-8 JAN 2004 -1 SEM CONDUCTOR DEVI CE BACKGROUND OF THE INVENILE?BE&BEQBQQ
of the Invention The present invention relates to a sem condu ,

nore particularly, to a DRAMgain cell suitable for enbedding with a logic
circuit. 2. Description of the Related Art In recent years, sem conductors

have been becom ng increasingly mniaturized. Not only are many elenents

enbedded on a single chip, but also several functions have to be

i ncorporated. As a typical exanple of this, there is a LSI enbedding both

a DRAM and logic circuit. By ePBSHPNRUCRAGR QEWICE | ogic circuit but also a

menory in an ASIC (application specific Integrated circuit), the range of
application of the ASIC is expanded. At the present tine, in a DRAM
(dynam ¢ random access nenory), the nost typical type of high density,
hi gh capacity seRA¢FRANE OfeAHEY INYENEEONN in Fig. 10, a nenory cell is
configured by connecting a transistor T controlled in on/off state by the
potential of a widrd FilsddpEaliealneapEyorapacitor MCAP in series between
a bit line BL and conmon potential line SL. - 8 JAN 2004

The present invention relates to a
semiconductor device, more particularly, to a DRAM gain
cell suitable for embedding with a logic circuit.

2. Desoription of the Related Art

In recent years, semiconﬁuctors have been
becoming increasingly miniaturized. Not only are many
elements embedded on a single chip, but also several
functions have to be incorporated.

As a typical example of this, there 15 a LSI
embedding both a DRAM and logic cirocuit.

By embedding not only a logic circuit but also
a memory in an ASIC (application specific integrated
circuit), the range of application of the ASIC is
expanded.

At the present time, in a DRAM (dynamic random
access memory)}, the most typical type of high density,
high capacity semiconductor memory, as shown in Fig. 10,
a memory cell is configured by connecting a transistor T
controlled in on/off state by the potential of a word
line WI. and a memory capacitor MCAP in series between a

bit line BL and common potential line SL.



- 2 1n a one-transistor one-capacitor type nenory cell M. a connection
poi nt between the nmenory capacitor MCAP and the transistor T +@ npAN 2004
storage node ND. The "1" or "0" of data is differentiated by a difference
of the amobunt of a charge stored in thbhs_storage node. It is necessary to
cause a sufficiently large potential change in the bit line BL in order to
secure stable operation when reading stored data. The capacity for
storage of a charge (capacitance of the capacitor) is determned for the
menory capacitor MCAPIfor @mobki-$raneipbont onédt ompawi tdr tiype eduetriyon in t he
occupi ed area by a sem conductor nenory cell, however, the capacitance
val ue of thmeldapci Borconnseltiionepdéntobétiréen | thaddinamn, cadgesiitnar eases in
menory capacity have led to an increase in the bit |ine capacitance.
Ther ef or e, MCAEs apdc dlenravemstiard€r forms obt storage eadbh|Np biThd i ne
potential conpared with the past. As neasures to solve this problem
various capdci oar "8t'r @&t date havéibfeneptbpbed s uc MiREerestaaclof type, fin
type, cylindrical type, or other stacked capaci- tor having a capacitor
el ectrode i ftdeeagegnitnofunf gbargeeatoped imithbs estaraeatraegizch capaci t or
etc. However, due to the limts in processing technology on the aspect
ratio of the trench fétndd bacass8rIAbb 2dDdse a sufficiently large

potential change in the bit line BL in order to secure

stable operation when reading stored -data. The capacity

for storage of a charge (capacitance of the capacitor)} is

determined for the memory capacitor MCAP from this

viewpoint.

Along with the reduction in the occupied area by

a semiconductor memory cell, however, the capacitance value

of the capacitor itself tends to fall. In addition, the

increases in memory capacity have led to an increase in the

bit line capacitance. Therefore, it is becoming even harder

to obtain a readable bit line potential compared with the

past.

As measures to solve thils problem, various

capaclitor structures have been proposed such as a stack

type., fin type, cylindrical type, or other stacked capaci-

tor having a capacitor electrode increased in surface area

per unit area and a trench capacitor etc.

