
(19) United States 
US 20010043484A1 

(12) Patent Application Publication (10) Pub. N0.: US 2001/0043484 A1 
Fujimori (43) Pub. Date: NOV. 22, 2001 

(54) NONVOLATILE MEMORY AND ITS 
DRIVING METHOD 

(75) Inventor: Yoshikazu Fujimori, Kyoto (JP) 

Correspondence Address: 
MORGAN, LEWIS & BOCKIUS 
1800 M STREET NW 
WASHINGTON, DC 20036-5869 (US) 

(73) Assignee: Rohm Co., Ltd. 

(21) Appl. No.: 09/874,337 

(22) Filed: Jun. 6, 2001 

Related US. Application Data 

(62) Division of application No. 09/686,975, ?led on Oct. 
12, 2000. 

(30) Foreign Application Priority Data 

Oct. 13, 1999 (JP) ............................. .. P.HEI.11-291337 

Oct. 13, 1999 (JP) ............................. .. P.HEI.11-291338 

Publication Classi?cation 

(51) Int. Cl? ................................................... .. G11C 11/22 

(52) Us. 01. ............................................................ ..365/145 

(57) ABSTRACT 

A nonvolatile memory in Which transistors having MFMIS 
structure each of Which is composed by sequentially lami 
nating a ?oating-gate, a ferroelectric layer and a control gate 
via a gate insulating ?lm on the surface of a semiconductor 
substrate betWeen a source area and a drain area formed on 

the semiconductor substrate are arrayed in a matrix, Wherein 
the control gate is connected to a Word line, said source area 
is connected to a source line and said drain area is connected 
to a drain line; a ?oating line composed of Writing gates 
composed so that a capacitor is formed betWeen the Writing 
gate and said ?oating-gate is provided; a Word line and a 
source line on the same line in said matrix are connected in 
common;a drain line and a ?oating line in the same column 
in said matrix are connected in common; and source/drain 
voltage and gate voltage can be independently set. 
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NONVOLATILE MEMORY AND ITS DRIVING 
METHOD 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a nonvolatile 
memory and its driving method, particularly relates to a 
nonvolatile memory that enables alloWing a reading margin 
a suf?cient value, in Which disturbance in Writing to a close 
cell is prevented and that is almost free of a malfunction. 

[0003] 2. Description of the Related Art 

[0004] For a memory cell Where each memory transistor 
having MFMIS structure Which is an example of a semi 
conductor memory Wherein data can be electrically Written 
and data can be stored in a state of no poWer supply is 
arrayed in a matrix, 1T/2C memory cell structure composed 
by one selected transistor and tWo memory capacitors as 
shoWn in FIG. 10 for example is proposed. In this structure, 
each one electrode of the memory capacitors is connected, 
is connected to the gate electrode of the selected transistor 
and each other electrode of the memory capacitors is con 
nected to the source and the drain of the selected transistor. 
Therefore, there is a problem that source/drain voltage VSD 
and gate voltage VG cannot be independently set. 

[0005] In this semiconductor memory, the source of each 
memory cell on each line in a transverse direction is con 
nected to be a bit line BL1, BL2, - - - and the drain of each 

memory cell arranged in each column in a longitudinal 
direction is connected to be a Word line WL1, WL2, - - -. 

[0006] For this memory cell structure, FET having 
MFMIS structure Wherein a metallic layer (M) and an 
insulator layer (I) intervene betWeen ferroelectrics and semi 
conductor as a buffer layer as shoWn in a sectional explana 
tory draWing in FIG. 11 is proposed. The FET having 
MFMIS structure is composed by sequentially laminating a 
gate oxide ?lm 3, a ?oating-gate 4, a ferroelectric ?lm 5 and 
a control gate 6 on a channel area formed betWeen source 
area S and a drain area D of a semiconductor substrate 1. 

[0007] In this structure, normally, When the semiconductor 
substrate 1 is installed and positive voltage is applied to the 
control gate 6 as shoWn in FIG. 12A, polariZation occurs in 
the ferroelectric ?lm 5. Even if the voltage applied to the 
control gate 6 is removed, negative charge is generated in a 
channel formation area by remanent polariZation of the 
ferroelectric ?lm 5. This shall be a state of 1. 

[0008] Conversely, When negative voltage is applied to the 
control gate 6, polariZation in a reverse direction occurs in 
the ferroelectric ?lm 5. Even if the voltage applied to the 
control gate 6 is removed, positive charge is generated in the 
channel formation area by remanent polariZation of the 
ferroelectric ?lm 5. This shall be a state of 0. As described 
above, information ‘1’ or ‘0’ can be Written to FET. FIGS. 
12A and 12B respectively shoW a state in Which information 
‘1’ and ‘0’ is Written. 

