
NONVOLATILE SEMICONDUCTOR MEMORY DEVICE CROSS-REFERENCE TO RELATED
APPLICATION  [0001] This application is based upon and claims the 5 benefit
of priority from Japanese Patent Application No. 2011-065296, filed on
March 24, 2011, the entire contents of which are incorporated herein by
reference. FIELD  10[0002] Embodiments described herein relate generally to
a nonvolatile semiconductor memory device. BACKGROUND  [0003] A nonvolatile
semiconductor memory device such as 15 an EEPROM, an AND type flash memory,
an NOR type flash memory, and a NAND type flash memory is widely known.
Among them, the NAND type flash memory is advantageous in increasing a
memory density since each memory cell shares a source/drain diffusion
layer. 20[0004] Select gate transistors for selecting respective blocks in
the memory cell array are provided in memory cell array end portions of the
NAND type flash memory. A select gate switch transistor for controlling the
gate voltage of the select gate transistors is provided in a peripheral
25circuit. [0005] The select gate switch transistor of the NAND type flash
memory is required to have high driving power in order to charge and
discharge a gate of the select gate transistors. At the same time, a high
voltage 30 corresponding to an erase voltage is applied to the source/drain
regions of the select gate switch transistor during data erasing operation
of a memory cell. Therefore, it is also required to ensure high degree of
reliability. 



1  BRIEF DESCRIPTION OF THE DRAWINGS  [0006] FIGS. lA and 1B are schematic
cross-sectional views of a select gate switch transistor according to a
first embodiment; 5[0007] FIG. 2 is a circuit diagram illustrating a
nonvolatile semiconductor memory device according to the first embodiment;
[0008] FIG. 3 is a figure illustrating the operation voltage of the
nonvolatile semiconductor device according 10 to the first embodiment;
[0009] FIGS. 4A and 4B are figures illustrating applied voltage
relationship during operation of the select gate switch transistor
according to the first embodiment; [0010] FIG. 5 is a layout diagram
illustrating the 15 nonvolatile semiconductor memory device according to
the first embodiment;  [0011] FIG. 6 is a schematic cross-sectional view
illustrating a select gate switch transistor according to a second
embodiment; 20[0012] FIG. 7 is a schematic cross-sectional view
illustrating a select gate switch transistor according to a third
embodiment; and    [0013] FIG. 8 is a layout diagram illustrating a
nonvolatile semiconductor memory device according to the 25 third
embodiment. DETAILED DESCRIPTION  [0014] A nonvolatile semiconductor memory
device according to an embodiment is a nonvolatile semiconductor memory 



30 device including a select gate switch transistor. The select gate switch
transistor includes a gate insulating film formed on a semiconductor
substrate, a gate electrode formed on the gate insulating film, and a first
source/drain region and a second source/drain region  provided in the
semiconductor substrate so as to face each other across the gate electrode.
The first source/drain region includes a first n-type impurity layer and a
second n-type impurity layer which has a higher impurity 5 concentration
and has a shallower depth than the first n-type impurity layer. The second
source/drain region has a third n-type impurity layer which has a lower
impurity concentration and has a shallower depth than the first n- type
impurity layer and a fourth n-type impurity layer 10 which has a higher
impurity concentration and has a deeper depth than the third n-type
impurity layer. [0015] Hereinafter, embodiments will be described with
reference to the drawings. [0016] In this specification, a "DDD (Double
Diffused 15 Drain) structure" means a kind of a source/drain structure of a
MISFET (Metal Insulator Semiconductor Field Effect Transistor), and has a
structure having at least two impurity layers, i.e., an n+ impurity layer
and an n-impurity layer enclosing the n+ impurity layer and having a 20
lower impurity concentration than the n+ impurity layer.  [0017] In this
specification, an "LDD (Lightly Doped Drain) structure" means a kind of a
source/drain structure of a MISFET, and has a structure having at least two
impurity layers, i.e., an n+ impurity layer and an n-. 25 impurity layer
located at the side of the gate electrode with respect to the n+ impurity
layer and having a lower impurity concentration and a shallower depth than
the n+ impurity layer. [0018] (First embodiment) 30A nonvolatile
semiconductor memory device according to the present embodiment is a
nonvolatile semiconductor memory device having a select gate switch
transistor: The select gate switch transistor includes a gate insulating
film formed on a semiconductor substrate, a gate electrode 



