Transi stor, transistor array, nmethod for manufacturing transi Stegasray,
and nonvol atil e sem conductor nmenory BACKGROUND OF THE | NVENTI ON Fi el d of
the Invention The present invention relates to transistors, transistor
~arrays, methods of manuf acturing transistor arrays, and to nonvolatile

" sem conduct or nenories. Descri ption of the Related Art Nonvolatile

sem conduct-or nenories such as FeRAM (Ferro- electric Random Access
menory)., EPROM (Erasabl e and PrograrmabF‘e Read Only Menory), .and EEPROM
(El ectrical ITramsispre t&ﬁﬁsﬁ%@? arRayt dekbad fGﬂ 52 ngﬁet‘aﬂsrléﬁPFy

attracting attention. EPRCMS EE I%grgﬁs sto (ﬂq:l%y storing an
electrical charge at ¥f¥saff gn‘b’éYoel etﬁgﬂlﬁ%!? i L PeY gate to
detect changes in-a threshold voltage thereof due to the presence or
absence of an electrical charge. One current EEPROM is an EEPROM whi ch

erases data in a unit of a CAARPKkGAGNTE'G YuthipvEwrdyanot her is a flash
EEPROM whi ch divides nenory cell arrays thereof into arbitrary bl ocks and
data erasing is carried out forrieaghob! &€& .Invention
The present invention relates to transistors, transistor
arrays, methods of manufacturing';transistor arrays, and to
noﬁvolatile sémiconductor memories. t-
Description é} the Rel;téd Art

Nonvolatile semiconductor memories such as FeRAM (Ferro-
electric Random Access memory), EPROM (Erasable and Programmable
Read Only Memory), and EEPROM {Electrically Erasable and
Programmable Read 6nly Memory) are currently attracting attention.
EPROMs and EEPROMs store data by storing electrical charge at a
floating gaté and then using a control gate to detect changes in
a threshold voJ:_tage thereof due to presence or absence of an
electrical char;;a. One current EEPROM is an EEPROM-which erases
data in a unit of a complete mewory -<chip, and another is a flash
EEPROM which divides memory cell arrays thereof' ; 1nto arbitrary
blocks and data erasing is carried out for each block.

Flash EEPROMs have advanfages such as (1) non-volatility of
storeddata, (2) lowpower consumption, (3) capabilityofelectrical
rewriting (on-board rewriting), and (4) lowcost. Therefore, their
range of application has been spreading to include storage memories
for programs or data used in cellular phones and mobile information

" terminals.

Memory cells which constitute flash EEPROM have several types
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Fl ash EEPROVs have advantages such as (1) non-volatility of storeddata,

| owpower consunption, (3). capabilityof electrical rewiting
(on-boardrewiting), and (4) |owost. Therefore, their range of application
has been spreading to include storage nmenories for prograns or data used in
cel lul ar phones and nobile information termnals. Menory cells whish
constitute flash EEPRCMS have several _types 2 including split gate and
stacked gate types. In a flash EEPROM whi ch uses stacked gate type nenory

cells,

(2)

’

menoripcdvtiing depkidt gadecand setgckasl gateoryPencti on. Therefore, Wen

an electric charge is _over-discharged froma floatin ate el ectrogﬁ?v\hile

erasing data, a cHamnElashFEBROMWH1ChRm® SERCKed g/t SIPRRTECE

vol tage for _an OFF s d to a control te el ectrode.
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probl em t hat

whre%a%ilrégtﬁ.g rSfiiarge is over-dischargéd from a floating gate
electrode while erasing data, a channel regionwill becomé ON, even
when a predetermined voltage for an OFF state (e.g., OV) is applied
to a control gate electrode. As a consequence, memory cells are
continually kept in an ON state, and a problem that reading stored'
data becomes impossible, that is, a so called over erase problem,
occurs. To prevent over erase from occurring, processing is
necessary in an erasing operation such as controlling erasing
operation at a peripheral circuit of a memory device or at an
external circuit thereof.

To prevent over erase in stacked gate type memory cells, split
type memory cells have been developed.

A flash EEPROM using split type gate memory cells has been
disclosed in W092/18980 (G11C 13/00).

Fig. 19 is a cross section of a conventional split gate type
memory cell 201.

The split gate type memory cell 201 (split gate type
transistor) comprises a source region 203, drain region 204, a
channel region 205, a floating gate electrode 206, and a control
gate electrode 207.

The N type source region 203 and drain region 204 are formed
on a P type monocrystalline silicone substrate. Over the channel
region 205 which lies between the source region 203 and the drain

region 204, the floating gate electrode is formed with a gate
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data becomes inpossible, that is, a so-called over-erase problem, occurs.
To prevent over-erase from occurring, processing is necessary in an erasing
operation such as controlling erasing operation at a peripheral circuit of
a menory device or at an external circuit thereof. To prevent over-erase
In" stacked gate type nenory cells, split- type nmenory cells have been
devel oped. A flash EEPROM using split-type gate nenory cells has been

di scl osed in W92/18980 (A@iC 13/00). Fi3. 19 is a cross-section of a
conventional split gate type nenory cell 201. The split gate type nmenory
cel ' 201 (spiddlagahg L¥pert POBScEVOring OFlN | GerRels Aegdenr @950@and0%hedr ai n
regi on 204, a channel region 205, a floating gate el ectrode 206, and a
control gat efladhgodet@alechredd 29fec Sther centrgl ayat208lantroldai20% dgi on
204 are fornmed on a P type nonocrystalline silicone substrate. Over the
channel regi trruegGowar cthe ifdoasdngegate ted estupde 2@4ivricR03s apevanrs dvai n

region 204, the floating_gate electrode is formed with a gate
an insulating layer 209 made by LOCOS (Local Oxidation of Silicon)

method, with an insulating layer 210 lying between the floating
gate electrode 206 and the control gate electrode 207. As it is
covered with the insulating layer 209, the floating gate electrode
has two protuberances 206a in an upper portion thereof.

A portion of the control gate electrode 207 lies over the
channel region 205 with the insulating layers 208 and 210 lying
between the portion of the floating gate 207 and the channel region
205, and forms a selecting gate 211. A selecting transistor 212
is formed with the selecting gate 211, the source region 203, and
the drain region 204. In other words, the split gate type memory
cell 201 comprises the selecting transistor 212 and transistors
which comprise the floating gate electrode 206, the control gate
electrode 207, the source region 203, and the drain region 204,
the aforesaid transistors being laid out in series.

Fig. 20a is a partial cross section of a memory cell array
302 included in a flash EEPROM 301 using the split gate type memory
cells 201.

The memory cell array 302 comprises a plurality of memory
cells 201 formed on a silicon substrate 202.

To keep the region occupied on the silicon substrate 202 small,
two memory cells 201 (hereafter called 20la and 201b for
distinction) share the source region 203, and the floating gate

electrodes 206 and the control gate electrodes 207 are laid out
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REPLACEMENT SHEET 3 insul ating | ayer 208 covering the channel region 205
and the floating gate el ectrode 206. The control gate el ectrode 207 is
formed over the floating gate el ectrode 206 which is covered by an
insulating | ayer 209 nmade by LOCOS (Local Oxidation of Silicon) nethod,
with an insulating | ayer 210 Iying between the floating gate el ectrode 206
and the control gate electrode 207. As it is covered with the insulating

| ayer 209, the floating gate el ectrode has two protuberances 206a in an
upper portion thereof. A portion of thét control gate el ectrode 207 lies
over the chaywedtriggildy 206umd tihe iconpaguserary degiens2098 and 210 |ying
between the portion of the control gate 207 and the channel_ region_ 205, and
forns a sel ecti nfFigat 802 45 a pagdiadt tor) vieymf Shememory selbarEdywi%r t he

selecting gate 211, .the source regi.,on 203, and the drain region 204. In
ot her vvords?l‘!?h@O?pFFtt F€°F§p%e%ér%‘r9 the memory ceﬁ arra 30@ cut by

the line X-X shown in Fig. 20b.

A field insulating layer 213 is formed on the silicon
substrate 202, and the field insulating layer separates elements
of each mefnory cell 201 . Each source region 203 laid out vertically
in Fig. 20b is shared. Also, each control gate electrode 207 of
each memory cell 201, the control gate electrode being laid out
vertically in Fig. 20b, is shared. Each control gate electrode
forms a word line. Each drain region 204 laid out horizontally
in Fig. 20b is connected to a bit line (not shown) via a bit line
contact 214.

Figure 21 shows an entire configuration of the flash EEPROM
301 using split gate type memory cells 201.

The memory cell array 302 is configured with a plurality of
memory cells 201 laid out to form a matrix. The control gate
electrodes 207 which are laid out in rows form common word lines
WL1-Wln. The drain regions 204 of memory cells 201 are laid out
in columns and connected to common bit lines BL1-BLn:

Each memory cell 201lb connected to a word line with an odd
number (WL1, WL3, ...WLm...WLn-1) shares the source region 203 with
each memory cell 201la connected to a word line with an even number
(WL2, WL4, ...WLm+l...WLn). The shared source region 203 forms
each source line RSL1-RSLm-RSLn. For example, the memory cell 201b
which is connected to a word line WLm and the memory cell 201la which

is connected to a word line WLm+1 share the source region 203, while

CARR W malLd

! fEFLACT



cell 201 conprises the selecting transistor 212 and transistors which
conprise the floating gate el ectrode 206, the control gate el ectrode 207,

t he source region 203, and the drain region 204, the aforesaid transistors
being laid out in series. Fig. 20a is a partial- cross section of a nenory
cell array 302 included in a flash EEPROM 301 using the split gate type
menory cells 201. The nenory cell array 302 conprises a plurality of memory
cells 201 fornmed on a silicon substrate 202. To keep the regi on occupi ed on
the silicon substrate 202 smal], two né%nr cells_201 hereafter call ed
201a and 2o£§efﬁ31ar&ﬁs§qqmei BegiamaPs fpﬁ@Ssﬁaﬁ%‘écq &d4ne Earh ppwrce

out 3 Syt &%H?%% S EOPeS ot s GUPR PEGTER %"des o 200 1% a
partial t()p V'GMIég lw%rgefgﬁgvﬁﬁﬁlWLﬁrEchéﬁH%cted to a row decoder 303,
while each bit line BL1-BLn is connected to a column decoder 304.

Row and column addresses specified by an external source are
input to an address pin 305. The row address and column address
are transferred from the address pin 305 to an éddrees latch 307
via an address buffer 306. BAmong the addresses latched by the
address latch 307, the row address is transferred to the row décoder
303, while the column address is transferred to the column decoder
304.

The row decoder 303 selects a word line which corresponds
to the row address latched by the address latch 307 (for example,
Wlm), and controls a voltage of each word line WL1~WLn corresponding
to a later-described operation mode. In other words, by
controlling the voltage of each word line WL1-WLn, a voltage of
each control gate electrode 207 in each memory cell 201 is
controlled.

The column decoder 304 selects a word line which corresponds
to the column address latched by the address latch 307 (for example,
BLm_)  and controls a voltage of each bit line BL1-BLn corresponding
to a later-described operation mode. In other words, the woltage
of each drain region 204 in each memory cell 201 is controlled by
controlling the voltage of each bit line BL1-BLn.

The common source line SL is connected to a bias circuit 312.
The source line bias circuit 312 controls, via the common source

line SL, a voltage of each source line SL1-SLn corresponding to



Fig. 20a is the cross section of the nenory cell array 302 cut by the line
X-X shown in Fig. 20b. Afield insulating layer 213 is forned on the .
silicon substrate 202, and the field insulating | ayer separates elenents
of eachnenorycel | 201. Eachsour ceregi on203l ai doutvertically in Fig. 20b is
shared. Al so, each control gate el ectrode 207 of each nmenory cell 201, the
control gate electrode being laid out vertically in Fig. 20b, is shared.
Each control gate electrode fornms a worg Iine. Each drain region 204 |aid

out horizontally.in Fi%#_ZOp is connected to a bit line (not shown) via a
bit |ine cogrghbt tater-deggribed smekatianemadee corf gBEREF o'dsyheb¥ | ash
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308. The data is transferred from the data pin 308 to the column
decoder 304 via an input buffer 309. The column decoder 304
.controls the voltage of each bit line BL1-BLn corresponding to the
data, as will be described later.
Data read from any memory cell 201 is transferred from the
bit line BL1-BLn to a sense amplifier 310 via the column decoder
304. The sense amplifier 310 is a current sense amplifier. The
column decoder 304 connects one bit line BL1-BLn which the column
decoder selects with the sense amplifier 310. The distinguished
data by the sense amplifier 310 is output from an output buffer
311 to outside via the data pin 308.
The above-described operations of each circuit (303-312) are
controlled by a control core circuit 313.
Each operationmode of the flash EEPROM 301 (writing, reading,
and erasing) will be described hereinbelow referring to Fig. 22.
(a) Writing operation (See Fig. 22a)
The drain region of the selected memory cell 201 is grounded
via a constant current source 310a set within the sense amplifier
310. The voltage of the drain region is set to 1.2 V. The voltage
of each drain region of the memory cells 201 which are not selected
is set to 3 V.
The voltage of the control gate electrode 207 of the selected

memory cell 201 is set to 2 V. The voltage of each control gate



nunmber (W1, W3, ...Wm.. .Wn-1) shares the source region 203 with each
menory cell 20la connected to a word line with an even nunber (W2, W.J4,
...W.mtl ... WLn). The shared source region 203 fornms each source line"
RSL1- RSLm RSLn. For exanple, the nenory cell 201b which is connected to a
word line Wm and the nenory cell 20l1a which is connected to a word |ine
W.m+l share the source region 203, while 5 the shared source region 203
forms a source line RSLm Each source | yne RSL1-RSLn is connected to a
common source line SL. Each word line W.1-W.n is connected to a row decoder
303, whil e edeltibodelofndhsl heBbnyicelden2edt whlicho arec abtnselecioatbris384t Row
and col um addresses specified by an external source are input to an

addr ess pi n®09. VThe row address and col um address are transferred from

t he address pin 305 to _an address |latch 307 via an address buffer 306.
Among the addr ess®’e [YHEREGSHYL tald SABFER Fa%4ORf 239Y in pél meporddreddsi s

transferred zto(l ta]r_lg ég{"’ tdoecigd%{

In the memory cell 201, a threshold voltage Vth of the
.selecting transistor 212 is approximately 0.5 V. Therefore, in
the selected memory cell 201, electrons in the drain region 204
move to the channel region.205_in.an.inversion.state. As a result,
a cell current flows from the source region 203 to the drain region
204. On the other hand, the voltage of the source region is 12
V. Therefore, coupling through a capacity between the source
region 203 and the floating gate electrode 206 raises the potential
of the floating gate electrode closer to 12 V. As a consequence,
a high potential field is created between the channel region 205
and the floating gate electrode 206. Therefore, electrons in the
channel region 205 are accelerated to become hot electrons, and
are injected to the floating gate electrode 206, as shown by an
arrow A in Fig. 22a. As a result, electric charge is accumulated
in the floating gate electrode 206 in the selected memory cell 201,
and 1 bit data is thus written and stored.

This writing operation is carried out by each selected memory
cell 201.

(b) Reading operation (See Fig. 22b)

The potential of the drain region of the selected memory cell
201 is set to 2 V. The potentials of the drain regions 204 of the
memory cells 201 which are not selected are set to 0 V.

The potential of the control gate electrode 207 of the



303, while the colum address is transferred to the colum decoder 304. The
row decoder 303 selects a word |ine which corresponds to the row address

| atched by the address |atch 307 (for exanple, Wm, and controls a voltage
of each word line W.1-W.n corresponding to a | ater-descri bed operation
node. In other words, by controlling the voltage of each word |ine

WLl -W.n, a voltage of each control gate el ectrode 207 in each nenory cel
201 is controlled. The colum decoder 384 selects a word |ine which
corresponds to the columm address | atched by the address latch 307 (for
exanpl e, BlLMeleghddrenvrpiceld 203| isaget b6 486chThe pokentidlld oBkhe control
corresponding to a |later-described operation node. In other words, the

vol tage of &&& ekestFodesi 0 264themeneny meddsy2¢ewhich presnebmelscted by
controlling the vgl_aqf‘Pf each bit |line BL1-BLn. The common source line SL
i s connect e®05§ bFAs’ circuit 312. The source line bias circuit 312
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-SLn correspondin 0
cells 201 are set to 0 V.

As will be described later, electric charge is not stored
in an erasing mode of the floating gate electrode 206 in the memory
cell 201. On the other hand, as described above, electric charge
is stored in the writing mode in the floating gate electrode 206.
of the memory cell 201. Therefore, the channel region 205 under
the floating gate electrode 206 of the membry cell 201 in the erasing
mode is in an ON state, while the channel region 205 under the
floating gate electrode 206 of 'the memory cell 201 in the writing
mode is in an OFF state. As a consequence, when 4 V is applied
to the control gate electrode 207 , the cell current, which flows
from the drain region 204 to the source region 203, becomes larger
in the memory cell 201 in the erasing mode than the memory cell
201 in the writing mode.

By distinguishing the magnitude of the cell current between
each memory cell 201 using the sense amplifier 310, data stored
in the memory cell 201 can be read. For example, reading is
performed by setting the data value in the memory cell 201 to 1,
the erasing mode, and by setting the data value of the memory cell
201 to 0, the writing mode. In other words, each memory cell 201
is forced to store one of the two values 1, which is the data value
in the erasing mode, or 0, which is the data value in the writing

mode, and the data value stored can be read.



6 each |ater-described operation node. I n other words, by controlling
the voltage of each source line SL1-SLn, the voltage of each source region
203 in each nenory cell 201 is controlled. Data specified by an external
source.is input to data pin 308. The data is transferred fromthe data pin
308 to the colum decoder 304 via an input buffer 309. The col um decoder
304 controls the voltage of each bit |ine BL1-BLn corresponding to the
data, as will be described later. Dat®read fromany nenory cell 201 is
transferred fromthe bit Iine BL1-BLn to a sense anplifier 310 via the

col utm decodel Boasimhepssatiomnifiaef Fdg.328cls a current sense anplifier”

The col unm decoder 304 conpects one bit |ine BL1-BLn mhicg t he colug? _
decoder sel ects WRhPPREREEHS: Ofnpe Aradinargionse2dt af ALLIRGRTF YuSEH By t he

sense anpliébfr 310 i, ouépgt froman out put buffer 311 to outside via the
data pin 308°1THES diftvdd@stri bed operations of each circuit (303-312) are

The potential of the control gate electrode 207 of the
selected memory cell 201 is set to 15 V. The potentials of the -
control gate electrodes 207 of the memory cells 201 which are not
selected are set to 0 V.

The potentials of the source regions 203 of all memory cells
201 are set to O V.

The capacity between the source region 203/silicon substrate
202 and the floating gate electrode 206 is far greater than the
capacity between the control gate electrode 207 and the floating
gate electrode 206. In other words, the floating gate electrode
206 is strongly coupled with the source region 203 and the silicon
substrate 202. Therefore, if the voltages of the control gate
electrode 207 and the drain region 204 become 15 V and 0 V
respectively, the voltage of the floating gate electrode does not
change greatly from the 0 V. 1As a result, the potential difference
between the control gate electrode 207 and the floating gate
electrode 206 becomes larger, and a high potential field is created
between the control gate electrode 207 and the floating gate
electrode 206.

As a consequence, a Fowler-Nordheim Tunnel Current
(hereafter called FN tunnel current) flows. Therefore, as shown
by an arrow B in Fig. 22¢, electrons in the floating gate electrode
206 are pulled toward the control gate electrode 207, and the data

stored in the memory cell 201 is erased.



controlled by a control core circuit 313. Each operation node of the flash
EEPROM 301 (writing, reading, and erasing) wll be described hereinbel ow
referring to Fig. 22. (a) Witing operation (See Fig. 22a) The drain region
of the selected nenory cell 201 is grounded via a constant current source
310a set within the sense anplifier 310. The voltage of the drain region is
set to 1.2 V. The voltage of each drain region of the nenory cells 201
which are not selected is set to 3 V. TF& vol tage of the control gate

el ectrode 207 of the selected nenory ce 201 is set to 2 V. The voltage of .
each control gateht thig| bgodiinge the FERBFINE cPRte 20keGHiode £#08 he

frglng(r:;ege: ls §S%fi>§rgn<\§/%§ %%a\j/_g kt%?%ﬁsec ];:orallslins %Hrecglééat%!n%nsgagg 3e£er}:tz%:|oLie-
206 rush out of the protuberances 206a, and move to the control
gate 207. Therefore, the movement of the electrons become easier,
and the electrons in the floating gate electrode 206 are effectively
pulled out.

The control gate electrodes 207 in memory cells 201 which
are laid out in columns form common word lines WL1-WLn. Therefore,
erasing operation is carried out on all memory cells 201 connected
to the selected word line WLn.

By simultaneously selectingaplurality of word lines WL1-WLn,
all memory cells 201 connected to the selected word lines can be
erased. As described above, an erasing operation by dividing
memory cell arrays 302 into block units composed of a plurality
of word lines WL1-WLn and then erasing data by each block is called
block erasing.

A flash EEPROM 301 using split gate type memory cells 201,
with the memory cells 201 being composed as described above,
includes selecting transistors 212. Therefore, each memory cell
201 has a function to select itself.- In other words, if the
electrical charge is pulled out excessively from the floating gate
electrode 206 when data is erased, the selecting gate 211 can set
the channel region 205 to an OFF state. Therefore, even when an
over erasing occurs, the selecting transistor 212 can control ON
and OFF states of the memory cell, and over erasing problems do
not occur. 1In other words ON or OFF state of the memory cell can

be selected by the selecting transistor 212 set within the memory



In the nmenory cell 201, a threshold voltage Vth of the selecting transistor
212 is approximately 0.5 V. Therefore, in the selected nenory cell 201,

el ectrons in the drain region 204 nove to the channel region 205 in an

i nversion state. As a result, a cell current flows fromthe source region
203 to the drain region 204. On the other hand, the voltage of the source
region is 12 V. Therefore, coupling through a capacity between the source
region 203 and the floating gate el ectrode 206 raises the potential of the
floating gate_el ectrode closer to 12 vilas a consequence, a high potenti al
field is cre8tt¥et ween the channel region 205 and the floating gate
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operation is carried out by each selected frenory cell 201. (b) Readi ng
operation ($gsuldtinPidVer 213 (not shown) is formed on the silicon substrate
202. The gate insulating layer 208 which is composed of a silicon
oxide layer is then formed, using a thermal oxidation method, on
portions of the silicon substrate 202 where no field insulating
layer 213 is formed (element regions). Onthe gate insulating layer
208, a doped polysilicon layer 215 which will become the floating
gate electrode 206 is formed. Using an LPCVD method (Low Pressure
Chemical Vapor Deposition), a silicon nitride layer 216 is then
formed on the entire surface of the doped polysilicon layer 215.
A photoresist coats the silicon nitride layer 216, and then an
etching mask 217 to be used for the floating gate electrode 206
is formed using an ordinary photo lithography technidque.
Step 2 (See f‘ig. 23b) : The silicon nitride layer 216 is etched
by anisotropy etching using the etching mask 217. The etching mask
217 is then detached. Using the LOCOS method, by oxidizing the
doped polysilicon layer 215 using the etched silicon nitride layer
216 as an oxide mask, the insulating layer 209 is formed. At this
time, edge portions of the insulating layer 209 intrude edge
portions of the silicon nitride layer 216, and form bird’s beaks
20%a.
Step 3 (See Fig. 23c): Thesiliconnitride layer 216 is removed.
The doped polysilicon layer 215 is etched by the anisotropy etching

using the insulating layer 209 as the etching mask to form the



The potential of the drain region of the selected nenory cell 201 is set to
2 V. The potentials of the drain regions 204 of the nenory cells 201 which
are not selected are set to 0 V. The potential of the control gate

el ectrode 207 of the sel ect ednenorycel | 201i ssett 04V.

Thepot enti al soft hecontrol gate el ectrodes 207 of the nenory cells 201 which
are not selected are set to O V. The potentials of the source regions 203
of the'all menory cells 201 are set tol® V. As will be described |later,
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node is in an ON state, while the channel region 205 under tﬁe
protuberances 206a. :

Step 4 (See Fig. 23d): The insulating layer 210 composed of
a silicon oxide layer is formed on the entire surface of the dévice
composed as described above by the thermal oxidation method, or
the LPCVD method, or a combination thereof. The stacked insulating
layer 208 is unified with the insulating layer 210, and the
insulating layer 209 is also unified with the insulating layer 210.

Step 5 (See Fig. 24e): On the entire surface of the device
formed th'rough the above~described steps, a doped polysilicon layer
218 which will become the control gate electrode 207 is formed.

Step 6 (See Fig. 24f) : After photoresist coating on the entire
surface of the device as described above, an etchingmask 219, which
will be used to form the control gate electrode 207, is formed using
the ordinary photo lithography technique.

Step 7 (See Fig. 24g): The doped polysilicon layer 218 is
etched and forms control gate electrodes 207 by the anisotropy
etching using the etching mask 219. The etching mask 219 is then
removed.

Step 8 (See Fig. 25h) : After photoresist coating on the entire
surface of the device through the above steps, a mas-k for ion
injection 220 which will be used to form the source regions 203
is formed using the ordinary photo lithography technique. Using
an ordinary ion injection method, phosphorous ions (p') are injected

on the surface of the silicon substrate 202 so that source regions



floating gate el ectrode 206 of the nenory cell 201 in the witing node is
In an OFF state. As a consequence, when 4 V is applied to the control gate
el ectrode 207 , the cell current, which flows fromthe drain region 204 to
t he source region 203, becones larger in the nenory cell 201 in the erasing
node than the nenory cell 201 in the witing node. By distinguishing the
magni t ude of the cell current between each nenory cell 201 using the sense
anplifier 310, data stored in the nenory,cell 201 can be read. For
exanple, reading is perfornmed by setting the data value in the nenory cel
201 to 1, thé0¥raxrs Agrmede, Thadnask Jent Lap ineatden 220 Us thephremevesdty
cell 201 to O, the witing node. In other words, each nenory cell 201 is
forced to store of¥ tPhig ﬁgm‘?«/\/&h@d}‘%&f?f igm; W 9t icR22hehovid e fornec
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.202, which wili become the drain regions 204. The mask for the
-~ lon injection 220 should also be formed not to protrude beyond the.
floating gate electrodes 206. As a result, positions of the source
region 203 are defined by the edge portions of the floating gate
electrodes 206.

Step 9 (See Fig. 25i) : After photoresist coating on the éntire
surface of the device as composed through the above-described steps,
a mask for ion injection 221 which will be used to form the drain
regions 204 is formed using the ordinary photo lithography technique.
Using an ordinary ion injection method, arsenic ions (As*) are
injected on the surface of the silicon substrate 202 so that drain
regions 204 are formed.

The mask for ion injection 221 should then be formed so as
to cover at least the source regions 203 and so as not to protrude
beyond the control gate electrodes 207. As a result, positions
of the drain regions 204 are defined by the edge portions of the
control gate electrodes 207 on the selecting gate 211 side.

After the mask for ion injection 221 is removed, the nenory
cell array 302 is completed.

Flash EEPROMs 301 using the split gate type memory cells 201
have the following problems.

(1) Due to misalignment of the etching mask 219 which will
be used for forming the control gate electrodes 207, a fluctuation

in writing characteristic of each memory cell 201 occurs.



The potentials of the drain regions 204 of all menory cells 201 are set to
0 V. The potential of the control gate el ectrode 207 of the selected nenory
cell 201 is set to 15 V. The potentials of the control gate el ectrodes 207
of the nenory cells 201 which are not selected are set to 0 V. The
potentials of the source regions 203 of all nmenory cells 201 are set to O
V. The capacity between the source region 203/silicon substrate 202 and the
floating gate el ectrode 206 is far greq{ r than the capacity between the
control gate electrode 207 and the floating gate el ectrode 206. |n . other
wor ds, the fl oat Psgskeie ial Bitgr dfa. 206 the sbeverlssardipsdedtor thh fhRcthsour ce
region 203 and the silicon substrate 202. Therefore, if the voltages of the
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of the control gate electrodes 207 formed in step 7 above will not
be the same for memory cells 201la and 201b.

When the drain regions are formed in the above-described step
9 by the ion injection method, the positions of the drain regions
204 are defined by the edge portions of. the control gate in the

.. selecting gate 211 side.

Therefore, as shownby Fig. 26a, if the positionof the etching
mask 219 is shifted from the originally designed position, length
L1 and L2 of the channel regions 205 (channel length) of the memory
cells 201a and 201b are not the same as shown by Fig. 26b. However,
even though tl'.le position of the etching mask 219 is shifted from
the originally designed position, the width of the mask does not
change. Thus, even though the shapes of the control gate electrodes
207 are not the same, the width of the control gate electrodes
remains constant. For' example, if the position of the etching mask
219 is shifted toward the memory cell 201b, the channel length L2
of the memory cell 201b is shorter then the channel length L1 of
the memory cell 201la.

If channel length L1l and L2 differ, the resistance of the
channel regions 205 will likewise differ. Therefore, cell current
values will also be different in the writing operation. In other
words, a longer channel length will result in larger resistance

of the channel region 205, and smaller cell currents in the writing



between the control gate el ectrode 207 and the floating gate el ectrode 206.
As a consequence, a Fow er-Nordhei m Tunnel Current (hereafter called FN
tunnel current) flows. Therefore, as shown by an arrow B in Fig. 22c,

el ectrons in the floating gate el ectrode 206 are pulled toward the control
gate el ectrode 207, and the data stored in the nenory cell 201 is erased.
.10 At this tinme, since the floating gate el ectrode 206 has protuberances
206a, the electrons in the floating gatgsel ectrode. 206 rush out of the

pr ot uber ances 206a, and nove to the control gate 207. Therefore, the
movenent of opheatiqrot r §f$hpasddecurrsings whiieh fliow i tle Wohtingoppeatiomt i ng
gate electrode 206 are effectively pulled out. The caontrol gate el ectrodes

207 i n nenof$EEer $heonatsiofnhak Elestgon genaratdrintidty 8L7P HFFET -wottl

lines WI- -\A%nfesu?t]:?rwegi%ri%’g characteristics of the memory cells 201a and 201b

will also differ.

(2) To prevent the problems described i_n (1), cémpacting
'memory cell 201 is hindered. .

When designing the split gate type memory cell 201, alignment
accuracy of each gate electrode 206 or 207 should be considered
as well as patterning rule accuracy. Taking these factors into
consideration, gate electrodes 206 and 207, and channel regions
203 and 204 should be positioned with some free space therebetween.
However, in current production techniques of high density
semiconductors, when an approximately 0.5 Umwide line is processed,
the patterning rule accuracy can be up to 0.05 #m, while the
alignment accuracy is up to 0.1 - 0.2 um. In other words, in the
split gate type memory cell 201, the alignment accuracy of gate
electrodes 206 or 207 prevents compacting the memory cell 201.

(3) The split gate type memory cell 201 is more difficult
to compact than a stacked gate type memory cell.

In a stacked gate type memory cell, widths of both floating
gate and control gate electrodes are equivalent, and both gate
electrodes are stacked without a position shift. On the other hand,
in the split gate type memory cell 201, one portion of the control
gate electrode 207 is laid out over the channel region 205 so that
they form the selecting gate 211. Therefore, in the split gate
type memory cell 201, the occupied area of the elements is larger

by the area of the selecting gate 211 than in the stacked gate type



erasing operation is carried out on all nmenory cells 201 connected to the
sel ected word line W.n. By sinultaneously selecting a plurality of word
lines WLl -W.n, all menory cells 201 connected to the selected word |ines
can be. erased. As described above, an erasing operation by dividing nenory
cell arrays 302 into block units conposed of a plurality of word |ines
W.1-W.n and then erasing data by each block is called block erasing. A

fl ash EEPROM 301 using split gate typeloenory cells 201, with the nenory
cells 201 bei ng conposed as descri bed above, includes selecting transistors

212. Ther ef BEBOTR £&} Ine kit PLBEF| Worsis hg¥en thonah SRILE FalieYPRIREIITY | n
i oating gabe L e EckTohE DB oRhER: AIEE TLPLEtt:, tPRE 58 SRS AYToLB 211
over “or asi nitduRes, ERABAER, oot Beicked Gitt 1IPE WL o Rl MIE B
words. ON or L Taea Hp e A B el ected by the sel ecting
transistor 212 sefqyWMitdhBndP¢ cBBIRIrYay 302 using the split gate type memory

cell 201 is complex in structure and time consuming to produce.

SUMMARY OF THE INVENTION .