[0009] Written information is read by applying reading 
voltage VI to the control gate. The reading voltage VI is set 
to a value betWeen threshold voltage Vthl in a state of 1 and 
threshold voltage Vtho in a state of 0. It can be discriminated 
Whether Written information is 1 or 0 by detecting Whether 
drain current ?oWs or not When reading voltage VI is applied 
to the control gate 6. 
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[0010] As described above, according to FET having 
MFMIS structure, one memory cell can be composed of one 
device and non-destructive reading can be satisfactorily 
performed. 

[0011] Therefore, both can be identi?ed. 

[0012] HoWever, in case the capacity CH and Cf2 of 
memory capacitors are sufficiently larger than the capacity 
COX depending upon a gate insulating ?lm, gate voltage VG 
normally becomes a half of VSD, relationship betWeen drain 
current ID and source/drain voltage VSD in Writing ‘1’ and in 
Writing ‘0’ are respectively as shoWn in FIGS. 12A and 12B 
and in reading, intermediate voltage is required to be set so 
that these values can be identi?ed. Therefore, as shoWn in 
FIG. 13, in case reading voltage VI is set to a value betWeen 
the minimum level in Writing ‘1’ and the maximum level in 
Writing ‘0’, there is a problem that a reading margin betWeen 
1 and 0 is small. Therefore, in the case of a cell to Which ‘0’ 
is Written, a coercive electric ?eld may be also exceeded, it 
is judged that ‘1’ is Written to a cell to Which ‘0’ should be 
Written and the reverse case occurs. 

[0013] A nonvolatile memory Wherein reliable reading 
characteristics can be acquired by alloWing a reading margin 
a large value Without causing Wrong reading is desired. 

[0014] There is a memory in Which memory transistors 
having such MFMIS structure are arrayed in a matrix. Above 
all, a memory Which is an example of a semiconductor 
memory in Which data can be electrically Written and Which 
can store data in a state of no poWer supply Wherein memory 
transistors having MFMIS structure are arrayed in a matrix 
is composed by composing one memory cell by one memory 
transistor and arraying memory cells lengthWise and cross 
Wise as shoWn in FIGS. 14 for example. In this semicon 
ductor memory, the source of each memory cell on each line 
in a transverse direction is connected to be a source line SL1, 
SL2,- - -, the drain of each memory cell arranged in each 
column in a longitudinal direction is connected to be a drain 
line DL1, DL2, - - -, substrate potential is connected to be 
a back gate line BL1, BL2, - - - and the control gate of each 
memory cell arranged on each line in the transverse direc 
tion is connected to be a Word line WL1, WL2, - - -, WLn. 

[0015] As for the structure of the memory cell, as shoWn 
in sectional explanatory draWings in FIGS. 15A and 15B, 
FET having MFMIS structure in Which a metallic layer (M) 
and an insulator layer (I) intervene betWeen ferroelectrics 
and semiconductor as a buffer layer is proposed. The FET 
having MEMIS structure is composed by sequentially lami 
nating a gate oxide ?lm 105, a ?oating-gate 106, a ferro 
electric ?lm 107 and a control gate 108 on a channel area 
104 formed betWeen a source area 102 and a drain area 103 
on a semiconductor substrate 101. 

[0016] In this structure, normally, When the semiconductor 
substrate 101 is installed and positive voltage is applied to 
the control gate 108 as shoWn in FIG. 15A, polariZation 
occurs in the ferroelectric ?lm 107. Even if the voltage 
applied to the control gate 108 is removed, negative charge 
is generated in a channel formation area CH by remanent 
polariZation of the ferroelectric ?lm 107. 

[0017] This shall be a state of 1. 

[0018] Conversely, When negative voltage is applied to the 
control gate 108, polariZation occurs in the reverse direction 
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in the ferroelectric ?lm 108. Even if the voltage applied to 
the control gate 108 is removed, positive charge is generated 
in the channel formation area CH by remanent polarization 
of the ferroelectric ?lm 108. This shall be a state of 0. 

[0019] As described above, information ‘1’ or ‘0’ can be 
Written to FET. 

[0020] Reading Written information is executed by apply 
ing reading voltage VI to the control gate. The reading 
voltage VI is set to a value betWeen threshold voltage Vthl 
in a state of 1 and threshold voltage Vtho in a state of 0. It 
can be discriminated by detecting Whether drain current 
?oWs or not When the reading voltage VI is applied to the 
control gate 108 Whether Written information is 1 or 0. 