formed on the gate insulating film, and a first source/drain region and a
second source/drain region provided in the semiconductor substrate so as to
face each other across the gate electrode. The first source/drain 5 region
includes a first n-type impurity layer and a second n-type impurity layer
which has a higher impurity concentration and has a shallower depth than
the first n-type impurity layer. The second source/drain region has a third
n-type impurity layer which has a lower impurity 10 concentration and has a
shallower depth than the first n-type impurity layer and a fourth n-type
impurity layer which has a higher impurity concentration and has a deeper
depth than the third n-type impurity layer. The      nonvolatile
semiconductor memory device according to the 15 present embodiment is a
NAND type flash memory.  [0019] In the select gate switch transistor
according to the present embodiment, one of the source/drain regions has
the DDD structure, and the other thereof has the LDD structure. Since one
of them has the DDD structure, the 20 parasitic resistance is reduced.
Accordingly, this can ensure high drive power when a select gate line is
charged or discharged. Further, since the other of them has the LDD
structure, this can ensure surface voltage resistance at the gate edge
portion during erasing operation of memory 25 cell data. Therefore, this
can also ensure high degree of reliability.  [0020] FIG. 1 is a schematic
cross-sectional view illustrating the select gate switch transistor
according to the present embodiment. FIG. lA is a schematic cross- 30
sectional view solely illustrating the select gate switch transistor. FIG.
1B is a schematic cross-sectional view including an adjacent select gate
switch transistor.  [0021] A select gate switch transistor 100a includes a
gate insulating film 12 formed on a semiconductor substrate  



10, a gate electrode 14 formed on the gate insulating film 12, and a first
source/drain region 16 and a second source/drain region 18 provided in the
semiconductor substrate to sandwich the gate electrode. 5[0022] For
example, the semiconductor substrate 10 is silicon. For example, the gate
insulating film 12 is a silicon oxide film. For example, the gate electrode
14 has the same stacked structure as a word line of a memory cell. For
example, it is formed with a charge storage film 14a of 10 polycrystalline
silicon, a block insulating film 14b made of a stacked film including a
silicon oxide film, a silicon nitride film, and a silicon oxide film, and a
control gate electrode film 14c, i.e., a stacked film including, for
example, polycrystalline silicon and nickel suicide, which 15 has
continuity with the charge storage film 14a via an opening portion provided
in the block insulating film 14b.  [0023] The materials of the
semiconductor substrate 10, the gate insulating film 12, and the gate
electrode 14 are not necessarily limited to those materials listed above as
20 examples. For example, the charge storage film 14a may be other
materials such as a trap insulating film including SiN, SiON, Hf0, HfSiO,
HfSiON and so on, and the stack structure of polycrystalline silicon layer
and the trap insulating layer. The block insulating film 14b may be 25
HighK materials such as Hf0, HfSiON, A10, La0, LaA10, LaAlSiO. The control
gate electrode film 14c may be other materials such as a stacked film
including polycrystalline silicon and cobalt suicide, a stacked film
including polycrystalline silicon and tungsten silicide, a tungsten 30film,
a tungsten nitride film, and the like. [0024] The first source/drain region
16 includes a first n-type impurity layer 16a and a second n-type impurity
layer 16b which has a higher impurity concentration and has a shallower
depth than the first n-type impurity layer 16a.  [0025] For example, the
first n-type impurity layer 16a is an n--type diffusion layer using
phosphorus (P) as impurity. For example, the impurity concentration of the
first n-type impurity layer 16a is about 1E18 atoms/cm3 to 1E20 atoms/cm3.
[0026] The second n-type impurity layer 16b is formed at a position farther
from the gate electrode 14 than the first n-type impurity layer 16a, and is
formed to be enclosed by the first n-type impurity layer 16a. For example,
the 