However, due to the limits in processing

technology on the aspect ratio of the trench formed on a



- 3 substrate, the height of a stacked el ectrode | ayer, etc. ﬁ_]
increase of the nunber of process steps for formng a conpl ex"'ﬁ 290’1'
and the resultant increase in manufacturing cost etc., it is becom ng
difficult to increase the capacitance value of a capacitor per unit area.
On the other hand, the capacitance of a capacitor is proportional to the
dielectric constant of a <capacitor insulating film sandw ched between
el ectrodes, so a capacitor insulation material with a high dielectric
constant is ahisetibeiag thevakaget. of na addidkiedn eflactheddi Tdyert)l e cof or
devel opnment of a dielectric material itself, however, there are extensive
devel opnent thengsersucie as dieehap@ntofofprelceekr steps Maderfcdndngl &h a good
affinity with the dielectric or devel opnent of processing techniques for
these new nedmrlied striictaret ed develmprantntosheredsaiesd y | nt r oduced
production equi pnent etc. pose an sizeable burden. As a result, the DRAM
producti on costufrmsuideny coati atwusiit dlisnbreeasing. dlteiefldr ¢o even if the
cell area is reduced and DRAMs are nmde |larger in capacity, it is proving
hard to redimerddse dbet cppacbtancd nradivewof at bapaciten gearyiungit o reduce
the cell area w thout changing the structure and materials, the reading’
signal of a ®RAM cell becones smaller, and, -8 JAN 2004
On the other hand, the capacilitance of a
" capacitor i1is proportional to the dielectric constant of a
capacltor insulating £ilm sandwiched between electrodes, so
a capacitor insulation material with a high dielectric
constant is also being developed.
In addltlen to the difficulty of development of
a dielectric material ltself, however, there are extensive
development themes such as development of electrode
materials with a good affinity with the dielectric or
development of processing techniques for these new
materials. Also, the development costs or newly introduced
production equipment etc. pose an sizeable burden. As a
result, the DRAM production cost has been continuously
inéreasing. Therefore, even if the cell area is reduced and
DRAMs are made larger in capacity, it is proving hard to
reduce the cost per bit.
In view of this, when trying to reduce the cell

area without changing the structure and materials, the

reading signal of a DRAM cell becomes smaller, and,



- 4 ultimtely, it is expected that detecting data stored in the nmenor
cell will becone difficult. Further, as a DRAMcell, in additi=of ggNr@dﬂ#
one- transistor one-capacitor type nentioned above, there is known for
exanpl e a three-transistor type nenory cell not using a capacitor and
using three transistors. In this case, in addition to the two word |ines
for witing and reading, tw bit lines for witing and readi ng besides are
necessary so the number of interconnecfi%ﬁ'layers is increased. However, a
| arge number of interconnection |ayers may well become a limting factor
in reducing the cell area. SUMVARY OF THE | NVENTI ON The present invention

has been madg {@.3@hvye t e'iﬁb&\(}%ﬁ%\ﬁl =108 aggt{u%fien%s Jié%sa} 2§%§$%dtcl)nprovi de

an inexpensive nenory having a unction. par when

consi der | ng (IRt OBEL Nof1 WhoRle hoBEGgiaoUIt, T TS to provide a
sem conductor device” mnimzing the effect on the | ogic process and enable

realization of a hybrighehbeuiboof Brmnoiy: cold And.ieriBherg! gLrcuit
easily and at a low cost. -8 JAN 2004 5 According to an aspect of "the

i nvention, tdem@ibSorPrad-dagdagissr coplicker: AgYd £e 6000 | sifig 2 fEnory

cell having a plurality of active elenents
known for example a three-transistor type memory cell not
using a capacitor and using three transistors. In this
case, in addition to the two word lines for writing and
reading, two bit lines for writing and reading besides are
necessary so the number of interconnection layers is
increased.

However, a large number of interconnection layers

may well become a limiting factor in reducing the cell area.