[0021] As described above, according to the FET having 
MFMIS structure, one memory cell can be composed by one 
device and non-destructive reading can be satisfactorily 
performed. 

[0022] HoWever, When a selected cell is set to a Writing 
state as described above in Writing data to the selected cell, 
an adjacent cell on the same line shares the source line SL 
and the Word line WL of the corresponding cell and an 
adjacent cell in the same column shares the back gate line 
BL and the drain line DL. Therefore, also in an unselected 
cell, VF=Vc to 1/3 of Vc, a coercive electric ?eld may be 
exceeded, Writing is executed to a cell to be not Written and 
the reverse case occurs. 

[0023] Then, the provision of a nonvolatile memory 
Wherein reliable Writing characteristics can be acquired 
Without causing Wrong reading in a memory cell array is 
desired. 

SUMMARY OF THE INVENTION 

[0024] A ?rst aspect of the invention provides a nonvola 
tile memory Wherein reliable reading characteristics can be 
acquired Without causing Wrong reading by alloWing a 
reading margin a large value. 

[0025] A second aspect of the invention provides a non 
volatile memory Wherein reliable Writing characteristics can 
be acquired Without causing Wrong Writing in a memory cell 
array. 

[0026] The ?rst aspect of the invention is characteriZed in 
that a control gate is connected to a Word line, a source area 
is connected to a source line, a drain area is connected to a 

drain line, a ?oating line composed of Writing gates and 
composed so that a capacitor is formed betWeen the ?oating 
line and the ?oating-gate is provided, the Word line and the 
source line on the same line in a matrix are connected in 

common, the drain line and the ?oating line in the same 
column in the matrix are connected in common and source/ 
drain voltage and gate voltage can be independently set in a 
nonvolatile memory Wherein transistors having MFMIS 
structure composed by sequentially laminating a ?oating 
gate, a ferroelectric layer and a control gate via a gate 
insulating ?lm on the surface betWeen a source area and a 
drain area respectively formed on a semiconductor substrate 
are arrayed in the matrix. 

[0027] Also, the second aspect of the invention is charac 
teriZed in that one memory cell composes FET having 
MFMIS structure acquired by sequentially laminating a 
?oating-gate, a ferroelectric layer and a control gate via a 
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gate insulating ?lm on the surface betWeen a source area and 
a drain area respectively formed on a semiconductor sub 
strate, the ?oating-gate is extended on an element isolation 
insulating ?lm, the ?oating-gate is provided With a capacitor 
insulating ?lm betWeen the ?oating-gate and a Writing gate 
formed on the element isolation insulating ?lm and com 
poses a capacitor. 

[0028] As in such an MFMIS transistor, source/drain 
voltage and gate voltage can be independently set, a non 
volatile memory Wherein a reading margin can be alloWed a 
large value as current/voltage characteristics in FIG. 4 shoW, 
Wrong reading is reduced and high reliability is acquired can 
be provided. 

[0029] Also, as the capacitor is composed by the ?oating 
gate extended on the element isolation insulating ?lm in 
addition to the effect described above in the second aspect of 
the invention, the structure described above can be realiZed 
Without increasing the area of one cell. 

[0030] Also, a third aspect of the invention is character 
iZed in that a gate electrode is connected to a Word line, a 
source area is connected to a source line, a drain area is 

connected to a drain line, a semiconductor substrate is 
composed so that it is isolated every column and voltage can 
be independently applied, is connected to a back gate line so 
that source line potential and drain line potential can be 
respectively set to ?oating potential or ground potential 
every line and column, a depletion layer spreads in the 
channel area of a ferroelectric transistor composing an 
unselected cell in the vicinity of a selected cell by keeping 
the source/drain potential a desired value and an inversion 
layer is prevented from being formed When data is Written to 
the selected cell in a nonvolatile memory Wherein ferroelec 
tric transistors composed by laminating a gate electrode via 
at least a ?rst ferroelectric layer on the surface betWeen a 
source area and a drain area respectively formed on a 

semiconductor substrate are arrayed in the matrix. 

[0031] A fourth aspect of the invention is characteriZed in 
that a depletion layer spreads in the channel area of a 
ferroelectric transistor in an unselected cell by making one 
of the source and the drain of a selected cell ground 
potential, making the source/drain potential of an unselected 
cell on at least an adjacent line of the selected cell ?oating 
and keeping the source/drain potential a desired value and 
drain current is prevented When data is Written of the 
selected cell in a nonvolatile memory Wherein ferroelectric 
transistors composed by laminating a gate electrode via at 
least a ?rst ferroelectric layer on the surface betWeen a 
source area and a drain area respectively formed on a 

semiconductor substrate are arrayed in the matrix, the gate 
electrode is connected to a Word line, the source area is 
connected to a source line, the drain area is connected to a 
drain line, the semiconductor substrate is isolated every 
column so that voltage can be independently applied, is 
connected to a back gate line and source line potential and 
drain line potential can be respectively set to ?oating poten 
tial or ground potential every line and column. 