10 second n-type impurity layer 16b is an n+-type diffusion layer using
arsenic (As) as impurity. For example, the impurity concentration of the
second n-type impurity layer 16b is about 1E19 atoms/cm3 to 1E21 atoms/cm3.
[0027] As described above, the first source/drain region 15 16 has the
so-called DDD structure.  [0028] The second source/drain region 18 has a
third n-type impurity layer 18a which has a lower impurity concentration
and has a shallower depth than the first n-type impurity layer 16a and a
fourth n-type impurity layer 20 18b which has a higher impurity
concentration and has a deeper depth than the third n-type impurity layer
18a. In addition, the second source/drain region 18 includes a fifth n-type
impurity layer 18c which has a lower impurity concentration and a deeper
depth than the fourth n-type 25 impurity layer 18b.  [0029] For example,
the third n-type impurity layer 18a is an n--type diffusion layer using
phosphorus (P) as impurity. For example, the impurity concentration of the
third n-type impurity layer 18a is about 1E17 atoms/cm3 to 1E19
30atoms/cm3.  [0030] The fourth n-type impurity layer 18b is formed at a
position farther from the gate electrode 14 than the third n-type impurity
layer 18a. For example, the fourth n-type impurity layer 18b is an n+-type
diffusion layer using  arsenic (As) as impurity. For example, the impurity
concentration of the fourth n-type impurity layer 18b is about 1E19
atoms/cm3 to 1E21 atoms/cm3. [0031] The fifth n-type impurity layer 18c is
formed at a 5 position farther from the gate electrode 14 than the third
n-type impurity layer 18a, and is formed to enclose the fourth n-type
impurity layer 18b. For example, the fifth n-type impurity layer 18c is an
n--type diffusion layer using phosphorus (P) as impurity. For example, the
10 impurity concentration of the fifth n-type impurity layer 18c is about
1E18 atoms/cm3 to 1E20 atoms/cm3. [0032] As described above, the second
source/drain region 18 has the so-called LDD structure. 



[0033] The distance between the gate electrode 14 and the 15fourth n-type
impurity layer 18b (a2 in FIG. 1A) is preferably larger than the distance
between the gate electrode 14 and the second n-type impurity layer 16b (al
in FIG. 1A). [0034] At this occasion, the first n-type impurity layer 20
16a and the fifth n-type impurity layer 18c preferably have the same
impurity concentration and the same depth, and the second n-type impurity
layer 16b and the fourth n-type impurity layer 18b preferably have the same
impurity concentration and the same depth. This is because the 25 first
n-type impurity layer 16a and the fifth n-type impurity layer 18c can be
formed by the same manufacturing method, and the second n-type impurity
layer 16b and the fourth n-type impurity layer 18b can be formed by the
same manufacturing method, so that the manufacturing cost is 30reduced.
[0035] An inter-layer insulating film 20 is formed on the gate electrode 14
and the semiconductor substrate 10. For example, the inter-layer insulating
film 20 is a silicon oxide film.  [0036] A first contact 24 is formed to
penetrate through the inter-layer insulating film 20 so as to connect the
first source/drain region 16 and a first wire 22. Further, a second contact
28 is formed to connect the second 5 source/drain electrode 18 and a second
wire 26. For example, the first wire 22, the first contact 24, the second
wire 26, and the second contact 28 are made of tungsten (W). The bottom of
the first contact 24 the second contact 28 may be positioned lower than a
surface of the 10 semiconductor substrate.  [0037] The first source/drain
region 16 is connected via the first contact 24 and the first wire 22 to a
gate voltage generation circuit for generating the gate voltage of the
select gate transistors. The second source/drain 



15 region 18 is connected via the second contact 28 and the second wire 26
to the gate electrode of the select gate transistors. [0038] The distance
between the gate electrode 14 and the second contact 28 (b2 in FIG. 1A) is
preferably larger than 20 the distance between the gate electrode 14 and
the first contact 24 (b1 in FIG. 1A). [0039] As shown in FIG. 1B, two other
select gate switch transistors 100b, 100c are provided adjacent to the
select gate switch transistor 100a. The first source/drain region 25 16 is
shared as the source/drain region for another select gate switch transistor
100b formed adjacent thereto. On the other hand, the second source/drain
region 18 is isolated by a device isolation region 30 from a source/drain
region of still another select gate switch 30 transistor 100c adjacent
thereto. [0040] For example, the device isolation region 30 is made of a
silicon oxide film. [0041] As shown in FIG. 1B, the distance between the
gate electrode 14 of the select gate switch transistor 100a and  the gate
electrode of the another select gate switch transistor 100b at the side of
the first source/drain region 16 (c1 in FIG. 1B) is preferably less than
the distance between the gate electrode 14 of the select gate 5 switch
transistor 100a and the device isolation region 30 at the side of the
second source/drain region 18 (c2 in FIG. 13). [0042] FIG. 2 is a circuit
diagram illustrating a nonvolatile semiconductor memory device according to
the 10 present embodiment. As shown in FIG. 2, for example, a memory cell
array 400 is constituted by mxn (m, n are 



