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(57) ABSTRACT 

In NAND type EEPROM capable of high-speed rewriting 
by ensuring that the memory cell current during Write verify 
read-out operation is larger than that during normal data 
read-out operation, a NAND cell is composed of a plurality 
of serially connected memory cells (MCO through MC31) 
and selection transistors (SST and GST). During data Write 
operation, a voltage (Vpgm) is applied to a selected Word 
line of a selected block, and a pass voltage (Vpass2) is 
applied to non-selected Word lines to introduce electrons to 
the ?oating gate of the selected memory cell. In verify 
read-out operation after data Write operation, a verify read 
out voltage is applied to the selected Word line and a pass 
voltage (Vpass3) to non-selected Word lines. The pass 
voltage (Vpass3) applied to non-selected Word lines during 
verify read-operation is higher than the pass voltage 
(Vpassl) applied to non-selected Word lines during normal 
data read-out operation. 
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NONVOLATILE SEMICONDUCTOR MEMORY 
DEVICE 

BACKGROUND OF THE INVENTION 

[0001] This invention relates to a nonvolatile semiconduc 
tor memory device (EEPROM : Electrically Erasable Pro 
grammable ROM) including memory cell units in Which a 
plurality of electrically reWritable memory cells are con 
nected. 

[0002] ANAND type EEPROM has been knoWn as a kind 
of EEPROM enabling electrical reWriting. Asingle memory 
cell of NAN D type EEPROM has a FETMOS (Floating gate 
Electrically erasable Tunneling MOS) structure stacking a 
?oating gate (charge storage layer) and a control gate on a 
semiconductor substrate via an insulating ?lm. Aplurality of 
memory cells are connected in series While sharing common 
source and drain betWeen every adjacent ones thereof to 
form a NAND type memory cell unit (hereinafter simply 
called NAND cell). Such NAND cells are arranged in form 
of a matrix to make up a memory cell array. 

[0003] Drains at one-side ends of NAND cells aligned in 
the column direction of a memory cell array are commonly 
connected to a bit line via a selection gate transistor, and 
sources at the other common ends are connected to a 

common source line via a selection gate transistor, here 
again. Word lines of memory transistors and gate electrodes 
of selection transistors are commonly connected in the 
column direction of the memory cell array as a Word line 
(control gate line) and a selection gate line, respectively. 

[0004] This kind of NAND type EEPROM is knoWn from 
the folloWing literatures (1) and (2), for eXample. 

[0005] (1) K. D. Suh, et al., “A 3.3 V 32 Mb NAND Flash 
Memory With Incremental Step Pulse Programming 
Scheme,” IEEE J. Solid-State Circuits, Vol. 30, pp. 1149 
1156, November 1995 

[0006] (2) Y. IWata et al., “A 35ns Cycle Time 3.3 V Only 
32 Mb NAND Flash EEPROM,” IEEE J. Solid-State Cir 
cuits, Vol. 30, pp. 1157-1164, November 1995. 

[0007] FIG. 14 shoWs con?guration of a single NAND 
cell block in a memory cell array of NAND cell type 
EEPROM. Aplurality of memory cells M are connected in 
series While sharing common source and drain betWeen 
every adjacent ones thereof to form a NAND type memory 
cell unit. An end of each NAND cell is connected to a bit line 
BL via a selection transistor S1, and the other end thereof is 
connected to a common grounded line via a selection 
transistor S2. Control gates of memory cells M aligned in the 
horiZontal direction in FIG. 14 are commonly connected to 
a Word line WL. Similarly, gates of the selection transistors 
S1 and S2 are commonly connected to selection gate lines 
SSL and GSL, respectively. The range of NAN D cells driven 
by a single Word line makes up a NAND cell block. 

[0008] In general, a plurality of such NAND cell blocks 
are arranged in the bit line direction to form a memory cell 
array. Each NAND cell block is the minimum unit for data 
erasure, and so-called ?ash erasure (collective erasure) is 
conducted therefore. Aseries of memory cells aligned along 
a single selected Word line Within the NAND cell block is 
called one page, and one page is the unit for reading and 
Writing data. 
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[0009] Each memory cell M stores data by representing 
the status With a positive threshold value due to injection of 
electrons into the ?oating gate (E(Enhancement) type status) 
and the status With a negative threshold value due to 
discharge of electrons from the ?oating gate (D(Depletion) 
type status) by using tWo values, respectively. For eXample, 
it is determined that the D type status is the status holding 
“1” data (erasure mode) and the E type status is the status 
holding “0” data (Write mode). Additionally, it is de?ned that 
the operation shifting the threshold value of a memory cell 
holding “1” data toWard the positive direction and changing 
it into the status holding “1” data is “Write operation” and 
operation shifting the threshold value of a memory cell 
holding “0” data toWard the negative direction and changing 
it into the status holding “1” data is “erase operation”. In this 
speci?cation, explanation is progressed according to such 
de?nition. 