The present inventj.on addresses the. above-described proéblens
and has the following objects:

1] To provide a transistor with no fluctuation in writing
characteristic, with capability of compacting, with no over erase
problems, and with a simple configuration:

2] To provide a transistor array using such transistors and
its producing method;

3] To provide a nonvolatile semiconductor memory using such
tfansistors as memory cells; and

4] To provide a nonvolatile semiconductor memory using such
transistor arrays as memory cell arrays.

A transistor related to the present invention comprising
floating gate electrodes in which electric charge is injected
comprises two source-drain regions formed on a semiconductor
substrate, an inSulating layer on the semiconductor substrate, two
floating gate electrodes formed next to each other on the insulating
layer and placed between the two source-drain regions, and a common
control gate electrode placed on an upper layer of the two floating

gate electrodes, wherein a capacity between the floating gate
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11 cell 201. Anmethod to produce the nenory cell array 302 will be explained
sequentially hereinbelow Step 1 (See Fig. 23a): Using the LOCOS net hod,
the field insulating layer 213 (not shown) is forned on the silicon
substrate 202. The gate insulating |ayer 208 which is conposed of a silicon
oxide layer is then fornmed, using a thermal oxidation nmethod, on portions
of the silicon substrate 202 where no field insulating

| ayer 213i sf orned( el enentregi ons). Ont k&gat ei nsul ati ngl ayer 208, a doped
polysilicon |ayer 215 which will becone the floating gate el ectrode 206 is
formed. Usi edeghredeymndethedseninerdussonr sultsaiteal svapbrlaxgsdsitheBng, a
silicon nitride [ayer 216 is then formed on_the entire suyrface of. the doped
pol ysi | i con SRRPELED PetwaepHhef 3N gate etlﬁ‘étg?‘ﬁ]‘?%ﬁﬁdr#ﬁ ?%tlf%llygf“g?w,'

and then an eit cttﬂ ng mask 217 to be used for the floating gate el ectrode 206
electrode.

The transistor may include a semiconductor substrate
comprising a first and a second ‘source-drain regions, a channel
regionplacedbetween the first and the second source-drain regions,
a gate insulating layer on the semiconductor substrate, a first
floating gate electrode placed near the first source-drain region
and formed on the gate insulating layer, a second floating gate
electrode placed next to the first floating gate electrode and near
the second source-drain region and formed on the gate insulating
layer, an insulating layer on the first and the second floating
gate electrodes, and a control gate electrode on the insulating
layer, wherein a capacity between the floating gate electrodes and
the semiconductor substrate is set larger than a capacity between
the floating gate electrodes and the control gate electrode.

In such transistor, the configuration of the second
source-drain region may be symmétric with the first source-drain
region, while the second floating gate electrode may be of size
and shape exactly the same as the size and shape of the first floating
gate electrode.

Such a transistor may further comprise protuberances in upper
portions of the first and second floating gate electrodes.

The transistor may further comprise a selecting gate
electrode extended from the control gate electrode and placed on
the gate insulating layer between the first and second floating

gate electrodes.



I's formed using an ordinary photo |ithography technique. Step 2 (See Fig.
23b): The silicon nitride |layer 216 is etched by anisotropy etching using
the etching mask 217. The etching mask 217 is then detached. Using the
LOCOS met hod, by oxidi zing the doped polysilicon |ayer 215 using the etched
silicon nitride layer 216 as an oxide mask, the insulating |layer 209 is

formed. At this tinme, edge portions of the insulating |ayer

209 intrude

edge portions of the silicon nitride lié 216 and formbird' s beaks 209a.
e |

Step 3 (See Fig. 23c): The siliconnitr

a 216 i s renoved. , The doped
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first floating gate electrode is set so that a cell current necessary

for writing data flows in the second floating gate electrode.

. In anoﬁher such above transistor, when data is writtén in
said second floating gate electrode by injectionof electriccharge,
a cell current flows from the second source-drain region to the
first source-drainregion, ahigh potential field is createdbetween
the channel region and the second floating gate electrode due to
coupling via a capacity between the second source-drain region and
the second floating gate electrode, electrons in the channel region
are accelerated to become hot electrons, electric charge is stored
in the second floating gate electrode by the hot electrons injected
in the second floating gate electrode, and data corresponding to
the electric charge is written and stored thereby.

In another such transistor, when data is written in said
second floating gate electrode by injection of electric charge,
the first source-drain region is grounded via a constant current
source, a second voltage lower than a first voltage is applied to
the second source-drain region, a cell current flows from the second
source~-drain region to the first source-drain region, a potential
at the second floating gate electrode is raised by coupling via
a capacity between the second source-drain region and the second
floating gate electrode, a high potential field is created between
the channel region and the second floating gate electrode, electrons

in the channel region are accelerated to become hot electrons,



pr ot uberances 206a. Step 4 (See Fig. 23d): The insulating |ayer 210
conposed of a silicon oxide layer is forned on the entire surface of the
devi ce conposed as descri bed above by the thermal oxidation nethod, or the
LPCVD nmet hod, or a conbination thereof. The stacked insulating |ayer 208 is
unified wth the insulating [ ayer 210, and the insulating |ayer 209 is al so
unified with the insulating |ayer 210. Step 5 (See Fig. 24e): On the entire
surface of the device forned through Lg% above-descri bed steps, a doped

polysilicon |ayer, 218 which wi || beco the control gate electrode 207 is
Pormed. St eBlECtEME Ghagaeoht SEoschrinpFBE TRRAne: SUBAPIRY SAF4 RASERFPTS
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then removed. Step 8 (See Fig. 25h): After photoresist coating on the
entire - is raised by coupling via a capacity between the first source-
drain region and the first flqating gate electrode, hot electrons
are substantiallynone injected to the first floating gate electrode
however due to a low potential of the first floating gate electrode.

In another such transistor, the electric charge stored in
the second floating gate electrode is adjusted by adjustments of
said cell current and injection duration of hot electrons to the
second floating gate electrode, and the electric charge stored-in
the second floating gate electrode is set to a small value so that
no overwriting state will océur.

In another such transistor, the electric charge stored in
the second floating gate electrode is adjusted by adjustment of
said cell current and injection duration of hot electrons to the
second floating gate electrode, and the electric charge stored in
the second floating gate electrode is set to a large value so that
the overwriting state will occur, and at least one of the first
floating gate electrode's gate length or an impurity concentration
of the substrate is set so that a certain value leak current
corresponding to the cell current will flow in the channel region
under the first floating gate electrode.

In another such transistor, the channel region superposed
by the first floating gate electrode is set to an ON state due to

coupling via the capacity between the first source-drain region



surface of the device through the above steps, a mask for ion injection 220
which will be used to formthe source regions 203 is formed using the

ordi nary photo lithography technique. Using-an ordinary ion injection

met hod, phosphorous ions (p+) are injected on the surface of the silicon
substrate 202 so that source regions 13 203 are forned. The mask for ion
i njection 220 is then renoved. At this tinme, the mask for ion injection 220
shoul d be forned' so that it covers at Joeast the regions on the silicon

Ton | Lfte& B8RO0 SRt 1aRERRRHa: REC S Beft BHReobds BhACE i FPbat i ng
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(See Fig. 23tdred Al Bhe MEIRCELSit GRAGLREE OMbdti@d8Nid rRadlUbASES of thee
devi ce as conposed through the above-déscri bed steps, :

cell current flowing from the first source-drain region to the-
second source-drain region.

In another such transistor, the channel region superposed
by the first floating gate electrode maintains an ON state dué to
coupling via the capacity between the first source-drain region
and the first floating gate electrode regardless of a state of the
electric charge stored in the first floating gate, the channel
region superposed by the second floating gate electrode in an
erasing mode is set to an ON state, the channel region superposed
by the second floating gate electrode in a writing mode becomes
close to an OFF state, and data stored in the second floating gate
electrode is read by judgment of the writing state or the erasing
state of the second floating gate electrode based on the value of
the cell current flowing between the first source-drain fegion.and
the second source-drain region.

In another such transistor, a third voltage is applied to
the first source-drain region, a fourth voltage lower than the third
voltage 1s applied to the second source-drain region, a fifth
voltage is applied to the control gate electrode, a potential of
the first floating gate electrode is raised by coupling via the
capacity between the first source-drain region and the first
floating gate electrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardless of a state

of electric charge stored in the first floating gate electrode,



a mask for ion injection 221 which will be used to formthe drain regions
204 is fornmed using the ordinary photo |ithography technique. Using an
ordinary ion injection nethod, arsenic ions (As+) are injected on the
surface of the silicon substrate 202 so that drain regions 204 are forned.
The mask for ion injection 221 should then be fornmed so as to cover at

| east the source regions 203 and so as not to protrude beyond the control
gate el ectrodes 207. As a result, positipbns of the drain regions 204 are
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each menorygged k180Er&d€¥h% writing mode in which electric charge is stored
is set close to an OFF state, and data stored in the second floating
gate electrode is read by judgment of the writing state or the
erasing state of the second floating gate electrode based on the
value of the cell current flowing between the first source-drain
region and the second source-drain region.

In another such transistor, a sixth voltage is applied to

the first and the second source-drain regions, a seventh voltage
higher than the sixth voltage is applied to the control gate
electrode, potentials of the first and the second floating gate
electrodes are substantially maintained at the sixth voltage
because of the first and the second floating gate electrodes being
strongly coupledwith the first and the second source~drain regions,
a potential difference between the control gate electrode and the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second
floating gate electrodes is erased.

In another such transistor, a sixth voltage is applied to
the first and second source-drain regions, a seventh voltage higher

than the sixth voltage is applied to the control gate electrode,



As shown in Fig. 26a, in the above-described step 6, if the relative
positions of the etching mask 219, which will be used to formthe control
gate el ectrodes 207, to the nmenory cells 20l1a and 201b are shifted fromthe
originally designed position, the shapes of the control gate el ectrodes 207
formed in step 7 above will not be the sanme for nenory cells 20l1a and 201b.
When the drain regions are fornmed in the above-described step 9 by the ion
injection method, the positions of the dpain regions 204 are defined by the
edge portions of the control gate in the selecting gate 211 side,

Therefore, Retedalsppfrthe figat ppdi ke spcordofleating wtenPhgchHirde219 is
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gate el ectrodes 207 are not the sane, the wdith of the control gate

el ectrodes gjfference between the control gate electrode and the first and

the second floating gate electrodes is made large, a high potential

electric field is created between the control gate and the first

and the second floating gate electrodes, letting a Fowler-Nordheim

tunnel current flow therebetween, electrons in the first and the

second floating gate electrodes are thus jumped to the control gate

electrode from upper protuberances thereof, and data stored in the

first and the second floating gate electrodes is erased.

A transistor array comprising a plurality of transistors
related to the present invention laid out in a matrix comprises
transistors laidout in amatrix, word lines by which the transistors
are laid out in the matrix and control gate electrodes of the
transistors laid out toward columns of the matfix are commonly
connected, and bit lines commonly connecting source-drain regions
of the transistors laid out toward rows of the matrix, the transistor
comprising two source-drain regions formed on a semiconductor
substrate, an insulating layer on the semiconductor substrate, two
floating gate electrodes formed next to each other on the insulating
layer and placed between the two source~drain regions, and a common
control gate electrode placed on an upper layer of the two floating
gate electrodes.

Each transistor laid out toward columns may have a pair of

.bit lines independent from the bit lines of the neighboring



remai ns constant. For exanple, if the position of the etching mask 219 is
shifted toward the nenory cell 201b, the channel length L2 of the nmenory
cell 201b is shorter then the channel length L1 of the nenory cell 20la. If -
channel. length L1 and L2 differ, the resistance of the channel regions 205
will likew se differ. Therefore, cell current values wll also be different
in the witing operation. In other words, a |onger channel length wll

result in larger resistance of the chanagl region 205, and snaller cel
currentss in the witing 15 operation. If the cell currents which flow in
the writing top@esidston-differ, the rate of hot electron generation wll also
differ. As aresult, witing characteristics,o e, nenory cell.s 201% and

201b will also di FhertraBgistor, airay mﬁﬂebﬁrSBVféﬂ%gd’é%‘i‘?i%éal‘}%l(le °

conpacting rE:eor:lr.Durn%sCoe Ice2.l(].lb.il.<§c slna%%r gds'ource—drain region commonly shared
by a pair of transistors laid out toward columns in each cell block
" may be connected by a bit line.

The abqve transistor array may comprise-loqal short bit lines
by which the transistor array is divided into a plurality of rows
of cell blocks and the source-drain regions of the transistors laid
out toward rows of each cell block are commonly connected, and global
bit lines corresponding to each local short bit line, with each
local short bit line being connected with each global bit line in
each cell block via a switching element.

In such a transistor array, the floating gate electrodes of
each transistor connected.to the common word line may be laid out
in series to form an AND-NOR type configuration wherein the circuit
thereof is laid out in parallel to the commonly connecting bit line.

A method for manufacturing the transistor related to the
present invention comprising floating gate electrodes in which
electric charge is injected comprises the steps of forming a gate
insulating layer on a semiconductor substrate, forming a first
conductive layer on the gate insulating layer, patterning a first
and a second floating gate electrodes parallel to each other over
the semiconductor substrate by etching the first conductive layer,
forming a first and a second source-drain region over the
semiconductor substrate by injecting impurity ions after masking
the area from the first floating gate electrode to the second

floating gate electrode, forming an insulating layer on the floating



When designing the split gate type nenory cell 201, alignnent accuracy of
each gate el ectrode 206 or 207 should be considered as well as patterning
rul e accuracy. Taking these factors into consideration, gate el ectrodes 206
and 207, and channel regions 203 and 204 shoul d be positioned with sone
free space therebetween. However, in current production techniques of high
density sem conductors, when an approximately 0.5 [ERRRkmw de line is
processed, the patterning rule accuracy,gcan be up to 0.05 [ERRIm while the
alignment accuracy is up to 0.1 - 0.2 ['[ERRIm In other words, in the split
gate type neabepleetrodas) fonwing a gacenrd carduriive LAveerthe dasrdatin®06 or
207 prevents conpacting the nenpry cell 201. (g The split gate type nenory
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conductive layer, in that order.

A memory array wherein a plurality of other mehory cells
related to the present invention are laid out in a matrix comprises
nmemory cells, word lines by which the memory cells are laid out
in the matrix and control gate electrodes of the memory cells laid
out toward columns of the matrix are commonly connected, and a bit
line commonly connecting source-drain regions of the memory cells
laid out toward rows of the matrix, the memory cell comprising two
source-drain regions formed on a semiconductor substrate, an
insulating layer on the semiconductor substrate, two floating gate
electrodes formed next to each other on the insulating layer and
placed between the two source-drain regions, and a common control
gate electrode placed on an upper layer of the two floating gate
electrodes.

A method for manufacturing a nonvolatile semiconductor
memory cell related to the present invention comprising other
floating gate electrodes in which electric charge is injected
comprises the steps of forming a gate insulating layer on a
semiconductor substrate, forming a first conductive layer on the
gate insulating layer, patterning a first and a second floating
gate electrode parallel to each other over the semiconductor

substrate by etching the first conductive layer, forming a first



type nmenory cell 201, the occupied area of the elenents is |larger by the
area of the selecting gate 211 than in the stacked gate type 16 nenory
cell. In other words, even though split gate type nenory cells do not have
problenms with over erase, they are nore difficult in higher integration
than stacked gate type nenory cells, due to the problens described- in (2)
and (3). (4) The nenory cell array 302 using the split gate type nenory
cell 201 is conplex in structure and ti consum ng to produce. SUWARY OF
THE | NVENTI ON The present invention addfésses the. above-described problens
and has t he 38 ? SARIIAF W@ Ar2in e Ion P HRr fherssricopgpchpr syhstrate

no over er ab¢ BPOBTEHE THREEATH L AREFS STRRGUr At (952 STOTO: GIPRE & |
transistor ¥15§¥iﬂai Qgtes L@.mcttrl:%aai 86 Of e aé]&:ond floating gate electrode,
forining an insulating layer on the floating gate electrodes, forming
a second conductive layer on the insulating layer, and patterning
the control gate electrode using the second conductive layer, and
the first and second floating gate electrodes using the first
conductive layer, after etching the second conductive layer, the
insulating layer, and the first condﬁctive layer in this order.

In another transistor related to the present invention, when
data is written in a second floating gate electrode by injection
of an electric charge therein, a predetermined electric charge
amount to be stored in a first floating gate electrode is set so
that a cell current necessary forwritingdata in the second floating
gate electrode flows.

In still another transistor related to the present invention,
when data iswritten in a second floating gate electrode by injection
of an electric charge therein, a predetermined electric charge
amount to be stored in a first floating gate electrode is set so
that a cell current necessary for writing data in the second floating
gate electrode flows.

The above transistor in the transistor array may further
comprise the second source-drain region whose configuration is
symmetric to the first source-drain region, and the second floating
gate electrode whose shape and size are exactly the same as the
shape and size of the first floating gate electrode.

Such a transistor in the transistor arraymay further comprise



Its producing nethod; 3] To provide a nonvolatile sem conductor nenory
using such transistors as nenory cells; and 4] To provide a nonvolatile
sem conductor nenory using such transistor arrays as nmenory cell arrays. A
transistor related to the present invention conprising -floating gate

el ectrodes in which an electric charge is injected conprises two
source-drain regions fornmed on a sem conductor substrate, an insul ating

| ayer on the sem conductor substrate, t floating gate el ectrodes forned
next to each other on the insulating |ayer and pl aced between éhe t WO
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upper layer of the %yn floating gate el ectrodes, wherein a capacity between
the floati Bt eCtr8A8%trodes and the sem conductor substrate is set
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gate el ectrode.
a selecting gate electrode extended from the control gate electrode

and placed on the gate insulating layer between the first and the
second floating gate electrodes.

In such a transistor in the transistor array, when data is
writtén in said second floating gate electrode by injection of
electric charge, a predetermined electric charge amount to be stored
in the first floating gate electrode may be set so that a cell current
necessary for writing data flows in the second floating gate
electrode.

In another such transistor in the transistor array, when data
is written in said second floating gate electrode by injection of
electric charge, a cell current flows from the second source-drain
region to the first source-drain region, a high potential field
is created between the channel region and the second floating gate
electrode due to coupling via a capacity between the second
source—drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electric charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge is written
and stored thereby.

In another such transistor in the transistor array, when data
is written in said second floating gate electrode by injection of

.electric charge, the first source-drain region is grounded via a



The transistor may include a sem conductor substrate conprising a first and
a second-source-drain regions, a channel region placed between the first
and the second source-drain regions, a gate insulating |ayer on the

sem conductor substrate, a first floating gate el ectrode placed near the
first source-drain region and fornmed on the gate insulating |ayer., a
second floating gate el ectrode placed next to the first floating gate

el ectrode and near the second source-drain region and fornmed on the gate
insulating | ayer, an insulating |ayer 3% the first and the second fl oating
gat e el ect r siastankEurreBhtSORrCgatestans Yodagsnlawar thanp firsg yohfége

wherein a capacity, between the floatin ate el ectrodes d the
seni conduct drS §BB§W‘%1F8 the sgrond sgurc H‘g’FP’aF ESPLeRe ¢ B urreRt Y5t i ng

te el ect d_the control gate el ectrode. h transi th
donti gur at | G et SRR RS r3arop i thie HEFHE AR P b Heoik A he
first . - ' cegl on, [ f ti : b
of 'oi 7o and s hersheied, 6 cillodtehAl L PEEENMY (R KRECOB0S, HLHIG BBY OC
floating gatg@heah ¥dea Bpalityietiekatite B8Yold sbligte CORRIH 88gion and

pr ot uberances i n upper
the second floating gate electrode, a high potential field is
created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to becone
hot electrons, electric charge is stored in the second floating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored theréby, a potential of the first floating
gate electrode is raised by coupling via a capacity between the
first source-drain region and the first floating gate electrode,

. hot electrons are substantially none injected to the first floating
gate electrode however due to a low potential of the first floating
gate electrode.

In another such transistor in the transistor array, the
electric charge storéd in the second floating gate eléctrode is
adjusted by adjustments of said cell current and injection duration
of hot electrons to the sgcond floating gatée electrode, and the
electric charge stored in the second floating gate electrode is
set to a small value so that no overwriting state will occur.

In another such transistor in the transistor array, the
channel region superposed by the first floating gate electrode
enters an ON state due to coupling via the capacity between the

first source-drain region and the first floating gate electrode



portions of the first and second floating gate el ectrodes. The transistor
may further conprise a selecting gate el ectrode extended fromthe control
gate el ectrode and placed on the gate insulating | ayer between the first
and second floating gate el ectrodes. 1.8 I n another such transistor,
when data is witten in said second floating gate el ectrode by injection of
el ectric charge, the predeterm ned anount of electric charge to be stored
in the first floating gate electrode is set so that a cell current
necessary .for witing data flows in the2&econd floating gate el ectrode. In
anot her suchregjzoddessambisstate e rthdathectrin ichhege i staymidd igetn Eifrisgat i ng
gate electrode by injection of electriccharge, a cell current flows from
the second stheaddngdr gpher eafichrihep dafte shesed sigurtde- §egpnd r Epannd J_itgh

potential field is created _hetween the channel regi (?Ln and t he secaond
f1oating gat%l%%té@fiﬁo’cﬁaréﬁé hased on the cell current flowing from the first

source-drain region to the second source-drain region.

In another such transistor in the transistor array, the
channel region superposed by the first floating gate electrode
maintains an ON state due to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the chanhel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second’
floating gate electrode is read by judgment of the writing state
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first
source-drain region and the second source-drain region.

In another such transistor in the transistor array, a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second
source—drain. region, a £fifth voltage is applied to the control gate
electrode, a potential of the first floating gate electrode is
raised by coupling via the capacity between the first source-drain
region and the first floating gate electrode, the channel region
superposed by the first floating gate electrode is set to an ON
state regardless of a state of electric charge stored in the first

floating gate electrode, the channel region superposed by the second



coupling via a capacity between the second source-drain region and the
second floating gate electrode, electrons in the channel region are

accel erated to becone hot electrons, electric charge is stored in the
second floating gate el ectrode by the hot electrons injected in the second
floati'ng gate el ectrode, and data corresponding to the electric charge is
witten and stored thereby. In another such transistor, when data is
witten in said second floating gate el ectrode by injection of electric
charge, the first source-drain region #8 grounded via a constant current

source, a YARItAnYOFittdklleetRbdé hid ah leirasSinyahddk0dn shagplne@leetihe
second source-drain region, a cell current flows fromthe second

sour ce- dr aigharggiiecnstardadibs fet b a00ON stateaitheraginnel megioneapiexpoatdt he
second floating gate electrode is raised by coupling via a capacity between
t he second bibheesefrarich flegt by gedet abecrwsiad ih| datitjnganedeiscwhade, a
hi gh potential field is created between the channel region and the second

floating g@letréetshtge dpedtennss iIsnseheclasentel an Qffoatater adcefatated to

become hot sEi:loer%EirJ?r? Yhe second floating gate electrode is read by judgment

of the writing stéte or the erasing state of the second floating
gate electrode based on the value of the cell current flowingbetween
the first source-drain region and the second source-drain region.
In another such transistor in the transistor array, a sixth
voltage is applied to the first and second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and second floating
gate electrodes are substantially maintained at tﬁe sixth voltage
because of the first and second floating gate electrodes being
stfongly coupled with the first and second source-drain regions,
a potential difference between the control gate electrode and the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and second floating gate electrodes, 1letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
~first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and the
second floating gate electrodes is erased.
In another such transistor in the transistor array, a sixth
voltage is applied to the first and second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the

control gate electrode, potentials of the first and second floating



19 el.ectric charge is stored in the second floating gate el ectrode by

I njection of the hot electrons to the second floating gate el ectrode, data
corresponding to the electric charge is witten and stored thereby, a
potential of the first floating gate electrode is raised by coupling via a
capacity between the first source- drain region and the first floating gate
el ectrode, hot electrons are substantially none injected to the first
floating gate el ectrode however due to38 |ow potential of the first
floating gate electrode. In another such transistor, the electric charge

stored in tgateeskutriokeatary sghs taet adiliyodeinta inddust ¢thebyixid] welttege s of
said cell current and injection duration of hot electrons to the second
fl oati ng gabecansetobdehe fiidsthend| secondt Livatyng sgatedliartirhdesebeiny

floating gate electrode is set to a small value so that no.overwiting
state will &EEQRILY roapdereritydher Fhrst S0gr Seqahd SPEECRTE 2 EEiRBred in

the second floati n ate_el ectrode is a(g' ust ed by adj us meg;t: 8(_; a% i d cell
current and® PR ébf’g‘?’f%’r‘?eo ehgeen| éﬁt?‘ﬁ%smﬁog?tlrfee ectro the
first and second floating gate electrodes is made large, a high
potential electric field is created between the control gate and
the first and second floating gate electrodes, -letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and second floating gate electrodes are thus jumped to the
. control gate electrode from thereof, and data stored in the first
and second floating gate electrodes is erased.

A semiconductor memory related to the present invention
wherein data iswritten by injecting electric chérge into floating
gate electrodes thereof comprises two source-drain regions formed
on a semiconductor substrate, an insulating layer on the
semiconductor substrate, two floating gate electrodes placed next -
to each other on the insulating layer and positioned between the
two source~drain regions, and a common control gate electrode placed
on an upper layer of the two floating gate electrodes, wherein data
is erased by pulling the electric charge injected in the floating
gate electrodes toward the control gate electrode.

The above semiconductor memory may further comprise a second
source-drain region whose configuration is symmetric to the first
source—drain region, and a second floating gate electrode whose
shape and size are exactly the same as the shape and size of the
first floating gate electrode.

The above semiconductor memory may further comprise



second floating gate electrode, and the electric charge stored in the
second floating gate electrode is set to a |arge value so that the
overwiting state will occur, and at |east one of the first floating gate
el ectrode's gate length or an inpurity concentration of the substrate is
set so that a certain value |leak current corresponding to the cell current
will flowin the channel region under the first floating gate el ectrode. In
anot her such transistor, the channel reggion superposed by the first
floating gate electrode is set to an Cﬁﬁstate due to coupling via the
capaci ty PBEphBbaranees iinsuPReTIMAEdeasnof divfirstoagndse¢cene F193%1%9 oating
gate electrode regard| ess of a state of the electric charge stored in the
first ro&PFﬁgeéﬁ &ro the data stored in the second floating gate

el ectrode is regg, b§§89 OQan'i“éofiSJaét&Pr ESH%r{é! ﬁ‘é’&”gflfrrt%kt Nondrise a
source-drain regiron to ?he- second source-araln region.
selecting gate electrode extended from the control gate electrode
and placed on the gate insulating layer between the first and second
floating gate electrodes.

In one such semiconductor memory, when data is written in
said second floating gate electrode by injection of electric charge
therein, a predetermined electric charge amount to be stored in
the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate
electrode.

In another such semiconductor memory, when data is written
in said second floating gate electrode by injection of electric
charge therein, a cell current flows from the second source-drain
region to the first source-drain region, a high potential field
is created between the channel region and the second floating gate
electrode due to coupling via a capacity between the second
source~-drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electric charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge is written
and stored thereby.

In another such semiconductor memory, when data is written
in said second floating gate electrode by injection of electric

charge therein, the first source-drain region is grounded via a



I n anot her such transistor, the channel region superposed by the first
floating gate el ectrode maintains an ON state due to coupling via the
capacity between the first source-drain region and the first floating gate
el ectrode regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating gate
electrode .in an erasing node is set to an ON state, the channel region
superposed by the second floating gate,electrode in a witing node becones
close to an OFF state, and data stored3$n the second floating gate

el ectrode i goh88sn®YubHENFBBLXEL, h&%cwhatdomaaﬁé abRe®tHaR 81 ASt ¥1645d € Of
the second floating gate el ectrode based on the value of the cell current

fl ow ng bet weedpplied té thessetarrt doamt de-+d@iianrefidn, he ceddotdrsaitr EBowld ai n

region. In another such transistor, a third voltage is applied to the first

sour ce- dr ai fropFhersecanfi@ouritevdlatigeefvoveto thafirkt somircd-dodimyegien,

applied to the second source-drain region, a fifth voltage is applied to

the control agretertiah radddhea speendt Finatdnar gatei ekectnosier ifgrgased by

el ectrode is rajsed hy couplipg via the capacity between the first

sour ce- dr ai ﬁ°P@b+’b?1 Viaf FRR2FT %petween the second source-drain region and
the second floating gate electrode, a high potential field is
createa between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become
hot electrons, electric charge is stored in the second fléating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored thereby, a potential of the first floating
gate electrode is raised by coupling via é capacity between the
first source-drain region and the fixst floating gate electrode,
and no substantial hot electrons are made injected to the first
floating gate electrode however due to a low potential of the first
floating gate electrode.

In another such semiconductor memory, the electric charge
stored in the second floating gate electrode is adjusted by
adjustments of said cell current and injection duration of hot
electrons to the second floating gate electirode, and the eflectric
charge stored in the second floating gate electrode is set to a
small value so that no overwriting state will exist.

In another such semiconductor memory, the channel region
superposed by the first floating gate electrode enters an ON state

due to coupling via the capacity between the first source-drain

region and the first floating gate electrode regardless of a state



floating gate el ectrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardl ess of a state of

el ectric charge stored in the first floating gate el ectrode, 2:1 the
channel regi on superposed by the second floating gate electrode in an
erasing node in which no electric charge is stored is set to an ON state,
t he channel region superposed by the second floating gate electrode in a
writing node in which electric charge33 stored is set close to an OFF
state, and data stored in the second floating gate el ectrode is read by

j udgnent offtthe wLetthic halrgeostd el ahashdfiisat el@dt i gaeepnahd Ithat i ng

gate el ectrode based on the value of the cell current flow ng between the
first sourdetarstiaredeghohhansetdral fdoendng ogate-adregitrodegi ®rmadean tandeher
such transistor, a sixth voltage is applied to the first and the second
sour ce- dr arpad &giseAsOn &heeshl ﬁuwﬁnbg%owﬁgﬁeﬁr%‘ahe tie s&i seursrsidrada i s
appl i ed torggfogcggréﬂe %Egnd source~-drain region.

In another such semiconductor memory, the channel region
superposed by the first floating gate electrode maintains an ON
state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is made to be read by judgment of the writing

.. state or the erasing state of the second floating gate electrode
based on the value of the cell current flowing between the first
source-drain region and the second source-~drain region.

In another such semiconductor memory, a third voltage is
applied to the first source-drain region, a fourth voltage lower
than the third voltage is applied to the second source-drain region,
a fifthvoltage is applied to the control gate electrode, a potential
of the first floating gaté electrode is raised by coupling via the
capacity between the first source-drain region and the first
floating gate electrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardless of a state

of electric charge stored in the first floating gate electrode,

the channel region superposed by the second floating gate electrode



el ectrode, potentials of the first and the second floating gate el ectrodes
are substantially maintained at the sixth voltage because of the first and
the second floating gate el ectrodes being strongly coupledwith the first
and the second source-drain regions, a potential difference between the
control gate electrode and the first and second floating gate el ectrodes is
made | arge, a high potential electric field is created between the control
gate and the first and the second floating gate el ectrodes, letting a

Fow er - Nordhei m tunnel current flow th¥ ebetween, electrons in the first

and the secpndyf le2aking Mede i8l GRLERARS AR tkNESciibded st Q¥BFEy tihe seent r ol
gate el ectrode, and data stored in the first and second floating gate

el ectrodes ts aflsethtd, Nt ehhntie 5 ehidh 30pespOsed By Thetdecodkd Figmating
applied to the first and second source-drain regions, a seventh voltage
hi gher t hangatweelectivdolitageritsitgppodedntwhidiceberttrial clyatge ¢k etiorede,
22 is set close to an OFF state, and data stored in the second floating
gate electrode is made to be read by judgment of the writing stéte
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first
source-drain region and the second source~drain region.

In another sudh semiconductor memory, a sixth voltaée is
applied to the first énd second source-drain regions, a seventh
voltage higher than the sixth voltage is applied to the control
gate electrode, potentials of the first and second floating gate
electrodes are substantially maintained at the sixth voltage
because of the first and the second floating gate electrodes being

< strongly coupledwith the first and the second source-drain regions,
a potential difference between the control gate electrode and the
first and the second floating gate electrodes is made large, a high
potential glectric field is created between the control gate and
the first and second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second
floating gate electrodes is made to be erased.