integers) MIS transistors, i.e., memory cell transistors MT11 to MT1n, MT21
to MT2n,MTml to MTmn. In the memory cell array 400, these memory cell
transistors are 15 arranged in a column direction and a row direction, so
that the plurality of memory cell transistors is arranged in a matrix form.
[0043] For example, in the memory cell array 400, the memory cell
transistors MT11 to MTln and the select gate 20 transistors STS1 and STD1
are connected in series to constitute a NAND string, i.e., a cell unit.
[0044] A source region of the memory cell transistor MT11 located at an end
portion of the array of the group of memory cell transistors MT11 to MTln
connected in series is 25 connected to a drain region of the select gate
transistor .STS1 for selecting the memory cell transistors MT11 to MT1n. A
drain region of the memory cell transistor MTln located at an end portion
of the array of the group of memory cell transistors MT11 to MTln connected
in series is connected 30 to a source region of the select gate transistor
STD1 for selecting the memory cell transistors MT11 to MT1n.  [0045]
Likewise, the select gate transistors STS2 to STSm, the memory cell
transistors MT21 to MT2n,MTml to MTmn, and the select gate transistors STD2
to STDm are  respectively connected in series to constitute NAND strings.
[0046] The sources of the select gate transistors STS1 to STSm are
connected to a common source line SL.     [0047] The word lines WL1 to WLn
of each of the memory 5 cell transistors MT11, MT21,MTml, the memory cell
transistors MT12, MT22,MTm2, ..., and the memory cell transistors MT1n,
MT2n,MTmn are connected to a word 



line switch transistor 402. [0048] The word lines WL1 to WLn are connected
via the 10 word line switch transistor 402 to a boosting circuit and the
like. The word line switch transistor 402 controls the operation voltages
applied to the gate electrodes of the word lines WL1 to WLn. [0049] The
common select gate line SGS of the select gate 15 transistors STS1 to STSm
and the common select gate line SGD of the select gate transistors STD1 to
STDm are connected to a select gate switch transistor 404. [0050] The
select gate line SGS and the select gate line SGD are respectively
connected via the select gate switch 20 transistor 404 to a gate voltage
generation circuit 406 for generating the gate voltage of the select gate
transistors. The select gate switch transistor 404 controls the operation
voltages applied to the gate electrodes of the select gate transistors STS1
to STSm. 25[0051] The word lines WL1 to WLn, the select gate line SGS, and
the select gate line SGD are connected via the word line switch transistor
402 and the select gate switch transistor 404 to a row decoder 408. The row
decoder 408 decodes a row address signal to obtain a row address 30 decoded
signal, and controls the gate voltages of the word line switch transistor
402 and the select gate switch transistor 404.  [0052] The drains of the
select gate transistors STD1 to STDm are respectively connected to bit
lines BL1 to BLm. A  column decoder 410 obtains a column address signal,
and selects any one of the bit lines BL1 to BLm on the basis of the column
address decoded signal. [0053] The sense amplifier 412 amplifies data read
from 5 the memory cell transistor selected by the row decoder 408 and the
column decoder 410. 



[0054] Subsequently, applied voltage relationship during erasing operation
of memory cell data in the nonvolatile semiconductor memory device of the
present embodiment will 10 be explained. FIG. 3 is a figure illustrating
the operation voltage of the nonvolatile semiconductor device according to
the present embodiment. [0055] In this case, in FIG. 3, Vdd denotes a power
supply voltage. For example, it is 1 to 4 V. Vpgm denotes a 15 write
voltage. For example, it is 13 to 26 V. Vread denotes a read voltage higher
than Vdd. For example, it is 2 to 9 V. Vpass denotes an intermediate
voltage. For example, it is 3 to 13 V. Vbl denotes a pre-charge voltage.
For example, it is 0.5 to 1 V. Vbb denotes a substrate 20(well) voltage.
For example, it is 0 V. Vera denotes an erase voltage. For example, it is
13 to 26 V. [0056] As shown in FIG. 3, during erasing operation of the
memory cell data, a high voltage Vera is applied to the semiconductor
substrate (Sub) of the memory cell array. On 25 the other hand, the select
gate lines SGS and SGD are in floating state. This is to avoid occurrence
of dielectric breakdown of the gate insulating films caused by high
electric field applied to the gate insulating films of the select gate
transistors STD1 to STDm. 30[0057] Like the select gate switch transistor
100a as shown in FIG. 1A, the gate electrode of the select gate transistor
has such a structure that the charge storage film 14a and the control gate
electrode film 14c are conducting via the opening portion provided in the
block  insulating film 14b. Therefore, if the select gate lines SGS and SGD
are maintained at a fixed voltage such as 0 V and Vdd when high voltage
Vera is applied to the semiconductor substrate, the difference voltages
from Vera 5 are all applied to the gate insulating films. [0058] FIG. 4 is
a figure illustrating applied voltage relationship during operation of the
select gate switch transistor according to the present embodiment. FIG. 4A
illustrates applied voltage relationship during erasing 10 operation. FIG.
4B illustrates applied voltage 