[0032] In such an MFMIS transistor, as an equivalent 
circuit diagram in FIG. 16 shoWs, a capacitor Cf depending 
upon the ferroelectric ?lm 7, a capacitor COX depending 
upon the gate oxide ?lm 5 and a capacitor CD depending 
upon the depletion layer are connected in series. Therefore, 
in case voltage V is applied betWeen the substrate 1 and the 
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control gate 8, the voltage is divided into Vf, VOX and VD as 
shoWn in the following expression 

[0033] q: Quantity of charge generated by capacitor 

[0034] Therefore, potential voltage Vf shoWn in the fol 
loWing expression is applied to the capacitor Cf depending 
upon the ferroelectric ?lm 7. 

VF=CFC0XCD/(CFC0X+C0XCD+CDCF)‘VG (2) 
[0035] Therefore, When the source and the drain are in a 
?oating state, a depletion layer spreads as shoWn in FIG. 9A 
and the capacity CD of the depletion layer is increased. 
Therefore, voltage VF applied to the ferroelectrics is as 
folloWs and VF is reduced. 

[0036] Therefore, When this state is used for an unselected 
cell, disturbance for the unselected cell is reduced. 

[0037] In the meantime, as an electron is supplied from the 
source/drain areas to the channel area as shoWn in FIG. 9B 
and an inversion layer is generated When the source and the 
drain are grounded, voltage VF applied to the ferroelectrics 
is as folloWs. 

[0038] Then, in the invention, for a selected cell Which is 
a Writing cell, suf?cient voltage VF is applied to the ferro 
electric ?lm, While for an adjacent cell, the source and the 
drain are made ?oating, the depletion layer is made spread 
in the channel area of FET, voltage VF applied to the 
ferroelectrics is reduced by increasing the capacity of the 
depletion layer and Wrong Written is prevented so that a state 
shoWn in FIG. 9A is realiZed. 

[0039] Concretely, for a cell having potential difference 
betWeen the Word line and the back gate line except a 
selected cell, its potential is set so that potential at the source 
equivalent to a line and at the drain equivalent to a column 
is prevented from being both Zero, all unselected cells are 
made a state shoWn in FIG. 9B, voltage applied to the 
ferroelectrics is reduced by potential applied to the selected 
cell and disturbance is prevented. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIG. 1 shoWs an equivalent circuit of a nonvolatile 
memory equivalent to a ?rst embodiment of the invention; 

[0041] FIGS. 2A and 2B are a top vieW and a sectional 
vieW shoWing the nonvolatile memory; 

[0042] FIG. 3 shoWs voltage applied to each line of the 
nonvolatile memory; 

[0043] FIG. 4 shoWs relationship betWeen the source/ 
drain voltage and the drain current of the nonvolatile 
memory; 

[0044] FIG. 5 shoWs an equivalent circuit of a nonvolatile 
memory equivalent to a second embodiment of the inven 
tion; 

[0045] FIG. 6 shoWs a state of a signal in case Writing 
(‘ 1’) is executed to a selected cell of the nonvolatile memory 
equivalent to the second embodiment of the invention; 
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[0046] FIG. 7 shoWs a state of a signal in case Writing 
(‘0’) is executed to a selected cell of the nonvolatile memory 
equivalent to the second embodiment of the invention; 

[0047] FIG. 8 shoWs a state of a signal in case reading is 
executed in the nonvolatile memory equivalent to the second 
embodiment of the invention; 

[0048] FIGS. 9A and 9B are explanatory draWings for 
explaining the principle of the invention; 

[0049] 
[0050] FIG. 11 shoWs the structure of a conventional type 
nonvolatile memory; 

[0051] FIGS. 12A and 12B shoW a state of a signal in case 
Writing (‘1’) (‘0’) is executed to a selected cell of the 
conventional type nonvolatile memory; 

FIG. 10 shoWs a conventional type memory cell; 

[0052] FIG. 13 shoWs a reading margin of the conven 
tional type nonvolatile memory; 

[0053] FIG. 14 shoWs an equivalent circuit of the con 
ventional type nonvolatile memory; 

[0054] FIGS. 15A and 15B shoW the structure of the 
conventional type nonvolatile memory; and 

[0055] FIG. 16 shoWs an equivalent circuit of one cell of 
the conventional type nonvolatile memory. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0056] Next, referring to the draWings, a nonvolatile 
memory and its driving method according to the invention 
Will be described. 