In another such semiconductor memory, a sixth voltage is
applied to the first and the second source-drain regions, a seventh

voltage higher than the sixth voltage is applied to the control

gate electrode, potentials of the first and the second floating



potentials of the first and the second floating gate el ectrodes are
substantially maintained at the sixth voltage because of the first and the
second floating gate el ectrodes being strongly coupled with the first and
t he second source-drain regions, a potential difference between the control
gate electrode and the first and the second floating gate el ectrodes is
made | arge, a high potential electric field is created between the control

gate and the first and the second floating gate electrodes, letting a
Fow er - Nor dhei m tunnel current flow theBB&between, electrons in the first

and the secqadtel éDedtinUiegadfe SubstaRERS] 1/ flal MtSinddTREtHOs i kEn RNERGL Jate
el ectrode from upper protuberances thereof,- and data stored in the first

and the secdetabseaf e (Eitrstedmt thedescons £lmdthg date aletsiodesfibealg
conprising a plurality of transistors related to the present invention |aid
out in a natstirengdmeonpded wighdhetfdrstiandkhrsedandasomtae—draiwnmegiobnes by
which the transistors are laid out in the matrix and control gate

el ectrodes & PPRentiadndisferangapatvesn ithrarentasiluante elechrodatandthe e

comonl y connected d bit lLines commonly connecting source-drain regions
of the trandEtbrdd gﬂﬁl s&ﬁf’nfio%ra&lflg\ﬁ?tﬁfe]t%rﬁg@?iﬁ mage lergrsiahieh

potential electric field is created between the control gate and
the first and second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus jumbed to
the control gate electrode from thereof, and data stored in the

first and the second floating gate electrodes is made to be erased.

BRIEF DESCRIPTION OF‘THE DRAWiNGS

Fig. la is a cross section view of the present invention cut
by the line Y-Y in Fig. 1b, and Fig. 1b is a top view thereof.

Fig. 2 is a diagram showing an outline of a memory array
comprising the transistors in accordance with the present
invention.

Fig. 3 is a cross section view of the present invention in
‘a writing mode.

Fig. 4 is a diagram showing an outline of a memory array in
the writing mode comprising the transistors in accordance with the
present invention.

Fig. 5 shows a cross section of the present invention in a
reading mode.

Fig. 6 is a diagram showing an outline of a memory array in

the reading mode comprising the transistors in accordance with the



conprising two source-drain regions formed on a sem conductor substrate, an
I nsul ating | ayer on the sem conductor substrate, two floating gate

el ectrodes forned next to each other on the insulating |ayer and pl aced

bet ween the two source-drain regions, and a common control gate el ectrode
pl aced on an upper layer of the two floating gate el ectrodes. Each
transistor laid out toward colums nay have a pair of bit |ines independent
fromthe bit lines of the nei ghboring 23 transistor. The transistor
array may be divided into a plurality SP colums of cell blocks and a

sour ce- draipresgptminwennbnmy shared by a pair of transistors |aid out
toward columms in each cell block may be connected by a bit line. The above
transi stor array Ei€y édihovisse guass segbian pit the |Pé'§559tv9lﬂ"@ﬁlttlﬁé % &fsi st or

array is divided into a plurality of rows
y erasing mode P y

Fig. 8 is a diagram showing an outline of a memory array in
the erasing mode comprising the transistors in accordance with the
present invention.

Figs. 9a and 9b show cross sections of the memory array related
to a first embodiment cut by the line Y-Y in Figs. 9a-1 and 9b-1.
Figs. 9a-1 and 9b-1 are top views thereof.

Figs. 10c and 10d show the cross sections of the present
invention cut by the line Y-Y in Figs. 10c-1 and 10d-1. Figs. 10c-1
and 10d-1 are top views thereof.

Figs. 1le and 11f show the cross sections of the present
invention cut by the line Y~Y in Figs. 1le~1 and 11f-1. Figs. 1le-1
and 11£f-1 are top views thereof.

Figs. 129 and 12h show the cross sections of the present
invention cut by the line Y-Y in Figs. 12g-1 and 12h-1. Figs. 12g-1
and 12h-1 are top views thereof.

Fig. 13 is a diagram showing an outline of a transistor array.

Fig. 14 is a diagram showing an outline of a transistor array.

Fig. 15 is a diagram showing an outline of a transistor array.

Fig. 16 is a diagram showing an outline of a transistor array.

Fig. 17 is a diagram showing an outline of a transistor array.

Fig. 18 shows a cross section of a memory cell.

Fig. 19 shows a cross section showing an outline of a
transistor in a conventional configuration.

Fig. 20a shows a cross section of a conventional transistor



of cell blocks and the source-drain regions of the transistors |aid out
toward rows of each cell block-are commonly connected, and global bit |ines
corresponding to each | ocal short bit Iine, with each local short bit 1ine
bei ng connected with each global bit line in each cell block via a
switching elenent. In such a transistor array, the floating gate el ectrodes
of each transistor connected to the common word line may be laid out in
series to forman AND-NOR type configuration wherein the circuit thereof is
laid out in parallel to the comonly cohhecting bit line. A pethod for
manuf act ur iHf Oe theahdre i A8 Fidd £ 1 h&igr LUNtis AvERP; BHEE SfpithSi ng
floating gate el.ectrodes _.in which electric charge.is injected conprises the
st eps of f&rrﬁnﬁd's OFatR® T FCRVPRGIPRTEIC l§u§gﬁ?%tbhduct or substrate,

for m fi dugt | 15 ka4 e\l
st and a secondlliatt R BifEiudrtfh Sl e d? Hitadelbeo R Bl P

sem conductQ SuRsLEAL oy &onlFifdrhbfod] rst conductive layer, formng a
first and a second source-drain region over the sem conductor substrate by

i njecting inpuriFygl ozea afiestFaEKS Y dridesaseatisw ot kaef transfdteat 1Ry gate
el ectrode to the second
a writing mode in the conventional configuration.
Fig. 22b illustrates a cross section of the transistor in
a reading mode in the conventional configuration.
Fig. 22c¢c illustrates a cross section of the transistor in
an erasing mode in the conventional configuration.
Figs. 23a, 23b, 23c, 23d, 24e, 24f, 24g, 25h, 25i, 26a, and

26b are cross sections showing manufacturing processes of a

transistor in the conventional configuration.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

(First embodiment)

Hereafter, a first embodiment implementing the present
inventionwill be described referring to the accompanying drawings.

Fig. la is a partial cross section of a memory cell array
102 in a flash EEPROM 101 using a memory cell 1 of the present
invention.

The memory cell 1 (transistors) comprises two source-drain
regioné 3, a channel region 4, two floating gate electrodes 5 and
6, and a control gate electrode 7.

The N type source-drain region 3 is formed on a P type
monocrystalline silicon substrate 2. On the channel region 4

between the two source-drain regions laid ocut symmetrically, two



floating gate electrode, formng an insulating |layer on the floating 24
gate el ectrodes, form ng a second conductive |layer on the insulating |ayer,
and patterning the control gate el ectrode using the second conductive

| ayer, and the first and the second floating gate el ectrodes using the -
first conductive |ayer, after etching the second conductive |layer, the

I nsulating |ayer, and the first conductive layer, in that order. A nenory
array wherein a plurality of other nenory cells related to the present
invention are laid out in a matrix conp¥8 ses nenory cells, word |ines by
whi ch the I e ¢ | t ] ' ' | ,0at.e '

el ectrodes 0 tﬁ'ggnéér‘r%er %lgg}:?ég?sgi%daggté F’g\%/gﬁécf(éc)éfﬁﬁgssﬁgg%ﬁesﬁﬁ F%Care

commonly CoineChbif ndhd t8 Lidn lJtRerCOHMPRhYe COREELIAY 1HY&1C8: d'GH BhEeYi ONS
of the menory cells laid out toward rows of the matriX, the nmenory cel

conpri si Ng £1AtI Y Ffrellé BéFEFRWISOH 2nti0s,TEHe @Indr& Efaterslutitiodeubgtieat e, an

on an insulating layer 9 and insulating layer 10, both of the layers
having been formed by the LOCOS method. By the insulating layer
9, an upper portion of each floating gate electrode 5 or 6 have
protuberances 5a and 6a.

One portion of the control gate electrode 7 is laid over the
channel region 4 on the insulating layers 8 and 10; and fo.rn_ts a
selecting gate 1l1. A selecting transistor 12 comprises the
selecting gate 11 and the source-drain regions 3 between which the
selecting gate 11 1ies. In other words, the memory cell 1 comprises
two transistors and the selec‘ting transistor' 12 formed between the
two transistors, both klinds of transistors laid out in series, the
transistors comprising the floating gate electrodes 5 and 6, the
control gate electrode 7, and each source-drain region 3.

A memory cell array (a transistor array) 102 comprises a
plurality of memory cells 1 formed on the substrate 2. To reduce
the occupied area on the substrate 2, memory cells 1 neighboring
each other share the source-drain region 3.

Fig. 1b is a partial plain view of the memory cell array 102.
Figure la is a cross section of Fig. 1b cut by the line Y-Y.

A field insulating layer 13 is formed on the substrate 2 which
separates elements of each memory cell 1.

The source-drain regions 3 of memory cells 1 laid out
vertically in Fig. 1b are shared and form common bit lines. The

control gate electrodes 7 of memory cells 1 laid out horizontally



I nsulating | ayer on the sem conductor substrate, two floating gate

el ectrodes forned next to each other on the insulating |ayer and pl aced

bet ween the two source-drain regions, and a common control gate el ectrode
pl aced- on an upper layer of the two floating gate el ectrodes. A nethod for
manuf acturing a nonvol atile sem conductor nenory cell related to the

pr esent

I nvention conprising other floating gate el ectrodes in which

el ectric charge is injected conprises t39 steps of formng a gate

insulating La
| ayer on tht™®

rst con I rst

f1oating gate el gty odesRaraldhel ohes paCkhiilar RYSh df1%:RCE) CoRs

substrate by etchim 1
a second SoyHfeydiy RhbegdbRbr

ormng a

I mpurity ions after masking fﬁe area fromthe first

The memory cell array 102 is composed of a plurality of memory
cells 1 laid out in a matrix. The control gate electrodes 7 of
the memory cells 1 laid out in columns form the common word lines
WL1-WLn. The source-drain regions 3 of the memory cells 1 laid
out in rows form the common bit lines BL1-BLn.

In other words, the memory cell array 102 has an AND-NOR type
configurationwith the floating gate electrodes 5 and 6 of the memory
cell 1 laid out in series and connected to the common word lines
WL1-WLn, the circuit of said floating gate electrodes being
connected to the common bit lines BL1-Bln.

Each word line WL1-WLn is connected to a row decoder 103,
and each bit line BL1-BLn is connected to a column decoder 104.

Row and column addresses specified by an external source are
input to an address pin 105. The row and column addresses are
transferred from the.address pin 105 to an address latch 107 via
an address buffer 106. Among the addresses latched by the address
latch 107, the row address is transferred to the row decoder, while
the column address is transferred to the column decoder. The
address latch 107 may be omitted.

The row decoder 103 selects one word line WL1-WLn (for example,
WLm (not shown)] corresponding to the row address latched by the
address latch 107, and controls a potential of eachword line WL1-WLn
corresponding to a later-described operationmode. 1Inother words,

the potential of the control gate electrode 7 in each memory cell

' dyct bst r at f first duct i
g% iHsara: PR ThyRe TRER ST, 0T HEeSnd a second

and

w1 1khe . sem conduct or substrate by injecting



floating gate electrode to the second floating gate el ectrode, form ng an

I nsulating | ayer on the floating gate el ectrodes, formng a second
conductive layer on the insulating |layer, and patterning the control gate
el ectrode using the second conductive |ayer, and the first and second
floating gate el ectrodes usi.ng the first conductive |ayer, after etching

t he second conductive layer, the insulating layer, and the first conductive
| ayer in this order. In another transi s2®r related to the present

i nvention, when data is witten in a second floating gate el ectrode by

injection of #d &RebLLEdCHAI@ALIBALERG, tite Potdat eaTs e thlee@bid Cl Dby ge
anount to be stored in a first floating gate electrode is set so that a
cell currenwLhewiassary for witing data in the second floating gate
electrode flows. In still another transistor related to the present

i nvention, when &t selectwpne bdif 1ineaBEbRind (£60 gxpnpleaBbnelnadt shelnldy
injection of an electric charge therein, a predeterm ned el ectric_charge
amount to bEOE¥TRANGIRILteithe cplump jadgirgseelaichad Bcthe agddress lakah a

|1 rren ry for, witi [ h fl in
g?ect (r:lcj)deef i%'agct?isesgo umr?decod}ar r}.%4dgggtro st aepgtegnq:r}.%l ogaaltn o) egasttGate

of each bit line BL1-BLn corresponding to a later-described
operation mode. In other words, by controlling the potentials or
the open states of the bit lines BL1-BLn, the potential or the open
state of the source-drain region 3 in each memory cell' 1 is
controlled.

Data specified by an external source is input to data pin
108. The data is transferred from the data pin 108 to the column
decoder 104 via an inp;.lt buffer 109. The column decoder 104
controls the potential or the open state of each bit line BL1-
BLn corresponding to the data, as will be described later.

Data read from any memory cell 1 is transferred from the bit
line BL1-BLn to a sense amplifier 110 via the column decodexr 104.
The sense amplifier 110 is a current sense amplifier. The column
decoder 104 connects the bit line BL1-BLn selected thereby with
the sense amplifie:.; 110. The data distinguished by the sense
amplifier 110 is applied from an output buffer 111 to the outside
via the data pin 108.

The operations of the circuits (103-111) as described in the
above are controlled by a control core circuit 112.

Each operation mode (writing, reading, and erasing) of the
flash EEPROM 101 will be described referring to Figs. 3-8. Figs.

3, 5, and 7 show main parts of Fig. la, while Figs. 4, 6, and 8



The above transistor in the transistor array may further conprise the
second source-drain region whose configuration is symmetric to the first
source-drain region, and the second floating gate el ectrode whose shape'and
size are exactly the sane as the shape and size of the first floating gate
el ectrode. Such a transistor in the transistor array may further conprise
26 protuberances in upper portions of the first and second floating gate

el ectrodes. The transistor in the tranqi tor array nmay further conprise a

sel ecting gﬁhgwqﬁgﬁ;%gggsegfeﬁgﬁdzﬂronl e control gate el ectrode and
pl aced on the gate insulating l'ayer between the first and the second

floati ng gayg) eherdin@deperdfisniCler Fighsi Stald i4) the transistor array,
when data is witten in said second floating gate el ectrode by injection of
el ectric charge, Facpsedibtee rtheatedmctell lcdmmgetadounthe dnberse¢ctisths
of word line WLm and bit lines BLm and BLm+l (hereafter called
"im(m) ") is selected and, among the floating gate electrodes of
the memory cell Im(m) S and 6, data is written on the floating gate
electrode 6, as will be explained below.
The bit line BLm corresponding to the source-drain region
3 closer to the floating gate electrode 5 [hereafter called.3(a)]
than the other source-drain region 3 in the memory cell 1lm(m) is
grounded via a constant current source 110a set within the sense
amplifier 110. The voltage of said bit line is set to 1.2 V.
The potential of the bit line BLm+l corresponding to the
source—drain region 3 closer to the floating gate electrode 6
[hereafter called 3(b)] than the other source-drain region 3 in
the memory cell Im(m) is set to 10 V.
The potentials of the bit lines (BLl.. .BLm-—l, BLm+2...BLn)
corresponding to the source-drain regions 3 of the memory cells
1 except for the selected memory cell 1lm(m) are set to 3 V.
The potential of the word line WLm corresponding to the
control gate electrode 7 of the memory cell 1m(m} is set to 2 V.
The potentials of thé word lines corresponding to the control gates
7 of the memory cells 1 except for the selected memory cell 1m(m)
are set to 0 V. |
# In the memory cell im(m), a threshold voltage Vth of the
selecting transistor 12 is approximately 0.5 V. Therefore, in the

memory cell lm(m), electrons in the source-drain region 3a move



in the first floating gate el ectrode nmay be set so that a cell current
necessary for witing data flows in the second floating gate electrode. In
anot her such transistor in the transistor array, when data is witten in
said second floating gate electrode by injection of electric charge, a cel
current flows fromthe second source-drain region to the first source-drain
region, a high potential field is created between the channel region and
the second floating gate el ectrode due coupling via a capacity between

t he second source-drain region and the cond floating gate el ectrode,

el ectrons ind BRe ehafi€l regUbwn thie@ € aal el Bebrisd ohantrtR .NoAs alresunens,
electric charge is stored In the second floating gate el ectrode by the hot
el ectrons i i exxtldd curréhe Be st [foahi tige gsdurcel-detindecgind 3tatta the
corresponding to the electric charge is witten and stored thereby. In
anot her suchsaurpesidsednr regiome3er addnseobhaypogpntierefdshe seungs-dredni n

said second flqating gate el ectrode by injection of electric char%F, t he
first sourceeign3Ped? otf ie §heupRferntiiad gf the floating gate electrode

6 is raised closer to 10 Vdue to a coupling via the capacity between
the source-drain region 3b and the floating gate electrode 6.
Therefore, a high potential field is created betwgen the channel
'fegion 4 and the floating gate electrode 6. As a result, electrons
in the channel region 4 are accelerated -to become hot elecﬁrons,
and are injected in the floating gate electrode 6 as shown by the
arrow C in Fig. 3. As a consequence, electric charge is stored
in the floating gate electrode 6 in the memory cell 1lm(m), and 1
bit data is wfitten and stored therein.

Due to the coupling via the capacity between the source-
drain region 3 and the floating gate electrode 5, the potential
of the floating gate electrode is raised and becomes closer to 1.2
V. However, ho_t electrons will never be injected by the potential
so low as this. In other words, in the memory cell 1lm{(m), hot
electrons are injected only in the floating gate electrode 6.

The cell current Iw also flows between the source-drain
regions 3 of the memory cell 1 connected to the intersections of
the word line WLm and the bit lines BLm-1 and BLm [hereaffer called
Im(m-1)]. However, in the memory cell Im(m~1), since the potential
of the source-drain region 3 corresponding to the bit line BLm-1
is 3V, the potentials of the floating gate electrodes 5 and 6 will
never be raised. Therefore, hot electrons will never be injected

in the floating gate electrodes 5 and 6 of the memory cell 1lm(m-1),

This Sheet Has Been Replaced

[N

REPLACED



27 constant current source, a second voltage lower than a f
applied to the second source-drain region, a cell current f

second source-drain region to the first source-drain region,

the second floating gate electrode is raised by coupling vi
bet ween the second source-drain region and the second fl oat
el ectrode, a high potential field is created between the ch

irst voltage is

| ows fromthe

a potential at
a a capacity

ing gate

annel region and

the second floating gate electrode elggtrons in the channel region are
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is witten and stor

hereby, a potential of the first floating gate

el ectrode i sokai FHtk RYmCaupPlthedb it didesaPaeil ¥nbainmeen [(héeedftfeit called

source-drain region and the first floating gate el ectrode,
are subst antimdk Yhbhechenpetémtdiad bifethie rsourtbodtaing rggiened
due to a low potential of the first floating

hot el ectrons
ecirredpotdsvever

to the bit line BIm+2 is 3 V, which is higher than the potential

(2 V) of the control gate electrode 7 (word line WLm) .

Therefore,

no cell current flows between the source-drain regions 3 thereof.

As a result, no hot electrons will be injected in the floating gate

electrodes S and 6 of the memory cell Ilm(m+l), and no data will

be written thereon.

For the same reason as described for the case of the memory

cell Im{m+1l), no data will be written on the memory cells connected

to the word line WLm except for the memory cells 1m(m), lm(m-1),

and lm(m+l).

Therefore, the writing operation as described above is

carried out only on the floating gate electrode 6 of the selected

memory cell 1lm(m).

By optimizing the value of the cell current Iw

which flows

between the source-drain regions 3a and 3b and a duration of the

writing operation (the injection duration of the hot electrons in

the floating gate electrode 6), the electric charge stored in the

floating gate electrode 6 of the memory cell 1lm{m) is optimized.

Concretely, the electric charge stored in the floating gate

electrode 6 of the memory cell lm(m) is set less than the electric

charge to be stored in the floating gate electrode

206 of the

conventional memory cell 201 so that no overwriting state will be

created. In the writing operation, the potential of the source
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gate el ectrode. In another such transistor in the transistor array, the

el ectric charge stored in the second floating gate electrode is adjusted by
adj ustnments of said cell current and injection duration of hot electrons to
the second floating gate el ectrode, and the electric charge stored in the
second floating gate electrode is set to a snall value so that no
overwiting state will occur. In another such transistor in the transistor
array, the channel region superposed by,sthe first floating gate el ectrode
enters an ON state due to coupling via the capacity between the first

sour ce- dvalngi8dl Ay 88 kN, Jén%ﬁoﬁk?%e&%?xﬁlg_ R2IL QAP0 107, LRZRLII eSS

of a state o : arge store rst floating gate, and
the data stgfedotantifl $eCORd JduRebl-B8a SR1RALACSE OdSel Bit CRLthdasAd1IPN the

cell current fTowng fromthe first source-drain region to the second
sour ce- dr aiih &8¢ @8mory cell 1lm(m) of the present embodiment is set to 10
V to prevent the overwriting state from occurring.

Data may -already have been written on the floating -gate
electrode S5 of the memory ¢ell Im(m) when data is written on the
floating gate electrode 6. 1In such a case, if a large amount of
electric charge has already been stored in the floating gate
electrode 5 to create the overwriting state, the channel région
under the floating gate electrode 5 completely becomes OFF so that
no cell current Iw flows between the source-drain regions 3a and
3b. Therefore, when data is written on the floating gate electrode
5, in th;a same manner as the case of the floating gate electrode
6, the electric charge to be stored in the floating gate electrode
5 is set small so that no ovefwriting state is created. In this
manner, even when data is written on the floating gate electrode
5, the channel region under the floating gate electrode 5will never
become completely OFF, and the cell current Iw flows between the
source—-drain regions 3a and 3b.

In other words, the electric charge to be stored in the
floating gate electrode 6 is set beforehand so that the cell current
Iw necessary for data to be written on the floating gate electrode
5 flows. That is, the electric charge to be stored in the floating
gate electrode 6 .is set small beforehand so that the cell current

.- Iw necessary for data to be written on the floating gate electrode
5 flows.

When data is written on the floating gate electrode 5 of the



I n anot her such transistor in the transistor array, the channel region
superposed by the first floating gate el ectrode nmaintains an ON state due
to coupling via the capacity between the first source-drain region and the
first floating gate el ectrode regardless of a state of the electric charge
stored in the'first floating gate, the channel region superposed by the
second floating gate electrode in an erasing node is set to an ON state,
the channel region superposed by the sggond floating gate electrode in a
witing node becone dat a store ifcond )

| nd
fl oati ng ga’t“%m%ﬂécf:gﬁﬁe?ﬁzmigagHS%Fﬁztglﬁé‘ﬁtat 3 %fm*llhec%’ﬁspﬂﬁ Pgt
erasing stczjtfg\éof 148 43 econfjrjggeitlago‘g}&rggig%hreo gxsl?:%%%dcﬂ}eh dﬁ% e of

the cell OW n ween source-drailn region an

second sour ‘ifo&'v@:}c{‘ t'h%gPQEené PO BRE 51 'lih%aﬁﬁxhsé&r(fs%oh%ngr@@%@ or

array, a third t age appli tot I rst source- n regi on

fourth volt %ﬁr&%alhhﬁé‘?it&?% hig det to! 8O¥.1 SoBRY pE€lr 9 41h8o8@0Uhs
source-drain region, voltage-is applied to the control gate

el ectrode, arpdinkamé £ ihhthd idase hand idagaobd ardlteeh raid@hesfictsiedy by
coupling via the capacity between the first source-drain
gate electrode 6 of the memory cell lm(m).

Therefore, this writing operation can be performed on each
floating gate electrode 5 or 6 of the selected memory cell 1.
(b} Reading operation (See Figs. 5 aﬁd .6)

A case where the memory cell lm(m) is selected and, among
the floating gate electrodes S and 6 thereof, and data is read from
the floating gate electrode 6 will be explained below.

The potential of the bit line BLm corresponding to the
source-drain region 3a of the memory cell 1lm(m) is set to 3 V.

The potential of the bit line BLm+l corresponding to the
source-drain region 3b of the memory cell lm(m) is set to 0 V.

The other bit lines (BL1l...BLm-1, BLm+2...BLn) corresponding .
to the source-drain regions 3 of memory cells 1 except for the
selected memory cell Im(m) are set to an open state.

The potential of the word line WLm corresponding to the
control gate electrode 7 of the memory cell lm(m) is set to 4 V.
The potentials of the other word lines WL1l...WLm+l, WLm+2...WLn)
corresponding to the control gate electrodes 7 of memory cells 1
except for the selected memory cell lm(m) are set to 0 V.

In the memory cell Im(m), if the potential of the source-drain
region 3a is set to 3V, the potential of the floating gate electrode

5 is raised and becomes closer to 3 Vdue to coupling via the capacity



region and the first floating gate el ectrode, the channel region superposed
by the first floating gate electrode is set to an ON state regardless of a
state of electric charge stored in the first floating gate el ectrode, the
channel region superposed by the second 29 floating gate electrode in an
erasing node.in which no electric charge is stored is set to an ON state,

t he channel region superposed by the second floating gate electrode in a
witing node in which electric charge jg stored is set close to an OFF
“state, and data stored in the second floating gate el ectrode is read by

j udgnment ofbdtiweenr the sgustetdraim tégiar dsiang shatféoatindgastecdredtirbdat i ng
gate el ectrode based on the value of the cell current flow ng between the
first source- drds ndr £g5@ktanthe heharnadndregignc ainglesi theediloating gasdeher

such transistor in the transistor array, a sixth voltage_is ﬁgglied to the
first and sk&stdFodsw @@-C&Pﬁ? 21 O SrRte gedardifds 06| theyelarthks PREASt he

sixth vol tasqceoziesd ?.Bpuxgdffo%ttirﬁ% gate electrode S.

As will be aescribed later, no.electric charge is stored in
the floating gate electrode 6 in an erasing mode. On the other
hand, electric charge is stored in the floating gate electrode 6
in the writing mode. Therefore, the channel region 4 under the
floating gate electrode 6 in the erasing mode is in an ON state,
while the channel region 4 under the floating gate electrode 6 in
the writing mode is close to an OFF state.

Therefore, when a 4 V voltage is applied to the control gate
electrode 7, a cell current Ir which flows from the source-drain
region 3a to the source-drain region 3b becomes larger in the case
of the floating gate electrode 6 in the erasing mode than in the
writing mode.

By detecting the value of the cell current Ir using the sense
amplifier 110, the data stored in the floating gate electrode 6
of the memory cell Im(m} can be read. For example, reading is
performed by letting the data value "1" if the floating gate
electrode 6 is in the erasing mode, while "0" if the floating gate
electrode 6 is in the writing mode. 1In this case, the cell current
Ir may be detected by connecting the sense amplifier 110 to the
source-drain region 3b.

If data is read from the floating gate electrode 5 of the
memory cell lm(m), the potential of the bit line BLm+1 corresponding

to the source-drain region 3b is set to 3 V, while the potential



control gate el ectrode,

potentials of the first and second floating gate

el ectrodes are substantially maintained at the sixth voltage because of the

first and second floating gate el ectrodes being strongly coupled with the
first and second source-drain regions, a potential difference between the

control gate electrode and the first and second floating gate el ectrodes is

made | ar ge,

a high potential electric field is created between the control

gate and the first and second fl oating te electrodes, letting a

Fowl er - Nor dhei m t unnel

gate el ectrode,

sixth voltage is applied to the first and second source-drain regions,
sevent h vol thgesakghas theacaskewbere rdats tisgererd Spphitthe tquaﬁenwmml
gate el ectrode, potentlals of the first and second floating

electrode 6 of the memory cell 1m(m).

In other words, two data values (=1 bit), i.e., "1™ for the
erasing mode and "0" for the writing mode, can be stored in either
of the floating gate electrodes 5 or 6 of the selected memory cell
Im(m), and the data can be read therefrom.

(c) Erasing operation (See Figs. 7 and.8)

A case where the data stored in the floating gate electrodes
5 and 6 of all memory cell 1 connected to the word line WLm is erased
will be explained hereinbelow.

The potentials of all bit lines BL1-BLn are set to 0 V.

The potential of the word line WLm is set to 15 V. The
potentials of the other word lines (WL1...WLmn+1l, WLm+2..WLn) except
for the word line WLm are set to 0 V.

The capacities between each of the source-drain regions 3a,
3b the substrate 2, and each of the floating gate electrodes 5 and
6 ismuch larger than the capacitybetween the control gate electrode
7 and the floating gate electrodes 5 and 6. In other words, the
floating gate electrodes 5 and 6 are strongly coupled with the
source—-drain regions 3a and 3b andwith the substrate 2. Therefore,
if the potentials of control gate electrode 7 and the source-drain
region_3a or 3b become 15 V and 0 V respectively, the potential
of the floating gate electrodes 5 and 6 does not change greatly
from O V. Therefore, potential difference between the control gate

electrode 7 and the floating gate electrodes S and 6 becomes large

current flow therebetween, electrons in the first
and the secofdthéosit NdngaBEmet@aidspdading etd e polied-dmuial delgiencyat r ol
and data stored in the first and the second floating gate
el ectrodes iis setaded0 V.n Thetdodentiehs tarmbbe sipEn shatéefl thadtdters are ay,

a

a



30 gate electrodes are substantially maintained at the sixth voltage
because of the first and second floating.gate el ectrodes being strongly
coupled with the first and second source-drain regions, a potenti al

di fference between the control gate electrode and the first and second
floating gate electrodes is nade |large, a high potential electric fieldis
created between the control gate and the first and second floating gate

el ectrodes, letting a Fow er-Nordhei m twnel current flow therebetween,

el ectrons in the first and second fl oatihg é;ate el ectrodes are thus junped
to the contrahdcrestescet hbgle patentirdr éb¢ldand data stored in the first
and second floating gate el ectrodes is erased. A sem conductor nenor

related to the pr&SEM CPRRRNTUGT Shftef LPYF Rt & FESWE 130 B Fh?%tt?%én
oL eCtT! . Shageen B Bl bRt % AR oEL UE AP FE BB o
L2 2o oneh ARG 08 Cohrol YL RS0 LR AR AP
sour ce- dr ai niﬁegéé}p%emggg SafPMMOR cenkL®l gate el ectrode placed
Since the floating gate electrodes 5 and 6 have protuberances
5a and 6a, the electrons stored in the floating gate electrodes
5 and 6 jump out. from the protuberances 5a and 6a and move toward
the control gate electrode 7 when the data is erased. Therefore,
electron movement becomes free and the electrons stored in the
floating gate electrodes 5 and 6 are efficiently pulled out.
By simultaneously selectingapluralityof word lines WL1-WLn,
" erasing operation can be performed on all memory cells 1 connected
to the selected word line. The erasing operation, as described
above, by dividing memory cell array 102 into a plurality of blocks
defined by a plurality of word lines WL1-WLn and erasing data by
the blocks, is called block erasing.
Amethod for producing memory cell array 102 will sequentially
be explained below referring to Figs. 9-12. In Figs. 9-12, a ~
h are respectively the cross sections of a-1 ~ h-1 cut by the line
Y-Y.
Step 1 [See Fig. 9a and Fig. 9a-1]: Using the LOCUS method,
a field insulating layer 13 is formed on the substrate 2. A gate
insulating layer 8 of silicon oxide is formed by the thermal
oxidation method on the portions of the substrate 2 where no field
insulating layer is formed (element regions) fhereon. On the gate

insulating layer 8, a doped polysilicon layer 21 which will become



on an upper layer of the two floating gate el ectrodes, wherein data is
erased by pulling the electric charge injected in the floating gate

el ectrodes toward the control gate el ectrode. The above sem conduct or
menory may further conprise a second source-drain regi on whose
configuration is symetric to the first source-drain region, and a second
floating gate el ectrode whose shape and size are exactly the same as the
shape and size of the first floating gate electrode The above

sem conduct or menor further conpri r ot uberances in upper

portions of thfe fflpﬁg%n@rﬁtﬁt@e@éﬁﬁtw%ﬁ ragcy &t éSe @egdd eYsing hey SFPEVD
S g B0 IR L et SOIPL 39 2 St est g Sple elactinde, |
layer bet WEEﬂlytef}:e {1 r itftgzr:] dpt?o%%%récsilg Oc?galtrzl.%ggg}x Etl:heeI gr?tt::{xged%%rface of the
silicon nitride layer 22, using an ordinary photo lithography
technique, an etching mask 23 is formed thereon to form both side
walls of the floating gate electrodes S and 6 which are parallel
to the source-drain region 3.

Step 2 [See Fig. 9b and Fig. 9b-1]: Silicon nitride layer
23 is etched by anisotropy etching using the etching mask 23. The
etching mask 23 is then removed. Using the LOCOS method, an
insulating layer 9 is formed by oxidation of the doped polysilicon
layer 21 with the etched silicon nitride layer serving as a mask
for oxidation. At this time, bird’s beaks 9a are formed by
intrusion of the edges of the insulating layer 9 into the edges
of the silicon nitride layer 22.

