=Wegs=Wcegh=Wecg7
Weg8>Wegd=Wcgd=Wcgs=Wcgb=Wcg7

[0149] Further, if the degree of the lowering in the pro-
cessing precision due to disturbance of the regular arrange-
ment is higher for the control gate line close to the selection
gate line SG.,, a system for setting the following expressions
may be most effectively used in some cases.

Wegl>Weg2=Wcg3=Wcgd=Wcg5=Wcgb
WegB>Weg7>Weg2=Wcg3=Wcgd=Wcg5=Wecgh

[0150] If the degree of the lowering in the processing
precision due to disturbance of the regular arrangement is
lower for the control gate line close to the selection gate line
SG,, a system for increasing the line width only of the
control gate line close to the selection gate line SG, as
indicated by the following expression can be most effec-
tively used.

Wegl>Weg2=Wcg3=Wcgd=Wcg5=Wcgb=Wcg7=

Weg8
[0151] Further, if the degree of the lowering in the pro-
cessing precision due to disturbance of the regular arrange-
ment is lower for the control gate line close to the selection
gate line SG, a system for increasing the line width only of
the control gate line close to the selection gate line SG, as
indicated by the following expression can be most effec-
tively used.

Weg8>Wegl=Wcg2=Wcg3=Wcgd=Wcg5=Wcgb=

Weg7
[0152] In the second embodiment, the line widths of most
of the control gate lines in the NAND cell are set to larger
designed values and since the system for setting the line
widths to the least sufficient value for the lines whose line
widths are required to be set to a large value is used, the
amount of an increase in the NAND cell size can be
suppressed in comparison with the system for uniformly
increasing the line widths of the control gate lines as in the
prior art. Further, one of the systems in the second embodi-
ment which is most effective can be detected by studying the
processing precision and NAND cell size.

[0153] The second embodiment of this invention in which
the system for selectively changing the designed values of
the word line widths in order to solve the problem caused by
a lowering in the processing precision due to disturbance of
the regular arrangement of the wirings or the like is used is
explained above, but this invention is not limited to the
second embodiment and can be variously modified. In the
second embodiment, this invention is explained by taking a
case where the regular arrangement of the selection gate
lines and the control gate lines is disturbed as an example,
but this invention is also effective when the regular arrange-
ment of the other portion is disturbed, for example, the
regular arrangement of the control gate lines cannot be
attained or when the regular arrangement cannot be realized



US 2007/0103958 Al

by an influence of the wirings other than the selection gate
lines and control gate lines and a system for selectively
changing the designed values of the gate line widths can be
applied.

[0154] In the explanation for the second embodiment, the
system for selectively increasing the designed values of the
line widths of the control gate lines and selection gate lines
is explained. In the actual chip manufacturing process, a
method for changing the size on the mask is the easiest
method and is normally used. That is, the second embodi-
ment can be realized by setting the line width of the control
gate line adjacent to the selection gate line larger than the
line width of the other control gate line on the data pattern
in the processing mask for the control gate lines and selec-
tion gate lines. However, when a method other than the
method using the mask is used, this invention can be applied
if the method can attain the second embodiment.

[0155] The processing precision of the wirings whose line
widths are increased in the second embodiment is relatively
low and the designed value of the line width is set so as not
to degrade the cut-off characteristic of the memory cell even
if the degree to which the line width becomes small due to
a variation in the processing is highest. Therefore, in many
cases (in a case where the line width is not made extremely
small by a variation in the processing), the width of the
wiring having a large designed value of the line width
becomes larger than that of the other control gate lines after
the processing.

[0156] In the second embodiment, a case where the pro-
cessing precision of the control gate line formed in the end
portion of the control gate line group is lowered and a
variation in the processing becomes large is explained, but
this invention is effectively used in the other case. For
example, if the line widths of all of the control gate lines on
the mask are the same, this invention can be applied to a case
where the line width of the control gate line formed in the
end portion of the control gate line group is processed to be
always set smaller than that of the other control gate line due
to disturbance of the regular arrangement of the wirings.
That is, this invention can be applied to a case where a
variation in the processing is small and the ratio of the
wiring width after the processing to the wiring width on the
mask in the control gate line formed on the end portion of
the control gate line group is stably set to a smaller value in
comparison with that of the other control gate line. In this
case, a method for setting the wiring width on the mask of
the control gate line formed on the end portion of the control
gate line group slightly larger than the wiring width of the
other control gate line so as to set the wiring widths after the
processing to the same value for all of the control gate lines.

Third Embodiment

[0157] Next, a semiconductor memory device according
to a third embodiment of this invention is explained. In the
first and second embodiments, a lowering in the processing
precision caused by disturbance of the regular arrangement
of the wirings around the word lines in one NAND cell or
the block formed on the end portion of the memory cell array
is prevented, but the third embodiment is to prevent a
lowering in the reliability of the insulating film around the
floating gate of the memory cell and destruction of stored
data by stress applied to the control gate line in the manu-
facturing process.
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[0158] FIGS. 18A, 18B are a pattern plan view showing
one NAND cell portion of a memory cell array and an
equivalent circuit diagram thereof, and FIGS. 19A, 19B are
cross sectional views taken along the A-A' line and the B-B'
line of FIG. 18A. A memory cell array which is formed of
a plurality of NAND cells is formed in a p-type silicon
substrate (or a p-type well region) 11 surrounded by an
element isolation oxide film 12. In the third embodiment,
like the first and second embodiments, eight memory cells

M,, M,, ..., M, are serially connected to construct a NAND
cell.
[0159] In each of the memory cells M, M,, . . . Mg, a

floating gate 14 (14,, 14,, . . ., 14,) is formed above the
substrate 11 via a gate insulating film 13 formed therebe-
tween and a control gate 16 (16,, 16,, . . ., 165) is formed
above the corresponding floating gate with a gate insulating
film 15 formed therebetween. Further, n-type diffusion lay-
ers 19 (19,,19,, ..., 19,) used as the sources and drains of
the memory cells are connected with the sources/drains of
the adjacent memory cells commonly used so as to construct
the series-connected memory cells M, M,, . . ., M,.