relationship during reading or writing operation. [0059] The applied
voltages of the select gate lines SGS and SGD attaining floating state
during erasing operation are raised to Vera by coupling with the
semiconductor 15 substrate to which Vera is applied. As described above,
the second source/drain region 18 of the select gate switch transistor 100a
(FIG. 1A) is connected via the second contact 28 and the second wire 26 to
the gate electrodes of the select gate transistors, i.e., the select gate
line SGS 20or SGD. [0060] Therefore, as shown in FIG. 4A, Vera is applied
to the second source/drain region 18 during erasing operation. The select
gate switch transistor 100a applies a voltage such as 0 V or Vdd to the
gate electrode 14 to maintain OFF 25 state, so that the select gate lines
SGS and SGD are kept in floating state during erasing operation.  [0061]
Therefore, during erasing operation, high electric field is applied between
the second source/drain region 18 and the semiconductor substrate 10, and
in particular, high 30 electric field is applied at the edge of the gate
electrode. Therefore, this may reduce reliability, e.g., degradation of
joint voltage resistance of the second source/drain region 18 and increase
of a leak current. For this reason, at the side of the second source/drain
region 18, it is  required to increase the surface voltage resistance.
[0062] On the other hand, the first source/drain region 16 is connected via
the first contact 24 and the first wire 22 to the gate voltage generation
circuit 406 for generating 5 the gate voltage of the select gate
transistors (FIG. 2). The voltage applied from the gate voltage generation
circuit 406 is 0 V or Vdd. Therefore, during erasing operation, high
voltage such as the voltage applied to the second source/drain region 18 is
not applied to the first 10 source/drain region 16. 



[0063] During reading and writing operations, 0 V or Vdd is applied to the
select gate lines SGS and SGD via the select gate switch transistor 100a
(FIG. 1A). Therefore, as shown in FIG. 4B, in any state, high voltage such
as the 15 voltage applied during erasing operation is not applied to the
first source/drain region 16 and the second source/drain region 18. [0064]
As described above, in view of the peculiar applied voltage relationship
during operation of the select gate 20 switch transistor, the source/drain
structure is optimized in the select gate switch transistor according to
the present embodiment. [0065] First, the DDD structure is employed as the
first source/drain region 16 so that high voltage is not applied 25 thereto
in any of the reading, writing, and erasing operations. Therefore, the
drive power is increased, the area of the source/drain region 16 is
reduced, and the chip size can be easily reduced. [0066] In other words,
the impurity concentration of the 30 first n-type impurity layer 16a
serving as the n--type diffusion layer is set higher than the impurity
concentration of the third n-type impurity layer 18a, and the first n-type
impurity layer 16a is made to be deeper than the third n-type impurity
layer 18a. This reduces the  parasitic resistance of the n--type diffusion
layer, and improves the drive power of the select gate switch transistor
100a. The parasitic resistance of the n--type diffusion layer decreases as
the distance between the gate 5 electrode 14 and the second n-type impurity
layer 16b (al in FIG. 1A) decreases. [0067] On the other hand, the LDD
structure is employed as the second source/drain region 18 so that high
voltage is applied thereto during erasing operation, whereby this 