[0010] FIG. 15 shoWs relations among voltages of differ 
ent portions data erase, read-out, Write operations in a 
selected NAND cell block of a memory cell array. In erase 
operation, all Word lines in a selected NAND cell block are 
set in 0 V, and the selection gate lines SSL, GSL and bit line 
BL are held ?oating Then a high positive erase voltage 
Vera (for eXample, erase pulse of 3 ms and 21 V) to P-type 
Wells of memory cells. As a result, in the selected block, an 
erase voltage is applied betWeen Wells and Word lines, and 
electrons are released from the ?oating gate to the Wells by 
a FN(FoWler-Nordheim) tunneling current. Consequently, 
memory cells in the NAND cell block become the erase 
mode of “1”. 

[0011] At that time, in non-selected NAND cell blocks, 
there are no in?uences from the erase pulse because of 
capacity coupling of ?oating-status Word lines and Wells. 
The coupling ratio is calculated from the capacitance con 
nected to Word lines under the ?oating status. Actually, 
capacities of poly-silicon Word lines and P Wells in cell 
regions occupy an overWhelming part of the Whole capacity, 
and the coupling ratio obtained from a result of actual 
measurement is as large as about 0.9 and disturbs the ?oW 
of FN tunneling current. For verifying erasure, it is judged 
Whether threshold voltage has become —1 V or loWer in all 
memory cells in the selected block. 

[0012] Data read-out operation is effected by applying 0 V 
to the selected Word line and a predetermined intermediate 
voltage Vread (a voltage independent from the threshold 
value and large enough to render the channel conductive) to 
non-selected Word lines and selection gate lines, and by 
reading changes in potential of the bit lines BL caused by 
conduction or non-conduction of the selected memory cells. 

[0013] Data Write operation is effected by applying a 
positive high Write voltage Vpgm to the selected Word line, 
an intermediate voltage Vpass to non-selected Word lines, 
Vcc to the selection gate line SSL on the part of bit lines, and 
Vss=0 V to the selection gate line GSL on the part of 
common source line, and applying Vss to bit lines BL to 
Write “0” in, and Vcc to bit lines prohibited to Write (that is, 
bit lines to be maintained in the erase mode of “1”). At that 
time, in a selected memory cell connected to the bit line 
supplied With Vss, the channel potential is held in Vss, a 
large electric ?eld betWeen the control gate and the channel 
is applied, and electrons are injected from the channel to the 
?oating gate due to a tunneling current. In the other non 



US 2002/0034100 A1 

selected memory cells connected to the same bit line and 
applied With Vpass, electric ?eld is not sufficient for Writing. 
Therefore, Writing is not effected. 

[0014] In memory cells along a bit line applied With Vcc, 
channels of the NAND cell are pre-charged to Vcc or 
Vcc-Vth (Vth is the threshold voltage of the selection 
transistor), and the selection transistor is cut off. Then, When 
the Write voltage Vpgm and the intermediate voltage Vpass 
are applied to the control gates, the channel potential 
increases due to capacity coupling betWeen the NAND cell 
channels in the ?oating status and the control gates applied 
With vpgm or vpass, and electron injection does not occur. 

[0015] In this manner, only in the memory cell at the 
crossing point of the bit line applied With Vss and the 
selected Word line applied With Vpgm, electrons are 
injected, and “0” is Written. In memory cells prohibited to 
Write in Within the selected block, since the channel potential 
is determined by capacity coupling betWeen Word lines and 
channels, in order to apply a sufficiently high Write prohib 
iting voltage, it is important to ensure suf?cient initial 
charging of channels and increase the capacity coupling 
ratio betWeen Word lines and channels. 

[0016] Coupling ratio B betWeen Word lines and channels 
is calculated by B=Cox/(Cox+Cj) Where Cox and Cj are the 
lump sum of gate capacities betWeen Word lines and chan 
nels and the lump sum of junction capacities of sources and 
drains of memory cell transistors, respectively. Channel 
capacity of a NAND cell is the total of this gate capacity 
lump sum Cox and the junction capacity lump sum Cj. The 
other capacities, such as overlap capacity of selection gate 
lines and sources, capacity of bit lines and sources/drains, 
etc., are very small as compared With the capacity of all 
channels, they are disregarded here. 