[0057] In the nonvolatile memory according to the inven 
tion, as a circuit explanatory draWing in one embodiment is 
shoWn in FIG. 1, memory cells composed of memory 
transistors With MFMIS structure are arrayed in a matrix on 
a semiconductor substrate. The source of each memory cell 
on each line in a transverse direction is connected to be each 
source line SL1, SL2, - - -, the drain of each memory cell 
arranged on each line in a longitudinal direction is connected 
to be each drain line DL1, DL2, - - - respectively by 
composing one memory cell by one memory transistor and 
arraying memory cells lengthWise and crossWise, the elec 
trode (a Writing gate) of a capacitor formed under a ?oating 
gate is arrayed in the direction of a column to be each 
?oating line FL1, FL2, - - - and the control gate on each 
memory cell arranged on each line in the transverse direc 
tion is connected to be each Word line WL1, WL2, - - -, WLn 
so that source/drain voltage and gate voltage can be inde 
pendently set and a sufficient reading margin can be 
acquired. 

[0058] For a column line in Which the column of memory 
cells arranged in a longitudinal direction in FIG. 1 is 
selected, approximately 6 or 8 columns for example in this 
example are collectively selected and potential can be col 
lectively set for data in the selected column. Each memory 
cell arranged in the longitudinal direction in FIG. 1 is 
composed so that the drain area of each transistor is con 
nected, a drain line DL is formed, capacitor electrodes 
(Writing gates) are connected , a ?oating line FL is formed 
and potential for data in the selected column can be collec 
tively set. 
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[0059] In the meantime, each memory cell arranged in a 
transverse direction in FIG. 1 is composed so that the source 
area of each transistor is connected, a source line SL is 
formed, the control gate is connected, a Word line WL is 
formed and potential for data on the selected line can be 
collectively set. 

[0060] One cell unit of this memory cell is characteriZed 
as shoWn in FIGS. 2A and 2B in that in FET having MFMIS 
structure in Which a ?oating-gate 4, a ferroelectric layer 5 
and a control gate 6 are sequentially laminated via a gate 
insulating ?lm 3 on the surface of a semiconductor substrate 
1 betWeen a source area and a drain area respectively formed 
on the surface of the semiconductor substrate, the ?oating 
gate is extended on the element isolation insulating ?lm, the 
?oating-gate is provided With a capacitor insulating ?lm 8 
betWeen the ?oating-gate and a capacitor electrode 7 formed 
on the element isolation insulating ?lm and a capacitor is 
composed. That is, one cell unit is characteriZed in that the 
capacitor electrode 7 as the Writing gate includes an area 7P 
protruded in the direction of the ?oating-gate in an area close 
to the ?oating-gate 4 and a capacitor is formed in an area in 
Which the protruded area 7P and the ?oating-gate 4 are 
overlapped. 
[0061] According to such con?guration, data is read by a 
normal method as in a conventional type, hoWever, a reading 
margin betWeen 1 and 0 can has a suf?cient value as shoWn 
in FIG. 4 by setting potential in each line as shoWn in FIG. 
3 and a memory almost free of a malfunction can be 
acquired. 
[0062] That is, memory cells each of Which is composed 
of a memory transistor 10, a capacitor 11 and a sWitching 
transistor 12 in MFMIS structure are arrayed on a semicon 
ductor substrate in a matrix. One memory cell is composed 
of one memory transistor and memory cells are arrayed 
lengthWise and crossWise. As described above, the source of 
each memory cell on each line in a transverse direction is 
connected via a diode for preventing Wrong reading to be a 
source line SL1, SL2, - - - by composing one memory cell 

by one memory transistor and arraying memory cells length 
Wise and crossWise, the drain of each memory cell arranged 
in each column in a longitudinal direction is connected to be 
a drain line DL1, DL2, - - -, substrate potential is connected 

to be a back gate line BL1, BL2, - - - and the control gate 
of each memory cell arranged on each line in the transverse 
direction is connected to be a Word line WL1, WL , - - - . 

[0063] For a column line in Which a column of memory 
cells arranged in a longitudinal direction in FIG. 5 is 
selected, approximately 6 or 8 columns for example are 
collectively selected in this example and potential can be 
collectively set for data in the selected column. 

[0064] In the meantime, memory cells arranged in a trans 
verse direction in FIG. 5 are composed so that the source 
area of each transistor is connected to be a source line SL, 
the ?oating-gate is connected to be a Word line WL and 
potential can be collectively set for data on the selected line. 