10 improves the surface voltage resistance at the side of the second
source/drain region 18. [0068] In other words, the third n-type impurity
layer 18a is made into the shallow n--type diffusion layer with low
concentration, which enhances depletion in OFF state and 15 increases
voltage drop in the n--type diffusion layer, thus improving the surface
voltage resistance. In other words, the voltage drop in the n--type
diffusion layer increases as the distance between the gate electrode 14 and
the fourth n-type impurity layer 18b (a2 in the figure), i.e., 20 the third
n-type impurity layer 18a, becomes longer. [0069] In order to increase the
voltage drop during erasing operation at the side of the second
source/drain region 18 and improve drive power during the reading and
writing operations at the side of the first source/drain 25 region 16, the
distance between the gate electrode 14 and the fourth n-type impurity layer
18b (a2 in FIG. 1A) is preferably larger than the distance between the gate
electrode 14 and the second n-type impurity layer 16b (al in FIG. 1A).
30[0070] The parasitic resistance is also reduced by reducing the distance
between the gate electrode 14 and the first contact 24 (b1 in FIG. 1A). The
voltage drop is also increased by increasing the distance between the gate
electrode 14 and the second contact 28 (b2 in FIG. 1A). In  this respect,
the distance between the gate electrode 14 and the second contact 28 (b2 in
FIG. 1A) is preferably larger than the distance between the gate electrode
14 and the first contact 24 (b1 in FIG. 1A). 5[0071] Further, since the DDD
structure is employed as the first source/drain region 16, as shown in FIG.
IB, the distance between the gate electrode 14 of the select gate switch
transistor 100a and the gate electrode of the another select gate switch
transistor 100b at the side of 10the first source/drain region 16 (c1 in
FIG. 13) can be less than the distance between the gate electrode 14 of the
select gate switch transistor 100a and the device isolation region 30 at
the side of the second source/drain region 18 (c2 in FIG. 1B). In other
words, as compared with the case 15 where the DDD structure is employed,
the area required in the first source/drain region 16 can be reduced.
Therefore, the chip size can be reduced easily. [0072] FIG. 5 is a layout
diagram illustrating a nonvolatile semiconductor memory device according to
the 20 present embodiment. FIG. 5 shows a layout of a memory cell array, a
word line switch transistor, and a select gate switch transistor. In FIG.
5, a cross section of a select 



gate switch transistor taken along A-A' corresponds to a cross section of
FIG. 13. 25[0073] The word line switch transistor and the select gate
switch transistor corresponding to each block of the memory cell array are
alternately arranged as shown by outline arrows with a memory cell array
interposed thereberween. The word line switch transistor and the select
gate switch 30 transistor of each block other than shaded blocks are
omitted from the figure.  [0074] In the figure, SGSIN and USGS denote
voltages applied to the select gate line SGS for selection and unselection,
respectively, of a memory cell. On the other  hand, SGDIN and USGD denote
voltages applied to the select gate line SGD for selection and unselection,
respectively, of a memory cell. SGSIN, USGS, SGDIN, and USGD are generated
by the gate voltage generation circuit 406. 5[0075] In general, the gate
length and the gate width of the selection transistor is longer than the
gate length and the gate width of the memory cell transistor. Therefore,
the capacity of each one select gate lines SGS and SGD is larger than the
capacity of one word line. Accordingly, in 10 order to charge and discharge
the select gate lines SGS and SGD having large capacities, the gate width
of the gate electrode 14 of the select gate switch transistor 100a is
larger than the gate width of a gate electrode 34 of a word line switch
transistor 300. In order to reduce the off 15 current to a certain level
while the gate width is enlarged, the gate length of the gate electrode 14
of the select gate switch transistor 100a is larger than the gate length of
the gate electrode 34 of the word line switch transistor 300. 20[0076]
Accordingly, when the word line switch transistor and the select gate
switch transistor corresponding to one block of memory cell array are
arranged within the same pitch with the distribution as shown in FIG. 5,
the margin in the bit line direction of the select gate switch 



25 transistor (the gate length direction of the select gate switch
transistor) is insufficient due to the large gate length, and in this case,
the arrangement in the bit line direction is more difficult than the word
line switch transistor. 30[0077] In the present embodiment, since the high
voltage is not applied to the select gate switch transistor 100a at the
side of the first source/drain electrode 16 as described above, the DDD
structure is employed as the first source/drain region 16. Therefore, the
length in the bit  line direction of the source/drain electrode 16 can be
reduced to a length less than the LDD structure, and the select gate switch
transistor can be easily arranged in the bit line direction. 5[0078] It
should be noted that the high voltage Vpgm may be applied to the word lines
WL1 to WLn during the writing operation as shown in the applied voltage
relationship of FIG. 3. Therefore, the high voltage is applied to both of
the first source/drain electrode 36 and the second 10 source/drain
electrode 38 of the word line switch transistor 300. Therefore, in the word
line switch transistor 300, the LDD structure is preferably employed as
both of the first source/drain electrode 36 and the second source/drain
electrode 38. 15[0079] In the present embodiment, as described above, the
first source/drain region 16 is shared as the source/drain region for
another select gate switch transistor 100b arranged adjacent thereto.
Therefore, in this respect, the pitch of the select gate switch transistor
is reduced in 20 the bit line direction. Accordingly, it easy to arrange
the select gate switch transistor. [0080] Alternatively, the following
arrangement may also be employed. The first source/drain region 16 and the
source/drain region of the another select gate switch 25 transistor 100b
arranged adjacent thereto may be independently arranged. In this case, the
first source/drain region 16 is also terminated with a device isolation
region. [0081] In this case, the distance between the gate 30 electrode 14
of the select gate switch transistor and the device isolation region at the
side of the first source/drain region 16 is preferably less than the
distance 