[0017] The issue of scaling in the above-explained NAND 
type EEPROM is next explained With reference to FIG. 16. 
FIG. 16 shoWs relations betWeen the number of memory 
cells in a NAND cell and the ratio of the effective memory 
cell area per bit over the area of one memory cell, taking the 
memory capacity as a parameter. A feature of NAND type 
EEPROM lies in that the effective memory siZe can be 
reduced as a result of common use of tWo selection gate 
transistors and contacts of bit lines and source lines by a 
plurality of memory cells. 

[0018] In case of 0.4 pm rule, 64 Mb NAND type 
EEPROM, the number of memory cells in a NAND cell is 
16, and the ratio of the effective memory cell area per bit 
over the area of one memory cell Was 1.20 as shoWn in FIG. 

16. In 0.2 pm rule, 256 Mb NAND type EEPROM, if the 
number of memory cells in a NAND cell is 16 equally, the 
ratio of the effective memory cell area per bit over the area 
of one memory cell is 1.26. Further, in a 0.13 pm rule, 1 Gb 
NAND EEPROM, assuming the number of memory cells 
being 16 here again, this ratio is estimated to become 1.33. 

[0019] Areason Why the ratio of the effective memory cell 
area over the actual memory cell area increases With min 
iaturiZation and increase of the capacity lies in that, although 
the pitch of Word lines (Width of each Word line+space) can 
be reduced in accordance With the design rule, it makes it 
dif?cult to reduce contact areas of the selection transistors as 
overheads With the bit lines and the source lines. This is 
caused, in one aspect, from dif?culty of the process for 
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making minute contacts, etc., but in the other aspect, there 
is another reason attendant to the device design, namely, 
miniaturiZation being limited by the need for a margin for 
Write operation. Whichever the reason is, When the number 
of memory cells in a NAND cell is limited to 16, the 
effective memory siZe increases from that of 64 Mb as a 
reference by 5% (1.12/1.20=1.05) in case of 256 Mb and by 
11% (1.33/1.20=1.11) in case of 1 Gb. 

[0020] In contrast, When the number of memory cells in a 
NAND cell of 1 Gb NAND type EEPROM is increased to 
32, the ratio of the effective memory cell area per bit over the 
area of one memory cell decreases to 1.17, and the chip siZe 
decreases to 88%. HoWever, this is applicable When the area 
of a chip occupied by the memory cell array is assumed to 
be 60% in both cases. HoWever, increasing memory cells in 
each NAND cell invites other problems. 

[0021] The ?rst one of the problems is that the block siZe 
of ?ash erasure of data is doubled. HoWever, this is mainly 
a problem concerning the speci?cation, and can be removed. 
For example, capacity required for one shot of a digital 
camera of 300,000 pixels is about 0.5 Mb, and it corresponds 
to the capacity of four blocks of 16 kilobytes. HoWever, as 
the capacity of digital cameras increases to 1.3 million pixels 
or 2 million pixels, the number of blocks necessary for one 
shot increases When the block siZe is ?xed to 16 kilobytes. 
Such increase of blocks leads to the problem of decreasing 
the Writing speed of one shot. Therefore, in certain cases, 
EEPROM is desired to increase the book siZe to a certain 
level along With an increase of its capacity. 

[0022] The second one of the problems is that doubling the 
number of memory cells results in reducing the memory cell 
current by half. When the memory cell current reduces by 
half, the bit line sensing time during read-out operation, 
namely, the time from selection of a Word line to activation 
of a sense ampli?er is doubled. If the number of memory 
cells in a NAND cell is 16, ion case of 1 Gb, it is planned 
that the bit line capacity is 3.4 pF, the bit line amplitude is 
0.7 V, and the memory cell current is 0.5 MA, and in this case, 
the bit line sensing time is 4.65 us. If memory cells in a 
NAND cell are increased from 16 to 32 under the condition 
that the bit line capacity does not change, the bit line sensing 
time becomes 9.52 us. 

[0023] Such increase of the bit line sensing time not only 
increases the random read-out time but also causes the Write 
time to increase. Speci?cation of the random read-out time 
normally becomes about a double of the bit line sensing time 
because the time of entering a command and an address, the 
time for selecting a Word line, the time for outputting data 
and their margins are added to the bit lien sensing time. If the 
device is designed to include 16 memory cells in a NAND 
cell, the random read-out time can be limited Within 10 us. 
Since a Write pulse is about 20 us, the Write cycle time is 
about 30 us (10 s+20 us). Therefore, in the case Where 
Writing is completed by six Write cycles, the Write time is 30 
ps><6=180 us. In contrast, if the device is designed to include 
32 memory cells in a NAND cell, since the random read-out 
time becomes 20 us, the Write cycle time is about 40 us, and 
the Write time is 40 ys><6=240 us. 