[0160] Selection gates 14,, 164 and 14,,, 16,, which are
formed in the same process as the floating gates and control
gates of the memory cells are formed on the drain side and
source side of the NAND cell. The selection gates 14, 16,
and 14, ,, 16, , are electrically connected to each other in an
area which is not shown in the drawing and respectively
used as the gate electrodes of the selection gate transistors
S;, S,. The upper surface of the substrate 11 on which the
elements are formed is covered with a CVD oxide film
(inter-level insulating film) 17 and bit lines (BL) 18 are
formed on the CVD oxide film 17. The bit line 18 is formed
in contact with a diffusion layer 19, on the drain side of one
end of the NAND cell. The control gates 14 of the NAND
cells arranged in the row direction are respectively com-
monly arranged as the control gate lines CG(1), CG(2), . . .
, CG(8). The control gate lines are used as word lines. The
selection gates 14,, 16, and 14,,, 16,, are also arranged
continuously in the row direction and used as the selection
gate lines SG|, SG,. A wiring layer 22 for the source line is
disposed between a wiring layer for the bit line 18 and a
wiring layer for the control gate line/selection gate line and
is formed in contact with a diffusion layer 19, , on the source
side of the NAND cell (on the end opposite to the bit line
contact portion).

[0161] FIG. 20 shows a construction example of a row
decoder and an example of connection between the row
decoder and the memory cell array. A NAND cell block
decode signal of each block is supplied to a NAND gate 51
and a row decoder starting signal RDECD is supplied to an
inverter 52. Output signals of the NAND gate 51 and
inverter 52 are supplied to a NOR gate 53 whose output
signal is supplied to a voltage switching circuit 54. The
voltage switching circuit 54 switches potential levels on
nodes N1, N2 in response to the output signal of the NOR
gate 53 and it is constructed by an inverter 55 and a flip-flop
56. The output signals of the NOR gate 53 and inverter 55
are supplied to the flip-flop 56 in a selected block, and the
output signal of the flip-flop 56 is inverted. A voltage
VPPRW is supplied from the voltage switching circuit 54 to
row decoders 5a, 5b via the node N1. The row decoder 5a
is supplied with signals SGD, SGDS, CGD2, CGD4, CGD6,
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CGD8 and the row decoder 55 is supplied with signals
CGD1, CGD3, CGD5, CGD7, SGS and the voltage
VPPRW.

[0162] As is clearly seen from FIG. 20, the control gate
lines CG(1) to CG(8) and selection gate lines SG,, SG, in
the memory cell array 2 are connected to the sources or
drains of the transistors in the row decoders 5a, 55.

[0163] An example of the structure relating to the con-
nection of the control gate lines and selection gate lines
extending from the memory cell array 2 to the row decoders
Sa, 5b is shown in FIGS. 21A and 21B. FIG. 21A shows an
example of the structure of a control gate line and FIG. 21B
shows an example of the structure of a selection gate line.
N-channel transistors QN shown in the right portion of
FIGS. 21A, 21B correspond to the transistors in the row
decoders 5a, 5b.

[0164] In the example of FIG. 21A, when the control gate
line is connected to the transistor QN in the row decoder 5a
or 56 from the memory cell array 2, only one wiring layer
22 is used as a wiring layer lying above the control gate line.
Therefore, with this structure, since the contact to the control
gate line can be made by only one step in the manufacturing
process, the control gate line is charged at the time of contact
formation and stress is applied to an insulating film around
the floating gate only once and thus the stress can be
significantly reduced in comparison with the conventional
case in which stress is applied twice. As a result, a deterio-
ration in the quality of the insulating film around the floating
gate at the time of contact formation can be significantly
improved in comparison with the conventional case and a
data holding characteristic of the memory cell can be
improved. Therefore, a chip with high reliability for signifi-
cantly reducing the possibility of data destruction in com-
parison with the conventional case can be attained.

[0165] On the other hand, when the selection gate line is
connected to the transistor QN in the row decoder 5a, 55
from the memory cell array in an example of FIG. 21B, two
wiring layers 22, 18 are used as wiring layers which lie
above the control gate line. This is because the selection gate
line forms a gate electrode of the selection transistor in the
NAND cell. The insulating film around the selection gate
line does not have an operation or role (corresponding to the
data holding ability in the memory cell) requiring extremely
high film quality of the insulating film such as required for
an insulating film around the gate electrode. Thus, no serious
problems occur even if some stress is applied to the selection
gate line.

[0166] Generally the selection gate line has a role for
controlling the operation for selection/non-selection of the
block and it is preferable to charge/discharge the selection
gate line at a high speed to realize the operation with high
reliability. For example, in order to reduce the leak current
flowing through the NAND cell of the non-selected block
from the bit line in the readout operation, it is necessary to
turn OFF the selection transistor in the non-selected block at
high speed and it becomes important to charge/discharge the
selection gate line at high speed. In order to attain the
high-speed operation, it is preferable to make low the wiring
resistance of the selection gate line extending from the
memory cell array 2 to the row decoder 5a, 5b. Generally,
since the upper wiring has a lower resistivity if wirings
formed on different wiring layers are compared, it is pref-
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erable to use the wiring formed in the upper level as the
wiring of the selection gate line. Therefore, in the case of
FIG. 21B, the upper wiring layer 18 is used for connection.
As to the control gate line, since it is generally more
important to improve the data holding characteristic of the
memory cell than to enhance the operation speed of the
charging/discharging operation, connection is made without
using the wiring layer 18 in the case of FIG. 21A.