Step 3 [See Fig. 10c and Fig. 10c-1]: The silicon nitride
layer 22 is removed. A layer 24 which will become the floating gate
electrodes 5 and 6 is formed by etching of the doped polysilicon
layer 21 using the anisotropy etching with the insulating layer
9 serving as an etchingmask. The layer 24 has a shape of consecutive
floating gate electrodes 5 laid out in parallel with the
source-drain regions 3, and a shape of consecutive floating gate
electrodes 6 laid out in parallel with the source-drain regions
3. Both side walls of the layer 24 will therefore become the side
walls of the floating gate electrodes 5and 6. Since the insulating
layer 9 has bird’s beaks 9a at its edges, the upper edges of the

layer 24 becomes sharp due to the shape of the bird’s beaks 9a,



In one such sem conductor nenory, when data is witten in said second
floating gate electrode by injection of electric charge therein, a
predeterm ned el ectric charge anbunt to be stored in the first floating
gate electrode is set so-that a cell current necessary for witing data
flows in the second floating gate el ectrode. In another such sem conductor
menory, when data is witten in said second floating gate el ectrode by
injection of electric charge therein, @cell current flows fromthe second
source-drain regéon to L rst sour e-drain region, a high potenti al

fieldis cr@%? ﬂ%#ﬂﬁ%ﬁgfﬁ%n%% mfe®H an and the second floatlng gaté
O I Uk (B maﬁgt&ﬁet K pREEOPLs SAUEGSe A N

region and the second floa ate el ectrode, Iect Pons Int ﬁannel

region are ggceheratadet QuPﬁ&@%ﬂ"Qhee&@\Héé’ '1% £8F-REH M Hr UM ﬁﬁe' st&pored
in the second floating gate el ectrode by the hot electrons injected in the

second fl oakkngefitibea] ebbvoOdes naiztt gofaimoringepenoh s tis themetiessing
charge is witten and stored thereby. In another such sem conductor nenory,
when dat a i anverditnery photo lithography technique to form the source-drain
regions 3. The sourc_e-drain regions 3 are formed by injection of
an N type impurity ion {phosphorous ion or arsenic ion, or the like)
on the surface of the substrate 2 using an ordinary ion injection
method. The mask for ion injection 25 is then removed.

The mask for ion injection 25 should be formed so as to cover
the portions of the substrate 2 where no source-drain region is
formed and also not to protrude beyond the layer 24. As a result,
positions of the source-~drain regions 3 are defined by the side
walls of the layer 24 (that is, the edge portions of the floating
gate electrodes 5 and 6).

Step 5 [See Figs. 11le and e~1: By a thermal oxidation or LPCVD
method, or a combination of these methods, an insulating layer 10
of silicon _oxide is formed on the entire surface of the device formed
through _the steps as described above. The stacked insulating

‘ layers 8 and 10, and the insulating layers 9 and 10 are unified.

Stép 6 [See Figs. 11f and 11f-1]: A doped polysilicon layer
26 which will beconme the control gate electrode 7 is formed on the
entire surface of the device formed through the above steps.

The following methods are methods of forming the doped
polysilicon layers 21 and 26.

Method 1: A gas including impurities is mixed with a material

gas when a doped polysilicon layer is formed using the LPCVD method.



In said second floating gate el ectrode by injection of electric charge
therein, the first source-drain region is grounded via a 32 const ant
current source, a second voltage lower than a first voltage is applied to

t he second source-drain region, a cell current flows fromthe second
source=drain region to the first source-drain region, a potential at the
second floating gate electrode is raised by coupling via a capacity between
t he second source-drain region and theggecond floating gate el ectrode, a
hi gh potential field is created between the channel region and the second
floating gate el gedtirde2: glfeekrpsliy i 1o haypaekvitRgiodoptagaicebemed ed t o
becone hot electrons, electric charge is stored in the second floating gate
el ect rode bwsingeitid GRCUD ntettboldoet areliepurdhy did fulséos esnmdel Lager NFOGas e

el ectrode, data corresponding to the electric charge is witten and stored
t hereby, a P&t theikikedf ishkomedsthereen iang 4ot cthea dpppbikies dififyeq oy

coupling via_a .cafac.i ty between the . ) ) .
the. polysilicon layer from said impurity diffusion source layer.

Method 3: After a polysilicon layer without doping is formed
using the LPCVD methoa, impurity ions are injected therein.

Step 6 [See Figs. 12 g and 12g-1]: After the photoresist
coating on the entire surface of the device is formed through the
steps described above, using the ordinary photo lithodraphy
technique, amask for ion injection 27 is. formed to form the fléating
gate electrodes 5 and 6, and the control gate electrode 7.

Step 7 [See Figs. 12 h and 12h-1]: The doped polysilicon layer
26, the insulating layer 10, the insulating layer 9, and the layer
24 are etched simultaneously by the anisotropy etching using the
etching mask 27. By this step, the control gate electrode 7 is
formed from the doped.polysilicon layer 26, and the floating gate
electrodes 5 and 6 are formed by the layer 24.

After the etching mask 27 is removed, the memory cell array
102 is complete.

As described in the above, the following functions and effects
can be obtained.

{1] The memory cell 1 has two floating gate electrodes 5 and
6. The floating gate electrodes 5 and 6 are placed next to each
other on the channel region 4 between the two source-drain regions
3. The floating gate electrodes 5 and 6 share one control gate
electrode 7. Eachmemorycell 1 canstore ldatabit ineach floating

gate electrode 5 or 6, that is, 2 data bits altogether.



first source-drain region and the first floating gate el ectrode, and no
substantial hot electrons are nade injected to the first floating gate

el ectrode however due to a | ow potential of the first floating gate

el ectrode. I n another such sem conductor nmenory, the electric charge stored
in the second floating gate el ectrode is adjusted by adjustnents of said
cell current and injection duration of hot electrons to the second floating
gate el ectrode, and.the electric charge5atored in the second floating gate

electrode is set tihe¥e¥BRb| ¥altHR Bambhadsitth VAW thé NEerdrdf el | &xist.
I n anot her such sem conductor nenory, the channel region superposed by the

first floati pgdged ehel ecdupidel enéLperabi O¥nsthé substrateCOpRl 660 BifacHde -
capacity between the first source-drain region and the first floating gate
el ectrode regarepiesbanéa afsthet eonvergd oo linmenoaivecd Xl 20t harlgeotttenr weirdsy t he
first floating gate, and the
the memory cell 1 enables high integration comparable to a stacked
; gate type memory cell.

[{2] By the control gate electrodes 7 of the memory cell 1
laid out in columns, common word lines are formed. 1In other words,
the control gate electfodes 70f thememory cell 1 laid out in columns
are consecutive, not separate.

Therefore, the aforementioned problem (1) of the prior art
is completely avoidable.

[3] Due to [2] described above, it is not necessary to consider
the alignment acéuracy of the floating gate electrodes 5 and 6,
and the control gate electrode 7. Therefore, the aforementioned
problem (2) of the prior art is completely avoidable.

[4] In Step 7 of the present embodiment, the control gate
electrode 7 is formed from the doped polysilicon layer 26 and the
floating gate electrodes 5 and 6 are formed from the layer 24 by
simultaneously etching the doped polysilicon layer 26, the
insulating layer 20, the insulating layer 9, and the layer 24 with
an etching gas being controlled.

[5] In the memory cell array 102, the source-drain regions
3 of the memory cells 1 laid out in rows form the common bit lines
BL1-BLn. Therefore, inthememorycell array 102, bit contact lines
such as the bit contact line 214 in the conventional memory cell

array 302 are not necessary.

[6] Because of [4] and [5] in the above, the memory cell array



data stored.in the second floating gate electrode is nmade to be read based
on the cell current flowwing fromthe first source-drain region to the
second source-drain region. In another such sem conductor nenory, the
channel regi on superposed by the first floating gate el ectrode maintains an
ON state due to coupling via the capacity between the first source-drain
region and the first floating gate el ectrode regardl ess of a state of the
el ectric charge stored in the first floating gate, the channel region
superposed by the second floating gate-@?ectrode in an erasing node is set

to an ON st ale2 ofhtheChpdwwit enBbOInsHIPRAHIRELEY ddnEigacatibnd hadtéaygegat e
electrode in a witing node becones close to an OFF state, and data stored

in the secombrfufattunjngasizersl ¢banothe i onveddiovabaremeay bgll uahgprasnt308f t he
witing state or the erasing state of the second floating gate el ectrode
based on theéwasl ue of the cell current flow ng between the first
source-drain region and the second source-drain region. |In another such

sem conduct or nenaby,flésmﬁﬂPBOMOtldgem%t%@mmw ?%l]tfh_é hﬁ?rté’ce_ SRFEERGr ai n
;gglogg’ s%u]; gtg{aérsé\é L’%‘gg? Dlng'\pl%.[ce%ggg, tehaecht pnlexrngrgz/ O(':etlalgq hgsagpjflllr?c :i:[o% ttge
select itself. 1In other words, even when too great electric charge
is pulledout from the floating gate electrodes 5 and 6 in the erasing
operation, the selecting transistor 12 can switch the channel region
‘4 to an OFF state. Therefore, if over erasing occurs, the selécting
. transistor 12 can switch ON-OFF states of the memory cell 1, and
over erasing does not cause a problem. In other words, the
selecting transistor 12 within the memory cell 1 can select an ON
or OFF state of the memory cell 1.

[8] To optimize the electric charge stored in the floating
gate electrodes 5 and 6 of the memorycell 1 in the writingoperation,
a technique to store in the memory cell 1 not only the two values
(=1 bit) of the writing mode and the erasing mode, but also more
than 3 values (multi-state memory technique) may be applied. In
other words, in the multi-state memory'technique, it is necessary
and indispensable to precisely control the writingmode by precisely
controlling the potentials of the floating gate electrodes in the
memory cell. If the technique to control the potentials of the
floating gate electrodes is used, it is easy tooptimize the electric
charge stored in the floalting gate electrodes 5 and 6 of the memory
cell 1 in the writiné operation.

[8] Inthewritingoperation, toprevent the overwriting state,

the potential of the source~drain region 3b (bit line BLm+1l) of



a fifth voltage is applied to the control gate electrode, a potential of
the first floating gate electrode is raised by coupling via the capacity
between the first source-drain region and the first floating gate

el ectrode, the channel region superposed by the first floating gate

el ectrode is set to an ON state regardless of a state of electric charge
stored in the first floating gate el ectrode, the channel region superposed
by the second floating gate el ectrode 5 .34 in an erasing node in which no
electric charge is stored is set to an o) state, the channel region

super posed the tnhmosgemld Lhim) iisgsghtlowitecl? dte Timewefure,i hf asderca whi ch
electric charge is stored_is set close to an OFF state, and data stored in
t he second ‘fqlgéﬂienef ddree fapeht FERROY 4 0hphe lJowepedr ead -By Vy ublereinadopnt he
witing state or the erﬁsi ng state of the second floati_n% gate el ect rode
based on t e PAFEE IR RECElLF ONTERt aRY oV RECBRETRAATIERTP GRe With

Do a(lzlgét.he second source-drain region. '

sour ce-dr aian 1%%%&0

On the other hand, in the qonventional_memory cell 201, the

potential of the source region 203 in the writing operation is set

to 12 V. Therefore, if the source voltage of the £flash EEPROM 301

is 3.3 Vv, it is difficult to generate the voltage to be applied

to the source region 203 (= 12 V) using a.charge pump. There'fo;e,

a special circuit to generate said voltage is required, and circuit
configuration becomes complex.

[10] The length of the channel region 4 in the memory cell
1 is longer than the channel region 205 in the conventional memory
cell 201. Therefore, the breakdown voltage of the channel region
4 becomes higher than the breakdown voltage of the channel region
205. As a result, in the writing operation, data is not easily
written on the floating gate electrodes of the memory cells 1 except
for the floating géte electrodes of the selected memory cell 1,
and the functions and effects of the writing operation described
above wiil be obtained with more certainty.

[11] Ir} the reading operation, when the value of the cell
current Ir in the memory cell 1 is detected by the sense amplifier
110, a multi-state memory technique can be used. In other words,
in the multi-state memory technique, it is necessary and
indispensable to precisely detect a cell current in reading
operation. By using the cell current detection technique, the

value of the cell current Ir in the memory cell 1 can be precisely



I n anot her sudh , sem conductor nenory, a sixth voltage is applied to the
first and second source-drain regions, a seventh voltage higher than the
sixth voltage is applied to the control gate electrode, potentials of the
first and second floating gate el ectrodes are substantially naintai ned at
the sixth voltage because of the first and the second floating gate

el ectrodes being strongly coupled with the first and the second
source-drain regions, a potenti al diffeifnce bet ween the control gate

el ectrode ap t&@@eéifétth@ngeégﬁngs%% tibRating gate el ectrodes is nade

| arge, a high potential electric fireld 1s created between the control gate

and the first . andr sgcampd thkoaii fthg B ralte6h) OQ%,el'eQittriiegcﬁarge to be
Fow er - Nordhei m tunnel current fl ow t herebetween, electrons in the first

and the secendréd dai thg fiaiatiabegdtoddscreddBsand|é ed tivwadethorlpecelint r ol
gate el ectrode, and data stored in the first and second floating gate

el ect rodes Isismset tsmald €Ecaswalid [theaputheritingh stetecodduet asesubbprin a

sixth voltage is applied to the first and the second source-drain regions,
a sevent h véheageasinghaprerphhornethy ameups phgelectrgns pudled £remcéha rol

gate el ectraqde, fotentials f the first and the second floatincl; :
floating gate electrodes 5 and 6 toward the control gate electrode

7 also becomes small.

[13] At upper portions of the floating gate electrodes 5 and
6 of the memory cell 1, protuberances 5a and 6a are formed. 1In
the erasing operation, the electrons in the flcating gate electrodes
S5 and 6 jump out and move from the aforesaid protuberances to the
control gate electrode 7.

On the other hand, in the conventional memory cell 201, the
electrons in the floating gate electrode 206 jump out and move from
only the protuberance 206a to the control gate electrode 207 in
the erasing operation.

Therefore, if the electric charges stored in the floating
gate electrodes 5, 6, and 206 are the same, the amount of electrons
which jump out from one protuberance is smaller in the memory cell
1 than in the memory cell 201.

[14]_ Because of [12] and [(13] described above, the amount
of electrons passing through the insulating layer 10 is reduced.

In the known art, a problem occurs that operation life of
the memory cell 201 becomes short due to electrons passing through
the insulating layer 210 in the erasing operation.

In other words, at an early stage of the above-described step

4 of the prior art where the insulating layer is formed, an impure



35 gate electrodes are substantially maintained at the sixth voltage
because of the first and the second floating gate el ectrodes being strongly
coupled with the first and the second source-drain regions, a potential

di fference between the control gate electrode and the first and the second
floating gate el ectrodes is nade |large, a high potential electric fieldis
created between the control gate and the first and second floating gate

el ectrodes, letting a Fow er-Nordhei mtsgnel current flow therebetween,

LT | R e et Lo dptecel i R

junped to the contro romthereo ta stored in the

first and tQe geqond thogli fihaher] eehr e ihsufRd8 14 LoR Q8RS Eslye SR EF
DESCRI PTI ON OF THE DRAWNGS Fig. Ta Is a cross section view of the present

i nvention cybtbynifeoldin® YoXdsnwhieh Férm andrdrisilikbni 6xddé bt exlso
thereof. Fig. 2 is a diagram show ng an outline of a nenory array
dangling bonds which do not form 0-Si-0 bonds are included.

In other words, ciuring the shift from the above-~described
step 3 to step 4 in the prior art, side walls of the floating gate
electrodes 206 are exposed with air containing ox.ygen, which leads
forming of the natural oxide layer on the surface of the side walls
of the floating gate electrode 206. The natural oxide .layer
includes dangling bonds which do not form 0-Si-0 bonds.

The structural transition layer exists at the boundary
between the floating gate electrode 206 which is composed of
polysilicon layer, and the insulating layer 210 which is composed
of the silicon oxide layer. Dangling bonds which do not form 0O-Si-0
bonds tend to occur at the structural transition layer.

As described above, in the erasing operation, electrons in
the floating gate electrode 206 are pulled to the control gate
electrode 207 as shown by the arrow B in Fig. 22c¢, and the data
stored in the memory cell 201 is erased. At this time, electrons
pass through the insulating layer 210 including the impure silicon
oxide layer, and a large stress is put on thé insulating layer 210.

Therefore, if writing and erasing operations are repeated,
electron traps will be created in the layer including the impure
silicon oxide layer due to the stress put on the insulating layer
210 in the erasing operatiqn. The electron traps hinder the
movement of the electrons from the floating gate electrode 206 to

the control gate electrode 207. Therefore, as the number of writing



conprising the transistors in accordance with the present invention. Fig. 3
IS a cross section view of the present invention in a witing node. Fig. 4
is a diagram showi ng an outline of a nmenory array in the witing node
conprising the transistors in accordance with the present invention. Fig. 5
shows a cross section of the present invention in a reading node. Fig. 6 is
a di agram showi ng an outline of a nenory array in the readi ng node
conprising the transistors in accordan§§ with the 36 present invention.
Fig. 7 shows a cross section of the présent invention in an erasing node.
Fig. 8 is aanmt agraminghdthaly sy ditd nuebeft af ndaor yremri&gngnoperations)

increases, the number of electron traps also increases in the

silicon oxide layer including the impure silicon layer, and

electrons in the floating gate electrode-zoé will not be pulled
- sufficiently.

As a result, it becomes difficult to increase the number of
data rewriting operations in the memory cell 201 and the operation
life bf the memory cell 201 becomes shorter. When the operation
life of the ﬁemory ceil 201 grows shorter, the operation life of
the flash EEPROM also becomes shorter.

On the other hand, in the present invention, it is possible
to reduce the amount of the electrons passing through the insulating
layer 10, and the number of data rewriting operations in the memory
cell 1 can be increased. As a result, it is possible to prolong
the operation life of the memory cell 1 and the flash EEPROM 101.

(Second embodiment)

Hereinafter, a second embodiment implementing the present
invention will be explained referring to the accompanying drawings.
In the present embodiment, components corresponding to those in
the first embodiment have the same indices and a detailed
explanation will not be repeated.

Fig. 13 shows a configuration of a flash EEPROM 120 related
to the present invention.

In the present embodiment, the flash EEPROM 120 is different
from the flash EEPROM 101 shown in Fig. 6 in the following points.

{1} In the memory cell array 102, the source-drain regions

3 of the memory cells 1 laid out in rows are divided.



the erasing node conprising the transistors in accordance with the present
I nvention. Figs. 9a and 9b show cross sections of the nenory array rel ated
to a first enbodi nent cut by the line Y-Y in Figs. 9a-I and 9b-1. Figs.
9a-1 and 9b-1 are top views thereof. Figs. 10 and 1Qd show the cross
‘sections of the present invention cut by the line Y-Yin Figs. |Cc-1 and

| Od-1. Figs. ICc-1 and 1 Qd-|1 are top views thereof. Figs. |1le and 1l f show
the cross sections of the present invention cut by the line Y-Y in Figs.
lle-1 and I1f-1. Figs. 1lle-1 and IIf-iggare top views thereof. Figs. 12g and
12h show the cross sections of the present invention cut by the line Y-Y in

Figs. 12g-1 and 12h-1. Figs. 12g-| and 12h-1 are t Vi ews. t he f._ Fig. 13
is a di agram sho\!nt &Re o A 1F%heT st B @Q.bﬁmg%niﬁgﬁg‘é%i agram

howi ng N2 0utddfieadly nb AIIALALL3 1A L% 138dichca Shageam ahgutpo an

outline of "atransi rarra agram showi ng an outli1he of a

transi stor . .@iiay: Hi% oht if & fi@ @ am showi ng an outline of a transistor
array.

In other words, the bit line BLm to which the memory cell
lm(m) is connected is separated from the bit line BLm-1 to which
the memory cell lm(m-1) is connected. The bit line BLm+1l to which
the memory cell lm(m) is connected is also separated from the bit
line BLm+2 to which the memory cell lm{m+l) is connected.’

According to the present embodiment configured as described
above, the following functions and effects as well as the functions
and effects of the first embodiment can be obtained.

In the first embodiment, in the reading operation, even when
bit lines (BL1l...BLm-1, BLm+2...BLn) corresponding to the
source~drain regions 3 of the memory cells except for the selected
menory cell lm(m) are made open state, charge/discharge currents
flow through the aforesaid bit lines. As a result, the cell current
Ir in the memory cell 1lm(m) cannot be precisely detected by the
sense amplifier 110 if measured before the charge/discharge of the
bit lines has been completed. Inother words, due to time necessary
for charge/discharge of the bit lines which should be made open
state, reading speed may be reduced, although the reduction may
be very slight.

On the other hand, in the present embodiment, individual bit
lines (BL1-BLn) are formed at eachmemory cell 1 laidout in columns.
Therefore, in the reading operation, even when the bit lines
(BL1...BLm~-1, BLm+2...BLn) corresponding to the source-drain

regions 3 of the memory cell 1 except for the selected memory cell



Fig. 18 shows a cross section of a nenory cell. Fig. 19 shows a cross
section showing an outline of a transistor in a conventional configuration.
Fig. 20a shows a cross section of a conventional transistor 37 cut by
the line X-X in Fig. 20b. Fig. 20b is a top view of the transistor in the
conventional configuration. Fig. 21 is a diagram show ng an outline of a
transistor array in a-conventional configuration. Fig. 22a illustrates a
cross section of the transistor in a WW|t|ng node in the conventi onal

confi guration,” ﬁ% 22b illustrates section of the_transistor

Feadi ng modtR I FRETEORORREFEALE” B9 ﬁ@@iﬁ%ﬁﬁharﬂegcurz%lﬁ Flord fhesh, |
Crors oot B Sko e AR A S aB IR DR R R VRS 0Y
embodlment, it is possible to prevent reduction in reading speed
due to the charge/discharge current of the bit lines BL1-BLn as
is the case for the first embodiment. A fast reading operation
is thus realized. |

In the- present embodiment, since individual bit 1lines
(BL1-BLn} are formed at each memory cell 1 laid out in columns,
erasing operation at éach selected memory cell 1 can be performed.

| (Third embodiment)

Hereinafter, a third embodiment implementing the present
invention will be explained referring to the accompanying drawings.
In the present émbodiment, the components same as in the second
embodiment have the same indices and detail explanation of them
will not be provided.

Fig. 14 shows a configuration of a flash EEPROM 130 related
toithe present invention.

.In the present embodiment, the flash EEPROM 130 is different
ffom the flash EEPROM 120 of the second embodiment in the following
points.

{1} The memory cell array 102 corresponds to each bit line
BL1-BLn, and is divided in columns of a plurality of cell blocks
102a-102z. In other words, the cell block 102m is composed of the
memory cells 1 connected to each bit line BLm~3~BLm-1+- The memory
cell 102n is composed of the memory cells 1 connected to each bit
line BLm-BLm+2. In other words, each cell block 102a-102z has 3

bit lines BL1-BLn.



26b are cross sections show ng manufacturing processes of a transistor in
the conventional configuration. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
(First enbodiment) Hereafter, a first enbodi nent inplenmenting the present
invention will be described referring to the acconpanying drawings. Fig. la
is a partial cross section of a nmenory cell array 102 in a flash EEPROM 101
using a nenory cell 1 of the present invention. The nenory cell 1
(transistors) .conprises two source-dragg regions 3, a channel region 4, two
floating gate electrodes 5 and 6, and a control gate electrode 7. The N
t ype source-drai H2}eln eacB ded 1f Yokl 02a-6l 2 z, ypemmmonbit Jdnes|aneefeined on
substrate 2. On the channel region 4 between the two source-drain regions
| ai d out syhvethe Gourge-dypin reggons 3 of the memory cells 1 laid out in
rows.
{3} In different cell blocks 102a-102z, the.source-drain
.+ regions 3 of the memory cell 1 laid out in columns are separated.
In neighboring cell blocks 102a-102z, the source-drain regions 3
of the memory cells 1 laid out in rows are separated and form
different bit lines. In other words, in each memory cell blocks
102m or 102n, the source-drain regions. 3 corresponding to the
individual bit lines BIm-1 and BLm are separated.
In other words, the memory cells Im(m) and lm(m+l) are
connected to the common bit line Blm+l, and the memory cells lm(m-2)
and 1m(m-1) are connected to the common bit line BIm-2. The bit
line BLm to which the memory cell Ilm(m) is connected is separated
from the bit line BIm~1 to which the memory cell m(m-1) is connected.
According to the present embodiment configured as described
above, the following functions and effects can be obtained in
addition to the functions and effects of the first embodiment.
In the second embodiment, the reading speed is increased,
but the area of the memory cell array 102 becomes large since the
source—-drain regions 3 are formed corresponding to the individual
bit lines of the memory cells 1 laid out in columns.
On the other hand, in the present embodiment, in the
neighboring cell blocks 102a-102z, the source-drain regions 3 of
the memory cells 1 laid out in rows are separated and different

bit lines are formed. Inother words, inasamecellblock 102a-102z,

the source-drain regions 3 corresponding to one common bit line



floating gate electrodes 5 and 6 with the same size and shape are laid out
next to each other on a gate insulating layer 8. On the floating gate

el ectrodes 5 and 6, the control gate electrode 7 lies on an insulating

| ayer 9 and insulating |layer 10, both of the |ayers having been fornmed by
the LOCOS nethod. By the insulating |ayer 9, an upper portion of each
floating gate electrode 5 or 6 have protuberances 5a and 6a. One portion of
the control gate electrode 7 is laid o§?r t he channel region 4 on the
“insulating |layers 8 and 10, and forns a”selecting gate 11. A selecting
transi st or afZe ompediss thbesaniceediran gaicdohd hod the meavrgezalrlal naieyi ons
3 between which the selecting gate 11 lies. In other words, 'the nenory cell
1 conpri sesothdint rowsistthessapednanneses descniped dndihst Hirst efbodiuerdnt ween

the two transistors, both kinds of transistors laid out in series, the
transi st or sTReFFIEd ngcePRdimopbe ithe preteny eebodirents bhg cgcuphed@ras ol
gate electrode /7, and each source-drain region 3. A men:or%/ cell array (a

transi stor SPREKS FREFCEGNPFERERT gi:hﬁpuilﬁl the, sGcoRdnBroLgnt -1 formed on the
substrate 2. To tedyRe NS ALCHRhERE? Shrigerdsthfise 2RI dosi® 1S 1
flow through the bit line BIm+2 connected to t;hé memory cell 1m(m+1)
neighboring the selected memory cell 1lm(m). However, since no
charge/discharge current flows throuéh the other bit 1lines
(BLl...BLm-1, BLm+3...BLn), reading operations-faster théﬁ the
first embodiment can be performed.

In the present embodiment, among the memory cells 1 connected
to the selected word 1line WL1-WLn, erasing operations can be carried
out only on all memory cells within the selected cell blocks
102a-102z. For example, the erasing operation is carried out only
on the memory cells Im(m-2) and Im(m-1) within the cell block 102m,
and no erasing operation can be performed on the other memory cells
1 connected to the same word line WiLm. The erasing operation can
also be carried out on the memory cells 1 Im(m-2), Im(mn-1), 1m(m),
and Ilm(m+l) within the cell block 102m and 102n, and no erasing
operation can be performed on the other memory cells 1 connected
to the same word line WiIm.

(Fourth embodiment)

Hereinafter, a fourth embodiment implementing the present
invention will be explained referring to the accompanying figures.
In the present embodiment, the components corresponding to those
already described for the first embodiment are given the same

indices and their explanation will not be repeated.



each other share the source-drain region 3. Fig. Ibis a partial plain view
of the nmenory cell array 102. Figure la is a cross section of Fig. |b cut
by the line Y-Y. Afield insulating layer 13 is forned on the substrate 2
whi ch separates el enments of each nenory cell 1. The source-drain regions 3
of menory cells 1 laid out vertically in Fig. Ib are shared and form conmon
bit lines. The control gate electrodes 7 of nenory cells 1 laid out

hori zontal |y 39 in Fig. Ib are shareg and form common word lines. Fig. 2
shows the entire configuration of the flash EEPROM 101 _using the nory

cel s 1. The nendry-caP|showsag aqifiguratinl Sdgactliash EEFRIH ¢ OOFeﬂ%?‘Fﬁﬁy
cells 1 Iaig Oﬁtt? I n agﬁtrix. The control gate electrodes 7 of the nenory
cells 1 Iai8°ote® iBFESAIARYERT 8 he common word Iines WI-Wn. The

source-drain r egiﬂp§h§ p(}festeHE é&%‘&&_)ﬁeﬁﬁ-‘l lt?lelfiéBQI{jEEPROM 140 differs from
the flash EEPROM 101 of the first embodiment in the followihg points.

{1} The wmemory cell array 102 corresponds to the word lines
WL1-WLn, and divided into a plurality of cell blocks 102a-102
w laid out in rows. In other words, a cell block 102A is composed
of the mémory cells 1 connected to the word lines WLm-1 and WLm.
A cell block 1024 -is composed of the memory cells 1 connected to
the word lines WLm+l and WLm+2.

{2} In each cell block 102a-102w, common local short bit
lines BLs1l-BLsn are formed by the source-drain regions 3 of the
memory cell 1 laid out in rows.

{3} Global bit lines BLgl-BLgn are laid out in parallel to
the local short bit lines BLsl-BLsn. TheglobalbitlinesBLgl—BLgn
are formed by an wiring layer composed of a variety of.metals
including high melting point metals.

{4} In each cell block 102a-102Ww, local short bit lines
Ble-BLén are connected to the global bit lines BLgl-BLgn via MOS
transistors 141. Also, in each cell block 102a-102w, gates of the
MOS transistors 141 set at the local short bit lines BLsl-BLsn are
connected to common gate lines Gl-Gn.

In other words, in the cell block 102A, the gates of the MOS
tfansistors 141 placed at local short bit lines BLsl-BLsn are
connected to a common gate line Gm. In the cell block 1024, the
gates of the MOS transistors 141 placed at local short bit lines

BLsl-BLsn are connected to a common gate line Gm+l.



out in rows formthe common bit |lines BL1-BLn. In other words, the nenory
cell array 102 has an AND-NOR type configuration with the floating gate

el ectrodes 5 and 6 of the nmenory cell 1 laid out in series and connected to
the common word lines W.1-W.n, the circuit of said floating gate el ectrodes
bei ng tonnected to the comon bit |lines BLI-BLn. Each word line W.I-W.n is
connected to a row decoder 103, and each bit line BLI-BLn is connected to a
.col unmm decoder 104. Row and col umm addresses specified by an external
source are input to-an address pin'10553The row and colum addresses are

transferred from {de médgﬁﬁé Pinesl@1-6A are adnRetedats el Fow dedbdegldr ess
buffer 106. Anong the addresses |atched by the address | at.ch 107,. the row

address i s tipansfirencthé ovdie 1daw Wiccodsy invdriy eel bebbmdumo2adeixs is
transferred to the colum decoder. The address | atch 107 may be omitted.
The rowdecodeledtdsdhecrewdenoddt il93\édlagts Fthergatenpire cdmeSpondEmpwn) |
corresponding to the row address |atched by the address |atch 107, and

control s a [et ERej apleftedhcspddoddockndO=1Q3{w . As a result, the MOS

i - ri yer ati an | pot her wor
correspoqqlggtoalater q%ic |bedqpe ati onnod ot her wor ds

ansistors connected to the se?écted gate llned G1-Gn become
an ON state, and each local short bit line BLs1-BLsn is coﬁnectéd
to each global bit line BLgl-BLgn.

In other words, if any one of the word lines in the cell block
102A is selected, the gate line Gm is selected. If any one 6f the
word lines in the cell block 1024 is selected, the gate line Gm+l
is selected.

According to the present embodiment configured as described
above, local short bit lines BLsl-BLsn formed by the source-drain
regions 3 of each memory cell 1 are placed individually at each

o cell block 102a-102w . Therefore, the local short bit lines
BLsl-BLsn are shorter than the bit line BL1-BLn of the first
embodiment. Each local short bit line BLsl-BLsn is also backed
up by the global bit lines BLgl-BLgn formed by a metallic wiring
layer.

Therefore, capacities of the global short bit lines BLs1-BLsn
are reduced and time necessary for charging/discharging the local
short bit lines BLs1l-BLsn is also shortened. As a result, reading
speed is increased.

The embodiments of the present invention described above may
also be modified as follows, and the same function and effects will
also be obtained thereby.