[0024] Therefore, When the Write time is ?xed to 200 us as 
the speci?cation, the Write cycle has to be limited to 5 or 
less. For this purpose, load to a process, like the need for 
minimiZing ?uctuation of the coupling ratio of memory 
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cells, increases. If improvement of the process cannot be 
expected, speci?cation of the Write time, for example, has to 
be relaxed from 200 us to 300 us. This is a great haZard 
against progressing the feature of NAND type EEPROM, 
i.e., high-speed reWriting. 
[0025] NAND EEPROM reWrites data by FN tunneling 
over the entire surface of a channel, Which is different from 
Writing by hot electron injection employed by NOR type 
EEPROM and erasure at the source side by using band-to 
band tunneling. Therefore, a large number of memory cells 
can be reWritten simultaneously. As a result, When the time 
for loading data to be Written is disregarded, the Writing 
throughput can be doubled and quadrupled by increasing the 
Writing page siZe from 512 bytes to 1 kilobyte and further to 
2 kilobytes. By making use of the feature of high-speed 
reWriting, applications of NAND type EEPROM are being 
extended to voice (voice recorder), images (digital still 
camera), audio and moving pictures. HoWever, if the verify 
read-out speed after data Write decreases because of reduc 
tion of the cell current and it results in a decrease of the page 
Writing speed, applications of NAND EEPROM Will be 
limited. 

[0026] The random read-out time does not matter so much 
even if it increases from 10 us to 20 us, for example. That 
is, since NAND type EEPROM is not a device intended or 
random bit processing but a device intended for block data 
processing, the speed of queue search is not important. For 
example, When a mass of data over 16 pages is to be read 
out, a random read-out time is required as the time for queue 
search to read out the ?rst one page. HoWever, for the second 
page, et seq., by executing sequential page read-out (a mode 
for progressing the sensing operation of the next page in 
parallel With read-out operation of the preceding page), no 
time for random read-out is required upon movement from 
page to page. 

SUMMARY OF THE INVENTION 

[0027] It is therefore an object of the invention to provide 
a nonvolatile semiconductor memory device capable of 
high-speed reWriting by increasing the memory cell current 
for verify read-out relative to that for normal data read-out. 

[0028] More speci?cally, it is the object of the invention to 
provide a nonvolatile semiconductor memory device that 
minimiZes degradation of the Writing speed When the num 
ber of memory cells in a NAND cell is increased and the 
effective memory cell area per bit is decreased. 

[0029] According to the ?rst aspect of the present inven 
tion, there is provided a nonvolatile semiconductor memory 
device comprising: 

[0030] a memory cell array having a matrix arrange 
ment of electrically reWritable memory cells Which 
form a plurality of memory cell units each including 
a plurality of said memory cells; 

[0031] a decode circuit for decoding an address and 
selecting a memory cell of said memory cell array; 

[0032] a sense ampli?er circuit for detecting read-out 
data from said memory cell array and latching Write 
data to said memory cell array; 

[0033] a read-out control means for reading out data 
from a memory cell selected from a memory cell unit 
selected by said decode circuit; 
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[0034] a Write control means for Writing data in a 
memory cell selected from a memory cell unit 
selected by said decode circuit by applying a Write 
voltage thereto; and 

[0035] a Write verify read-out control means for 
reading out data from a selected memory cell in 
order to con?rm the status of data Writing by said 
Write control means, under a bias condition ensuring 
a larger memory cell current to How in its conductive 
status than that during data read-out operation by 
said read-out control means. 

[0036] According to the second aspect of the present 
invention, there is provided a nonvolatile semiconductor 
memory device comprising: 

[0037] a memory cell array having a matrix arrange 
ment of electrically reWritable memory cells driven 
by Word lines, said memory cells form a plurality of 
NAND-type memory cell units each including a 
plurality of said memory cells serially connected to 
a bit line; 

[0038] a decode circuit for decoding an address and 
selecting a Word line and a bit line of said memory 
cell array; 

[0039] a sense ampli?er circuit for detecting data 
read out onto a bit line of said memory cell array and 
latching Write data to said memory cell array; 

[0040] a read-out control means for reading out data 
by applying a read-out voltage to a selected Word 
line in an NAND type memory cell unit selected 
from said decode circuit and applying a ?rst pass 
voltage to non-selected Word lines, said ?rst pass 
voltage being determined to make memory cells 
conductive; 

[0041] a Write control means for Writing data by 
applying a Write voltage to a selected Word line in an 
NAND type memory cell unit selected by said 
decode circuit and applying a second pass voltage 
loWer than said Write voltage to non-selected Word 
lines; and 

[0042] a Write verify read-out control means for 
reading data in order to con?rm the status of data 
Writing by said Write control means under a condi 
tion ensuring a larger current to How in the conduc 
tive status of the selected NAND type memory cell 
unit than that during data read-out operation by said 
read-out control means, by applying a verify read 
out voltage to a selected Word line in the selected 
NAND type memory cell unit and applying a third 
pass voltage to non-selected Word lines, said third 
pass voltage being determined to make memory cells 
conductive. 