[0065] Next, a method of erasing the nonvolatile memory 
and a method of Writing and reading data to/from the 
nonvolatile memory Will be described. The level of potential 
is different depending upon a device, hoWever, one example 
Will be described beloW using an absolute value. 

[0066] First, When Writing (a state of 1) to a selected cell 
CSe is executed, pulse voltage Vcc at high potential is applied 
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to a Word line WL1 as shoWn in a table in FIG. 3, a source 
line SL1 is made open (?oating), a drain line DL1 is 
grounded (0 V) and substrate potential BL1 (FL1) is made 
ground potential. One third (1/3) of Vcc is applied to the Word 
line WL2 of an adjacent cell, a drain line DL2 is made open 
(?oating) and substrate potential BL2 is made 2/3 of V00. 

[0067] In the meantime, When Writing (a state of 0) to a 
selected cell CSe is executed, the Word line WL1 is grounded 
as shoWn in FIG. 3, the source line SL1 is made open 
(?oating), the drain line DL1 is grounded (0 V) and substrate 
potential BL1 is made Vcc. Also, 2/3 of Vcc is applied to the 
Word line WL2 of the adjacent cell, the source line SL2 is 
made open (?oating) and the drain line DL2 is made open 
(?oating). 
[0068] Also, to maintain the erased state of a memory cell 
except that in a source line to Which a Word line Writes ‘0’ 
in common, a source or drain line is made ?oating or Vcc. In 
the meantime, in case ‘1’ is Written, to maintain the erased 
state of a memory cell except that in a source line, a source 
or drain line except a source line for data to be Written is 
made ?oating or ground potential. 

[0069] Further, in reading, as shoWn in FIG. 3, When 
reference potential Vr is applied to the control gate of a 
transistor in the selected cell CSe ?xed voltage VSA is applied 
to a source line SL, the voltage is output as it is because 
current hardly ?oWs as described above When data is ‘1’, 
?xed voltage is detected and voltage drops to be loW voltage 
because current ?oWs as described above When data is ‘0’. 
Therefore, ‘1’ and ‘0’ can be identi?ed and no malfunction 
is caused in an adjacent cell. 

[0070] That is, for the selected cell Which is the corre 
sponding Writing cell, suf?cient voltage VF is applied to a 
ferroelectric ?lm, While for an adjacent cell, applied voltage 
is reduced and a margin betWeen 0 and 1 can be alloWed a 
large value to prevent Wrong Writing. 

[0071] In the embodiment described above, the case in 
Which a memory transistor having MFMIS structure is used 
is described, hoWever, the invention is not limited to the 
embodiment and it need scarcely be said that the invention 
can be also applied to a transistor having MFS structure. 

[0072] As described above, according to the invention, a 
nonvolatile memory Wherein Wrong Writing to an unselected 
cell in the vicinity of a selected cell is disabled and reliable 
Writing is enabled can be acquired by enabling indepen 
dently setting source/drain voltage and gate voltage. 

[0073] In the embodiment described above, the ferroelec 
tric memory having MFMIS structure is described, hoWever, 
the invention is not limited to this, the capacitor insulating 
?lm formed betWeen the ?oating-gate and the Writing elec 
trode is not required to be a ferroelectric ?lm, may be also 
high-dielectric constant dielectrics or may be also normal 
dielectrics. 

[0074] As described above, according to the nonvolatile 
memory according to the invention, source/drain voltage 
and gate voltage can be independently set so that a reading 
margin can be alloWed a large value and reliable reading is 
enabled. 

[0075] Next, referring to the draWings, a nonvolatile 
memory and its driving method equivalent to a second 
embodiment of the invention Will be described. 
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[0076] In the nonvolatile memory according to the inven 
tion, memory cells each of Which is composed of a memory 
transistor having MFMIS structure are arrayed on a semi 
conductor substrate in a matrix as shoWn in FIG. 5 Which is 
the circuit explanatory draWing in the ?rst embodiment. The 
source of each memory cell on each line in a transverse 
direction is connected via a diode for preventing Wrong 
reading to be a source line SL1, SL2, - - -, the drain of 
memory cells arranged in each column in a longitudinal 
direction is connected to be a drain line DL1, DL2, - - -, 
substrate potential is connected to be a back gate line BL1, 
BL2, - - - and the control gate of each memory cell arranged 
on each line in the transverse direction is connected to be a 
Word line WL1, WL2, - - - respectively by composing one 

memory cell by one memory transistor and arraying memory 
cells lengthWise and crossWise. 