(1) In the first embodiment, the electric charge to be stored



the potential of the control gate electrode 7 in each nenory cell 40 1
Is controlled by controlling the potentials of the word Iines W.1-W.n. To
sel ect one bit line BL1-BLn (for exanple, .BLm (not shown)] correspondi ng
to the colum address |atched by the address | atch 107, the colum decoder
104 controls a potential or an open state of each bit |ine BL1-BLn
corresponding to a | ater-descri bed operation node. In other words, by
controlling the potentials or the open_states of the bit |ines BL1-BLn, the
potential or the open state of the sou? e-drain region 3 in each nenory
cell 1 is contté | BdatDayagstpealdcttdtobys ah axd @r 68l tiso wat®ryscebpul i  data
pin 108. - The data is transferred fromthe data pin 108 to the col um
decoder 104setalarge mputhbtfdrerovedWritThe stAtenisdetredted.104 control s the
potential or the open state of each bit |ine BL1-
However, when data is written on the floating gate electrode
6 of the memory cell 1 m(m), if the floating gate electrode 5 has
already been in the overwriting state and the channel region 4 under
the floating gate electrode S5 is in an complete OFF state, cell
current Iw _will not flow between the source-drain regions 3a and
3b.
In this case, at least length of the floating gate electrodes
5 and 6 or the impurity concentration of the substrate 2 can be
set so that a constant leak current flows through the channel region
4 under the floating gate electrodes 5 and 6. In this manner, the
wanted cell current Iw can be obtained by the leak current even
though the floating gate electrodes 5 and 6 are in the overwriting
state.
When the memory cell 1 isdensified, the length of the floating
gate electrodes 5 and 6 will become shorter, causing leak currents
to flow easily through the channel region 4. In other words, a
method to cause a constant leak current flow through the channel
region 4 ismore effective than forcing the floating gate electrodes
5 and 6 to be in an overwriting state when the memory cell 1 is
densified.
(2) In the third embodiment, the number of bit lines BL1-BLn
which each cell block 102a-102z can be set to more than 4.
(3) A combination of the second and third embodiments may

be carried out as a fifth embodiment. Fig. 16 shows a configuration

of a main part of a flash EEPROM 150 of the fifth embodiment. In



BLn corresponding to the data, as wll be described later. Data read from
any menory cell 1 is transferred fromthe bit line BLI-BLn to a sense
anplifier 110 via the colum decoder 104. The sense anplifier 110 is a
current sense anplifier. The colum decoder 104 connects the bit |ine

BLI -BLn selected thereby wwth the sense anplifier 110. The data

di stingui shed by the sense anplifier 110 is applied froman output buffer
111 to the outside via the data pin 1085 The operations of the circuits
(103-111) as described in the above are controlled by a control core
circuit 1ll2thfsdasepereidiny spded (csih bé Murtheadimyeaded oy ahiengdmivinddhe
flash EEPROM 101 will be described referring to Figs. 3-8. Figs. 3, 5, and
7 show nmi nepfectss off Bagh emboddmend.Figs. 4, 6, and 8 41 show main parts
of Fig. 2. (a) Witing operation (See Fi%ﬁ' 3 and: 4) .

(4) A combination of the third and fourth embodiments may
be carried out as a sixth embodiment. Fig. 17 shows a configuration
of a main part of a flash EEPROM 160 of the sixth embodiment. In
this case, reading speed can be further increased by the combined
effects of each embodiment.

(5) Fig. 18 is a.partial cross section of the memory cell
array 102 to explain the effects of a seventh embodiment. The
seventh embodiment is different from the first embodiment in that
the memory cell array 102 of this embodiment does not have
protuberances 5a and 6a.

In the seventh embodiment, writing and reading operations
are performed in the same manner as in the first embodiment. In
the erasing operation, the electrons in the floating gate electrodes
5 and 6 jump out and move from the side areas or the upper corners
of the floatincj gate electrodes 5 and 6 to the control gate electrode
7 passing through thinner portion of the insulating layer 10.

To produce the memory cell array of the present embodiment,

a silicon oxide layer should be formed instead of the siliconnitride
layer 22 in Fig. 9a. By using the ordinary photo lithography and
etching technique, the aforesaid silicon oxide layer and the layer
24 which will both become the floating gate electrodes 5 and 6 are
processed. (In this case, the etching mask is the mask with the
reversed pattern of the etching mask shown in Fig. 9a.) Hereafter,

the same process as shown in Fig. 104 is performed.

In this embodiment 7, the step shown by Fig. 9a, which is



A case where the nenory cell 1 connected to the intersections of word |ine
W.m and bit |lines BLm and BLmt1l (hereafter called "Im(m") is selected and,
anong the floating gate el ectrodes of the nmenory cell Im(m 5 and 6, data
is witten on the floating gate electrode 6, as will be expl ai ned bel ow.
The bit line BLm corresponding to the source-drain region 3 closer to the
floating gate electrode 5 [hereafter called.3(a)] than the other
source-drain region 3 in the nenory cegf In(n is grounded via a constant
current source | 10a set within the sense anplifier 110. The voltage of said
bit |ine isneeessaxryl ik the Wigstoewddiaiendf, fHenddi nebeﬂeaﬂ-rmﬂ‘henef@sq)ondl ng
to the source-drain region 3 closer to the floating gate el ectrode 6
[hereafter &helRERDLPE ShaRS t¢rN dh&edseedce-drain region 3 in the nenory

cell I'mim is set, to 10,V. The potentials of the bit Iines (B .BLmM 1,
B2 BLn) corr@p%tmmauwwwm%aaa?apw@smlag:ea&fhba

A S AR TN G usoﬁigﬁle@%aneﬁceo&mde

7 Of.the3neggiaefE%lllC%ﬁ”Llf?l&éa ﬂfﬁe, Q&d silicon nitride. To form the
aforesaid.insulating layer, at least one of the thermal oxidation
method, thermal nitration method, thermal nitration oxidation
method and CVD method can be used. Alternatively, the insulating
layers 8 and 10 can be replaced with the stacked layers of the
aforesaid insulating layers with the different components.

(6) The material of the gate electrodes 5-7 may be replaced
with a conductive material other than the doped polysilicon (such
as amorphous silicon, monocrystalline silicon, a variety of metals
including high .melting point metals, or metal silicide).

(7) The P type monocrystalline silicon substrate 2 may be
replaced with a P type well.

(8) The P type monocrystalline silicon substrate 2 may be
replaced with an N type monocrystalline silicon substrate or an
N type well, and P type impurity ions, such as boronic or indium
ions, can be used as the impurity ions to be injected for forming
the source-drain region 3.

{(9) The material of the global bit lines BLgl-BLgn may be
replaced with a conductive material except for metal (such as doped
polysilicon or metal silicide).

(10) The floating gate electrodes 5 and 6 of the memory cell
1 may be made to store more than 3 value data using the multi-

state memory technique.



The potentials of the word lines corresponding to the control
the menory cells 1 except for the selected nenory cel

V. Inthe nenory cell Imm, a threshold voltage Vth of the selecting
12 is approximately 0.5 V. Therefore, in the menory cell Im(m,
el ectrons in the source-drain region 3a nove REPLACEMENT SHEET 42

transi st or

t ot hechannel r egi on4t her eof i nt hei nversi onstate. Asaresult, a cell current

-lw flows fromthe source-drain region &7 to the source drain region 3a.

TheF1oa: i hg. gat %réﬁ%&ﬁ%@é& g e oFaRer 8B PRy s Ro0Re ng
via the cap&géé] BgegplE{P%J(ygygelgﬁaln region 3b and the floating gate

el ectrode 6

ere ore otential field is created between the

gates 7 of
| m(nm) are set to O

of

channel region 4.3pniber filRak MDA LY B8 LRPBafnedSs Ak bbd ARt T ons

beyond the claimed invention will be described with the effects
thereof.

(A) The transistor comprising an insulating layer formed by
the L.OCOS method on the floating gate electrodes.

(B) The method for producing the transistor array which
further comprises the step of forming an insulating layer on the
first conductive layer using the LOCOS method. |

Using a combination of {(A) and ({(B) . described above,
protuberances on the upper corners of the floating gate electrodes
can be formed.

The materials related to the configuration of the present
invention are defined as follows.

(a) The semiconductor substrate is meant to include not only
the monocrystalline silicon semiconductor substrate, but also
wells, monocrystalline silicon layers, polycrystalline silicon
layers, amorphous silicon layers, chemical semiconductor substrate,
and chemical semiconductor layers.

(b) The conductive layer is meant to include not only the
doped polysilicon layer, but also any conductive layer such as
amorphous silicon layers, monocrystalline silicon layers, a
variety of metal layers including high melting point metals, and
metal silicide layers.

{(c) The capacity between the floating gate electrode and the

substrate means to include the capacity between the floating gate



in the channel region 4 are accelerated .to becone hot electrons, and are
injected in the floating gate electrode 6 as shown by the arrow Cin Fig.
3. As a consequence, electric charge is stored in the floating gate

el ectrode 6 in the nenory cell Im(n), and 1 bit data is witten and stored
therein. Due to the coupling via the capacity between the source- drain
region 3 and the floating gate electrode 5, the potential of the floating
gate electrode is raised and beconmes ckgser to 1.2 V. However, hot

el ectrons will never be injected by a potential so low as this. In other
wor ds, in tabtepkrase and|the gonycetrnainl segiunfonmed on the awbstraten ahe
floating gate electrode 6. The cell_ current 1w also flows between the

sour ce- dr ai hRe RARATLLY Betyerd fBfotiratdmo gate fiectende Aithdbenedet i ons

f th d | d the bit lines BLm I her eaf t Iled
()] HEREUE JAHeineh ooy RSP RCP (T 15°F BOREE T he pot ent | al of the

source-drain regi %ocg££q@ﬁf%ﬁgpggggoéég?qg'Eo|Lgeﬂn a- 155 oY of Nhhe

potentials of the Tloating gate ele and néver Dbe Trai sed.

Therefore, BQ&aﬁiﬂ;gCtgraQaSex\ééérd&\éegob&wJa%tee@s'gar§ N1l eatk8gt Sidus

el ectrodes 5 and of the menory cell Inm(m1) -
while a data is written on the other floating gate electrode means
to include the case where the electric charge is zero.

According to the present invention, it is possible to provide
transistors with less fluctuation in writing characteristics, with
-a denser structure, with fewer over erasing problems, and with a
simpler structure.

According to the present invention, it is possible to provide
transistor arrays composed of transistors with less fluctuation
in writing characteristic, with a denser structure, with no over
erasing problems, and with a simpler structure.

According to the present invention, it is possible to provide
a method for producing transistor arfays composed of transistors
with less fluctuation in writing characteristic, with a denser
structure, with fewer over erasing problems, and with a simpler
structure.

According to the present invention, it is possible to provide
nonvolatile semiconductor memories using memory cells composed of
transistors with less fluctuation in writing characteristic, with

a denser structure, with fewer over erasing problems, and with a

simpler structure.



43 and no data will be witten on the nmenory cell Im(m1). In the nenory
cell 1 connected to the intersections of the word line Wm and the bit

| i nes BLm#l
sour ce-dr ai

W.nm). Therefore, no cell current flows between the sour
thereof. As a result, no hot electronggw Il be inject eﬂ MHU,
gate el ectrodes 5 and 6 of the menory cell |Inm(mtl), an

and BLm+2 (hereafter.called In(m+l)], the potential of the

n region 3 corresponds to the bit line BLm¥2 is 3 V, which is
hi gher- than the potential (2 V) of the control gate ehﬁi@%ﬂe@%sﬁeeﬁ%’ﬁg

witten theWrat.idarlatimedsase reason as described for the case of the
| m(m+l), no data will be witten on the nenory cells connected
to the word Iine W.m except for the nmenory cells Im(nm), Im(m1l), and
| mM(m+1). Therefore, the witing operation_as described above is

menory cel l

1. Atransistor comprising floating gate electrodes inwhich
electric charge is injected, comprising: two source-drain regions
formed on a semiconductor substrate, an insulating layer on the
semiconductor substrate, two floating gate elecfrodes formed next
to each other on the insulating layer and placed between the two
source-drain regions, and a common control gate electrode placed
on an upper iayer of thg two floating gate electrodes, whe;:ein a
capacity between the floating gate electrodes and the semiconductor
substrate is set larger than a capacity between the floating gate

electrodes and the control gate electrode.

2. Atransistor comprising floating gate electrodes inwhich
electric charge is injected, comprising a semiconductor substrate
comprising a first and a second source-drain regions, a channel
regionplacedbetween the first and the second source-drain regions,
a gate insulating layer on the semiconductor substrate, a first
floating gate electrode placed near the first source-drain region
and formed on the gate insulating layer, a second floating gate
electrode placed next to the first floating gate electrode and near
the second source-drain region and formed on the gate insulating
layer, an insulating layer on the first and the second floating
gate electrodes, and a control gate electrode on the insulating
layer, wherein a capacity between the floating gate electrodes and
the semiconductor substrate is set larger than a capacity between

the floating gate electrodes and the control gate electrode.

i ne
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carried out only on the floating gate electrode 6 of the selected nenory
cell Im(m. By optimzing the value of the cell current -lw-which flows
bet ween the source-drain regions 3a and 3b and a duration of the witing
operation (the injection duration of the hot electrons iﬁhihﬂeetﬁiaé)ﬁéehﬁﬁhg te

el ectrode 6), the electric charge stored in the floating
of the nmenory cell Imm is optimzed. The electric charg E&ﬂ!ﬂﬂuﬂ
floating gate electrode 6 of the nenmory cell Im(m is set

el ectric charge to be stored in the f.IcS)atin,g gate el ectrode 206 of the
conventional nenmory cell 201 so that no overwiting state.will be created.
In the witing operation, the potential of the source 43 44 region 203
of the conventiofal rheoryrargilsteg? dacorgingo tol Ch\pimhe | whereinst &hej al of

t he source-drain region 3b (the bit |ine. BLm+l . ) )
configuration of the second source-drain region is symmetric to

the first source-drain region, and the size and shape of the second
floating gate electrode are exactly equal to the size and shape

of the first floating gate ‘electrode.

4. The transistor according to Claim 2 further comprising
protuberances in upper portions of the first and the second flo'ating

gate electrodes.

5. The transistor according to Claim 2 further comprising
a selecting gate electrode extended from the control gate electrode
.and placed on the gate insulating layer between the first and second

floating gate electrodes.

6. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electriccharge, apredetermined electric charge amount tobe stored
in the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate

electrode.

7. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electric charge, a cell current flows from the second source-drain

region to the first source-drain region, a high potential field

| AR RN THIS SHEET HAS BEEN |
e L s REPLACED




in the nenory cell Im(n) of the present enbodinent is set to 10 V to
prevent the overwiting state fromoccurring. Data may -already have been
witten on the floating -gate electrode 5 of the nenory cell I m(m when
data is witten on the floating gate electrode 6. In such a case, if a

| arge "anount of electric charge has already been stored in the floating
gate electrode 5 to create the overwiting state, the channel region under
the floating gate electrode 5 conpletefjy becones OFF so that no cell '
current Iw flows between the source-drain regions 3a and 3b. Therefore,
when dat a is wreated hetwepa theogharrelyregien aadrhr sscong fleatdnggatenner
as the case of the floating(g?te el ectrode 6, the electric charge to be

stored in toeFirede ey die PWREinggsin & SRRAGRY 1PdyesRa i SRR i ti ng

t at [ ited. In.thi , wh i itt -t h | ti
gate el oot rEUEEE IR HETRER OE G Hero e M SR e bretdtie &
wi Il never bgcang, n%orig' ¢he! Xgéﬁ'xze'al a:.fl%it&e 2GR lac%H%Ef ed V4 | OGS RETMgen .t he
source-drai n regi ons 3a and . I'n oftther words, the electric charge to be

stor edt in toeeddRal), g1 8 A LLRsEEOUS GtbBedin RRECSENARM r38atRY ddte cel |
curren >
electrode by the hot electrons injected in the -second floating gate
electrode, and data corresponding to the electric charge is written

and stored therein.

8. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electric charge, the first source-drain region is grounded via a
constant current source, a second voltage is applied to the Second
source—-drain region, a third voltage lower than the second voltage
is applied to the control gate electrode, a cell current flows from
the second source-drain region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential field is
created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become
hot electrons, electric charge is stored in the second floating
gate electrode by injection of the hot electrons to the second
floating gate electrode, data corresponding to the electric charge
is written and stored therein, a potential of the first floating
gate electrode is raised by coupling via a capacity between the

first source-drain region and the first floating gate electrode,

RN RO



| w necessary for data to be witten on the floating gate electrode 5 flows.
That is, the electric charge to be stored in the floating gate el ectrode 6
is set small beforehand so that the cell current |w necessary for data to
be witten on the floating gate electrode 5 flows. Wen data is witten on
the floating gate el ectrode 5 of the 45 menory cell Im(m, the bit line
BLmtl corresponding to the source-drai egion 3b is grounded via the
constant current source |l0a and the p tentlal of the bit line BLm

corresponding to the source ain regjon 3a.i 5 set to 10 V, r potenti al

condi t1 ons BgEetlﬁé’ tZgRs aze ﬁ“ﬁ’sttﬁé‘t&% ma?énaafﬁe%ovsﬁﬁ first Bihabiag

floatin ate ctrod of therre refo itin
0 oSSR by LB A S r bty oTBLSL LA, cbflgrg im0

operation cHf Sn-eac ectrode
sel ected MegnLY &f%étf%de(b) Readi ng operatlon (See Figs. 5 and 6)

9. The transistor according to Claim 7, wherein the electric
charge' stored in the second floating gate electrode is adjﬁsted
by adjustments of said cell current and injection duration of hot
electrons to the second floating gate electrode, and the electric
charge stored in the second floating gate electrode is set to a

small value so that no overwriting state will occur.

10. The transistor according to Claim 7, wherein the
electric charge stored in the second floating gate electrode is
adjusted by adjustment of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is
set to a large value so that the overwriting state will occur, and
at least one of the first floating gate electrode’s gate length
or an impurity concentration of the substrate is set so that a
certain value leak current corresponding to the cell current will

flow in the channel region under the first floating gate electrode.

11. The transistor according to Claim 2, wherein the channel
region superposed by the first floating gate electrode enters an
ON state due to coupling via the capacity be}:.ween the first
source-drain region and the first floatlng? g‘a‘te 'electrode

regardless of a state of the electric charge stored in the first

IIII|I|| |||I|| III|| ||I|I II |II|



A case where the nenory cell Inm(n) is selected and, anong the floating gate
el ectrodes 5 and 6 thereof, and data is read fromthe floating gate

el ectrode 6 will be expl ai ned bel ow. The potential of the bit Iine BLm
corresponding to the source-drain region 3a of the nmenory cell Im(m is set
to 3 V. The potential of the bit line BLml corresponding to the
source-drain region 3b of the nenory cell Im(m is set to O V. The otherbit
lines (BLI.. .BLm!|, BLm#2... BLn) corr®&sponding to the source-drain
regions 3 of menory cells 1 except for the selected nempry cell Im(m are

set to an dgertdng: gatgnanshithier datacsterrd iy Fhe fecordh ERatddisosatsy to
th trol |l ectrode .7 of, th || i t V. . Th
botent 1 a1 o SHEGTEds: 1 Foas e 88 T CoLeFFentutebind St e diEsbonai ng
to th t . 7 | t .far th | ect ed
orors ool SeflrelebEath SIRICTo R BRI SERELE AP ARIbAL N o oo

of the source-drain region 3a is set to 3V, the potential of the floating
gate electrode 5 is raised and becones closer to 3 V due to coupling via

the capacity = 12. The transistor according to Claim 2, wherein the channel
region superposed by the first floating gate electrode maintains
an ON state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is read by judgment of the writing state
or the erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first

source-drain region and the second source-drain region.

13. The transistor according to Claim 2, wherein a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second
source-drain region, a fifth voltage is applied to the control gate
electrode, a potential of the first floating gate electrode is
raised by coupling via the capacity between the first source-drain
region and the first floating gate electrode, the channel region
superposed by the first floating gate electrodé'is set to an ON

state regardless of a state of electric charge stored in the 'fir_st

I



46 between the source-drain region 3a and the floating gate electrode S. As

a result, the channel

the floating gate electrode 6 in an erasing node. On the other hand,

electric charge is stored in the floating gate electrode 6 in the witing
nmode. -Therefore, the channel region 44ynder the floating gate el ectrode 6
in the erasing node is in an ON state, while the channel
fl oati ng gdfiloadiingtgadecel@dtrogdhe theichiangehwegipn sgbesposed Al therFsenoade.

when a 4 V volta%e Is applied to the control ;gate el ectrqde 7,

Ther ef or e,

cel | currerﬁlqartiﬂﬁi gate |HRe _ ;
P PR SV e B B e

source-dra

el ectrode &

FPem s GFREAREBeGe ddgBAChNe PRt ric

by the second floating gate electrode in a writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is read by judgment
of the writing state or the erasing state of the second floating
gat_e electrode based on the value of the cell current flowingbetween

the first source-drain region and the second source-drain region.

14. The transistor according to Claim 2, wherein a sixth
voltage is applied to the first and second source~drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
floating gate electrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and the second floating gate electrodes are thus pulled toward
the control gate electrode, and data stored in the first and second

floating gate electrodes is erased.

15. The transistor according to Claim 2, wherein a sixth

L

regi on under the floating gate el ectrode 5 becones an
ON state regardless of the electric charge stored in the floating gate
el ectrode 5. As will be described later, no electric charge is stored in

regi on 4 under the

a



By detecting the value of the cell current Ir using t+he.sense._anplifier
110, the data stored in the floating gate electrode 6 of the nenory cel |

| M(m can be read. For exanple, reading is perforned bbﬁskiﬁét&ia@ﬁeeﬁﬁ @y@%}t

value "1" if the floating gate electrode 6 is in the er
"O0" if the floating gate electrode 6 is in the witing
the cell current Ir nmay be detected by connecting the

to the source-drain region 3b. If dat&5 s read fromthe floating gate
el ectrode 5_af, the.nenor.y. bi t ne BLm+1l

h | f
Corr eenona Tt A P b 4 Burshind 4eEBhb o od-dRath radithe”
|
P on 35 i3 ?ﬁFB?BtW#hhi%gt‘5?‘%?9.%0{‘5%%33%'%&eﬁa%set bE AMEH AL
the sane ascériﬁ:o‘la%ﬁtéhélé‘c%& | potendifionet had lfaabtngndatife d&kdniode 6

of the menory ce
floatlng gate elect_rodes are substantially maintained at the sixth

case,
110

voltage because of the first and the second floating gate elJectrodes-
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating ga"te electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a
Fowler-Nordheim tunnel current flow therebetween, electrons in the
first and second floating gate electrodes are thus jumped to the
control gate electrode from thereof, and data stored in the first

and second floating gate electrodes is erased.

16. A transistor array in which a plurality of transistors
are laid out in a matrix, comprising:

transistors comprising two source-drain regions formed on
asemiconductorsubstrate,aninsulatinglayeronthesemiconductor
substrate, two floating gate electrodes formed next to each{bther
on the insulating layer and placed between the two source-drain
regions, and a common control gate electrode placed on an upper
layer of the two floating gate electrodes;

+ word lines by which the transistors are laid out in the matrix

and control gate electrodes of the transistors laid out toward
columns of the matrix are commonly connected; and

bit lines commonly connecting source-drain regions of the
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I n ot her words,
and "0" for the witing node,

two data values (=1 bit), i.e., "1" for the erasi ng _nmode

el ectrodes 5 or 6 of the selected nenory cell Ir’r(r’r) and the da a nlagg

read therefrom (c) Erasing operation (See Figs. 7 and.
data stored in the floating gate el ectrodes 5 and 6 of aI
connected to the word line Wmis erased will be expl aln

The

potentials of all bit Iines BL1-BLn ar® set to 0 V. The potentlal of the
word |ine V[nlls set to 1 tenti al f th ot herword | i nes
. W miFEangiREers V\iﬁ}‘?&bte}f’w?g Fews \ﬁb‘f& W:’fn are set to 0 V.

(WL1. .

The

capacities between each of the source-drain regl ons 3a, 3b the substrate 2,
and each of the floating gate electrodes 5 and 6 is nuch |larger than

t hecapacity bet V\qgn t&q&&g&g%rgﬂ;& Lce,ﬁ,g_.ggeng and the floating gate

el ectrodes 5 and

I'n other words oatlng gate el ectrodes 5 and

are strongly coupl gdnWéiaid®r substrate;:
sour ce-dr ai nregi ons3aand3bandwi t ht hesubstrate2. Therefore, if the

potential s of coat pbhrghity efeckansistorsd ebbh SomprisitigaaNfirst and a

second sour_ce—drai-n regions, a channel region placed between the
first and the'second source-drain regions, a gate insulating layer
on the semiconductor substrate, a first floating gate electrode
placed near the first source-drain region and formed on the gate
insulating layer, a second floating gate electrode placed next to
the first floating gate electrode and near the second source~drain
region and formed on the gate insulating layer, an insulating layer
on the first and the second floating gate electrodes, and a control
gate electrode on the insulating layer;

word lines by which the transistors are laid out in the matrix
and control gate electrodes of the transistors laid out toward
columns qf the matrix are commonly connected; and

bit lines commonly connected source—-drain regions of the

transistors laid out toward rows of the matrix.

' 18. The transistor array according to Claim 17 wherein each
transistor laid out toward columns has a pair of bit lines

independent from the bit lines of the neighboring transistor.

19. The transistor array according to Claim 17 wherein the
transistor array may be divided into a plurality of columns of cell

blocks, and a source-drain region commonly shared by a pair of

6
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region 3a or 3b become 15 V and 0 V respectively, the poténiial of the
floating gate electrodes 5 and 6 does not change greatly frng) 13et Yias Been Replaced
Therefore, potential difference between the control gate el
the floating gate el ectrodes 5 and 6 becones | arge and cf\ m ul
potential field. A FN tunnel-current flows as a result and,
arrowDin Fig. 7, electrons in the floating gate electrodes 5 or 6 are
pul led toward the control gate el ectrodé’7 and the data stored in each
menory cell 1 is eraseq. ,gin e, the floating,gate. el ectyodes .5 and 6hayve
br of uber ancd 831 8FATEA 2 AiRRt kT ReTuIRT 4 et FrRlY PEAcK 15 qimected
el ectrodes % andb?tj f{:@? out. fromthe protuberances 5a and 6a and nove
toward the confro € electrode 7 when the data is erased. Therefore,
el ectron novenent becones free and the electrons stored in the floating
gate el ectrodes 5 and 6 are efficiently pulled out. By simultaneously
sel ecting a plurapoly 1o ¥Wehkkidtdsa¥dy Wdbording to Claim 17 comprising
.- local short bit lines by which the transistor array is divided into

a plurality of rows of cell blocks and the source-drain regions

of the transistors laid out toward rows of each cell block are

commonly connected, and global bit lines corresponding to each local

short bit line, with each local short bit line being connected with

each global bit line in each cell block via a switching element.

21. The transistor array according to Claim 17 wherein the
floating gate electrodes of each transistor connected to the common
word 1line are 1laid out in series to form an AND-NOR type
configuration in which the circuit thereof is laid out in parallel

to the commonly connecting bit line.

22. A method for manufacturing a transistor comprising
floating gate electrodes in which electric charge is injected,
comprising the steps of:

forming a gate insulating layer on a semiconductor substrate;

forming a first conductive layer on the gate insulating layer;

patterning a first and a second floating gate electrodes
parallel to each other over the semiconductor substrate by etching
the first conductive layer;

forming a first and a second source-drain regions over the

semiconductor substrate by injecting impli'rity ions after masking

e



erasing operation can be perfornmed on all nenory cells 1 connected to the
sel ected word line. The erasing operation, as descri b®ids She@¥es BedyRdplavdddi Ng

menory cell array 102 into a plurality of blocks defin ty of
word |lines W.1-W.n and erasing data by the blocks, is I asi ng.
Amet hod for producing nenory cell array 102 will seque ai ned

below referring to Figs. 9-12. In Figs. 9-12, a ~ h are respectively the
cross sections of a-1 ~ h-1 cut by thegsgine y-y. Step 1 [See Fig. 9a and
Fig. 9a-1]: Using the LOCUS nethod, a ?,. eld insulating layer 13 is forned
on the substhatares fxogatbei fitsht FiRptingegageorlertredm titthe iseqo®dned by
the thernmal oxidation method on the portions of the substrate 2 where no
field insul B}93fdn9agare; €188+ (el enent regi ons) thereon. On the gate

insulating layer &8, g, dopeth RAMIWY G2y Y TheFro¥tinl Jide e PEGHBes; 4°
forming a second conductive layer on the insulating layer:;
and
patterning the control gate electrode using the second
conductive layer, and the first and the second floating gate
electrodes using the first conductive layer, after 'etching the
second conductive layer, the insulating layer, and the first

conductive layer in this order.

23. A memory array wherein a plurality of memory cells are
laid out in a matrix, comprising:

memory cells comprising two source-drain regions formed on
a semiconductor substrate, an insulating layer on the semiconductor
substrate, two floating gate electrodes formed next to each other
on the insulating layer and placed between the two source-drain
regions, and a common control gate electrode placed on an upper
layer of the two floating gate electrodes:;

word lines by which the memory cells are laid out in the matrix
and control gate electrodes of the memory cells laid out toward
columns of the matrix are commonly connected; and

a bit line commonly connecting source-drain regions of the

memory cells laid out toward rows of the matrix.

24. A method for manufacturing a nonvolatile semiconductor

memory cell comprising floating gate electr@_giés in which electric

LT I



the floating gate electrode 5 and 6 is fornmed. Using the LPEvD—rethod;—a——
silicon nitride layer 22 is formed on the doped polysilicon |la er 21. After
phot oresi st coating on the entire surface of the siliconTh $F¢ %Wh
using an ordinary photo |ithography technique, an etching ned
thereon to formboth side walls of the floating gate el ect

which are parallel to the source-drain region 3. Step 2 [ See Flg 9b an
Fig. 9b-1]: Silicon nitride layer 23 i®9etched by anlsotropy et chi ng using
t he etchi ngctggats#a hig?gcgé&hléggpggg&éqbﬂesom Q ggepoved.. Using the LOCOS

met hod, an Tns ayer atlon of the doped

pol ysi | i con | ayerfo%&um;fah;éd@eugxﬂm%qnguaﬁ@rbmaTs@méeoh&y@fozsgﬁyéﬁm%s a
mask for oxidation. At"this tine beaks 9a are forned by intrusion

of the edges of trhemingulAiistEtdndmetide 1aver heiRigase dhsiheisigd 10001 ;
nitride |layer 22. Step 3 [See Fig. 10c and Fig. 10c-1]: The silicon nitride
| ayer 22 is renppedtefnimyar A4sthball ai séchdet diwatiagl batei ebegatasles

el ectrodes 5 and 6 is forned by etching of the doped polysilicon | ayer 21
usi ng the apaxadtiedplo eachiotieni oven hbeisemicaningtémpubstrate by etching

the first conductive layer;

forming a first and a second source-drain regions over the
semiconductor substrate by injecting impurity ions after masking
the area from the first floating gate .electrode to the second
floating gate electrode;

forming an insulating layer on the floating gate electrodes:;

forming a second conductive layer on the insulating layer;
and

patterning the control gate electrode using the second
conductive layer, and the first and second floating gate electrodes
using the first conductive layer, after etching the second
conductive layer, the insulating layer, and the first conductive

layer in that order.

25. The transistor according to Claim 7, wherein, when data
is writtén in the second floating gate electrode by injection of
electrical charge therein, a predetermined electric charge amount
to be stored in first floating gate electrode is set so that a cell
current necessary for writing data in the second floating gate

electrode flows.

26. The transistor according to Claim 8, wherein, when data

iy [~




9ser vi ngasanet chi ngmask. Thel ayer 24hasashapeof consecutive fl oati ng gate
electrodes 5 laid out in parallel wth the source-drain 4 egiQRfenRepiased a

shape of consecutive floating gate electrodes 6 laid I with °
the source-drain regions 3. Both side walls of the |ay ﬂﬁ\“ﬂm“ efore
becone the side walls of the floating gate el ectrodes ! he

i nsulating layer 9 has bird' s beaks 9a at its edges, the upper edges of the
| ayer 24 becones sharp due to the shapggof the bird' s beaks 9a, 50 and
form protuberances 5a and 6a. Step 4 §$e-e Figs. 1Qd and d-1]: After.the
phot or esi stigsudithgnoin tthe sncene Hoating ¢ite rdegbyede bysipgeakirn wough

the steps as_ descri bed above, a nask for_ion i,ﬁ%fcéi on 25 i% formed using
an or di nar ye BRIt ot RARES Ry TN R REeded eFBi e e RéeShit T EPar IR ¥ itons 3.

The source-drain_regions are_formed by, injectio f an N t i Lity
i on (phosph ?g’ﬁsSl?oo%dgf’nﬁggﬁi %{?aotr{ngo X’f%ghfa?{-zre? & 25 St 5o etht a'delh
current necessary for writing data in the second floating gate

electrode flows.