[0043] According to the third aspect of the present inven 
tion, there is provided a nonvolatile semiconductor memory 
device comprising: 

[0044] a memory cell array having a matrix arrange 
ment of electrically reWritable memory cells driven 
by Word lines, said memory cells form a plurality of 
NAND-type memory cell units each including a 
plurality of said memory cells serially connected to 
a bit line; 
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[0045] a decode circuit for decoding an address and 
selecting a Word line and a bit line of said memory 
cell array; 

[0046] a sense ampli?er circuit for detecting data 
read out onto a bit line of said memory cell array and 
latching Write data to said memory cell array; 

[0047] a read-out control means for reading out data 
by applying a read-out voltage to a selected Word 
line in an NAND type memory cell unit selected 
from said decode circuit and applying a ?rst pass 
voltage to non-selected Word lines, said ?rst pass 
voltage being determined to make memory cells 
conductive; 

[0048] a Write control means for Writing data by 
applying a Write voltage to a selected Word line in an 
NAND type memory cell unit selected by said 
decode circuit and applying a second pass voltage 
loWer than said Write voltage to non-selected Word 
lines; and 

[0049] a Write verify read-out control means for 
reading data in order to con?rm the status of data 
Writing by said Write control means under a condi 
tion ensuring that conductance of memory cells 
driven by non-selected Word lines becomes larger 
than that during data read-out operation, by applying 
a verify read-out voltage to a selected Word line in 
the selected NAND type memory cell unit and 
applying a third pass voltage to non-selected Word 
lines, said third pass voltage being determined to 
make memory cells conductive. 

[0050] According to the fourth aspect of the present inven 
tion, there is provided a nonvolatile semiconductor memory 
device comprising: 

[0051] a memory cell unit composed of a plurality of 
electrically reWritable memory cells; 

[0052] a bit line for exchanging data With said 
memory cell unit; 

[0053] Word lines connected to control gates of 
memory cells forming said memory cell unit; and 

[0054] a roW decoder for applying a predetermined 
voltage to said Word lines, 

[0055] said roW decoder supplying a predetermined 
potential to said Word lines to ensure that a cell 
current ?oWing in said memory cell unit Which is 
made conductive upon read-out operation for judg 
ing Whether predetermined data Was Written in one of 
memory cell forming said memory cell unit becomes 
larger than the current ?oWing in said memory cell 
unit Which is made conductive upon read-out opera 
tion for specifying data Written in said memory cell. 

[0056] According to the ?fth aspect of the present inven 
tion, there is provided a nonvolatile semiconductor memory 
device comprising: 

[0057] a memory cell unit composed of a plurality of 
electrically reWritable memory cells; 

[0058] a selection transistor connected betWeen one 
end of said memory cell unit and said bit line; 
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[0059] a bit line for exchanging data With said 
memory cell unit; 

[0060] Word lines and a selection gate line connected 
to control gates of memory cells forming said 
memory cell unit and the gate of said selection 
transistor, respectively; and 

[0061] a roW decoder for applying a predetermined 
voltage to said Word lines and said selection gate 
line, 

[0062] said roW decoder supplying a ?rst pass voltage 
to Word lines connected to non-selected memory 
cells among a plurality of memory cells forming said 
memory cell unit upon read-out operation for judg 
ing Whether predetermined data Was Written in one of 
memory cell forming said memory cell unit, and said 
roW decoder supplying a second pass voltage loWer 
than said ?rst voltage to Word lines connected to 
non-selected memory cells among a plurality of 
memory cells forming said memory cell unit upon 
read-out operation for specifying data Written in said 
memory cell. 

[0063] According to the invention, by using a bias condi 
tion capable of supplying a larger memory cell current for 
Write verify read-out operation than that for normal data 
read-out operation, it is possible to prevent the data Write 
time from increasing When the capacity of the memory cell 
array is increased, and high-speed reWriting of EEPROM 
can be realiZed. 

[0064] More speci?cally, the invention is effective When 
the memory cell area per bit decreases as a result of an 
increase of memory cells in a NAND type memory cell unit 
(hereinafter simply called NAND cell) in NAND type 
EEPROM. In this case, degradation of the reWriting speed 
caused by a decrease of the memory cell current can be 
compensated by using a condition for increasing the 
memory cell current in the Write verify read-out operation as 
compared With that for normal read-out operation. As a 
result, both a reduction of the bit cost of NAND type 
EEPROM and its high-speed reWriting performance can be 
attained. 