[0167] The following advantages can be further attained
by using different wiring layers for the control gate line and
selection gate line as the wirings extending from the cell
array 2 to the row decoders 5a, 56 as shown in FIGS. 21A
and 21B when the patterns for the row decoders 5a, 5b are
formed. That is, the patterns of the row decoders 5a, 56 must
be formed in a manner such that all of the transistors in the
row decoders 5a, 55 can be arranged in an area of one block
width (corresponding to the length in the lengthwise direc-
tion in FIG. 18A) of the NAND cell. That is, at the time of
pattern formation, a large number of wirings (the total
number of control gate lines and selection gate lines) must
be formed in the area of one-block width. In the case of
FIGS. 39A, 39B where the wiring layers of the control gate
line and selection gate line have the same structure, the
wirings of the control gate line and the selection gate line
cannot be allocated to overlap each other, with the result that
the width of the area required for the wirings to pass
therethrough becomes wider. Thus, there is a problem that
the pattern area of the row decoder 5a, 54 is increased and
the design rule for the wirings must be made strict (the
wiring pitch must be made small). On the other hand, as
shown in FIGS. 21A, 21B, since the control gate line and
selection gate line can be superposed on each other if the
main wiring layers (corresponding to the wiring layer 22
used as the control gate line in FIG. 21A and the wiring layer
18 used as the selection gate line) used for the wirings are
different for the control gate line and the selection gate line,
the row decoders 5a, 56 with the small pattern area can be
formed without making the design rule strict.

[0168] The main wiring layer or the wiring layer of the
main wiring which is described above and will be described
below corresponds to a wiring layer constructing a wiring
(which is drawn to be longest in the drawing in the third
embodiment) having the largest wiring length among the
wiring layers used for connection from the end portion of the
memory cell array to the transistors in the row decoder in the
control gate line and selection gate line and corresponds to
the wiring layer 22 in the control gate line shown in FIG.
21A or the wiring layer 18 in the selection gate line shown
in FIG. 21B. Further, if a plurality of transistors in the row
decoder which are connected to one selection gate line or
one control gate line are provided, only a wiring between the
connecting portion of a transistor (generally corresponding
to a transistor arranged nearest to the memory cell array) to
which the wiring from the end of the memory cell array is
first connected and the end portion of the memory cell array
is considered and a wiring layer constructing the wiring
having the largest wiring length in this range is called the
wiring layer of the main wiring.

[0169] In the third embodiment, a system for attaining the
high-speed charging/discharging operation of the selection
gate line, reducing stress applied to the memory cell array at
the time of contact formation and reducing the pattern area
of the row decoder 5a, 55 by using a wiring layer which lies
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above the wiring layer used for the control gate line as the
selection gate line in the wiring layer extending from the
memory cell array 2 to the row decoder 5a, 55 is explained,
but this invention is not limited to the third embodiment as
mentioned above and can be variously modified.

[0170] For example, in the third embodiment, the same
operation and effect can be attained by using the wiring
structures shown in FIGS. 22A, 22B as the control gate line
instead of the structure shown in FIG. 21A and using the
wiring structure shown in FIG. 21B as the selection gate
line. FIG. 22A shows a case wherein the control gate line is
first connected to a wiring layer 22 and then connected to a
wiring layer 16 which is formed in the same step as the
control gate line. FIG. 22B shows a case wherein the control
gate line is first connected to a wiring layer 22 and then
connected to a wiring layer 23 which lies between the wiring
layers 22 and 16. The structure using the wiring layer 23 is
suitable for a case where a wiring which cannot be directly
connected to the wiring layer 16, for example, a polysilicon
wiring is used, and in this case, the wiring layer 22 which
can be connected to the wiring layer 16 or 23 is used to
connect the wiring layers. Like the case of FIG. 21A, in a
case where the wiring structures shown in FIGS. 22A, 22B
are used, the contact forming step in which stress is applied
to the control gate line 16, (i=1 to 8) is effected only once (to
form a contact between the wiring layer 22 and the control
gate line 16, (i=1 to 8)) and the wiring layers 22, 23 mainly
used as the control gate line are different from the wiring
layer 18 (refer to FIG. 21B) mainly used as the selection gate
line, and therefore, the same effect as that obtained when the
wiring structure shown in FIGS. 21A and 21B is used can
also be attained in this modification.

[0171] FIGS. 23A, 23B, 23C show different examples of
the wiring structures extending from the memory cell array
2 to the row decoders 5a, 5b and a case where the wiring
structures shown in FIGS. 23A, 23B, 23C are used as the
wiring structures of the control gate lines and the wiring
structure shown in FIG. 21B is used as the wiring of the
selection gate line.

[0172] FIG. 23A shows a structure in which the wiring
layer 18 is mainly used as the control gate line and the
control gate line is connected to the pn junction by way of
the wiring layer 16, (i=1 to 8). The wiring layer 18 is
connected to the wiring layer 16, via the wiring layer 22 and
the wiring layer 16, is formed in contact with an n*-type
diffusion layer 25. Since the voltage range of the control gate
line is set to approx. OV to 20V in operation, a forward bias
voltage will not be applied between the n*-type diffusion
layer 25 and the p-type well region in the normal operation
and no influence is given to the operation if the p-type well
region is set to OV or less. Since the p-type well region in
which an N-channel transistor QN of FIG. 23 A is formed is
normally set at OV or less, the n*-type diffusion layer 25 and
the source/drain regions of the transistor QN can be formed
in the same p-type well region, and in this case, it is not
necessary to provide two p-type well regions and the pattern
area can be reduced. Thus, if the wiring layer 16, is con-
nected to the pn junction, the pn junction functions as a
current path for discharging the charges of the wiring layer
16, when the wiring layer 16, tends to be charged at the time
of contact formation between the wiring layers 22 and 16, or
at the time of contact formation between the wiring layers 18
and 22, and thus stress applied to the memory cell caused by
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the charging on the wiring layer 16, can be reduced. Gen-
erally, the wiring layer 16, is formed of polysilicon, and in
this case, if the wiring layer 16, is formed in direct contact
with the n*-type diffusion layer 25, the contact resistance
thereof tends to be larger in comparison with the contact
resistance using a wiring material such as aluminum (Al) or
tungsten (W), and therefore, a system for directly connecting
the polysilicon wiring to the n*-type diffusion layer which
forms the source/drain of the transistor QN is not frequently
used. However, as the current path for preventing the
charging of the wiring during the manufacturing process as
described before, any current path can be used if it functions
to permit a certain amount of current even if the contact
resistance thereof is somewhat larger and stress to be applied
can be significantly reduced in comparison with a case
wherein no connection is made between the pn junction and
the wiring layer 16,.