between the gate electrode 14 and the device isolation region at the side
of the second source/drain region 18.  This is because the pitch of the
select gate switch transistor is reduced in the bit line direction. [0082]
As described above, according to the nonvolatile semiconductor memory
device of the present embodiment, the 5 structure of the source/drain
electrode is optimized, and the nonvolatile semiconductor memory device
having the select gate switch transistor achieving high drive power and
high degree of reliability can be achieved. Further, the pitch of the
select gate switch transistor is reduced 10 in the bit line direction, and
the chip size can be easily reduced. [0083] (Second embodiment)        The
nonvolatile semiconductor memory device of the present embodiment is
basically the same as the first 15 embodiment except that the impurity of
the second n-type. impurity layer is arsenic (As), the impurity of the
fourth n-type impurity layer is phosphorus (P), and there is no fifth
n-type impurity layer. Therefore, description about the same contents as
those of the first embodiment will be 20 omitted.  [0084] FIG. 6 is a
schematic cross-sectional view illustrating a select gate switch transistor
according to the present embodiment. The impurity of a second n-type
impurity layer 16b of a select gate switch transistor 500a 25 is arsenic
(As), and the impurity of a fourth n-type impurity layer 18b is phosphorus
(P).  [0085] In the first embodiment, both of the second n-type impurity
layer 16b and the fourth n-type impurity layer 18b are made of arsenic, and
are formed to have the same 30 impurity concentration and the same depth,
in order to facilitate manufacturing process. In contrast, in the present
embodiment, the second n-type impurity layer 16b 



and the fourth n-type impurity layer 18b can be formed separately, and
further, the fourth n-type impurity layer  18b is made of phosphorus.
[0086] Therefore, the degree of freedom in design is enhanced when the DDD
structure of the first source/drain region 16 is optimized to obtain drive
power and the LDD 5 structure of the second source/drain region 18 is
optimized to achieve high degree of reliability. [0087] In the present
embodiment, the fourth n-type impurity layer 18b uses phosphorus and made
into a diffusion layer deeper than the first n-type impurity layer 1016a,
so that smooth joint profile is formed, whereby the joint voltage
resistance is improved. [0088] (Third embodiment) The nonvolatile
semiconductor memory device of the present embodiment is the same as the
first embodiment 15 except that the first source/drain region of the select
gate switch transistor is shared as a source/drain region for another
select gate switch transistor arranged adjacent thereto, and the second
source/drain region of the select gate switch transistor is shared as a
source/drain region 20for still another select gate switch transistor
arranged adjacent thereto. Therefore, description about the same contents
as those of the first embodiment will be omitted. [0089] FIG. 7 is a
schematic cross-sectional view illustrating a select gate switch transistor
according to 25 the present embodiment. FIG. 8 is a layout diagram
illustrating a nonvolatile semiconductor memory device according to the
present embodiment. FIG. 8 shows a layout of a memory cell array, a word
line switch transistor, and a select gate switch transistor. In FIG. 8, a
cross 



30section of a select gate switch transistor taken along B-B' corresponds
to a cross section of FIG. 7.  [0090] As shown in FIGS. 7 and 8, a first
source/drain region 16 of a select gate switch transistor 600a is shared as
a source/drain region for another select gate switch  transistor 600b
arranged adjacent thereto, and a second source/drain region 18 of a select
gate switch transistor 600a is shared as a source/drain region for still
another select gate switch transistor 600c arranged adjacent 5 thereto.
[0091] As compared with the first embodiment, the second source/drain
region 18 is shared, and accordingly, the pitch in the select gate switch
transistor can be further reduced in the bit line direction. Therefore, it
is easy 10 to further reduce the chip size. [0092] In this case, the
distance between the gate electrode 14 of the select gate switch transistor
600a and the gate electrode of the another adjacent select gate switch
transistor 600b at the side of the first 15 source/drain region 16 is
preferably less than the distance between the gate electrode 14 and the
gate electrode of the still another adjacent select gate switch transistor
600c at the side of the second source/drain region 18. This is because the
pitch of the select gate switch transistor is 20 reduced in the bit line
direction.  [0093] While certain embodiments have been described, these
embodiments have been presented by way of example only, and are not
intended to limit the scope of the inventions. Indeed, the nonvolatile
semiconductor memory 25 device described herein may be embodied in a
variety of other forms; furthermore, various omissions, substitutions and
changes in the form of the devices and methods described herein may be made
without departing from the spirit of the inventions. The accompanying
claims and 