[0065] Furthermore, When the pass voltage applied to 
non-selected Word lines during Write verify read-out opera 
tion is made higher than that during normal read-out opera 
tion, the memory cell current increases, and it results in 
enlarging the Write margin. That is, the Write mode means 
that the threshold voltage becomes a value beyond the verify 
read-out voltage applied to a selected Word line during Write 
verify read-out operation. Therefore, if a large memory cell 
current is supplied during Write verify read-out operation to 
conduct judgment of “0” and “1”, it results in judging a 
status With a suf?ciently large threshold voltage relative to 
the verify read-out voltage as the Write mode. Therefore, it 
is effective for enlarging the margin for the threshold value 
voltage and increasing the reliability. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0066] FIG. 1 is an equivalent circuit of a memory cell 
array of NAN D type EEPROM according to an embodiment 
of the invention; 

[0067] FIG. 2 is a layout of the same memory cell array; 

[0068] FIG. 3 is a cross-sectional vieW taken along the 
A-A‘ line of FIG. 2; 
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[0069] FIG. 4 is a cross-sectional vieW taken along the 
B-B‘ line of FIG. 2; 

[0070] FIG. 5 is a diagram showing block con?guration of 
the same NAND type EEPROM; 

[0071] FIG. 6 is a diagram shoWing sense ampli?er con 
?guration of the same NAND type EEPROM; 

[0072] FIG. 7 is a diagram shoWing a biasing relation 
during data erase operation of the same NAND type 
EEPROM; 
[0073] FIG. 8 is a diagram shoWing a biasing relation 
during data Write operation of the same NAND type 
EEPROM; 
[0074] FIG. 9 is a diagram shoWing a biasing relation on 
a memory cell array; 

[0075] FIG. 10 is a diagram shoWing a biasing relation 
during verify read-out operation after Write operation of the 
same NAND type EEPROM; 

[0076] FIG. 11 is a diagram shoWing the biasing relation 
of FIG. 10 on a memory cell array; 

[0077] FIG. 12 is a diagram shoWing a biasing relation 
during data read-out operation of the NAN D type EEPROM; 

[0078] FIG. 13 is a diagram shoWing the biasing relation 
of FIG. 12 on a memory cell array; 

[0079] FIG. 14 is a diagram shoWing a memory cell array 
of a conventional NAND type EEPROM; 

[0080] FIG. 15 is a diagram shoWing a biasing relation 
during data erase, read-out and Write operations of a con 
ventional NAND type EEPROM; and 

[0081] FIG. 16 is a diagram shoWing a relation betWeen 
the number of memory cells in a NAND cell of a NAND 
type EEPROM and the effective memory cell area per bit. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0082] FIG. 1 shoWs an equivalent circuit of a single 
NAND cell block 1 in a memory cell array of NAND type 
EEPROM according to an embodiment of the invention. 
Here is shoWn an eXample in Which the number of bit lines 
BL is 528 bytes ((512+16)><8=4224). In this embodiment, a 
single NAN D cell is composed of 32 memory cell transistors 
MCO through MC31. The memory cell transistors MCO 
through MC31 are serially connected betWeen a bit line BL 
and a source line SL. BetWeen the bit line BL and the 
memory transistor MCO, a selection transistor SST is pro 
vided. Also betWeen the source line SL and the memory cell 
transistor MC31, a selection transistor GST is provided 
similarly. 

[0083] FIG. 2 is a layout of the same memory cell array, 
and FIG. 3 and FIG. 4 shoW A-A‘ and B-B‘ cross-sectional 
aspects of FIG. 2. In a memory cell array region of a p-type 
silicon substrate 10, an n-type Well 11 is formed, and a 
p-type Well 12 is formed in the n-type Well 11. The p-type 
Well 12 is divided into respective device regions by a device 
isolating insulating ?lm 13. In each device region, a ?oating 
gate 15 for an individual memory cell transistor is formed 
via a tunneling oXide ?lm 14, and a control gate 17 is formed 
thereon via an inter-layer gate insulating ?lm 16. 
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[0084] Such control gates 17 are aligned in the roW 
direction as shoWn in FIG. 2, and function as Word lines WL 

(WO0, WL1, . . . , WL31). By ion implantation using the 
control gate 17 as a mask, source and drain diffusion layers 
21 are made. In FIG. 3, the selection transistors SST and 
GST are shoWn as having the same structure as the memory 

cell transistors MC. HoWever, as for the selection transistor 
SST at the drain side, in their cross-sectional aspects corre 
sponding to the cross-sectional vieW of FIG. 4, the layer 
corresponding to the ?oating gates 15 and the layer corre 
sponding to the control gates 17 are commonly connected at 
a certain position to eXtend continuously and form selection 
gate lines SSL. The source-side selection transistor GST is 
similarly con?gured, and its gates are provided continuously 
to form a selection gate line GSL. In this case, the selection 
transistors SST, GST and the memory cell transistor MC 
may be different in thickness of the gate oXide ?lm. 