[0077] For a column line in Which the column of memory 
cells arrayed in the longitudinal direction in FIG. 5 is 
selected, approximately 6 or 8 columns for example in this 
example are collectively selected and potential can collec 
tively set for data in the selected column. 

[0078] In the meantime, each memory cell arranged in the 
transverse direction in FIG. 5 is composed so that the source 
area of each transistor is connected to be a source line SL, 
the ?oating-gate is connected to be a Word line WL and 
potential can be collectively set for data on the selected line. 

[0079] Next, a method of erasing the nonvolatile memory 
shoWn in FIG. 5, Writing and reading to/from it Will be 
described. The level of potential is different depending upon 
a device, hoWever, high potential means potential for poten 
tial difference betWeen high potential and loW potential (for 
example, the ground) to be voltage of approximately 3 to 5 
V for example and means a relative value betWeen it and loW 
potential. 

[0080] First, When Writing (a state of 1) to a selected cell 
CSe is executed, pulse voltage Vcc at high potential is applied 
to the Word line WL1 as shoWn in FIG. 6, the source line 
SL1 is made open (?oating), the drain line DL1 is grounded 
(0 V) and substrate potential BL1 is grounded. The Word line 
WL2 of an adjacent cell is grounded, the drain line DL2 is 
made open (?oating) and substrate potential BL1 is 
grounded. 

[0081] The source and the drain of the adjacent cell may 
be also made Vcc in place of making them ?oating. 

[0082] In the meantime, When Writing (a state of 0) to the 
selected cell CSe is executed, the Word line WL1 is ground, 
the source line SL1 is made open (?oating), the drain line 
DL1 is ground (0 V) and substrate potential BL1 is made Vcc 
as shoWn in FIG. 7. Also, the Word line WL2 of the adjacent 
cell is grounded, the source line SL2 is made open (?oating) 
and the drain line DL2 is made open (?oating). 

[0083] The source and the drain of the adjacent cell may 
be also made Vcc in place of making them ?oating. 

[0084] To keep the erased state of a memory cell except 
the source line for ‘0’ to be Written in common from the 
Word line, the source line or the drain line is made ?oating 
or V00. In the meantime, to keep the erased state of a memory 
cell except the source line in case ‘1’ is Written, the source 
line except a source line to be Written or the drain line is 
made ?oating or V00. 
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[0085] Further, in reading, as shoWn in FIG. 8, When 
reference potential Vr is applied to the control gate of a 
transistor in the selected cell CSe and ?xed voltage is applied 
to the source line SL, the voltage is output as it is and the 
?xed voltage is detected because current hardly ?oWs as 
described above When data is ‘1’ and voltage drops to be loW 
because current ?oWs as described above When data is ‘0’. 
Therefore, both ‘1’ and ‘0’ can be identi?ed and no mal 
function is caused in an adjacent cell. 

[0086] That is, for a selected cell Which is a Writing cell, 
suf?cient voltage VF is applied to the ferroelectric ?lm, 
While for an adjacent cell, the source and the drain are made 
?oating, a depletion layer spreads in the channel area of 
PET, voltage VF applied to the ferroelectrics is reduced by 
increasing the capacity of the depletion layer and Wrong 
Writing is prevented so that a state shoWn in FIG. 9A is 
realiZed. 

[0087] Concretely, both potential at the source equivalent 
to the line of a selected cell and at the drain equivalent to the 
column is set to be except 0, all unselected cells are made a 
state shoWn in FIG. 9B, voltage applied to the ferroelectrics 
is reduced by potential applied to the selected cell and 
disturbance is prevented. 

[0088] The case in Which the memory transistor having 
MFMIS structure is used is described in the embodiment 
described above, hoWever, the invention is not limited to the 
embodiment and it need scarcely be said that the invention 
can be also applied to a transistor having MFS structure. 

[0089] According to the invention, a cell on a line and in 
a column respectively adjacent to a selected cell is prevented 
from being in?uenced and from being operated as if data 
Was Written to the adjacent cell though no data is actually 
Written and reliable Writing and reading are enabled. 

[0090] Hereby, Writing and reading data Without a mal 
function are enabled. 

[0091] In the embodiment described above, potential at 
the source and the drain of an unselected cell has only to be 
selected so that both are not at ground potential and may be 
also ?oating or high. 

[0092] As described above, according to the invention, the 
nonvolatile memory Wherein reliable Writing is enabled 
Without Writing to an unselected cell in the vicinity of a 
selected cell by mistake can be acquired. 