[0173] FIG. 23B shows a case wherein connection to the
pn junction is made by use of the wiring layer 22. Like the
case of FIG. 21A, in this case, stress is caused by the wiring
layer 16, charged at the time of contact formation process for
connection between the wiring layers 22 and 16,. However,
since connection between the wiring layer 22 and the pn
junction has been completed at the time of contact formation
for connection between the wiring layers 18 and 22, a
discharging current path is already formed and application
stress caused by the charging of the wiring layers 22 and 18
can be significantly reduced.

[0174] Therefore, as is clearly seen from FIGS. 23A, 23B,
even if the wiring layer 18 is used as the main wiring of the
control gate line like the case of FIG. 39A used for explain-
ing the conventional wiring structure, application stress
caused by the charging of the wiring layer 16; at the time of
contact formation can be significantly reduced by forming a
connecting portion for connection with the pn junction.

[0175] FIG. 23C shows a structure obtained by adding a
portion for connection to the pn junction of the wiring layer
16; to the wiring structure shown in FIG. 21A, and in this
case, since the stress is applied to the wiring layer 16, only
one time, which is less than that in the conventional struc-
ture. Further, connection to the pn junction of the wiring
layer 16, has already been made before the time of stress
application. The application stress can, therefore, be further
reduced. Hence, the application stress can be suppressed to
an extremely small value.

[0176] Further, a portion for connection to the pn junction
of the wiring layer 16, may be added to the structures shown
in FIGS. 22A and 22B although not shown in the drawing.
The third embodiment can be further modified accordingly.

[0177] In the third, embodiment, this invention is
explained by using the wiring structure shown in FIG. 21B
as the example of the structure of the selection gate line, but
this invention is effective in other modifications, for
example, when the structure shown in FIGS. 24A to 24D are
used as the example of the structure of the selection gate
line.

[0178] First, assume that the wiring structure shown in
FIG. 22A is used as the wiring structure of the control gate
line and the wiring structure shown in FIG. 24A is used as
the wiring structure of the selection gate line. In a case where
only two wiring layers 16 and 22 are used as wiring layers
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which can be used for connection between the memory cell
array 2 and the row decoders 5a, 56, one of the wiring layers
(corresponding to the wiring layer 22) which has a lower
resistivity is used as the wiring for the selection gate line and
the other wiring layer 16 is used as the wiring for the control
gate line. Thus, the operation speed of the charging/dis-
charging operation of the control gate line can be enhanced
and the pattern areas of the row decoders 5a, 5b can be
reduced.

[0179] 1If the wiring structures shown in FIGS. 23C and
24 A are used, a difference between the wiring structures of
the control gate line and the selection gate line is a portion
for connection to the pn junction. Since the use of pn
junction has a defect that it increases the pattern area and
increases the wiring capacitance, it is preferable to make the
number of wirings connected to the pn junction as small as
possible. If the wiring structures shown in FIGS. 23C and
24A are combined, an advantage that the number of pn
junctions can be suppressed to minimum (=the number of
control gate lines) can be attained since the control gate line
is connected to the pn junction and the selection gate line is
not connected to the pn junction. This modification is a
system particularly effective in a case where no wiring layers
other than the wiring layer 22 can be used for the wiring for
connection between the memory cell array 2 and the row
decoders 5a, 5b.

[0180] In the above modifications of the third embodi-
ment, the explanation is made without considering a reduc-
tion in the application stress at the time of contact formation
in the selection gate line. However, it is also preferable to
reduce the stress applied to the selection gate line, and in this
case, a system for connecting the pn junction to reduce the
stress becomes effective. For example, if the wiring structure
shown in FIG. 24B is used as the wiring structure of the
selection gate line and the wiring structure shown in FIGS.
22A, 22B, 23C is used as the wiring structure of the control
gate line, the pattern area of the row decoders 5a, 54 can be
reduced (because the main wirings of the control gate line
and the selection gate line are different from each other), the
application stress can be reduced, and the operation speed of
the charging/discharging operation of the selection gate line
can be enhanced (one of the wiring layers (which is gener-
ally an upper wiring layer) which has a lower resistivity is
used as the main wiring of the selection gate line). Further,
if the wiring structure shown in FIG. 24C is used as the
wiring structure of the selection gate line and the wiring
structure shown in FIGS. 21A, 22A, 22B, 23C is used as the
wiring structure of the control gate line, the same effect can
be attained. Also, if the wiring structure shown in FIG. 24D
is used as the wiring structure of the selection gate line and
the wiring structure shown in FIGS. 22A, 22B is used as the
wiring structure of the control gate line, the same effect can
be attained.

[0181] The above mentioned third embodiment or its
modifications has been explained by taking a case wherein
the pn junction connected to the selection gate line and
control gate line is the n*-type diffusion layer-p-type well
structure and the wiring layer is connected to the n*-type
diffusion layer as an example, but this invention can be
applied in another design, for example, in a case where the
wiring layer is connected to a p*-type diffusion layer of a pn
junction of a p*-type diffusion layer-n-type well structure. In
this case, in order to prevent that the pn junction of the
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p*-type diffusion layer-n-type well structure is biased in the
forward direction and a voltage of the control gate line
varies, it is necessary to set a voltage of the n-type well
region equal to or higher than a voltage of the control gate
line or selection gate line connected thereto in the normal
operation.