[0085] The Whole block con?guration of NAND type 
EEPROM having page Write/read-out functions is as shoWn 
in FIG. 5. As illustrated, it includes a memory cell array 51, 
a roW decoder 52 for selectively driving Word lines of the 
memory cell array 51 in accordance With and address input 
from outside, and a sense ampli?er circuit 53 connected to 
bit lines of the memory cell array 51 and having the function 
of latching input/output data. Connected to the sense ampli 
?er circuit 53 is a column gate 55, and a corresponding bit 
line and sense ampli?er are selected by controlling the 
column gate 55 according to an address introduced from 
outside by a column decoder 54. 

[0086] The sense ampli?er circuit 53 is connected to a data 
input/output (I/O) buffer 58 via the column gate 55. For the 
purpose of supplying a high voltage necessary for Write 
operation and erase operation, a booster circuit 56 is pro 
vided. Further provided is a control circuit 57 for generating 
a control signal for erase and read-out operations, control 
ling the inside of the chip and providing interface With the 
exterior. 

[0087] The roW decoder 52 is used to selectively drive a 
plurality Word lines WL in response to an address signal 
during data Write operation, erase operation and data read 
out operation, respectively, and its Word line driver is 
supplied With an appropriate voltage. The sense ampli?er 
circuit 53 has the function of sensing bit-line data upon 
reading, the data latch function for holding data loaded from 
outside during Writing, and the function for selectively 
supplying appropriate voltages to bit lines BL during Writing 
and erasure. 

[0088] The control circuit 57 includes a sequence control 
means (for eXample, programmable logic array) for control 
ling erase and erase-verify operations, Write and Write-verify 
operations and read-out operation of NAND cells. 

[0089] FIG. 6 is a diagram shoWing con?guration of a 
sense ampli?er in the sense ampli?er circuit 53. The sense 
ampli?er has, as its main component, a data latch circuit 61 
made up of inverters I1 and I2 Which are connected in 
parallel but in opposite orientations. Nodes Q, Qb of this 
latch circuit 61 are connected to the drain of a sensing 
NMOS transistor M7 via NMOS transistors M5 and M6, 
respectively. The source of the sensing NMOS transistor M7 
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is connected to ground, and its gate functions as a sense node 
Nsense. The sense node Nsense is connected to a bit line BLi 
through transfer gates NMOS transistors M3 and M1. The 
NMOS transistor M1 is a high voltage-resistant transistor for 
the buffering purpose during data erasure. 

[0090] The node Q of the latch circuit 61 is connected to 
the NMOS transistor M1 via an NMOS transistor M2 for 
transferring Writing data to the bit line BLi. Nodes Q and Qb 
of the latch circuit 61 are also connected to a data buffer 
through column selection NMOS transistors M8 and M9. At 
the sense nose Nsense, an NMOS transistor M4 is provided 
for pre-charging it. 

[0091] Next explained sequentially are operations for 
erasing, Writing and reading data of NAND EEPROM 
according to the embodiment. 

[0092] FIG. 7 shoWs a relation among bias voltages of 
different portions during data erase operation. In the NAND 
type EEPROM according to this embodiment, one NAND 
cell block is the unit for erasure. When erase operation is 
started, Vss (=0 V) is applied to all Word lines WLO through 
WL31 in the selected block to be erased, and all Word lines 
WLO through WL31 of non-selected blocks and selection 
gate lines SSL, GSL are held in a ?oating status. Under the 
condition, an erase voltage Vera (=20 V) is applied to 
P-Wells of the memory cell array. 

[0093] At that time, in Word lines WLO through WL31 of 
non-selected blocks and selection gate lines SSL and GSL, 
voltage is increased to xvera due to capacity coupling With 
P-Wells. Since is approximately 0.9, the voltage rises to 
about 18 V. Further, in the bit lines BLO, BL1 and source 
lines SL, the PN junction betWeen the P-Wells and the 
n+-type diffusion layer in the bit line contact portions and the 
n+-type diffusion layer in the portions of the source lines SL 
become forWard-biased, and the voltage rises to Vera-Vf. 
Since Vf is the built-in potential of the PN junction and 
approximately 0.7 V, the bit line BLO, BL1 and source lines 
SL become approximately 10.3 V. Therefore, erase operation 
does not occur in memory cell transistors along the Word 
lines WLO to WL31 of non-selected blocks. 