27. The transistor according to Claim 17 further comprising
the second source-drain region whose configuration is symmetric
to the first source-drain region, and the second floating gate
electrode whose shape and size are exactly the same as the shape

and size of the first floating gate electrode.

28. The transistor according to Claim 17 further comprising
protuberances in upper portions of the first and second floating

gate electrodes.

29. The transistor according to Claim 17 further comprising
a selecting gate electrode extended from the control gate electrode
and placed on the gate insulating layer between the first and the

- second floating gate electrodes.

30. The transistor according to Claim 17, wherein, when data
is written in said second floating gate electrode by injection of
electriccharge, a predetermined electric charge amount to be stored
in the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate

electrode.

-




25 should be forned so as to cover the portions of the supgkheiissBe ﬁe o
source-drain region is fornmed and al so not to protrude bey 24.

As a result, positions of the source-drain regions 3 are dg\‘““%\mm\

side walls of the layer 24 (that is, the edge portions of ating gate
el ectrodes 5 and 6). Step 5 (See Figs. |Ile and e-1: By a thermal oxidation

or LPCVD net hod, or a conbination of th8de nethods, an insulating |ayer 10

of silicon oxide is formed on the entire surface of the device forned

t hrough the steps_as descri bed above. The stacked insulating | ayers 8 and
10, and the insul 3 nihF &FERSLStanAcseratng b crdh 1 s WiPRs Pediian data ||

et ode 7P FRRRREL AL SEI Y TonFia D AL GERRONT SRS, oo e

O i S S 3 N b R R S A

with a mategkeghion to the first source-drain region, a high potential field '
is created between the channel region and the second floating Qate
electrode due to coupling via a capacity between the second
source-drain region and the second floating gate electrode,
electrons in the channel region are accelerated to become hot
electrons, electrir; charge is stored in the second floating gate
electrode by the hot electrons injected in the second floating gate

electrode, and data corresponding to the electric charge is written

and stored therein.

32. The transistor according to Claim 16 wherein, when data
is written in said second floating gate electrode by injection of
electric charge, the first source-drain region is grounded via a
constant current -source, a second voltage is applied to the second
source-drain region, a third voltage lower than the second voltage
is applied to the control gate electrode, a cell current flows from
the second source-drain region to the first source-drain region,
a potential at the second floating gate electrode is raised by
coupling via a capacity between the second source-drain region and
the second floating gate electrode, a high potential field is
created between the channel region and the second floating gate
electrode, electrons in the channel region are accelerated to become

hot electrons, electric charge is stored in the second floating

\\!‘\“l\“‘\l“‘l“\‘\! “ \‘*‘\ :HIS S;?f,i& Icigg BEEN



LPCVD nmet hod, an inpurity diffusion source |ayer (POC
formed thereon and let the impurities diffuse on the pod
said inpurity diffusion source |ayer. Method 3: After al

gas when a doped polysilicon layer is forned using the LPCVD et hod.
Met hod 2: After a polysilicon lLayer without doping is JEA HkHBRphaed

N

w t hout doping is forned using the LPCVD nethod, inpurity ions are inje
therein. Step 6 [See Figs. .12 g and 12ggid]: After the photoresist coati

h f f the d h h b
above, usi 'nrgg%%‘ir&%%Fﬁ%?@tﬁarﬁvac%eﬂagvép{gﬁ it LA EronE £ e, Mgkl

I njection 27
t he control

e e

.51

from
er
cted
ng
ed

ed

pol ysi licon i@x&&t%@m atdue s'tB:?HJiaéHélgalhaY.ﬁ’rpo]thtﬁ.Hf bk pot | AvRIiBg and
the layer 24 are etched sinmultaneously by the anisotropy etching using the

gate electrode is raised by coupling via a capacity between the

first source-drain region and the- first floating gate-electrode, '_

hot electrons are substantially none injected to the first floating
gate electrode however due to a low potential of the first floating

gate electrode.

33. The transistor according to Claim 31 wherein the
electric charge stofed in the second floating gate electrode is
adjusted by adjustments of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is

set to a small value so that no overwriting state will occur.

34. The transistor according to Claim 31, wherein the
electric chargé stored in the second floating gate electrode is
adjusted by adjustment of said cell current and injection duration
of hot electrons to the second floating gate electrode, and the
electric charge stored in the second floating gate electrode is
set to a large value so that the overwriting-state will occur, and
at least one of the first floating gate electrode’s gate length
or an impurity concentration of the substrate is set so that a
certain value leak current corresponding to the cell current will

flow in the channel region under the first floating gate electrode.
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etching mask 27. By this step, the control gate el ectrode-7-s-formed-from
t he doped polysilicon |ayer 26, and the floating gate electrodes 5 and 6
are formed by the |ayer 24. After the-etching mask 27 Tsis SheetblaeBEen Réplaced

menory cell array 102 is conplete. Asdescrlbedlntheabov
t hef ol | owi ngf uncti onsandef fects can be obtained. [I] Th has
and 6

two floating gate electrodes 5 and 6.. The floating gate e“g(}ﬂlrojes
are placed next to each other on the cr@nnel region 4 between the two
source-drain regions 3. The floating gate el ectrodes 5 and 6 share one

control gate el ec3t5r odive tERRHHEIRN §eeqrdingnke SFQ%F%WHQMFWQ% gat e
el ectrode 5 or, 6, that is, dgfl €|ts hto et her ?ﬁ%‘i ﬂp gore in the
same desi gnt¢IHY SURETRRFY ‘?;’YC g grte ot lePiof A PRECFR i t on
the_ substra&g stéee Gng/o go EQSpllng wvia the -capacity between the first

source-drain region and the first floating gate electrode
fegardless of a state of the electric charge stored in the first
floating gate, .and the data stored in the second floating Qate
electrode is read based on the cell current fiowing from the first

source-drain region to the second source-drain region.

36. The transistor according to.Claim 17 wherein the channel
region superi)osed by the first floating gate electrode maintains
an ON state due to coupling via the capacity between the first
source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, the channel region superposed by the second floating
gate electrode in'an erasing mode is set to an ON state, the channel
region superposed by the second floating gate electrode in awriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is read by judgment of the writing state
or the .erasing state of the second floating gate electrode based
on the value of the cell current flowing between the first

source-~drain region and the second source-drain region.

37. The transistor according to Claim 17 wherein a third
voltage is applied to the first source-drain region, a fourth
voltage lower than the third voltage is applied to the second

source-drain region, a fifth voltage is applied to the control gate

T




occupi ed ar
menory cel

menory cel |

out in colu
gate el ectr
not separ at
conpletely

to consi der
and the con
of the pr|o
enbodi nment ,

ponS|I|con

fromthe | aye

the insul at
et chi ng gas

ea of the conventional nenory cell 201. I|In—-other--words,—t-he- ..
1 enables high integration conparable to a stacked gate type

ms, conmmon word lines are forned. In other

odes 7 of the nenory cell 1 laid out in colu
e. Therefore, the aforenenti oned problem (1)
avoi dable. [3] Due to [2] desrribed above, it |s not necess

[2] By the control gate el ectrodes 7 of tﬁbs dmmhbh&ﬂlald

roI

t|ve
is

ary

the aljgnment accuracy of the floatin ate electrodes 5 and 6,

elegtrpdes & BREFBEAAY Sfrideeforat HRAGMG SRERt FORBH IO HI%m (2) -

NI I e
ré?i’cgi;l aglg g tltlrigtf kP Eﬂ%t §§£ng : t:’gagestée %Qnﬁefrfe Fice ¢

y Simul'taneous opéd pol ysi

I con 1ayer 26

ki tibeRld BY: tﬁé‘efn‘},ft‘“f%éﬂﬂzé Yt d1edPrbddd sl §lé€rt34au°1’\ﬂd1\iq an

bei ng contrtol
state regardles_s. of a state of electric charge stored in the first

| floating gat;e electrode, the channel region superposedby the second

floating gate electr;ode in an erasing mode in which no electric
charge is stored is éet to an ON state, the channel region superposed
by the second floating gate electrode in a writing mode in which
electric charge is stored is s.et close to an OFF state, and data
stored in the second floating gate electrode is read by judgment
of the writing state or the erasing state of the second floating
gate electrode based on the value of the cell current flowing between

the first source-drain region and the second source-drain region.

38. The transistor according to Claim 17 wherein a sixth
voltage is applied to the first and the second source-drain regions,
a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of the first and the second
.floating gate electrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being stro.ngly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, letting a

Fowler-Nordheim tunnel current flow therebetween, electrons in the
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[5] In the nenory cell array 102, the source-drain regions-3-of—the menory

cells 1 laid out inrows formthe comon bit lines BL1-BLn. Theref reﬁce&n

the menory cell array 102, bit contact |ines such as t Iihislphget ﬁﬁﬁi\re
f

214 in_the conventional menory cell array 302 are not ne

Because of [4] and [5] in the above, the nmenory cell arr

the present enbodi nent has-sinpler configuration and easier manufacturing
steps than the conventional menory cellg®rray 302 has. The flash EEPROM 101
usi ng the mory_cells 1 ha he.sel ecting transistor .. Jherefor ach
nmenory cel {Tfir%%gng t#’ﬁ nsc?t°|°8§ f{lc? asFéchgFttFt%«?Icft.ma S 8? ﬁé:_r}l%\%)r s,e‘%ievoe"ﬁazr en
Loo great eLREldthaLae, I dibbad, Wi haer didd ealiiw gate Algaiddes 5

and 6 in the erasing eration, t ecting transi st can switch the

channel regiodorl 110 cak i REFgstAld.ectRBAEE 01 £ eralseaver er asing occurs, the
sel ecting ' '

39. The transistor according to Claim 17 wherein a sixth’
voltage is .abplied to the first and second source-drain-regibns,
| a seventh voltage higher than the sixth voltage is applied to the
control gate electrode, potentials of thé first and the second
floating gate e_lectrodes are substantially maintained at the sixth
voltage because of the first and the second floating gate electrodes
being strongly coupled with the first and the second source-drain
regions, a potential difference between the control gate electrode
and the first and the second floating gate electrodes is made large,
a high potential electric field is created between the control gate
and the first and the second floating gate electrodes, to allow
a Fowler-Nordhei.m tunnel current to flow therebetween, electrons
in the first and second floating gate electrodes are thus jumped
to the control gate electrode from thereof, and data stored in the

first and the second floating gate electrodes is erased.

40. A semiconductor memory wherein data is written by
injecting electric charge into floating gate electrodes thereof,
comprising two source-drain regions formed on a semiconductor
substrate, an insulating layer on the semiconductor substrate, two
floating gate electrodes placed next to each other on the insulating
layer and positioned between the two source-drain regions, and a

common control gate electrode placed in an upper layer of the two
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transi st or

12 can swtch ON-OFF states of the nenory-cel |I--1; "and“over“"

cell 1. [8] To optimze the electric charge stored int

erasi ng does not cause a problem In other words, the selectl
12 within the nmenory cell 1 can select an ON or CFFs Wﬁﬁ‘.‘

el ectrodes 5 and 6 of the nmenory cell 1 in the MW|t|ng

technique to store in the nmenory cel

the witing node and the erasi ng node86but al so nore than 3 val ues

(mul ti-statg MRARLY o ﬁh@iéﬁt@od'ggy P AR bgda 18 &A}%rd B! Héllirﬂ; the -

nwu-ﬂmenmmyt%

preci sel y conddidlid bBangé tilyedredei DYy §ibatiNg
of the floating gate electrodes in the nenory cel

nique, It I's necessary and I ndi spefisable to

control thetipotoantirellsgate tdledthreodel ng gate el ectrodes is used, it is
to optimze the electric charge stored in the floating gate el ectrodes 5
and 6 of the nenory cell 1 in the witing operation. [9] In the witing

oper at i on,

to prevent the overwiting state, the potential of the

source-drain regifdn 3B (S5McCPRACERIMMemAIY whereln data is written by

1nject1ng electric charge into floatlng gate electrodes thereof,
comprising:

a semiconductor substrate;

a.plurality of transistors; each comprising a first and a
second source-drain regions, a channel region placed between the
first and the second source-drain regions, a gate insulating layer
on the semiconductor substrate, a first floating gate electrode
placed near the first source-drain region aﬂd formed on the gate
insulating layer, a second floating gate electrode placed next to
the first floating gate electrode and near the second source-drain
region and formed on the gate insulating layer, an insulating layer
on the first and the second floating gate electrodes, and a control
gate electrode on the insulating layer:;

word lines by which the transistors are laid out in thematrix
and control gate electrodes of the transistors laid out toward
columns of the matrix are commonly connected; and

bit lines commonly connected source-drain regions of the

transistors laid out toward rows of the matrix.

42. The semiconductor memory according to Claim 41 further
comprising the second source-drain region whose configuration is

symmetric to the first source-drain region, and the second £floating

|“ |“| e <~ET HAS BEEN
T o)
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1 not only the two values (=1 bit) of

d @hlelchgobbe tnigati al s

If the technique to
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54 the menory cell Im(n) is set lowto 10 V. Therefore, if a source
vol tage of the flash EEPROM 101 is lowered to 3.3 V, 4| %eLt@ﬂQB&HR@pla@éharge

punp becones |ighter and it becomes easier to cope W|t age.
t he other hand, in the conventional nenory cell 201, mHE U’ﬂ &f the
source.region 203 in the witing operation is set .to 1
the source voltage of the flash EEPROM 301 is 3.3 V, it is difficult to
generate the voltage to be applied to¢ e source region 203 (= 12 V) u5| ng
a-charge pu spe I c I

9¢ PUPRee erl gdg @osc—.p ?\a hd éﬁ.zte Ea%eg Qgét‘:’ﬁ[f é:?l%Tgaﬂg é@%ﬁ\ of the

required, a?I Ci I'CUI COﬂ I gura econes conp eng

channel regipg,4 "’{‘13 tslg_gengfmﬁ,ﬁ Cf;.'(z):gtl%éai tghgp%égeh:q(%]oannel regi on 205

in the conventional nenory ce ere , t he wn vol t age of
the channel region 4 becones higher than the br eakdown vol tage of the
channel region 205. As a result, in the witing operation, data is not
easily 43. The semiconductor memory according to Claim 41 further

- comprising protuberances in upper portions of the first and the -

second floating gate electrodes.

44. The semiconductor memory according to Claim 41 further
comprising a selecting gate electrode extended from the control
gate electrode and placed on the gate insulating layer between the

first and second floating gate electrodes.

45. The semiconductor memory according to Claim 41, wherein,
when data is written in said second floating gate electrode by
injection of electric charge therein, a predetermined electric
charge amount to be stored in the first floating gate electrode
is set so that a cell current necessary for writing deta flows in

the second floating gate electrode.

46. The semiconductor memory according toClaim 41, whe-rein;
when data is written in said second floating gate electrode by
injection of electric charge therein, a cell current flows from
the second source-drain region to the first source-drain region,
a high potential field is created between the channel region and
the second floating gate electrode due to coupling via a _capacity
between the second source-drain region and the second floating gate

electrode, electrons in the channel region are accelerated to become

REPLACED

E L



witten on the floating gate el ectrodes of the nenory ceIIs 1 except for
the floating gate el ectrodes of the selected nenory c tmeﬁmmced
functions and effects of the witing operation descrl

obtained with nore certainty. [11] In the readi ng oper m MBH vaI ue
of the.cell current Ir in the nenory cell 1 is detecte

anplifier 110, a nmulti-state nenory techni que can be used. In ot her vvords,
in the nulti-state.nenory technique, i88is necessary and indi spensable to

sely d ;
Purrent et BoE ehérEie CHICER e Liacld 16, RS Al enPleiiddaBEEbiy. )
cell 1 can BgtRrAYtebde by é‘x"—e H6t @akelrbfls iR ELaE I ROPSEA A F1chePhg I N

the witing operation, thé electric charge t0 be stored in the floating

gate el ectrgges 5lé>dtioae9faﬁmeartaneéyreszidndlngsweﬂxesarnéttipc airdet e
overwiting state. As a result, )
written .and stored therein.

47. The semiconductor memory according toClaim41, wher'e.in,
when data is written in said second floating gate electrode by
injection of electrlc charge therein, the flrst source- draln region
is grounded via a constant current source, a second voltage is
applied to the second source-drain region, a third voltage lower
than the second voltage is applied to the control gate electrode,
a cell current flows from the second source-drain regioﬁ to the
first source-drain region, a potential .at the second floating gate
electroede is raised by coupling via a capacity between the second
source—-drain region and the second floating gate electrode, a high
potential field is created between the channel region and the second
floating gate electrode, electrons in the channel region are
accelerated to become hot electrons, electric charge is stored in
the second floating gate electrode by injection of the hot electrons
to the second floating gate electrode, data corresponding to the
electric charge is written and stored therein, a potential of the
first floatiﬁg gate electrode is raised by coupling via a capacity
between the first source-drain region and the first floating gate
electrode, and no substantial hot electrons are made injected to
the first floating gate electrode however due to a low potential

of the first floating gate electrode.
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t he erasing operation, the anount of electrons pulled fTomthe float| ng
gate electrodes 5 and 6 toward the control gate electro

small. [13] At upper portions of the floating gate el ect

the nenory cell 1, protuberances 5a and 6a are forned.. In ElM\
operati-on, the electrons in the floating gate el ectrodes

and nove fromthe aforesaid protuberances to the control gate el ectrode 7.
On the other hand, in the conventional genory cell 201, the electrons

the floating gate, ? ?hgogeqn %fibga eq,}g]tm daé‘?o i rg.°£'3 c&gﬂ «w%herem

prot uberance 206a & Tont rod e erasing
operation. Ther g{Qk€rid thhPge Hiftletl En WY geéoﬁa%mtllagt d quaktagdgate
el ectrodes 5, 6, and 206 are the sanme, .the:.ambunt of el éctrons which junp
out from ongsplaUbesaNsE idjudtents bff EAedNeaDI YC@ﬂdntl andanniactien
menory cell 201. [14] Because of [12] and [13] described above, the anount
of el ectronsiyrassongpf hooughedth®nisnsal thd sgcbageflokting gichieddctiadé he

known art, a problemoccurs that operation life of
" and the electric charge stored in the second floating gate electrode

is set to a small value so that no overwriting state will occur.

49. The semiconductor memory 'according to Claim 41, wherein
the channel region superposed by the first floating gate electrode
becomes an ON state dué to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of .the electric charge stored in the first
floating gate, and the data stored in the second floating gate
electrode is made to be read based on the cell current flowing from

the first sburce-drain region to the second source-drain region.

50. The semiconductor memory according to Claim 41, whérein
the channel region superposed by the first floating gate electrode
maintains an ON state due to coupling via the capacity between the
first source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the f-.irst
floating gate, the channel region superposed by the second fleoating
gate electrode in an erasing mode is set to an ON state, the chanﬁel
region superposed by the second floating gate electrode inawriting
mode becomes close to an OFF state, and data stored in the second
floating gate electrode is made to be read by judgment of the writing

state or the erasing state of the second floating gate electrode
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the menory cell 201 becones short due to el ectrons p-as-S"i""ﬁ‘g""'t"ﬁ'r——ou—gh t he

insulating |ayer 210 in the erasing operation. In ot her_igge%swwﬁ\}é‘hrl y

stage of the above-described step 4 of the prior art mi “\&m\\m i ng
a
ure

| ayer is fornmed, an inpure 56 silicon oxide layer is
natural- oxide layer or a structural transition |ayer. |
silicon oxide layer, not only O Si-0O bonds which form pure silicon oxide,
but al so dangling bonds which do not fegm O Si - O bonds are included. In

ot her wor ds by Bl £ b of 1D £lS) AuRrdentoudiy pikated bt SusBed i1

the prior art, s s of the floating gate el ectrodes 206 are exposed
with air cordqirdePrdraxy dedyiothatl tkadsedodidrsbgreé-dEnmakytiah.oxi de |ayer

on the surface of the side walls of the floating gate el ectrode 206. The

natural oxide |ayer includes dangling bonds which do not form O Si-O bonds.

The structural transition |ayer exists at the boundary '

51. The semiconductor memory according to Claim 41 wherein

a third voltage is applied to the first source~drain region, a fourth
voltage lower than the third ﬁélﬁage is applied to the second
source~-drain region, a fifth voltagé is applied to the confrol gate
electrode, a potential of ‘the fiést floating gate electrode is
raised by coupling via the capacity between the first source-drain
regioﬁ and the first floating gate electrode, the channel region
superposed by the first floating gate electrode is set to an ON
state regardless of a state of electric charge stored in the first
floating gate electrode, the channel region superposed by the second
floating gate electrode in an erasing mode in which no electric
charge is stored is set to an ON state, the channel region superposed
by the second floating gate electrode in a. writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is made to be read
by judgment of the writing state or the erasing state of the second
floating gate electrode based on the value of the cell cufrent

flowing between the first source~drain region and the second

source—-drain region.

52. The semiconductor memory according to Claim 41 wherein
a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is

applied to the control gate electrode, potentials of the first and

THIS SHEET HAS BEEN
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between the floating gate el ectrode 206 which is co-rrpO'S"”éd"'Bf—"_"bol ysilicon
| ayer, and the insulating |ayer 210 which is conposed Oﬁggﬁa@iekﬂmhceéxi de

| ayer. Dangling bonds which do not form O Si-O bonds %mmm‘%m t he
tion,
rol gate

structural transition |layer. As described above, in th ﬂ
electrons'in the floating gate el ectrode 206 are pulle

el ectrode 207 as’ shown by the arrow B in Fig. 22c, and the data stored in
the mendbry cell 201 is erased. At this9tline, electrons pass through the

i nsul ating I?y rsegégd'ﬂga]lﬁQhaggé el BRLESdSd laire 0fuRt 4% 162Y 9 ma Bt ideliar ge

stress is put on the.insulating layer 210. Therefore, if witing and

erasing opergt itpass Btth WBREA§E becBhBEIs PNk ADEstWiah #ife seedhadfigatiing
| ayer including the inpure silicon oxide |ayer due to the stress put on the

i nsul ati ng | gater e Pddkiodelsitee itigast o gagetatpled.wi thhtheef rd tr and tthepsedondder

t he novenent of the electrons fromthe floating gate el ectrode 206 to the

control gat eseime-dodén 20605 ofiser 2 fetentdsl tdic feoebee hftweent the control
gate -eleétrode and the first and the second floating gate'ele'ctrodes
is made large, a high' potentiéi electric field is created between
the control gate and the first and the second floating gate
electrodes, 1letting a Fowler-Nordheim tunnel current flow
therebetween, electrons in the first and.the second floatinél" gate
electrodes are thus pulled to the control gate electrode, and data

stored in the first and the second floating gate electrodes is made

to be erased.

$3. The semiconductor memory according to Claim 41, wherein
a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is
applied to the control gate electrode, potentials of Ehe first and
the second floating gate electrodes ére substantially maintgined
at the sixth voltage because of the first and the second floating
gate electrodes being strongly coupled with the first and the second
source~drain regions, a potential difference between the control
gate electrode and the first and the second floating gate electrodes
is made large, a high potential electric field is created between
the control gate and the first and the second floating gate
electrodes, to allow a Fowler-Nordheim tunnel current to flow
therebetween, electrons in the first and the second floating gate

electrodes are thus jumped to the control gate electrode from

T L




57 and erasing (that is, the nunber of data rewiting operations)

i ncreases, the nunber of electron traps also increases in the silicon oxide
| ayer including the inpure silicon layer, and electrons in the floating
gate el ectrode 206 will not be pulled sufficiently. As-a result, it becomes
difficult to increase the nunber of data rewiting operations in the nenory
cell 201 and the operation life of the nenory cell 201 becones shorter.

When the operation |ife of the nmenory | 201 grows shorter, the operation
life of the flash EEPROM al so becones shorter. On the other hand in the
present i nveth§isoL i and dakastiogied in thedfibrst paddihsusecarid fleatingigates
passing thro %ﬂ$ thﬁglnsulatln%llayer 10, and the nunber of data rewriting
operations i can be increased. As a result, it is

possi ble to prol ong the operation life of the nmenory cell 1 and the flash
EEPROM 101. (Second enbodi nent) Hereinafter, a second enbodi nent

i npl ementing the present invention will be explained referring to the
acconpanyi ng draw ngs.



In the present enbodi ment, conponents corresponding to those in the first
enbodi nent have the sane indices and a detailed explanation wll not be
repeated. Fig. 13 shows a configuration of a flash EEPROM 120 related to
the present invention. In the present enbodinent, the flash EEPROM 120 is
different fromthe fl ash EEPROM 101 shown in Fig. 6 in the foll ow ng
points. {1} In the nenory cell array 102, the source-drain regions 3 of the
menory cells 1 laid out-in rows are div@%gd. 58 {2} In the nenory cel

array 102, individual bit lines BLlI-BLn"are forned._ Fﬂsgﬁﬁﬁﬁﬁ@ﬁ in
regi ons 3 | ai "RANSTISFQR\STRANSISHOR, ARRAY, -METHOP J@ﬁ = ms.1'n ot her
words,-the bit line BLmto which the r I | S
separ at ed frcnﬁ?4ﬂ§¥ﬁ¥°?i4ﬁ3ﬁ§1n§pq(Féﬁ§5§$%¢§?rﬁ§%£§§ﬁggﬁkzlWQH}E§ i s
connected. The bit line BLmtl to which : . :

ABSTRACT OF THE DISCLOSURE

A memory cell comprises source-drain regions, a channel
région, floating gate electrodes, and a contrél gate electrode.
The floating gate electrodes are placed next to each other over
the channel region on a gate insulating layer. The control gate
electrode is located over the floating gate electrodes on an
insulating layer and an insulating layer, both layers being formed
by a LOCOS.method. Protuberances are formed on the upper corners
of the floating gate electrodes by the insulating layer. A central
portion of the control gate electrodetis laid over the channel region
on insulating layers, to form a selecting gate. A selecting
transistor comprises this selecting gate between both the

source-drain regions.

Figqure 1(a)
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the nenory cell Im(n) is connected is also separated fromthe bit |ine
BLmt2 to which the nmenory cell Im(mtl) is connected. According to the
present enbodi nent configured as descri bed above, the follow ng functions
and effects as well as the functions and effects of the first enbodi nent
can be obtained. In the first enbodinent, in the reading operation, even

when bit lines (BLI... BLmI|, BLmt2... BLn) <corresponding to the
source-drain regions 3 of the nenory cells except for the sel ected nenory
cell I'm(m are made open state, chargdldiescharge currents flow through the

aforesaid bit lines. As a result, the cell current Ir in the nenory cel
| M) cannot be precisely detected by the sense anplifier- 110 if nmeasured
before the charge/di scharge of the bit |lines has been conpleted. In other
words, due to tinme necessary for charge/discharge of the bit [ines which
shoul d be nade open state, reading speed may be reduced, although the
reduction may be very sligQt. On the other hand, in theppresent enbodi nent,
i ndividual bit lines (BLI-BIp) afe forned each meM@ryicell 1 laid out in
colums. Therefore, Th eadi Ty 3 O T evel wWhi e Djes\l | nes

\ = | XHT R "\ ?i\ '
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(BLi... BLm1, BLm2... BLn) corresponding to the source-drain regions 3
of the nenory cell 1 except for the selected nenory cell Im (m are
made open state, no charge/discharge current flows through the aforesaid
bit lines. As a consequence, according to the present enbodinent, it is
possible to prevent reduction in reading speed due to the charge/di scharge
current of the bit lines BL1-BLn as is the case for the first enbodinent. A
fast reading operation is thus realized. In the- present enbodi nent, since

i ndi vidual bit lines (BL1-BLn) are fornmed at each menory cell 1 laid out in
colums, erasing operation at each selected nenory cell 1 can be perforned.
(Third enbodi nent) Hereinafter, a thi r &/&®bodi nent i npl ementing the present
i nvention will be explained referring to the acconpanyi ng drawi ngs. In the
present enbodi nent, the conponents same as in the second enbodi nent have
the sanme indices and detail explanation of them

108~ DATAPIN )

101
CONTROL 109 {INPUT BUFFER] [oUTPUT BUFFERM 11
circurt [~ 112 | -
r SENSE AMPLIFIERK.110
103~111 104
COLUMN DECODER
Wi
(7)
<
slet L Ll
| T 71 Iagliliasl
— & =l | | 1 1 1 1
Q
=l E]| 8] [wLm
= <
ul—*U)—*“’ w 1 )
A M
8 z| & Bl HTH T T
< 18| 18| |2 1 1 1 1
\§) < WLn
105 g z )
106 107 | |
I e |
103 B[1 B L2 BL3 BLn-2BLn-1 BLn
3) (3) (3) 3 () (3

' 102
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wi Il not be provided. Fig. 14 shows a configuration of a flash EEPROM 130
related to. the present invention. In the present enbodi nent, the flash
EEPROM 130 is different fromthe flash EEPROM 120 of the second enbodi nent
in the follow ng points. {11} The nmenory cell array 102 corresponds to each
bit line BL1-BLn, and is divided in colums of a plurality of cell blocks
102a-102z. In other words, the cell block 102m is conposed of the nenory

cells 1 connected to each bit line BLm 3~BLm 1--.-- The nenory cell 102n is
conposed of the nmenory cells 1 conneciggggto each bit [ine BLm BLm+2. In
ot her words, each cell block 102a-102z has 3 bit |ines BL1-BLn. 60 {2}

In each cell block 102a-102z, common bit |ines are forned by the
source-drain regions 3 of the nenory cells 1 laid out in
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rows. {3} In different cell blocks 102a-102z, the source-drain regions 3 of
the menory cell 1 laid out in colums are separated. |In neighboring cel

bl ocks 102a-102z, the source-drain regions 3 of the nmenory cells 1 |aid out
in rows are separated and formdifferent bit lines. In other words, in each
menory cell blocks 102m or 102n, the source-drain regions. 3 corresponding
to the individual bit lines BLm1l and BLm are separated. |In other words,
the nenory cells Im(m and I m(mtl) are connected to the common bit |ine
BLm#l, and the menory cells Im(m2) and Ingn}l) are connected to the conmon
bit line BLm2. The bit line BLmto whi #426he nenory cell In(n) is
connected is separated fromthe bit line BLm1 to which the nenory cel
mm 1) is connected. According to the present enbodi nent configured as
descri bed above, the follow ng functions and effects can be obtained in

addition to the functions and effects offthe]first enbodinent. In the
second enbodi nent, the reéﬂlbg}speed IS inc/;ased, but the area of the
menory cell array 102 becones l'arge since theé source-drain regions 3 are
formed corresponding to the indifFiEgat
IAMPLIFIER > 110a 110
104
N
COLUMN DECODER
BLm-1 BLm BLm+1 BLm+2
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bit lines of the nenory cells 1 laid out in colums. On the other hand, in
the present enbodi nent, in the neighboring cell blocks 102a-102z, the
source-drain regions 3 of the nenory cells 1 laid out in rows are separated

and different bit linesare forned. |notherwords,
i nasanecel | bl ock102a-102z, the source-drain regions 3 corresponding to one
common bit |ine are formed by the source-drain regions 3 of the nenory

cell 1 laid out inrows in the sanme manner as described in the first

enbodi ment. Therefore, according to the present enbodi nent, the occupied
area can be reduced greater than in the ond embodi nent. In the present
enbodi nent, a charge/di scharge current does flow through the bit |ine BLM2
connected to the nmenory cell | m(mtl) neighboring the sel ected nenory cel

| m(m . However, since no charge/discharge current flows through the other
bit lines (BL1...BLm1, BLm+3... BLn), reading operations faster than the

first enbodi ment can be pexforned. o
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In the present enbodi ment, anong the nenory cells 1 connected to the

sel ected word |Iine W.1-W.n, erasing operations can be carried out only on
all menmory cells within the selected cell blocks 102a-102z. For exanpl e,
the erasing. operation is carried out only on the nenory cells Im(m2) and
lm(m1l) within the cell block 102m and no erasing operation can be
performed on the other nenory cells 1 connected to the sanme word |ine W.m
The erasing operation can also be carried out on the nmenory cells 1
ln(m2), Imm1l), Imnm, and | n(mtl) ﬁkégin the cell block 102m and 102n,
and no erasing operation can be perfo on the other nenory cells 1
connected to the sanme word line Wm (Fourth enbodi nent) Hereinafter, a
fourth enbodi ment inplenenting the present invention will be explained
referring to the acconpanying figures. In the present enbodi nent, the
conponent s corresponding]ﬂdggpose al ready described for the first

nmbodi i h Hhat i on. i ' b
(raepga![gg-nt_ are given the sa6ppéﬂ éﬁ%l—f?ﬂ\dﬁljﬁEﬁ@ atlorbegtN not be
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62 Fig. 15 shows a configuration of a flash EEPROM 140 related to the
present invention. In the present enbodi nent, the flash EEPROM 140 differs
from t hef | ashEEPROMLOL1of t hefi r st enbodi ment i nt hef ol | owi ngpoi nts. {1} The
menory cell array 102 corresponds to the word |ines W.1-W.n, and divi ded
into a plurality of cell blocks 102a-102 [err] laid out in rows. In other
words, a cell block 102[err] is conposed of the nenory cells 1 connected to
the word lines Wem1l and Wem A cell block 102[éerr] -is conposed of the
menory cells 1 connected to the word |4 Wom+l and Wemt2. {2} In each
cell block 102a-102[err], common |ocal short bit |ines BLsl-BLsn are forned
by the source-drain regions 3 of the nenory cell 1 laid out in rows. {3}
G obal bit lines BLgl-BLgn are laid out in parallel to
t hel ocal shortbitlinesBLsl-BLsn. Thegl obal bitlinesBLgl-BLgn are formed by
an wiring |layer conposed of g variety of metals including high nmelting
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{4} In each cell block 102a-102w, |ocal short bit |ines. BLsl-BLsn are
connected to the global bit lines BLgl-BLgn via MOS transistors 141. Al so,
in each cell block 102a-102W gates of the MOS transistors 141 set at the
| ocal short bit lines BLsl-BLsn are connected to conmon gate lines d-Gn.
In other words, in the cell block 102A, the gates of the MOS transistors
141 placed at local short bit lines BLsl-BLsn are connected to a comon
gate line Gn In the cell block 102[err], the gates of the MOS transistors
141 pl aced at | ocal short bit |ines BLsl-BLsn are connected to a conmon
gate line Gmtl. 63 {5} The gate |irr@826GL-G1 are connected to the row
decoder 103. Wien the word line W.I-W.n in any cell block 102a-102w is

sel ected, the row decoder 103 selects the gate |ine corresponding to the
selected cell block 102a-102W As a result, the MOS transistors 141
connected to the selected gate |ine Gl-G1 becone
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an ON state, and each |ocal short bit line BLsl-BLsn is connected to each
gl obal bit line BLgl-BLgn. In other words, if any one of the word lines in
the cell block 102A is selected, the gate line Gnis selected. If any one
of the word lines in the cell block 1021[err] is selected, the gate line
Gmtl is selected. According to the present enbodi nent configured as

descri bed above, |ocal short bit |lines BLsl-BLsn formed by the source-drain
regions 3 of each nenory cell 1 are placed individually at each cell bl ock
102 a-102w). Therefore, the local short bit |ines BLsl-BLsn are shorter
than the bit Iine BL1-BLn of the first &m@édi nent. Each |ocal short bit
line BLsl-BLsn is al so backed up by the global bit |ines BLgl-BLgn forned
by a netallic wiring layer. Therefore, capacities o@,Lﬁg gl obal short bit

| i nes BLsl-BLsn are [e . chargi

ECRISA 0 a+girg/ di scharging the
| ocal short bit |ines W0 As—adsul t, reading
speed is increased. Th of{ t g { n described
above may )
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al so be nodified as follows, and the sane function and effects wll also be
obt ai ned thereby. (1) In the first enbodi nent, the electric charge to be
stored 64 in the floating gate electrodes 5 and 6 of the nenory cell 1
is- set large so that an overwiting state is created. However, when data
Is witten on the floating gate electrode 6 of the nenory cell 1 m(m, if
the floating -gate electrode 5 has already been in the overwiting state
and the channel region 4 under the floating gate electrode 5is in an
conpl ete OFF state, cell current Iw wd}aé0t flow between the source-drain
regions 3a and 3b. In this case, at least length of the floating gate

el ectrodes 5 and 6 or the inpurity concentration of the substrate 2 can be
set so that a constant |eak currgnt flows through the>channel region 4

under the floating gategftqs%+edes—5Egtj 6.
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wanted cell current |Iw can be obtained by the | eak current even though the
floating gate electrodes 5 and 6 are in the overwiting state. Wen the
menory cell 1 is densified, the length of the floating gate el ectrodes 5
and 6 will becone shorter, causing leak currents to flow easily through the
channel region 4. In other words, a nethod to cause a constant |eak current
fl ow through the channel region 4 is nore effective than forcing the
floating gate electrodes 5 and 6 to be in an overwiting state when the
menory cell 1 is densified. (2) In the third enbodi mnent, the nunber of bit
| i nes BL1-BLn which each cell block 10342P02z can be set to more than 4.