[0182] A current flowing in the pn junction used as the
current path corresponds to a reverse current of the pn
junction in a case where charges on the wiring layer are
positive in the n*-type diffusion layer-p-type well structure
and it corresponds to a forward current of the pn junction in
a case where charges on the wiring layer are negative. On the
other hand, in the p*-type diffusion layer-n-type well struc-
ture, the current corresponds to a forward current of the pn
junction in a case where charges on the wiring layer are
positive and it corresponds to a reverse current of the pn
junction in a case where charges on the wiring layer are
negative. Generally, since the forward current is extremely
larger than the reverse current in the same pn junction, the
more significant effect of reducing the application stress at
the time of contact formation can be attained by use of the
forward current of a larger current amount of the pn junction
which flows via the current path.

[0183] Therefore, the application stress reducing effect
can be made most significant by using the pn junction of the
p*-type diffusion layer-n-type well structure when charges at
the time of contact formation are positive and using the pn
junction of the n*-type diffusion layer-p-type well structure
when charges at the time of contact formation are negative.
Further, in a case where the pn junctions of both of the
p*-type diffusion layer-n-type well structure and n*-type
diffusion layer-p-type well structure are used for the wiring
layer which is desired to be prevented from being charged,
the current path due to the forward current of the pn junction
can be attained irrespective of positive or negative charging
and the application stress can be suppressed to minimum.

[0184] FIGS.25A, 25B show other examples of the wiring
structures in which the pn junctions of both of the p*-type
diffusion layer-n-type well structure and n*-type diffusion
layer-p-type well structure are provided in the wiring struc-
ture shown in FIG. 23B. Generally, if the wiring layer 16, is
directly connected to the n*-type diffusion layer or p*-type
diffusion layer, the resistance of a contact with an n*-type
diffusion layer 25-1 may become extremely large in some
cases when the wiring layer 16, is formed of p-type poly-
silicon and the resistance of a contact with an p*-type
diffusion layer 25-2 may become extremely large in some
cases when the wiring layer 16, is formed of n-type poly-
silicon, and in this case, it is preferable to connect the wiring
layer 16, to the pn junction via a wiring layer of Al or W (the
contact resistance of the n*-type diffusion layer 25-1 or
p*-type diffusion layer 25-2 is relatively low) and this
system is used in the case of FIG. 25A. As another example,
as shown in FIG. 25B, the n*-type diffusion layer 25-1 and
the wiring layer 16, are directly connected to each other
when the wiring layer 16, is formed of n-type polysilicon and
it is connected to the p*-type diffusion layer 25-2 via a
wiring layer 22 and thus various modifications can be made
in the same manner.

[0185] FIGS. 26A, 26B show still other modifications.
This modification as shown in FIGS. 26A, 26B is applicable
to the case where the wiring for the control gate line is
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connected to an element or part other than transistor QN in
row decoder 5a, 5b. The wiring structure of this modification
is further connected to a upper wiring layer 18 in the row
decoder 5a, 5b. This modification is usable for reducing the
application stress at the time of formation of a contact for
connection between the wiring layers 18 and 22 is shown. In
FIG. 26A, since the wiring layer 22 is connected to an
n*-type diffusion layer used as the source/drain of the
transistor QN (connected to the pn junction of the n*-type
diffusion layer-p-type well structure), it is sufficient to use
only a p*-type diffusion layer 25-1 formed in the n-type well
region as a pn junction which is newly connected to the
wiring layer 22. Likewise, in FIG. 26B, since the wiring
layer 22 is connected to a p*-type diffusion layer of the
transistor QN (connected to the pn junction of the p*-type
diffusion layer-n-type well structure), it is sufficient to use
only an n*-type diffusion layer 25-2 formed in the p-type
well region as a pn junction which is newly connected to the
wiring layer 22.

[0186] FIGS. 27A, 27B, 27C show other modifications.
The wiring structures of FIGS. 27A, 27B, 27C are modifi-
cations of FIG. 21A or FIG. 21B. FIG. 27A shows the wiring
structure obtained by adding a wiring layer 18 above the
transistor QN of FIG. 21A. At the time of chip evaluation,
generally, a method for applying a probe to a node which is
set at the same potential as the word line to measure the word
line potential is used. Generally, it is easier to apply the
probe if the position of the wiring layer is set at a higher
level, and therefore, the node of the wiring layer 18 of FIG.
27A is provided to make it easier to apply the probe. Further,
as to the damage occurring at the time of formation of a
contact opening when the wiring structure of FIG. 27A is
used, only the damage occurring at the time of formation of
a contact opening for connection with the wiring layers 18
and 22 is different from that of FIG. 21A, but in this case,
since the wiring layer 22 is connected to the pn junction of
the transistor, the wiring layer 22 and control gate line 14,
(i=1 to 8) will not be charged and almost no damage occurs.
Therefore, if the wiring structure of FIG. 27A is used instead
of the wiring structure of FIG. 21A, a chip with extremely
high reliability in comparison with the prior art case can be
attained.

[0187] FIG. 27B shows a modification in which a wiring
layer lying above the wiring layer 18 is present and shows
the structure obtained by adding a wiring layer 24 to the
wiring structure shown in FIG. 27A. Since the wiring layer
24 is formed above the wiring layer 18, it becomes easier to
apply the probe in comparison with a case of FIG. 27A if the
wiring structure of FIG. 27B is used. Further, since the
wiring layer 24 is already connected to the pn junction of the
transistor QN at the time of formation of a contact opening
for connection with the wiring layers 22 and 24, the wiring
layer 22 and control gate line 14, (i=1 to 8) will not be
charged and almost no damage occurs. Therefore, when the
wiring structure shown in FIG. 27B is used, a chip with
extremely high reliability in comparison with the prior art
case can be attained.