[0094] In memory cell transistors along the Word lines 
WLO to W131 of the selected block, since Vera is applied to 
the substrate region and Vss to the control gates, electrons in 
the ?oating gates are released to the substrate region 
(P-Wells) by a tunneling current, and memory data of the 
memory cell transistors are erased collectively. 

[0095] FIG. 8 shoWs relation among bias voltages of 
respective portions during data Write operation. ShoWn in 
FIG. 8 is a case Where Write operation is conducted for the 
Word line WL17 in the selected block, Which Was erased 
collectively in the foregoing explanation. It is also assumed 
that “0” data is Written in the bit line BLO, and “1” data is 
Written in the bit line BL1 (that is, Write operation is 
prohibited by maintaining the erase mode With “1” data). 

[0096] In this case, FIG. 9 shoWs a relation among volt 
ages, extracting only tWo bit lines BLO and BL1 from FIG. 
1. 

[0097] In the data Write operation, the ground potential 
Vss for Writing and the poWer source potential Vcc (=33 V) 
for prohibiting Writing are ?rst supplied to the bit lines BLO 
and BL1, respectively. After that, While maintaining the 
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source-line-side selection gate line GSL in Vss, a pass 
voltage Vpass1 (approximately 3.5 V) increased slightly 
higher than Vcc is applied to the other Word lines and 
selection gate lines. As a result, Vss for Writing is transferred 
to NAND cell channels connecting to the bit line BLO. 
Although Vcc for prohibition of Writing is transferred to 
NAND cell channels connecting to the bit line BL1, When 
the channel potential increases to the value decreased by 
Vpass1-Vth (a high threshold voltage among threshold 
voltages of selection transistors or memory cell transistors), 
the selection transistor SST turns OFF and the channels 
become ?oating. 

[0098] After that, under the condition, a pass voltage 
Vpass2 (approximately 8 to 10 V) higher than the pass 
voltage Vpass1 is applied to next applied to non-selected 
Word lines WLO through WL16 and WL18 through WL31 
not to be Written With data among the Word lines in the 
selected NAND cell block, and a still higher Write voltage 
Vpgm (about 16 V) is applied to the selected Word line 
WL17 to be Written With data. The drain-side selection gate 
line SSL is maintained in Vpass1. 

[0099] At that time, in the channel region nearer to the bit 
line BL1 in the selected NAND cell block, voltage increases 
to ><(Vpass2-Vpass1)+(Vpass1-Vth) due to capacity cou 
pling With the Word increasing from the initial status 
Vpass1-Vth to Vpass2 and Vpgm. Since the pass voltage 
Vpass2 is applied to 31 Word lines While the Write voltage 
Vpgm is applied to only one Word line, it becomes the 
above-mentioned channel potential substantially determined 
by Vpass2. is the capacity coupling ratio betWeen the Word 
line and the channel region, and it is approximately 0.5. 

[0100] On the other hand, at the side of the bit line BLO 
applied With Vss, because of Vss transferred from the bit line 
BLO, Vss transfers upto the channel of the selected memory 
cell transistor MC170. As a result, in the memory cell 
transistor MC170 driven by the selected Word line WL17 
applied With the Write voltage Vpgm, Write operation by 
tunneling injection occurs. In the other memory cells along 
the same bit line BLO, the applied electric ?eld is not large, 
and Writing does not occur. 

[0101] Level of the pass voltage Vpass1 applied to the 
drain-side selection gate line SSL during data Write opera 
tion has to be determined, taking into account the function 
of pre-charging the NAND cell channels prohibited to Write 
and the function of cutting off the selection transistor SST. 
For the former function, the voltage s required to be high. 
For the latter function, hoWever, a loWer voltage is desirable. 
Therefore, When using the increased pass voltage Vpass1 
upon ?rst pre-charging the channel, and applying the Write 
voltage Vpgm and pass voltage Vpass2 to the selection Word 
line and the non-selected Word lines, respectively, the volt 
age applied to the selection gate line SSL may be loWered to 
a level loW enough to cut off the selection transistor SST, 
such as poWer source potential Vcc. Alternatively, the poWer 
source potential Vcc may be used from the ?rst stage 
Without using the increased pass voltage Vpass1. 

[0102] Upon actual data Write operation, control is made 
to drive data of one page into a predetermined threshold 
range by repeating application of a Write voltage pulse and 
verify operation for checking the threshold value after 
Writing under sequence control by the control circuit 57 
shoWn in FIG. 5. One page is,for example, the number of bit 