(3) A conbination of the second and third enbodi nents may be carried out as
a fifth enbodinent. Fig. 16 shoms»a—eonflguratlon of &-matn part of a

fl ash EEPROM 150 of the fE:tjf_n gge]0) Wam _T)g ]m_. 3]
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this case, reading speed can be further increased by the conbined effects
of each enbodinent. (4) A conbination of the third and fourth enbodi nents
may be carried out as a sixth enbodinment. Fig. 17 shows a configuration of
a main part of a flash EEPROM 160 of the sixth enbodinment. In this case,
readi ng speed can be further increased by the conbined effects of each
enbodi nent. (5) Fig. 18 is a partial cross section of the nenory cell array
102 to explain the effects of a seventh enbodi nent. The sevent h enbodi nent
is different fromthe first enbodi nentizseeét hat the nenory cell array 102 of
thi s enbodi nent does not have protuberances 5a and 6a. In the seventh
enbodi nent, witing and readi ng operations are perforned in the sanme manner
as in the first enbodinent. In the—PraS|ng operat|0n>-phe el ectrons in the

floating gate el ectrodegj-Smdm DJ 0 a -raasve O Lh tgle areas or
K D
LILL

t he upper corners of th gatre—jel ect zﬂﬁq— h 1 the contro
gate electrode 7 passt - o pdr porft qf—t+ 173 Iatlng | ayer
et ay‘ ¢ t he nt 84 otHE)
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a silicon oxide |ayer should be formed instead of the silicon nitride |ayer
22 in Fig. 9a. By using the ordinary photo |ithography and etching

techni que, the aforesaid silicon oxide |ayer and the |layer 24 which wll
bot h becone the floating gate electrodes 5 and 6 are processed. (In this
case, the etching mask is the mask with the reversed pattern of the etching
mask shown in Fig. 9a.) Hereafter, the sanme process as shown in Fig. 10d is
performed. In this enbodinent 7, the step shown by Fig. 9a, which is 66
necessary in the first enmbodi ment, is _not necessary. Therefore, the nunber
of steps can be reduced. (5) The insuﬁéﬁ?ﬁg | ayers 8 and 10 maybe repl aced
wi t hanot her insulating | ayer whose mai n. conponents are at | east one of
silicon oxide, silicon nitride oxide, and silicon nitride. To formthe
aforesaid insulating |ayer, at |east one of the thermal oxidation nethod,
thermal nitration nmethod, thermal nitration oxidation
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met hod and CVD net hod can be used.. Alternatively, the insulating | ayers 8
and 10 can be replaced with the stacked | ayers of the aforesaid insulating

| ayers with the different conponents. (6) The nmaterial of the gate

el ectrodes 5-7 may be replaced with a conductive nmaterial other than the
doped polysilicon (such as anorphous silicon, nonocrystalline silicon, a
variety of netals including high nelting point netals, or netal silicide).
(7) The P type nonocrystalline silicon substrate 2 nay be replaced with a P

type well. (8) The P type nonocrystalline silicon substrate 2 may be
replaced with an N type nonocrystallin&4g2fi con substrate or an N type
well, and P type inpurity ions, such as boronic or indiumions, can be used

as the inpurity ions to be injected for form ng the source-drain region 3.
(9) The material of the global bit Iines BLgl-BLgn may be replaced with a
conductive material except for metal (such as doped polysilicon or netal

silicide). (10) The floating gate el ectrode nd 6 of the nmenory cell 1
may be made to store 388 than B0V SSERSE AMPLYHE g_f;[’u_e mul ti -
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state nmenory technique. 67 (11) In each enbodi nent, a
witing-with-verify node may be used in the witing operation. Techni cal

i deas inplied by the enbodi ments descri bed above beyond the cl ai ned
invention will be described with the effects thereof. (A) The transistor
conprising an insulating |ayer forned by the LOCOS net hod on the floating
gate electrodes. (B) The nmethod for producing the transistor array which
further conprises the step of formng an insulating |ayer on the first
conductive | ayer using the LOCOS net hpgls24J)si ng a conbi nation of (A) and
(B) described above, protuberances on the upper corners of the floating
gate el ectrodes can be forned. The materials related to the configuration
of the present
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i nvention are defined as follows. (a) The sem conductor substrate is neant
to include not only the nonocrystalline silicon sem conductor substrate,

but also wells, nonocrystalline silicon |ayers, polycrystalline silicon

| ayers, anorphous silicon |ayers, chem cal sem conductor substrate, and
chem cal sem conductor |ayers. (b) The conductive layer is neant to include
not only the doped polysilicon |ayer, but also any conductive | ayer such as
anor phous silicon | ayers, nonocrystalline silicon |layers, a variety of

nmetal |ayers including high nmelting point netals, and netal silicide

| ayers. (c) The capacity between thelfl/@ati ng gate el ectrode and the
substrate neans to include the capacity between the floating gate 68

el ectrode and the source-drain region formed on the substrate, or the
capacity between the floatugg gate el ectrode and the channel
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region formed on the substrate, or the both. (d) To set the electric charge
to be stored in one of the floating gate el ectrodes so that a necessary
cell current flows while a data is witten on the other floating gate

el ectrode neans to include the case where the electric charge is zero.
According to the present invention, it is possible to provide transistors
wth less fluctuation in witing characteristics, with a denser structure,
with fewer over erasing problens, and with a sinpler structure. According
to the present invention, it is possijggo provide transistor arrays
conposed of transistors with Iess fluctuation in witing characteristic,
with a denser structure, with no over erasing problens, and with a sinpler
structure. According to the present invention, it is possible to provide a
nmet hod for producing transisigy arrays conposed of transistors with |ess
fluctuation in witing character\stic, with a denser %ructure wi th fewer
over erasing prObMQﬂB, and with a sinpler structure. § cording to the

present invention, \t—s—pesstbie—to—provide
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nonvol ati |l e sem conductor nmenories using nenory cells conposed of
transistors with less fluctuation in witing characteristic, with a denser
structure, with fewer over erasing problens, and with a sinpler structure.
69 What is clainmed is: 1. Atransistor conprising floating gate el ectrodes
in which electric charge is injected, conprising: two source-drain regions
formed on a sem conductor substrate, an insulating |ayer on the,

sem conductor substrate, two floating gate el ectrodes fonred cl osely
separated from each other on the insulating | ayer and pl aced between the
two source-drain regions, and a cal@wAf control gate el ectrode placed on an
upper layer of the two floating gate el ectrodes, wherein a capacity between
each of the floating gate el ectrodes and the sem conductor substrate is set

| arger than a capacity between each of the floating gate el ectrodes. and the
control gate el ectrode.
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2. Atransistor conprising floating gate electrodes in which electric
charge is injected, conprising a sem conductor substrate conprising a first
and a second source-drain regions, a channel region placed between the
first and the second source-drain regions, a gate insulating |ayer on the
sem conductor substrate, a first floating gate el ectrode placed near the
first source-drain region and forned on the gate insulating |layer, a second
floating gate el ectrode placed closely separated fran the first floating
gate el ectrode and near the second sqprﬁg-drain region and forned on the
gate insulating layer, an insulating Ay r on the first and the second
floating gate el ectrodes, and a control gate electrode on the insulating

| ayer, wherein a capacity between the floating gate el ectrodes and the

sem conductor substrate is set larger than a capacity between the floating
gate el ectrodes and the control gate el ectrode. 70 3. The transistor
according to Claim2 whereinj the
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configuration of the second source-drain region is symmetric to the first
source-drain region, and the size and shape of the second floating gate

el ectrode are exactly equal to the size and shape of the first floating
gate electrode. 4. The transistor according to Claim2 further conprising.
pr ot uberances in upper portions of the first and the second floating gate
el ectrodes. 5. The transistor according to Claim2 further conprising a

sel ecting gate el ectrode extended fromthe control gate el ectrode .and

pl aced on the gate insulating |ayer between the first and second fl oating
gate el ectrodes. 6. The transistor a orging to Claim2, wherein, when data
is witten in said second floating g €28 ectrode by injection of electric
charge, a predeterm ned electric charge amount.to be stored in the first
floating gate electrode is set so that a cell current necessary for witing
data flows in the second floating gate elgctrode. 4 The trangjstor

according to Claim2, whegein, \A&En datavrs witt in said serond floating
gate electrode by injesti & of & ) e§ ><"‘7, &
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el ectric charge, a cell current flows fromthe second source-drain region
to the first source-drain region, a high potential field 71 is created
bet ween the channel region and the second floating gate el ectrode due to
coupling via a capacity between the second source-drain region and the
second floating gate electrode, electrons in the channel region are

accel erated to becone hot electrons, electric charge is stored in the
second floating gate el ectrode by the hot electrons injected in the second
floating gate el ectrode, and data corresponding to the electric charge is
witten and stored therein. 8. The tr%ﬁé?gtor according to Caim 2,
wherein, when data is witten in said second floating gate el ectrode by
injection of electric charge, the first source-drain region is grounded via
a constant current source, a second voltage is applied to~\he second
source-drain region, a third voltage |lower than the second voltage

308~ DATAPIN )

301

N
sonrror | 2° UNPUT BUFFER loutpuT BUFFER]- 311
CORE - '
circuir |31
SENSE AMPLIFIERT- 310
303312 3o<4 '
COLUMN DECODER 302
504
201b- ' _201b
EN P ﬂ_{ £l
m ms RSL17
i 1 - W2
el e I AN
~ &l =] [g]200e2: 2 20
Z llt 8 Iu ‘Jdb r-"ll p rl’]
ol |2l |3 |9 =Ll T
@l o-alg|i20tb 2
o (2] ul o pe= = 1 - WLIMH-1
al |Yf [£] |z 1 [ R W
(a] 0 =)
(8] (8] || LL 1 LL |
s D) -,J[r Tl Il Pl P
306 307 2016 ] ]RSLM
I I R AL
I I A
201a /¢ ( ¢ ¢
BL1 BL2 BLm BLn-1BLn
SL
_ |SOURCE LINE BIAS CIRCUIT

N
312

Fig. 21



Is applied to the control gate electrode, a cell current flows fromthe
second source-drain region to the first source-drain region, a potential at
the second floating gate electrode is raised by coupling via a capacity

bet ween the second source-drain region and the second floating gate

el ectrode, a high potential field is created between the channel region and
the second floating gate el ectrode, electrons in the channel region are
accelerated to becone hot electrons, electric-charge is stored in the
second floating gate el ectrode by injection of the hot electrons to the
second floating gate el ectrode; data_corresponding to the electric charge
Is witten and stored therein, a pot@ﬁ{%él of the first floating gate

el ectrode is raised by coupling via a capacity between the first
source-drain region and the first floating gate el ectrode, 72 hot

el ectrons are substantially none injected to the first floating gate

el ectrode however due to a | ow pot €Ln-t;) alr.,%fﬂ)t he fipgt flﬁ&jl r;’?’RITE
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gate electrode. 9. The transistor according to Claim?7, wherein the

el ectric charge stored in the second floating gate electrode is adjusted by
adj ustnments of said cell current and injection duration of hot electrons to
the second floating gate el ectrode, and the electric charge stored in the
second floating gate electrode is set to a snmall value so that no
overwiting state will occur. 10. The transistor according to Caim?7,
wherein the electric charge stored in the second floating gate electrode is
adj usted by adjustnment of said-cell current and injection duration of hot

el ectrons to the second floating gat@3éRéctrode, and the electric charge
stored in the second floating gate electrode is set to a |large value so
that the overwiting state will occur, and at |east one of the first

floating gate el ectrode's ﬁte Iengé%ﬁr an |rrpu§ty concentr&tlon of the
substrate is set so thatea&ertain lebe | eak cué&s ent correspgrdlng to the

cell current will flow i e chann egi on und the first oating gate
el ectrode. 11. The ffrangl's %E hg\t o G i wherein e\ channel
regi on super posed bE/- they flirgt f g ng gategl ict rpde erfe
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ON state due to coupling via the capacity between ,the first source-drain
region and the first floating gate electrode regardless of a state of
the electric charge stored in the first 73 floating gate, and the data
stored in the second floating gate el ectrode is read based on the cel
current flomwng fromthe first source-drain region to the second
source-drain region. 12. The transistor according to Caim2, wherein the
channel regi on superposed by the first floating gate el ectrode maintains an
ON_state due to coupling via the capacity between the first source-drain
region and the first floating gate el eaypede regardl ess of a state of the
el ectric charge stored in the first floating gate, the channel region
superposed by the second floating gate el ectrode in an erasing node is set
to an ON state, the channel region superposed by the second floating gate
el ectrode in a witing mmg; becones closectaNan OFF state, cand data stored
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floating gate electrode is read by judgnent of the witing state or the
erasing state of the second floating gate el ectrode based on the val ue of
the cell current flow ng between the first source-drain region and the
second source-drain region. 13. The transistor according to Caim 2,
wherein a third voltage is applied to the first source-drain region, a
fourth voltage |lower than the third voltage is applied to the second
source-drain region, a fifth voltage is applied to the control gate
el.ectrode, a potential of the first floating gate electrode is raised by
coupling via the capacity between thesf/Rist source-drain region and the
first floating gate el ectrode, the channel region superposed by the first
floating gate electrode is set to an ON state regardl ess of a state of

el ectric charge stored in the_first 74 floating gat glecé$ode, t he
channel regi on superpgsed by En&se@nd floati ng gatewl &treale in an
erasi ng node in whi cheho el ect N N A
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charge is stored is set to an ON state, the channel regi on superposed by
the second floating gate electrode in a witing node in which electric
charge is stored is set close to an OFF state, and data stored in the
~second floating gate el ectrode is read by judgnent of the witing state or
the erasing state of the second floating gate el ectrode based on the val ue
of the cell current flow ng between the first source-drain region and the
second source-drain region. 14. The transistor according to Claim 2,
wherein a sixth voltage is applied to the first and second source-drain
regions, a seventh voltage higher th&®/¢%e sixth voltage is applied to the
control gate electrode, potentials of the first and the second floating
gate el ectrodes are substantially naintained at the sixth voltage because
of the first and the second floating gate el ectrodes being strongly coupl ed
with the first and the second source-drain regions, a potential difference
between the control gate electrode and the first and the second floating
gate electrodes is made |large, a high potential electric field is created
between the control gate and the first2khd the second floating gate

el ectrodes, letting a Fow er - rcgg? t unpel cu&b%nt fl ow t her ebet ween,

electrons in the 209 209
. | 208
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¥ the second floati ng gatelel ectrodes“are thus puI I ed toward the

prgate el ectrode, and data sfored in the first and second fl oatihg:":
SR eagsed. 15, The tTansistor according to crarmr 2, wWierei

S|§th %vo$]:%§gss applied to the first and second source-drain

pgi ons, a seventh vol tage higher that the sixth voltage is applied to the

pnt r fRANSESFORCt rIRIENSIRIGR | ARR Y, t METHOD - apdRt he/ARUFACTURBIGNY -
At e effeskis RAROR 2R & YD ahan oA 91 ABTNE SEMVE ANDUREr G MEMuRY 2age because

[ the first and the second floating gate el ecTr odes being strongly coupled -
tht e f| r.st the second so(grrce dra ons H’S"Og (leat di fferencq

at we éﬂ GEPESE ¥ % maFF%:[“ﬁ arglﬁ%rqo gﬁ 11§ §4lfi ng

ht e eql@értofj‘éﬁj@ ) &gty 88 clegtmrgh/ Sh%ﬂpﬁta}g g elestrodep {SpaTespletedar ad

bt wediext tecash mthe@ovgralth@ chanpet regian (43 ongngate Hwsulating layer (8). The control gate

electrode (7) is located over the floating gate electrodes (5,6) on an insulating layer (9) and an

insulating layer (10), both layers being formed by a LOCOS method. Protuberances (5a,6,a)
are formed on the upper corners of the floating gate electrodes (5,6) by the insulating layer (9).
A central portion of the control gate electrode (7) is laid over the channel region (4) on
insulating layers (8,10) to form a selecting gate (11). A selecting tran51stor (12) comprises this
selecting gate between both the source-drain regions (3).

cr@crgo:go*m-;“

Figure 1.

[

FSG005 960628 SG-Abstract



p'

¢Waw3zn9

second floating.gate el ectrodes, letting a Fow er="Notd

_hfloM/tﬁerebetmeen feiec{rbns itthe Jfirst and second f

’ electridbe" ihe.cantrol gate eI
t he daﬁ* U
16. A il | d sen1conduct0r substrat I
of trap eaphﬂﬁonprLang a fiirst and a sécond-SOUTce- Fafr n” reglens ;
a chanh -Of ;aqed bet ween "t he frﬁ§t and the second source-drain :
r egi ons-a- gat-e- Lasub-ating: Layer:an.it he seni confuEtor! SUbSUEALE! aft i

floating gabEr&dectsodppllizeeddeshe fikGtt rmduset:oﬁ@urs@erzdfeald}rlarlégu'on and
formed on the gate insulating |layer, a second floating gate el ectrode
pl aced regions, a seventh voltage higher that the sixth voltage
is applied to the control gate electrode, potentials of
the first and the second floating gate electrodes are
substantially maintained at the sixth voltage because of
the first and the second floating gate electrodes being
strongly coupled with the first and the second source-
drain regions, a potential difference between the control
gate electrode and the first and the second floating gate
electrodes is made large, a high potential electric field
is created between the control gate and the first and the
second floating gate electrodes, letting a Fowler-
Nordheim tunnel current flow therebetween, electrons in
the first and second floating gate electrodes are thus
jumped to the control gate electrode from thereof, and
the data stored in the first and second floating gate

electrodes is erased.

16. A transistor array comprising:

a semiconductor substrate;

a plurality of transistors, each comprising a first
and a second source-drain regions, a channel region
placed between the first and the second source-drain
regions, a gate insulating layer on the semiconductor

substrate, a first floating gate electrode placed near




next to the first floating gate el ectrode and near the sego
region and formed on the gate insulating |ayer, an insul afi
“first and the second floating gate el ectrodes, and a contfo g&%ro e
on the insulating layer; word lines by which the transistprg are |al ut
in the matrix and control gate el ectrodes of the transistjors )

toward columms of the matrix are commonly connected; bit LLHE§‘2%EEQQ;26+_J
connected source-drain regions of the tgansistors laid out toward T

the matrix; and wherein each transistor laid out toward colums has a pair -
of bit |ineshé ndapendesbuteentitlenbitedidies 0ld t lermedghber ivrg: t Garsel st or.
17. The transistor array according to Caim 16 conprising |local short bit

| i nes by whiduldieing absyet ora aseayndsfioatied gate elpktraliet plakcedows of
cell blocks and the source-drain regions of the transistors |aid out toward
rows of eadtextel Fobltdsk Biestofdoatyngorgrld eglectrode and near the

second  source-drain region and formed on the gate
insulating layer, an insulating layer on the first and
the second floating gate electrodes, and a control gate
electrode on the insulating layer;

word lines by which the transistors are laid out in

~— the matrix and control gate electrodes of the transistors

laid out toward columns of the matrix are commonly
connected;

bit lines commonly connected source-drain regions of
the transistors laid out toward rows of the matrix; and

wherein each transistor laid out toward columns has
a pair of bit lines independent from the bit lines of the

neighboring transistor.

" 17. The transistor array according to Claim 16
comprising local short bit lines by which the transistor
array is divided into a plurality of rows'of cell blocks
and the source-drain regions of the transistors laid out
toward rows of each cell block are commonly connected,

and global bit lines corresponding to each local short

bit line, with each local short bit line being connected

Y AR



and gl obal bit lines corresponding to each local short bit _line w.ith eac
| ocal short bit I|ine being connected 77 with each glo ahgmngMENanEEKn
" each cell Dblock via a switching elenment. 18. The transisie+—ar+ay
according to Claim16 wherein the floating gate el ectrodgs}of e\f&g
transi stor connected to the common word line are laid ouf ijn.%sér Wf
an AND-NOR type configuration in which the circuit thereqf [is_laid ouf
parallel to the commonly connecting bi4,line. 19. The trgnsistor according
to Claim?7, wherein, when data is witten in the second fleatrg—gate——mm—-—
el ectrode Qythnjesthonyidbal edini caknehaige ddw eidella plLedrt evifaneg
el ectric charge anount to be stored in first floating gate electrode is set
so that a eetikching element.

DI N

18. The transistor array according to Claim 16
wherein the floating gate electrodes of each transistor
connected to the common word line are laid out in series
to form an AND-NOR type configuration in which the
circuit thereof is laid out in parallel to the commonly

connecting bit line.

19. The transistor according to Claim 7, wherein,
when data is written in the second floating gate
electrode by injection of electrical charge therein, a
predetermined electric charge amount to be stored in
first floating gate electrode is set so that a cell
current necessary for writing data in the second floating

gate electrode flows.

20. The transistor according to Claim 8, wherein,
when data is written in the second floating gate
electrode by injection of electrical charge therein, a
predetermined electric charge amount to be stored in
first floating gate electrode is set so that a cell
current necessary for writing data in the second floating

gate electrode flows.

l lll/lllllllll lllfl lllll ll llll



current necessary for witing data in the second floating gate el ectrode

The transi stor according to Claim3$8, wherein, Tt
flows. 20. e tra g TPMW%EH

‘witten in the second floating gate el ectrode by injectio
charge therein, a predeterm ned electric charge amount to
first floating gate electrode is set so that a cell curren
witing data in the second floating gate el ectrode flows.

transi stor array according to C aim 16 kurther conpri sing

pbel stored in

- hegets JAN/2000

78 21. The

Dr t-oberdances | n
odes. 22. The -

upper portions of the first and second tloating gate el ect

transi stor array according to Claim16 further conprising & selecting gate

el ectrode extended fromthe control gate electrode and pl a
21. The transistor array according to

|

|

ced on the gate
Claim 16

further comprising protuberances in upper portions of the

first and second floating gate electrodes.

22. The transistor array according to

Claim 16

further comprising a selecting gate electrode extended

from the control gate electrode and placed on the gate

N

floating gate electrodes.

23. The transistor array according to

insulating layer between the first and the second

Claim 16

wherein, when data is written in said second floating

gate electrode by injection of electric charge, a

predetermined electric charge amount to be stored in the

first floating gate electrode is set so that a cell

current necessary for writing data flows in the second

floating gate electrode.

N

24. The transistor array according to

Claim 16

wherein, when data is written in sgaid second floating

gate electrode by injection of electric charge, a cell

current flows from the second source-drain region to the

first source-drain region, a high potential

field 1is

created between the channel region and the second

g



i nsul ating | ayer between the first and the second fl
- 23. The transistor array according to C aim 16 wherei
"witten in said second floating gate el ectrode by inj
charge, a predeterm ned el ectric charge anmount to be
floating gate electrode is set so that a cell current
data flows in the second floating gate el ectrode. 24. array
according to Claim16 wherein, when dafg is witten in d second floating
gate el ectrode by injection of electric charge, a cell current flows from
the secondrsedtefigdicRite releetrddet BRief i tSt coopncagdraid BegiGiacichi gh
potential field is created between the channel region and the second 79
between the second source-drain region and the second

RN LT
ng

floating gate electrode, electrons in the channel region
are acgelerated to become hot electrons, electric charge
is stored in the second floating gate electrode by the
hot electrons injected in the second floating gate
electrode, and data corresponding to the electric charge

is written and stored therein.

25. A transistor array in which a plurality of
transistors are laid out in a matrix, comprising:

transistors comprising two source-drain regions
formed on a semiconductor substrate, an insulating layer
on the semiconductor substrate, two floating gate
electrodes formed next to each other on the insulating
layer and placed between the two source-drain regions,
and a common control gate electrode placed on an upper
layer of the two floating gate electrodes;

word lines by which the transistors are laid out in
the matrix and control gate electrodes of the transistors
laid out toward columns of the matrix are commonly
connected;

bit lines commonly connecting source-drain regions

of the transistors laid out towards rows of the matrix;

* C L M ] *

and



fl oating gate el ectrode due to coupling via a capacity bet
source-drain region and the second floating gate el ectrode,
“the channel region are accelerated to becone hot el ectrons,
is stored in the second floating gate el ectrode by the hot
injected in the second floating gate el ectrode, and data cory
the electric charge is witten and stored therein. 25. A tr
in which a plurality of transistors ar%olaid out in a matrix
transi stors conprising two source-drain regions formed on a Sem conduct or
substrate, an iRgidiid)g @ OfatdheisSemirG@Reuct Gin SeEdr ak8condt WO
floating gate electrodes forned next to each other on the insulating |ayer
and pl aced fieiawdery tdecd Wolsourode dbgi Anrjegitdns, chdebeconi®nchangepl gate
el ectrode placed on an upper layer of the two floating gate el ectrodes;
word |ines the wiicdt t beutcandrainr segien| disd gngtunded helared r cenahdntontr o

gate el ectrodes of the transistors .
current source, a second voltage is applied to the second

N 18
t

ct2 dndA

source-drain region, a third wvoltage 1lower than the
second voltage is applied to the control gate electrode,
a cell current flows from the second source-drain region
to the first source-drain region, a potential at the
S~ second floating gate electrode is raised by coupling via
a capacity between the second source-drain region and the
second floating gate electrode, a high potential field is
created between the channel region and the second
floating gate electrode, electrons in the channel region
are accelerated to become hot electrons, electric charge
is stored in the second floating gate electrode by
injection of hot electrons to the second floating gate
electrode, data corresponding to the electric charge is
written and stored therein, a potential of the first
floating gate electrode is raised by coupling via a
capacity between the first source-drain region and the
first floating «gate electrode, hot electrons are
substantially none injected to the first floating gate
electrode however due to a low potential of the first

* 4 L n s *

floating gate electrode.



| ai*d out toward columms of the matrix are commonly conng,gr_ed.,——b-i—t-—-f'f‘]’ii‘
commonl y connecting source-drain regions of the transi sjt q{EQLA@EMiN}uP .
“towards rows of the matrix; and 80 wherein, when dath en inisaid
second floating gate el ect r ode by injection of el ectric} chan g JAN'Z000I rist
source-drain region is grounded via a constant current ,o rée, a second
voltage is applied to the second source-drain region, altiird-wettage Tower
than the second voltage is applied to tfie control gate Ell ectrode, a cebl
current flows fromthe second source-drain region to the—Ht+st ;ource-dral n
region, a potenti@l athd herseesedok! oatcasdtag e to) eclaode d6 waksednby
coupling via a capacity between the second source-drain region and the
the electric charge stored in the second floating gate

electrode is adjusted by adjustments of said cell current
and injection duration of hot electrons to the second
floating gate electrode, and the electric charge stored
in the second floating gate electrode is set to a small

value so that no overwriting state will occur.

~ 27. The transistor according to Claim 24, wherein
the electric charge stored in the second floating gate
electrode is adjusted by adjustment of said cell current
and injection duration of hot electrons to the second
floating gate electrode, and the electric charge'stored
in the second floating gate electrode is set to a large
value“so that the overwriting state will occur, and at
least one of the first floating gate electrode's gate
length or an impurity concentration of the substrate is
set so that a certain value leak current corresponding to
the cell current will flow in the channel region under

the first floating gate electrode.

28. The transistor according to Claim 16 wherein
the channel region superposed by the first floating gate
electrode enters an ON state due to coupling wvia the

capacity between the first source-drain region and the

* [ L M S ¥*



second floating gate electrode, a high potential field is cr
.the channel region and the second floating gate el ectrod
region are accelerated to becone hot el ectrons,

" channel

to the second floating gate el ectrode, data correspondi ng Fv

charge is witten and stored therein, a potential of the .
gate electrode is raised by coupling vgg a capacity betwedn the flrst

source-drain region and the first floating gate electriodes trot

el ectrons figke StsHditg abh¥eN@NRdulicd eded@rdhessi b3t 4| etkiceg gate

el ectrode however due to a |l ow potential of the first floating gate
el ectrode. the &latfrildechaagsi sttareatcondithg tHifdtai Mlddtdher ejate,

S~

and the data stored in the second floating gate electrode
is read based on the cell current flowing from the first

source-drain region to the second source-drain region.

29. The transistor according to Claim 16 wherein
the channel region superposed by the first floating gate
electrode maintains an ON state due to coupling wvia the
capacity between the first source-drain region and the
first floating gate electrode regardless of a state of
the electric charge stored in the first floating gate,
the channel region superposed by the second floating gate
electrode in an erasing mode is set to an ON state, the
channel region superposed by the second floating gate
electrode in a writing wmode becomes close to an OFF
state, and data stored in the second floating gate
electrode is read by judgement of the writing state or
the erasing state of the second floating gate electrode
based on the value of the cell current flowing between
the first source-drain region and the second source-drain

region.