[0188] FIG. 27C is a modification obtained by adding a
wiring layer 24 to the wiring structure of FIG. 21B. Similar
to the wiring structure shown in FIG. 27B, it makes easier
to apply the probe and a chip with extremely high reliability
in comparison with the prior art case can be attained.
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[0189] The third embodiment is explained by use of the
various modifications and this invention is not limited to the
third embodiment and the modifications thereof and can be
variously modified. For example, in FIGS. 25A, 25B, 26A
and 26B, the wiring structure of the control gate line is
shown, but the same wiring structure for the selection gate
line can be used.

[0190] Further, in the third embodiment, this invention is
explained by taking as an example a case where a contact is
formed with respect to the wiring layer 14 when the selec-
tion gate line is connected to another wiring on the end
portion of the memory cell array, but if the wiring layer 16
is connected to the wiring layer 14 in the selection gate line
portion in the memory cell array, for example, a portion
connected to the wiring 14; (=9, 10) in the third embodiment
may be changed to a portion for connection with the wiring
16, (j=9, 10) and the same effect as the third embodiment can
be attained.

[0191] Further, in the third embodiment, a case wherein
the wiring structure of the control gate line extending from
the memory cell array 2 to the row decoders Sa, 55 is the
same in the entire portion is explained as an example, but the
combination of the above modifications may be applicable.
For example, this invention can be applied to the wring
structure obtained by using the selection gate line con-
structed as shown in FIG. 21B, three of the eight control gate
lines constructed as shown in FIG. 23B and the other five
control gate lines constructed as shown in FIG. 21A. This
invention can also be applied to a combination of three or
more modifications in which the wring structure is obtained
by using the selection gate line constructed as shown in FIG.
21B, two of the eight control gate lines constructed as shown
in FIG. 21A, three of the eight control gate lines constructed
as shown in FIG. 22A and the other three control gate lines
constructed as shown in FIG. 23B, for example. When the
patterns of the row decoders 5a, 5b are taken into consid-
eration, the wiring layers of the main wirings of the control
gate lines and the selection gate lines extending from the
memory cell array 2 to the row decoders 5a, 56 may be
separately formed so as to form them in a superposed
configuration. For example, since the wiring layers can be
superposed in three levels if the wiring layers are separately
formed into three wiring layers, the pattern area can be
reduced. Further, in order to reduce the pattern area, it is
extremely effective to combine and use the above modifi-
cations according to the condition at the time of pattern
formation.

[0192] In some modifications of the third embodiment,
this invention is explained by taking a case wherein the
uppermost layer of the wiring layers used for the wiring is
the wiring layer 18 as an example, but this invention can be
effective in other cases, for example, a modification in which
a wiring layer lying above the wiring layer 18 and directly
connected to the wiring layer 18 is additionally provided can
be made and this invention can be applied to the wiring
structure.

[0193] In the first to third embodiments, a case wherein
eight memory cells are serially connected in one NAND cell
is explained, but this invention can be applied even if the
number of series-connected memory cells is not eight. The
number of memory cells may be set to 2, 4, 16, 32, 64, for
example. Further, in the first to third embodiments, this
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invention is explained by taking the NAND cell type
EEPROM as an example, but this invention is not limited to
the NAND type EEPROM and, for example, the first and
third embodiments can be applied to a NOR cell type
EEPROM, DINOR cell type EEPROM, AND cell type
EEPROM, NOR cell type EEPROM with selection transis-
tors and the like and the second embodiment can be applied
to a DINOR cell type EEPROM, AND cell type EEPROM
and the like.

[0194] FIG. 28 is an equivalent circuit diagram of a
memory cell array in the NOR cell type EEPROM. The
memory cell array has NOR cells M;, to M;,,,,, arranged at
intersections between word lines WL;, WL;,,, WL, . . .
and bit lines BL, BL,, . . ., BL,, the control gates of the
NOR cells M, to M, ,,,, on the same row are connected to
a corresponding one of the word lines WL,, WL;,,, WL, .,
.. . , the drains of the NOR cells M;, to M;,,,, on the same
column are connected to a corresponding one of the bit lines
BL,, BL,, ..., BL,,, and the sources of the NOR cells are

commonly connected to a source line SL.

[0195] FIG. 29 is an equivalent circuit diagram of a
memory cell array in the DINOR cell type EEPROM. In the
DINOR cell type memory cell array, DINOR cell blocks are
formed in correspondence to main bit lines D, D, ..., D,.
Each DINOR cell is formed of selection gate transistors
SQq, SQy, . . ., SQ, and memory cells M, to M;,,, the
drains of the selection gate transistors SQ, SQ,, . . ., SQ,
are respectively connected to the main bit lines Dy, Dy, . . .
, D,,, the gates thereof are connected to a selection gate line
ST and the sources thereof are respectively connected to
local bit lines LB, LB, ..., LB,. The drains of the memory
cells M, to M;,, on the same column are connected to a
corresponding one of the local bit lines LB, LB, ..., LB,,
the control gates thereof on the same row are connected to
a corresponding one of the word lines W, to W5, and the
sources thereof are commonly connected to a source line SL.

[0196] FIG. 30 is an equivalent circuit diagram of a
memory cell array in the AND cell type EEPROM. In the
AND cell type memory cell array, AND cell blocks are
formed in correspondence to main bit lines D, D, ..., D,.
Each AND cell is formed of first selection gate transistors
SQ10,8Qy;, - - -, SQ,, memory cells M, to M, and second
selection gate transistors SQ,g, SQ51, . - ., SQ,,, the drains
of the selection gate transistors SQ,,, SQ,;, . . ., SQ,, are
respectively connected to the main bit lines Dy, D, ..., D,,
the gates thereof are connected to a first selection gate line
ST,, and the sources thereof are respectively connected to
local bit lines LB, LB, ..., LB,. The drains of the memory
cells M, to M;,, on the same column are connected to a
corresponding one of the local bit lines LB, LB, ..., LB,,
the control gates thereof on the same row are connected to
a corresponding one of the word lines W, to W5, and the
sources thereof are respectively connected to local source
lines LS, LS|, . . ., LS,. The drains of the second selection
gate transistors SQ,y, SQ,, . . ., SQ,, are respectively
connected to the local source lines LSy, LS, .. ., LS, the
gates thereof are connected to a second selection gate line
ST,, and the sources thereof are commonly connected to a
main source line MSL.