What is claimed is: 
1. A nonvolatile memory in Which transistors having 

MFMIS structure each of Which is composed by sequentially 
laminating a ?oating-gate, a ferroelectric layer and a control 
gate via a gate insulating ?lm on the surface of a semicon 
ductor substrate betWeen a source area and a drain area 

formed on the semiconductor substrate are arrayed in a 
matrix, Wherein: 

said control gate is connected to a Word line, said source 
area is connected to a source line and said drain area is 
connected to a drain line; 

a ?oating line composed of Writing gates composed so 
that a capacitor is formed betWeen the Writing gate and 
said ?oating-gate is provided; 

a Word line and a source line on the same line in said 

matrix are connected in common; 
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a drain line and a ?oating line in the same column in said 
matrix are connected in common; and 

source/drain voltage and gate voltage can be indepen 
dently set. 

2. A nonvolatile memory according to claim 1, Wherein: 

said memory cell comprises on the surface of a semicon 
ductor substrate betWeen a source area and a drain area 

formed on the surface of the semiconductor substrate: 

FET having MFMIS structure provided With a gate insu 
lating ?lm, a ?oating-gate, a ferroelectric layer and a 
control gate respectively sequentially laminated; and 

a capacitor composed so that the control gate covers a 
Writing gate formed on an element isolation insulating 
?lm via a capacitor insulating ?lm. 

3. A nonvolatile memory according to claim 2 Wherein: 

said Writing gate is provided With an area close to said 
?oating-gate and protruded in the direction of the 
?oating-gate; and 

a capacitor is formed in an area in Which the protruded 
area and the ?oating-gate are overlapped. 

4. A nonvolatile memory according to claim 1, Wherein: 

said semiconductor substrate is separated every column so 
that voltage can be independently applied and is con 
nected to a back gate line; 

the potential of said source line and that of said drain line 
can be respectively set to ?oating potential or ground 
potential every line and column; and 

in Writing data to a selected cell, a depletion layer spreads 
in the channel area of said ferroelectric transistor 
composing an unselected cell in the vicinity by keeping 
source/drain potential in the unselected cell in the 
vicinity of the selected cell a desired value and an 
inversion layer is prevented from being formed. 

5. A nonvolatile memory, Wherein: 

one memory cell includes FET having MFMIS structure 
acquired by sequentially laminating a ?oating-gate, a 
ferroelectric layer and a control gate via a gate insu 
lating ?lm on the surface of said semiconductor sub 
strate betWeen a source area and a drain area respec 

tively formed on the surface of the semiconductor 
substrate; and 

the ?oating-gate is extended on an element isolation 
insulating ?lm, is provided With a capacitor insulating 
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?lm betWeen the ?oating-gate and a Writing gate 
formed on the element isolation insulating ?lm and 
composes a capacitor. 

6. Anonvolatile memory in Which ferroelectric transistors 
each of Which is formed by laminating a gate electrode via 
at least a ?rst ferroelectric layer on the surface of a semi 
conductor substrate betWeen a source area and a drain area 

formed on the semiconductor substrate are arrayed in a 
matriX, Wherein: 

the gate electrode is connected to a Word line, the source 
area is connected to a source line and the drain area is 
connected to a drain line; 

the semiconductor substrate is separated every column so 
that voltage is independently applied and is connected 
to back gate line; 

the potential of the source line and the potential of the 
drain line can be respectively set to ?oating potential or 
ground potential every line and column; and 

in Writing data to a selected cell, a depletion layer spreads 
in the channel area of the ferroelectric transistor com 
posing an unselected cell in the vicinity by keeping 
source/drain potential in the unselected cell in the 
vicinity of the selected cell a desired value and an 
inversion layer is prevented from being formed. 

7. A method of driving a nonvolatile memory in Which 
ferroelectric transistors each of Which is formed by lami 
nating a gate electrode via at least a ?rst ferroelectric layer 
on the surface of a semiconductor substrate betWeen a 
source area and a drain area formed on the semiconductor 

substrate are arrayed in a matriX; the gate electrode is 
connected to a Word line, the source area is connected to a 
source line and the drain area is connected to a drain line; the 
semiconductor substrate is separated every column so that 
voltage is independently applied and is connected to a back 
gate line; and the potential of the source line and the 
potential of the drain line can be respectively set to ?oating 
potential or ground potential very line and column, Wherein: 

for a selected cell, one of the source and the drain is 
grounded; and 

for an unselected cell at least on an adjacent line of the 
selected cell, in Writing data to the selected cell, a 
depletion layer spreads in the channel area of a ferro 
electric transistor in the unselected cell by making 
source/drain potential ?oating and keeping it a desired 
value and drain current is prevented from ?oWing. 

* * * * * 