30 their equivalents are intended to cover such forms or modifications as
would fall within the scope and spirit of the inventions.  WHAT IS CLAIMED
IS:           1. A nonvolatile semiconductor memory device having a select
gate switch transistor, the select gate switch 5 transistor comprising:
a gate insulating film formed on a semiconductor substrate; a gate
electrode formed on the gate insulating film; and 10a first source/drain
region and a second source/drain region formed in the semiconductor
substrate so as to face each other across the gate electrode,
wherein the first source/drain region includes a first n-type impurity
layer and a second n-type impurity 15 layer having a higher impurity
concentration and a shallower depth than the first n-type impurity layer,
and        the second source/drain region includes a third n-type impurity
layer having a lower impurity concentration and a shallower depth than the
first n-type impurity layer 20 and a fourth n-type impurity layer having a
higher impurity concentration and a deeper depth than the third n-type
impurity layer.           2. The device according to claim 1, wherein the
25 first source/drain region is connected to a gate voltage generation
circuit for generating a gate voltage of a select gate transistor, and the
second source/drain region is connected to the gate electrode of the select
gate transistor. 30         3. The device according to claim 1, wherein a
distance between the gate electrode of the select gate switch transistor
and a device isolation region or a gate electrode of another adjacent
select gate switch transistor 



at a side of the first source/drain region is less than a distance between
the gate electrode of the select gate switch transistor and a device
isolation region or a gate electrode of still another adjacent select gate
switch 5 transistor at a side of the second source/drain region.         4.
The device according to claim 1, wherein a distance between the gate
electrode of the select gate switch transistor and the fourth n-type
impurity layer is 10 more than a distance between the gate electrode of the
select gate switch transistor and the second n-type impurity layer.
5. The device according to claim 1, wherein an 15 impurity of the second
n-type impurity layer is arsenic (As), and an impurity of the fourth n-type
impurity layer is phosphorus (P).            6. The device according to
claim 1, wherein 20 impurities of the second n-type impurity layer and the
fourth n-type impurity layer are arsenic (As).         7. The device
according to claim 6, wherein the second source/drain region further
includes a fifth n-type 25 impurity layer having the same impurity
concentration and depth as the first n-type impurity layer, and        the
second n-type impurity layer and the fourth n-type impurity layer have the
same impurity concentration and depth. 30         8. The device according
to claim 1, wherein the first source/drain region of the select gate switch
transistor is shared as a source/drain region for another adjacent select
gate switch transistor.           9. The device according to claim 1,
wherein the second source/drain region of the select gate switch transistor
is shared as a source/drain region for another 



5 adjacent select gate switch transistor.         10. The device according
to claim 1, wherein the first source/drain region of the select gate switch
transistor is shared as a source/drain region for another 10 adjacent
select gate switch transistor, and        the second source/drain region of
the select gate switch transistor is shared as a source/drain region for
still another adjacent select gate switch transistor. 1511. The device
according to claim 1, wherein the impurity concentration of the first
n-type impurity layer is 1E18 atoms/cm3 to 1E20 atoms/cm3.            12.
The device according to claim 1, wherein the 20 impurity concentration of
the second n-type impurity layer is 1E19 atoms/cm3 to 1E21 atoms/cm3.
13. The device according to claim 1, wherein the impurity concentration of
the third n-type impurity layer 25is 1E17 atoms/cm3 to 1E19 atoms/cm3.
14. The device according to claim 1, wherein the impurity concentration of
the fourth n-type impurity layer is 1E19 atoms/cm3 to 1E21 atoms/cm3. 30
15. The device according to claim, 7, wherein the impurity concentration of
the fifth n-type impurity layer is 1E18 atoms/cm3 to 1E20 atoms/cm3. 