[0197] FIG. 31 is an equivalent circuit diagram of a
memory cell array in the NOR cell type EEPROM with
selection transistors. The memory cell array includes
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memory cells MC each of which has a selection transistor
SQ and a memory cell transistor M and which are arranged
in a matrix form. The drains of the selection transistors SQ
on the same column are connected to a corresponding one of
the bit lines BL,, BL|, . . ., BL,, the gates thereof on the
same row are connected to a corresponding one of selection
gate lines ST and the sources thereof are respectively
connected to the drains of the corresponding memory cell
transistors M. The control gates of the memory cell transis-
tors M on the same row are connected to a corresponding
one of word lines WL and the sources thereot are commonly
connected to a source line SL.

[0198] The DINOR cell type EEPROM is explained in
detail in “H. Onoda et al., IEDM Tech. Digest, 1992, pp. 599
to 602” and the AND cell type EEPROM is explained in
detail in “H. Kume et al., IEDM Tech. Digest, 1992, pp. 991
to 993”.

[0199] In the DINOR cell type EEPROM, the selection
gate lines are provided only on one side of the memory cell
group, but it is effective to selectively change the designed
value of the word line width in order to solve a problem due
to a lowering in the processing precision caused by distur-
bance of the regular arrangement of the control gate lines in
aportion in which the selection gate lines are not formed (for
example, in a portion of the control gate lines (correspond-
ing to the word line W3, in FIG. 29) on the end portion of
the control gate line group on which the selection gate lines
are not formed) and, in this case, the second embodiment of
this invention can be applied.

[0200] Further, in the first to third embodiments, this
invention is explained by taking the electrically program-
mable nonvolatile semiconductor memory device as an
example, but this invention can be applied to another device,
for example, another nonvolatile semiconductor memory
device and the first and second embodiments can be applied
to a device such as a DRAM, SRAM.

[0201] This invention has been explained by using the first
to third embodiments and the various modifications thereof
but can be variously modified without departing from the
technical scope thereof.

[0202] As described above, according to this invention,
occurrence of a defect caused by a lowering in the process-
ing precision in an end area of the memory cell array can be
prevented. Therefore, a semiconductor memory device
capable of realizing a chip having high operation reliability
and high manufacturing yield in comparison with the con-
ventional case without substantially increasing the chip size
can be attained.

[0203] Further, a word line having an extremely small line
width caused by a lowering in the processing precision due
to disturbance of the regular arrangement of the wirings
around the word line can be prevented from being formed.
Therefore, a semiconductor memory device capable of real-
izing a chip having high reliability in the data programming/
readout operation in comparison with the conventional case
without significantly increasing the chip size can be attained.

[0204] Also, stress applied to the memory cell in the
manufacturing process can be reduced and the pattern area
of the row decoder can be reduced. Therefore, a semicon-
ductor memory device capable of realizing an inexpensive
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chip having high operation reliability and high manufactur-
ing yield in comparison with the conventional case can be
attained.

[0205] Additional advantages and modifications will
readily occur to those skilled in the art. Therefore, the
invention in its broader aspects is not limited to the specific
details and representative embodiments shown and
described herein. Accordingly, various modifications may be
made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.

1. (canceled)
2. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells and a first
selection gate transistor;

a word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells;

a first word line arranged on a first end portion of the word
line unit, the first word line being included in the
plurality of word lines; and

a first selection gate line formed by continuously extend-
ing gates of the first selection gate transistors, the first
selection gate line located adjacent to the first word line
in the memory cell unit;

wherein the first word line is wider than a word line
located adjacent to the first word line.

3. The semiconductor memory device according to claim
2, wherein the first word line is wider than each word line
located around a center portion of the word line unit.

4. The semiconductor memory device according to claim
2, further comprising a second word line arranged on a
second end portion of the word line unit, the second word
line being included in the plurality of word lines;

wherein the second word line is wider than a word line
located adjacent to the second word line.

5. The semiconductor memory device according to claim
4, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.

6. The semiconductor memory device according to claim
4, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

7. The semiconductor memory device according to claim
2, further comprising

a second selection gate transistor included in each of the
memory cell units;

a second word line arranged on the second end portion of
the word line unit, the second word line being included
in the plurality of word lines; and
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a second selection gate line formed by continuously
extending gates of the second selection gate transistors,
the second selection gate line located adjacent to the
second word line in the memory cell unit.

8. The semiconductor memory device according to claim
7, wherein the second word line is wider than a word line
located adjacent to the second word line.

9. The semiconductor memory device according to claim
7, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.

10. The semiconductor memory device according to claim
7, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

11. The semiconductor memory device according to claim
7, wherein the first selection gate transistor is connected to
one of a bit line and a source line, and the second selection
gate transistor is connected to the other of the bit line and the
source line.

12. The semiconductor memory device according to claim
2, wherein the first selection gate transistor is connected to
one of a bit line and a source line.

13. The semiconductor memory device according to claim
2, wherein the plurality of memory cells included in each of
the memory cell units are connected in series.

14. The semiconductor memory device according to claim
2, wherein the plurality of memory cells included in each of
the memory cell units are connected in parallel.