30. The transistor according to Claim 16 wherein a

third voltage is applied to the first source-drain

I



the electric charge stored in the second floating gate electrode is
adj usted by adjustnents of said cell current and injection ! reY
*electrons to the second floating gate el ectrode, and the el
stored in the second floating gate electrode is set to a sngl

that no overwiting state will occur. 27. The transistor ac¢o mgu;JkNEﬁ@i
24, wherein the electric charge stored in the second floati fhglgate '
el ectrode is adjusted by adjustnent ofdﬁpid cell current and i
duration of hot electrons to the second floating gate electr
el ectric chpegeos) oaedouRrthheclieeged 1idweat idihrgatice etRctdogeTEageetist 0 a

| arge value so that the overwiting state will occur, and at |east one of
the first fappiied gade thect sedehd gaberkendrbhinr amgiopurity fifth
concentration of the substrate is set so that a certain value | eak current
corr espondi vgltage hel g eldprduradentow thef | cantrol hegatteanedieatewidsn urder t he

first floating gate electrode. 28. The transistor according to Caiml6
wher ei n potential of the first floating gate electrode is raised

by coupling via the capacity between the first source-
drain region and the first floating gate electrode, the
channel region superposed by the first floating gate
electrode is set to an ON state regardless of a state of
~ electric charge stored in the first floating gate
electrode, the channel region superposed by the second
floating gate electrode in an erasing mode in which no
electric charge is stored is set to an ON state, the
chénnel region superposed by the second floating géte
electrode in a writing mode in which electric charge is
stored is set close to an OFF state, and data stored in
the second floating gate electrode is read by judgement
of the writing state or the erasing state of the second
floating gate electrode based on the value of the cell
current flowing between the first source-drain region and

the second source-drain region.

31. The transistor according to Claim 16 wherein a
sixth voltage is applied to the first and second source-
drain regions, a seventh voltage higher than the sixth

voltage 1is applied to the control gate electrode,

Iy



the channel region superposed by the first floating gate electrode enters _

region and the * C L M S * 82 first floating gatele
regardl ess of a state of the electric charge stored in th
gate, and the data stored in the second floating gate el eckr
based on the cell current flowing fromthe first source-drai
second source-drain region. 29. The trg sistor according t
wherein the channel region superposed by the first floatin
mai ntai ns PorENtSkalse dee e CRIMIthganta the GaRranid y fhek
source-drain region and the first floating gate el ectrode regardless of a
state of thkAdeeitecidesc elter geubkanedindliyhembinstihkdat ahg ghte, sixth

voltage because of the first and the second floating gate
electrodes being strongly coupled with the first and the
second source-drain regions, a potential difference
between the control gate electrode and the first and
second gate electrodes is made large, a high potential
electric field is created between the control gate and
~ the first and the second floating gate electrodes,
letting a Fowler-Nordheim tunnel current flow
therebetween, electrons in the first and the second
floating gate electrodes are thus pulled toward the
control gate electrode, and data stored in the first and

the second floating gate electrodes is erased.

32. The transistor array according to Claim 16
wherein a sixth wvoltage is applied to the first and
second source-drain regions, a seventh voltage higher
than the sixth voltage is applied to the control gate
electrode, potentials of the first and the second
floating gate electrodes are substantially maintained at
the sixth voltage because of the first and the second
floating gate electrodes being strongly coupled with the
first and the second source-drain regions, a potential

difference between the control gate electrode and the



t he channel region superposed by the second floating gate el ectrode in an

erasing node is set to an ON state, the channel region superposed by the.--—
second floating gate electrode in a witing node beconmes clgs. Fic |
state, and data stored in the second floating gate electro ewﬂ&ﬁﬁé Ty
judgenent of the witing state or the erasing state of the\se floagigg
gate el ectrode based on the value of the cell current flowin bgt'wamz“ﬂ
first source-drain region and the secogg source-drain regiop.\30. The
transistor according to Caim16 wherein a third voltage is\a et 10 the
first sourggv@tai &nd the regeeAd T idy vehtageelaveroddan ihemaer d.
voltage is applied to the second source-drain region, a fift age is
appl i ed to ltaigjegont milglyaict ealteicil oellsctaric field is created between

the control gate and the first and the second floating

gate electrodes, to allow a Fowler-Nordheim tunnel

current to flow therebetween, electrons in the first and

second floating gate electrodes are thus jumped to the

control gate electrode from thereof, and data stored in

the first and the second floating gate electrodes is

erased.

33. A semiconductor memory wherein data is written
by injecting electric charge into floating gate
electrodes thereof, comprising two source-drain regions
formed on a semiconductor substrate, an insulating layer
on the semiconductor substrate, two floating gate
electrodes placed next to each other on the insulating
layer and positioned between the two source-drain
regions, and a common control gate electrode placed in an
upper layer of the.two floating gate electrodes, wherein
data is erased by pulling the electric charge injected in
the floating gate electrodes toward the control gate

electrode. e
% [ L " S *
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potential of the first floating gate electrode is raised yngqmmtmag{éﬁéﬁii
, % .

the capacity between the first source- drain region and the

" gate el ectrode, the channel region superposed by the firs
el ectrode is set to an ON state regardless of a state of 4l
stored in the first floating gate el ectrode, the channel nedion _superpa
by the second floating gate electrode in an erasing node ijn which no

e

oy
i

et i UL

)

|

el ectric charge is stored is set to ansémlstate, t he channel——eget

superposed by the second floating gate electrode in a witing node in which

el ectric chargeshS ShORthilcdnIRtOrOTRendrAnviEFe shakigtaang data sdered in

the second floating gate electrode is rea

er 85§ 88t sh@t e difedtiel Secemdrideoat tAgogat £164ethgodegdpsed on
the value of the cell current flow ng between the first source-drain region

state or th

by judgenent of the witing

and t he seeatedtzodesetHeaenfr egompridingThe transi stor according to Caim

16 wherein a sixth voltage is applied to the first and second source-

a semiconductor substrate;

a plurality of transistors, each comprising a first
and a second source-drain regions, a channel region
placed between the first and the second source-drain
regions, a gate insulating layer on the semiconductor
substrate, a first floating gate electrode placed near
the first source-drain region and formed on the gate
insulating layer, a second floating gate electrode placed
next to the first floating gate electrode and near_the
second source-drain region and formed on the gate
insulating 1layer, an insulating layer on the first and
the second floating gate electrodes, and a control gate
electrode on the insulating layer;

word lines by which the transistors are laid out in
the matrix and control gate electrodes of the transistors
laid out toward columns of the matrix are commonly
connected; and

bit lines commonly connected source-drain regions of
the transistors laid out toward rows of the matrix; and

further 'comprising' protuberances in upper portions

of the first and the second floating gate electrodes.

I



srmines Y

drain regions, a seventh voltage higher than the sixth vof AEQME&bﬁW@ﬁY
to the control gate el ectrode, 84 potentials of the fiir e
* second floa el ectrodes are substantially naintained at th I X3 h, RQ
because of the first and the second floating gate el ectrode bé.hé tronglly
and second gate

coupled with the first and the second source-drain regions
di fference between the control gate electrode and the firs
el ectrodes is nade |large, a high poten%&a electric field i
bet ween the control gate and the firs and the second floating gate

el ectrodes, lethigng T2 g r&}f]&ﬁd&@a@%&oq&uaeebmlﬁgr teNtclaid ! OW

therebetmeen electrons in Irst and the second fl dating gate

el ectrodes ﬁf&ﬁéiuscaubkeglhgw dgtheceanyr daat @ 1lteiodedesxaadadat a
stored in the first and

from the control gate electrode and placed on the gate
insulating layer between the first and second floating

gate electrodes.

36. The semiconductor memory according to Claim 34
wherein, when data is written in said second floating
gate electrode by injection of electric charge therein, a
Ipredetermined electric charge amount to be stored in the
first floating gate electrode is set so that a cell
current necessary for writing data flows in the second

floating gate electrode.

37. The semiconductor memory accordiﬁg to Claim 34,
wherein, when data is written in said floating gate
electrode by injection of electric charge therein, a cell
current flows from the second source-drain region to the
first source-drain region, a high potential field is
created between the channel region and the second
floating gate electrode due to coupling via a capacity
between the second source-drain region and the second
floating gate electrode, electrons in the channel region
are accelerated to become hot electrons, electric charge

is stored in the second floating gate electrode by the

* [ L M K *



> second source-drain regions, a seventh vol tage hi gher than
voltage is applied to the control gate el ectrode, potentigl:
and the second floating gate el ectrodes are substantially
sixth vol tage because of the first and the second floatin gate el ectr
bei ng strongly coupled with the first &8d the second sour n regions,
a potential difference between the control gate el ectrode and the 85
first and t1E sEdARFHINFat iy QpRe el ¥t ridies ?%C?l%‘%le fhpaeing hegke

potential electric field is created between the ¢ 0 ate and the first
and the se&HFFHFIBS ﬂrﬁP%a.%t%IEBFFSEBQK8 BYalPo ﬁ%ﬁ INor Bherdft unnel

is written and stored therein.

38 . The semiconductor memory according to Claim 34, wherein,
when data is written in said second floating gate electrode by
injectionofelectricchargetherein,thefirstsource-arainregion
is grounded via a constant current source, a second voltage is
applied to the second source-drain region, a third voltage lower
than the second voltage is applied to the control gate electrodé,
a cell current flows from the second source-drain region to the
first source-drain region, a potential -at the second floating gate
electrode is raised by cQupling via a capacity between the second
source-drain region and the second floating gate electrode, a high
potential field is created between the channel region and the second
floating gate electrode, electrons in the channel region are
accelerated to become hot electrons, electric charge is stored in
the second floating gate electrode by injection of the hot electrons

N to the second floating gate electrode, data corresponding to the
electric charge is written and stored therein, a potential of the
first floatiﬁg gate electrode is raised by coupling via a capacity
between the first source-drain region and the first floating gate
electrode, and no substantial hot electrons are made injected to
the first floating gate electrode however due to a low potential

UL

of the first floating gate electrode.



current to flow therebetween, electrons in the first and seeend fiugﬁtr%,.:;’"
gate electrodes are thus junped to the control gate el ectr dRERLAGEM redt!
"and data stored in the first and the second floating gate ¢l §ctrodes is |

erased. 33. A sem conductor nmenory wherein data is witten|by 2njg8Ki208)
electric char ge into floating gate el ectrodes thereqf, conprising
two source-drain regions formed on a sem conductor substr atle,*ar—trrSTATTTg

| ayer on the sem conductor subst ra}qg, two floating ate el ectrodes-
pl aced cl osely separated fran each otHer on the jnsulating Tayer and

posi ti oned bet wkkn (Hhe $SRicORIUCECTBERP 1Y §FEAEI1nth o £33 B WexedBl gate
| ectrod | djn, | of the t f ti, | ectrodes,

wherei n adbs FLeghLEEnITER Fidhee RChf GAFPE EHFSY AREC D auoRRe.

floating gat ¢ S,8ELEORGS UGN T 31 CELESH & injection

duration of hot electrons to the second floating gate electrode,

and the electric charge stored in the second floating gate electrode

is set to a small value so that no overwriting state will occur.

40. The semiconductor memory 'according to Claim 34, wherein

S the channel region superposed by the first floating gate electrode
becomes an ON state due to coupling via the capacity between the

first source-drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first
floating gate, and the data stored in the second floating gate
electrode is made t;_o be read based on the cell current flowing from

the first source-drain region to the second source-drain region.

41. The semiconductor memory according to Claim 34, wherein

the channel region superposed by the first floating gate electrode

e maintains an ON state due to coupling via the capacity between the
first source~drain region and the first floating gate electrode
regardless of a state of the electric charge stored in the first

floating gate, the channel region superposed by the second floating

gate electrode in an erasing mode is set to an ON state, the channel

region superposed by the second floating gate electrode in awriting

mode becomes close to an OFF state, and data stored in the second
floating gate electrode is made to be read by judgment of the writing

state or the erasing state of the second floating gate electrode

* c L M s *



86 34. A sem conductor menory wherein data is witten by
electric char ge into floating gate el ectrodes ther
" a sem conductor substrate; a plurality of transistors, eac
first and a second source-drain regions, a channel region LC
the first and the second source-drain regions, a gate |nsulat|no
the sem conductor substrate, a first floating gate el ectrode placed near
the first source-drain region and forned on the gate insu
second floating gate el ectrode plac@® next to the first floating gate

el ect r odebaset neathehea bex ofdtsowedd- dparant dgiosnngnke fusaredhenf ikt gat e
insulating layer, an insulating |layer on the first and the second floating
gate eIecF@%ﬁEﬁrdQ%%ﬁ Fegbar ra é@@eséF@E@rﬁﬁk¥QQTdFﬁénlF@QﬂQﬁ| ng | ayer; word
lines by which the transistors are laid out in

42 . The semiconductor'memor&’acdording'to Claim 34 wherein

a third voltage is applied to the first source~-drain region, a fourth
voltage lower than the third voltage is applied to the second
source—-drain region, a fifth voltage is applied to the control gate
electrode, a potential of the first floating gate electrode is
N~ raised by coupling via the capacity between the first source-drain
region and the first floating gate-electrode, the channel region
superposed by the first floating gate electrode is set to an ON
state regardless of a state of electric charge stored in the first
floatinggate electrode, the channel.region superposed by the second
floating gate electrode in an erasing mode in which no electric
charge is stored is set to an ON state, the channel region superposed
by the second fldating gate electrode in a writing mode in which
electric charge is stored is set close to an OFF state, and data
stored in the second floating gate electrode is made to be read
by judgment of the writing state or the erasing state of the second
floating gate electrode based on the value of the cell current
flowing between the first source-drain region and the second

source-drain region.

43. The semiconductor memory according to Claim 34 wherein
a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is

applied to the control gate electrode, potentials of the first and

* c L L} S *



the matrix and control gate el ectrodes of the transistor g ﬁ@;ﬁwﬁmw
.colums of the matrix are commonly connected; and bit [i ed saval

) . . H H J
connected source-drain regions of the transistors laid o toward ro of
the matrix; and further conprising protuberances in upper parQi‘bdNb
first and the second floating gate el ectrodes. 87 35. Fhg sem cond

menory according to Caim34 further conprising a selectifg e el ectrode
extended fromthe control gate el ectade and pI aced on thg gate insuattrg

| b he f.i d 36. .T
sg)r/n'efr:ongh\é\@g‘? :?Eﬁﬁflyh;otcactgrr‘]‘gl secon &Fgf?ﬁt“ ef“é aexgﬁ%@ﬁ‘qaa‘f‘%m%al\ﬂe ten in
sai d seconglt fdn@aki fgh %tl‘EaSL. %étcfa%g% &Y £y ?ﬂé@%n@f £ §3kbhl FIG%g

therel n,

gate electrodes being strongly coupled with the first and the second
source-drain regions, a potential difference between the control
gate electrode and the first and the second floating gate electrodes
is made large, a high potential electric field is created between
the control gate and the first and the second floating gate
electrodes, letting a Fowler-Nordheim tunnel current flow"
therebetween, electrons in the first and.the second floating gate
electrodes are thus pulled to the control gate electrode, and data
stored in the first and the second floating gate electrodes is made

to be erased.

44 . The semiconductor memory according to Claim 34, wherein

a sixth voltage is applied to the first and the second source-
drain regions, a seventh voltage higher than the sixth voltage is
applied to the control gate electrode, potentials of the first and
the second floating gate electrodes are substantially maintained
S~ at the sixth voltage because of the first and the second floating
gate electrodes being strongly coupledwith the first and the second
source—-drain regions, a potential difference between the control
gate electrode and the first and the second floating gate electrodes
is made large, a high potential electric field is created between
the control gate and the first and the second floating gate
electrodes, to allow a Fowler-Nordheim tunnel current to flow
therebetween, electrons in the first and the second floating gate

electrodes are thus jumped to the control gate electrode from

L



Toksares

Tt be stored in tXe first 'fl;(pat inAg
chirrent. decessaryNgrwitPhg data.
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flows in the second fil Gats
according to Claim 34, | %;’fidm, 2008 _
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BACKGROUND OF THE INVENTION
_Fiela of the Invention

The present invention relates to transistors, transistor
arrays, methods of manufacturing transistor arrays, and to
non.volatile sémiconductoz._* memories.

Description of the Related Art

Nonvolétile semiconductor memories such as FeRAM (Ferro-
electric Random Access memory), EPROM (Erasable and Proé‘rammable
Read Only Memory), and EEPROM (Electrically Erasable and
Programmable Read 6nly Menory) are currentlg attracting attention.
EPROMs and EEPROMs store data by storing an electrical charge at a
floating gate and then using a control gate to detect changes in
a threshold voltage thereof due to the presence or absence of an
electrical charge. One current EEPROM is an EEPROM which erases
data in a unit of a complete memory chip, énd another is a flash
EEPROM which divides memory cell arrays thereof into arbitrary
blocks and data erasing is carried out for each block.

Flash EEPROMs have advanfages such as (1) non-volatility of
storeddata, (2) lowpower consumption, (3) capabilityofelectrical
rewriting (on-board rewriting), and (4) low cost. Therefore, their
range of application has been spreading to include storage memories
for programs or data used in cellular phones and mobile information
terminals.

Memory cells whish constitute flash EEPROMs have several types



88 hot electrons injected in the second floating gate el ectrode, and data
corresponding to the electric charge is witten and stored therein. 38.
The sem conductor nenory according to C aim34, wherein '
witten in said second floating gate el ectrode by injec iggﬂd@iﬁ
charge therein, the first source-drain region is groundgdfrra a const ant
current source, a second voltage is applied to the secorld \so Wguﬁrlﬁ)ﬂl
region, a third voltage | ower than the second voltage i s} applie t he
control gate electrode, a cell current2flows fromthe sefohd-s '
region to ;thaulihgt sSOLF CRstl! 3ind s@ALRBd dab@lgpbd Al at
gate electrode is ralsed by coupling via a capacity bet
sour ce-drai n reghaeh faash tHEPROM ehilch hsals stagjaddgete dtypednremarhicghls,
potential field is created between the channel region and the second
floati ng gemeryl cellodly rsitediavens salfheeldrtiosl fupgtdanar Sherebbreated to
become hot electrons, electric charge is stored in the second floatinggate
el ect r odewtemjerceleshoic chuest &8 avervlischarsef fromcy fdonrting: 9§ gate

el ectrode, _data cor ondi tQ the : . . .
elec roge W] ?. g erasr}. g 8ata, a channel region will become ON, even

when a predetermined voltage for an OFF state (e.g., 0V} is applied
to a control gate electrode. As a consequence, memory cells are
continually kept in an ON state, and a problem that reading sto\‘r'ed'
data becomes impossible, that is, a so-called over-erase proble:ﬂ,
occurs. To prevent over -erase from occurring, processing is
necessary in an erasing operation such as controlling erasing
operation at a peripheral circuit of a nenory device or at an
external circuit thereof.

To prevent over-erase in'stacked gaté type memory cells, split-’
type memory cells have been developed.

A flash EEPROM using split-type gate memory cells has been
disclosed in W092/18980 (Gl1lC 13/00).

Fig. 19 is a cross=section of a conventional split gate type
memory cell 201.

The split gate type memory cell 201 (split gate type
transistor) comprises a source region 203, drain region 204, a
channel region 205, a floating gate electrode 206, and a control
gate electrode 207.

The N type source region 203 and drain region 204 are formed
on a P type monocrystalline silicone substrate. Over the channel
region 205 which lies between the source region 203 and the drain

region 204, the floating gate electrode is formed with a gate



electric charge is witten and stored therein, a poten{igtpiACEMERT FIHES
floating gate electrode is raised by coupling via a capagiy—between—~tne
first source-drain region and the first floating gate I'1°ctd)§ ag@t
substantial hot electrons are nmade injected to the first bﬁHg

el ectrode however due to a |ow potential of the first #l @atind gate
el ect’r ode. 89 39 The sem conductor nenory accordifpg to Caim 37
wherein the electric charge stored in the second fl oat i-Rg—gate—elect+odel i s
adj usted by adjustnments of said. cell xurrent and injection duration of hot
el ectrons to the second floating gate el ectrode, and the electric charge
stored in;ihBAisecendidyant2og gevérAlLCtHdlchdrinaietrddion YU landl e SO
that no overwiting state will occur. 40. The seni conductor menory

accor di ng ficating gaik ellketebdet 16 chahretontgobnysiep@lpasedddy2ahe i r st

floating gate el ectrode becones an ON state due to coupling via the
capacity Berme@rovér the floating gate electrode 206 which is covered by

g

U

an insulating layer 209 made by LOCOS (Local Oxidation of Silicon)
method, with an insulating layer 210 lying between the floating
gate electrode 206 and the control gate electrode 207. As it is
covered with the insulating layer 209, the floating gate electrode
has two protuberances 206a in an upper portion thereof.

A portion of the control gate electrode 207 lies over the
channel region 205 with the insulating layers 208 and 210 lying
between the portion of the control gate 207 and the channel region
205, and forms a selecting gate 211. A selecting transistor 212
is formed with the selecting gate 211, the source region 203, and
the drain region_204. In other words, the split gate type memory
cell 201 comprises the selecting transistor 212 and transistors
which comprise the floating gate electrode 206, the control gate
electrode 207, the source region 203, and the drain region 204,
the aforesaid transistors being laid out in series.

Fig. 20a is a partial cross section of a memory cell array
302 included in a flash EEPROM 301 using the split gate type memory
cells 201,

The memory cell array 302 comprises a plurality of memory
cells 201 formed on a silicon substrate 202.

To keep the region occupied on the silicon substrate 202 small,
two memory cells 201 (hereafter called 20la and 201b for
distinction) share the source region 203, and the floating gate

electrodes 206 and the control gate electrodes 207 are laid out



first source-drain region and the first floating gate electrode regg‘rﬂglrgs_s.
of a state of the electric charge stored in the first flgg On (S hESY &%
the data stored in the second floating gate electrode is
based on the cell current flowing fromthe first source-drdin re
second source-drain region. 41. The seniconductor nenory lacicofdk

34, wherein the channel region superposed by the first fljpafi

the first source-drain region and the first floating gatel electrade S
regardl ess of a state of the electric charge stored in the first floatlng
gate, thmemdaynmdllr.eginrothipewpassd byet hehastosglitogtiandypat eemdeyt r ode
in an erasing node is set to an ON state, the channel region superposed by
t he seconelis ggtnolyhgie orobdemsodith @V&rvﬂﬁﬁmgthw@rbméléf %o an
OFF state, and data stored in the second floating gate electrode is made to

be read By HiHGrel Pt%ﬁratqfi@%ﬁpﬁpn‘gt%@éﬂ%g&Fetﬁé"’elmégPﬁﬁ Qe gretR second

floati ngtﬁ] 2t oq)lee%sr %escrlbed in (2) and (3).
(4) The memory cell array 302 using the split gate type memory

cell 201 is complex in structure and time consuning to produce.

SUMMARY OF THE INVENTION .

The present invention addresses the.above-described problems
and has the following objects:

1] To provide a transistor with no fluctuation in writing
characteristic, with capability of compacting, with no over erase
problems, and with a simple configuration;

2) To provide a transistor array using such transistors and
its producing method:;

3] To provide a nonvolatile semiconductor memory using such
transistors as memory cells; and

4] To provide a nonvolatile semiconductor memory using such
transistor arrays as memory cell arrays.

A transistor related -to the present invention comprising
floating gate electrodes in which an electric charge is injected
comprises two source-drain regions. formed on a semiconductor
substrate, an insulating layer on the semiconductor substrate, two
floating gate electrodes formed next to each other on the insulating
layer and placed between the two source~drain regions, and a common
control gate electrode placed on an upper layer of the two floating

gate electrodes, wherein a capacity between the floating gate



90 based on the value of the cell current flow ng betwe LSt
source-drain region and the second source-drain region.| ZBEPLACENMENT SHEET
sem conductor nenory according to Cl aim 34 wherein a thjrg-—votrtage—ts—
applied to the first source-drain region, a fourth volt b%\ﬁp ti@@_the
third voltage is applied to the second source-drain reg , a 1"t oljt 4ge
Is applied to the control gate el ectrode, a potenti al irst flodtijng
gate electrode is raised by coupling via the capacity tween the first
source-drain region and the first flglating gate el ectrote;
regi on superposed by the first floatlﬁg gate electrode is set to an ON
state reggs ¢hechaphe? relgdbd Pthet&st 1h ¢heiaree ssbarstdte) tAeafddsalitf | oating
gate el ectrode, the channel.regi on superposed by the second floating gate
el ectr odeai deHin cira®nbgIwDitows fturctheo seuecerdraithareggrdms 3bt avedthes set
to an ON state, the channel region superposed by the second floating gate
el ect rodesource-wratinngegiate 3an vhinge dhecpetenttiadr g€ the stawneg-dyaint cl ose
to an OFF state, and data stored in the second floating gate electrode is
nmade to beegiond by ipubi§rentthst Pekentizl igfy %ﬁé%ll@%@%ﬁgglﬁgt@a@e of

h n . . .
the ___Sef'o éjis raised closer to 10 Vdue to a coupling via the capacity between

the source-drain region 3b and the floating gate electrode 6.
Therefore, a high potential field is created betwgen the channel
'fegion 4 and the floating gate electrode 6. As a result, electrons
in the channel region 4 are accelerated -to become hot electrons,
and are injected in the floating gate electrode 6 as shown by the
arrow C in Fig. 3. As a consequence, electric charge is stored
in the floating gate electrode 6 in the memory cell Im(m), and 1
bit data is wfitten and stored therein.

Due to the coupling via the capacity between the source-
drain region 3 and the floating gate electrode 5, the potential
of the floating gate electrode is raised and becomes closer to 1.2
V. However, ho_t electrons will never be injected by a potential
so low as this. In other words, in the memory cell 1Im(m), hot
electrons are injected only in the floating gate electrode 6.

The cell current Iw also flows between the source-drain
regions 3 of the memory cell 1 connect.ed to the intersections of
the word line WLm and the bit lines Blm-1 and BLm [hereafter called
Im{m—-1)]). However, in the memory cell lm(m-1), since the potential
of the source-drain region 3 corresponding to the bit line BLm-1
is 3V, the potentials of the floating gate electrodes 5 and 6 will
never be raised. Therefore, hot electrons will never be injected

in the floating gate electrodes 5 and 6 of the memory cell im(m-1}),



floating gate electrode based on the value of the cell

between the first source-drain region and the second
43. The sem conductor nenory according to C ai nB4 wh
is applied to the first and the second source- drain
vol tage higher than the sixth voltage is applied to t
el ectrode, potentials of the first and 91 the seco
el ectrodes are substantially maintained at the sixth

.the first and the second floating g3te el ectrodes bel

ng strongly couplied
wth the fnidr sb ??g t‘lq*&ensq) O%ﬁgghcgﬁn%%&%@%ﬁ gg% ?lﬁglg_t_le)n_tla ditrerence

bet ween tahe con gate el ectrode

second fl oating

gate el ectrodegyighdradaokd 6811 A FodheBBE8Ntd #hetlfEdfidctidRlsdok Sciid €at ed

bet ween the control gate and the first and the second

floating gate

el ectrodesrd 1oid Wig ansd tienbet- NoieHh LA 1t aih 8llm+ 2 U Kearda ftlelrodalled

Im{m+1l) ], the potential of the source-drain region 3 corresponds
to the bit line BLm+2 is 3 V, which is higher than the potential
{2 V) of the control gate electrode 7 (word line WLm). Therefore,
no cell current flows between the source-drain regions 3 thereof.
As a result, no hot electrons will be injééted in the floating gate
electrodes 5 and 6 of the memory cell 1lm(m+l), and no data will
be written thereon.

For the same reason as described for the case of the memory
cell Im(m+l), no data will be written on the memory cells connected
to the word line WLm except for the memory cells lm(m), Im(m-1),
and lm{m+1}.

Therefore, the writing operation as described above is
carried out only on the floating gate electrode 6 of the selected
menory cell 1m(m).

By optimizing the value of the cell current Iw which flows
between the source-drain regions 3a and 3b and a duration of the
writing operation (the injection duration of the hot electrons in
the floating gate electrode 6), the electric charge stored in the
floaﬁing gate electrode 6 of the memory cell Im{(m) is optimized.

_ The electric charge stored in the floating gate
electrode 6 of the memory cell Im(m) is set less than the electric
charge to be stored in the floating gate electrode 206 of the
conventional memory cell 201 so that no overwriting state will be

created. In the writing operation, the potential of the source

43



t herebetween, electrons in the first and.the second floatin
el ectrodes are thus pulled to the control gate electr
in the first and the second floating gate el ectrodes
44 . The sem conductor nmenory according to C ai m 34,
voltage is applied to the first and the second source r ag [ ,
sevent h vol tage hi gher than the sixth voltage is appliled ﬁ%afﬁggggﬁ?r
gate el ectrode, potentials of the first and the secon ; :
el ectrodes are substantially maintgpgned at the sixth Vol tage because of }the
first and the second floating gate el ectrodes being stromgty Ttoupred wih
the fir&hagndst aéadeedntSsource-drain regions, a potential difference
bet ween the control gate el ectrode and the first and the second floating
gate electrodes is made |large, a high potential electric field is created
bet ween the contrQ ate .and the fixrst_and .the second floatin at
el ectrodes, tg’ a J(:)l\./vag'}is &\ﬂre?q%ﬁloﬁ%é\gn?f%%@g %?ﬁ‘? 8%?%5“? soﬁﬁf“ﬂé?ﬁbet ween,
el ect I 083 ebRrif%Harlas! 5 81%;Lhe o8 AilARY!: WP WhrBLEGLL AIFRg 0S| NUS
junped to the control gate”el ectrode"from

formed on a semiconductor substrate, an insulating layer on the

semiconductor substrate, two floating gate electrodes formed closely
sc—;parated_ from each other on the insulating layer and placed between the

two source-drain regions, and a common control gate electrode placed

on an upper iayer of the two floating gate electrodes, wherein a
capacity between each of the floating gate electrodes. and the
semiconductor substrate is set larger than a capacity between each of the

floating gate electrodes. and the control gate electrode.

2. Atransistor comprising floating gate electrodes inwhich
electric charge is injected, comprising a semiconductor substrate
comprising a first and a second source-drain regions, a channel
region placedbetween the first and the second source~drain regions,
a gate insulating layer on the semiconductor substrate, a first
floating gate electrode placed near the first source—drain region
and formed on the gate insulating laver, a sécond floating gate
electrode placed closely separated from thé first floating gate electrode

and near the second source-drain region and formed on the gate insulating

layer, an insulating layer on the first and the second floating
gate electrodes, and a control gate electrode on the insulating
layer, wherein a capacity between the floating gate electrodes and
the semiconductor substrate is set larger than a capacity between

the floating gate electrodes and the control gate electrode.

L]



92 thereof, and.data stored in the first. and the second floating gate
el ectrodes is erased. '

.-m..&--—"—"""'""'\
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3. The transistor according to Claim 2 whereinf the
configuration of the second source-drain region is symmetric to
the first source~drain region, and the size and shape of the second

’  floating gate electrode are exactly equal to the size and shape

of the first floating gate electrode.

4. The transistor according to Claim 2 further comprising

protuberances in upper portions of the first and the second floating

gate electrodes.

5. The transistor according to Claim 2 further comprising
a selecting gate electrode extended from the control gate electrode
.and placed on the gate insulating layer between the first and second

floating gate electrodes.

6. The transistor according to Claim 2, wherein, when data
is written in said second floating gate electrode by injection of
electric charge, a predetermined electric charge amount tobe stored
in the first floating gate electrode is set so that a cell current
necessary for writing data flows in the second floating gate -

electrode.

7. The transistor according to Claim 2, wherein, when data
is written in said second floating gate elect'rode by injection of
electric charge, a cell current flows from the second source-drain
region to the first source-~drain region, a high potential field

L
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first and the second floating gate electrodes is made
large, a high potential electric field is created between
the control gate and the first and the second flqating
gate electrodes, to allow a Fowler-Nordheim tunnel
current to flow thérebetween, electrons in the first and
second floating gate electrodes are thus jumped to the
control gate electrode from thereof, and data stored in
the first and the second floating gate electrodes is

erased.

33. A semiconductor memory wherein data is written
by injecting electric charge into floating gate
electrodes thereof, comprising two source-drain regions
formed on a semiconductor substfate, an insulating layer
on the semiconductor substrate, two floating gate
electrodes placed closely separated from each other on the insulating .
layer and positioned between the two source—draiﬁ
regions, and a common control gate electrode placed in an
upper layer of the two floating gate electrodes, wherein
data is erased by pulling the electric charge injected in
the floating gate electrodes toward the control gate

electrode.

* c L n N *