15. The semiconductor memory device according to claim
2, wherein the memory cell unit is a NAND type EEPROM.

16. The semiconductor memory device according to claim
2, wherein the memory cell unit is an AND type EEPROM.

17. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells and a selection
gate transistor;

a word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells;

a first word line arranged on an end portion of the word
line unit, the first word line being included in the
plurality of word lines; and

a selection gate line formed by continuously extending
gates of the selection gate transistors of the memory
cell units, the selection gate line located adjacent to the
first word line in the memory cell unit;

wherein the first word line is wider than each word line
located around a center portion of the word line unit.
18. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells connected in
series, a first selection gate transistor connected to a
first end portion of the plurality of memory cells and a
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second selection gate transistor connected to a second
end portion of the plurality of memory cells;

word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells;

a first word line arranged on a first end portion of the word
line unit, the first word line being included in the
plurality of word lines; and

a first selection gate line formed by continuously extend-
ing gates of the first selection gate transistors, the first
selection gate line located adjacent to the first word line
in the memory cell unit;

wherein the first word line is wider than a word line

located adjacent to the first word line.

19. The semiconductor memory device according to claim
18, wherein the first word line is wider than each word line
located around a center portion of the word line unit.

20. The semiconductor memory device according to claim
18, further comprising a second word line arranged on a
second end portion of the word line unit, the second word
line being included in the plurality of word lines;

wherein the second word line is wider than a word line

located adjacent to the second word line.

21. The semiconductor memory device according to claim
20, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.

22. The semiconductor memory device according to claim
20, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

23. The semiconductor memory device according to claim
18, further comprising

a second word line arranged on the second end portion of
the word line unit, the second word line being included
in the plurality of word lines; and

second selection gate line formed by continuously
extending gates of the second selection gate transistors,
the second selection gate line located adjacent to the
second word line in the memory cell unit.

24. The semiconductor memory device according to claim
23, wherein the second word line is wider than a word line
located adjacent to the second word line.

25. The semiconductor memory device according to claim
23, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.

26. The semiconductor memory device according to claim
23, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

27. The semiconductor memory device according to claim
23, wherein the first selection gate transistor is connected to
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one of a bit line and a source line, and the second selection
gate transistor is connected to the other of the bit line and the
source line.

28. The semiconductor memory device according to claim
18, wherein the first selection gate transistor is connected to
one of a bit line and a source line.

29. The semiconductor memory device according to claim
18, wherein the plurality of memory cells included in each
of the memory cell units are connected in series.

30. The semiconductor memory device according to claim
18, wherein the plurality of memory cells included in each
of the memory cell units are connected in parallel.

31. The semiconductor memory device according to claim
18, wherein the memory cell unit is a NAND type
EEPROM.

32. The semiconductor memory device according to claim
18, wherein the memory cell unit is an AND type EEPROM.

33. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells connected in
series, a first selection gate transistor connected to a
first end portion of the plurality of memory cells and a
second selection gate transistor connected to a second
end portion of the plurality of memory cells;

word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells;

a first word line arranged on an end portion of the word
line unit, the first word line being included in the
plurality of word lines; and

selection gate line formed by continuously extending
gates of the first selection gate transistors, the selection
gate line located adjacent to the first word line in the
memory cell unit;

wherein the first word line is wider than each word line
located around a center portion of the word line unit.
34. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells;

word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells; and

a first word line arranged on a first end portion of the word
line unit, the first word line being included in the
plurality of word lines;

wherein the first word line is wider than a word line

located adjacent to the first word line.

35. The semiconductor memory device according to claim
34, wherein the first word line is wider than each word line
located around a center portion of the word line unit.

36. The semiconductor memory device according to claim
34, further comprising a second word line arranged on a
second end portion of the word line unit, the second word
line being included in the plurality of word lines;
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wherein the second word line is wider than a word line

located adjacent to the second word line.

37. The semiconductor memory device according to claim
36, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.

38. The semiconductor memory device according to claim
36, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

39. The semiconductor memory device according to claim
34, further comprising

a first selection gate transistor included in each of the
memory cell units;

a first selection gate line formed by continuously extend-
ing gates of the first selection gate transistors, the first
selection gate line located adjacent to the first word line
in the memory cell unit.

40. The semiconductor memory device according to claim

39, further comprising

a second selection gate transistor included in each of the
memory cell units;

a second word line arranged on the second end portion of
the word line unit, the second word line being included
in the plurality of word lines; and

a second selection gate line formed by continuously
extending gates of the second selection gate transistors,
the second selection gate line located adjacent to the
second word line in the memory cell unit.

41. The semiconductor memory device according to claim
40, wherein the second word line is wider than a word line
located adjacent to the second word line.

42. The semiconductor memory device according to claim
40, wherein the first word line is wider than each word line
other than the first word line and the second word line in the
word line unit, and the second word line is wider than each
word line other than the first word line and the second word
line in the word line unit.
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43. The semiconductor memory device according to claim
40, wherein the first word line is wider than each word line
located around a center portion of the word line unit, and the
second word line is wider than each word line located
around the center portion of the word line unit.

44. The semiconductor memory device according to claim
40, wherein the first selection gate transistor is connected to
one of a bit line and a source line, and the second selection
gate transistor is connected to the other of the bit line and the
source line.

45. The semiconductor memory device according to claim
39, wherein the first selection gate transistor is connected to
one of a bit line and a source line.

46. The semiconductor memory device according to claim
34, wherein the plurality of memory cells included in each
of the memory cell units are connected in series.

47. The semiconductor memory device according to claim
34, wherein the plurality of memory cells included in each
of the memory cell units are connected in parallel.

48. The semiconductor memory device according to claim
34, wherein the memory cell unit is a NAND type
EEPROM.

49. The semiconductor memory device according to claim
34, wherein the memory cell unit is an AND type EEPROM.

50. A semiconductor memory device comprising:

a memory cell array comprising memory cell units being
arranged in an array form, the memory cell units each
comprising a plurality of memory cells;

a word line unit comprising a plurality of word lines
connected to the plurality of memory cells included in
one of the memory cell units, the plurality of word lines
each formed by continuously extending control gates of
the memory cells; and

a first word line arranged on one end portion of the word
line unit, the first word line being included in the
plurality of word lines;

wherein the first word line is wider than each word line
located around a center portion of the word line unit.