SUMMARY OF THE INVENTION

The present invention has been made to solve the
above problems and has as its object to provide an
inexpensive memory having a DRAM function. More
particularly, when considering mounting together with a
legic circuit, it is to provide a semiconductor device
minimizing the effect on the logic process and enable
realization of a hybrid circuit of a memory cell and

peripheral circuit easily and at a low cost.



and at |east one passive elenent, wherein the plurality of actjv | is
conprising the nenory cell conprises field effect transi stol"ééhgﬁnw
three termnals which conprise two diffusion |ayers formng a source or
drain and a gate, or four termnals which conprise two diffusion |ayers
formng a source or drain, a gate, and a substrate or a | ayer which

i ncludes an area at which channel is fornmed, and the passive el enent
conprising the nmenory cell conprises a Tapacitor having an insulating

| ayer between a first electrode and a second el ectrode, wherein the active
el ements conprising the nenory cell include at |east a transistor having a
function of witin data and a transistor having a function of reading
data, wherein the® W9ceF? EONPRIREE t @b fihe dieyemietont r Bhstst dss and

one capacitor %'élei&{ft field effect transistor conprises an N-channel type
or P-channel P¥§ G SENSEHMF TG VeFE o R TieHdi9st or s conpri ses an

N-channel type of P-channel iny e, wWherein the nenory cell is configured by

a second diffusidn™FYgEY €&} 'ﬁéVlB‘F Eh@lyredity ofd adtriger ekemandisst or

t he second eallecft rtog.'e‘3 of the capacitor, and a gate el ectrode term nal of

the second fi&f feff&t °8° 064218ty ansi st or connect ed toget her and,

further, the first, el.ectrode Ef tge cap%citor, is connected to a word |ine,
aFabit

a first diffusi onTaydr vesnP ¥ 8%t T Fi eH Pt Sct comprising

the memory cell comprises field effect transistors having
three terminals which comprise two diffusion layers forming
a source or drain and a gate, or four terminals which
comprise two diffusion layers forming a source or drain, a
gate, and a substrate or a layer which includes an area at
which channel is formed, and the passive element comprising
the memory cell comprises a capacitor having an insulating
layer between a first electrode and a second electrode,

wherein the active elements comprising the memory cell
include at least a transistor having a function of writing
data and a transistor having a function of reading data,

wherein the memory cell comprises two field effect
transistors and one capacitor, a first field effect
transistor comprises an N-channel type or P-channel type and
a second field effect transistors comprises an N-channel
type of P-channel type,

wherein the memory cell is configured by a sedond
diffusion layer terminal of +the first field effect
transistor, the second electrode of the capacitor, and a

gate electrode terminal of the second field effect



transistor is connected to a bit line, a gate ternminal of the first field
effect transistor is connected to a control gate line, a firs-t-ajdj w?gﬂ"
| ayer term nal of the second field effect transistor is connected to

bit line, and a second diffusion |layer term nal of the second field effect
transistor is connected to a predeterm ned power supply termnal. Further,
in the present invention, at |least one of the first electrode and second
el ectrode of the capacitor serves also ?s an interconnection layer.
Further, in the present invention, all the active elenments conprising

the memory cellnraditvRantheLd eécgge oz BB SRR e ST renory.

transistors. Furt In t e present- i nvent| ony nmenory

f fi Id ffect
cell 1 n n optahe e gt el cpliads. il gl they €11t Ml d ol foct

transi stor of eac ap ura 'ty o nory cée

line is connggtad &Pfﬂﬂ:eio Of'é};é)zl Qé‘fn‘?lrle{]]neof Fgfléh%rlrs{'_n ftlgﬁa %sfglcéct r ode

i nvention, when arrangi ng "t he menory cell inh an array,

terminal of ¢hgsifdiost ifdl elohrRbbeal eb anyi3! a0l ach o g REYrald ty of

menory cells connected to one bit line is connect ed to one - Con gate

line. -8 JAN:ROO rst7 £iEugt B%Eect ntfs}ﬁslrytgée@g LBMRDLLQD 4 he Bery cell

is enbedded with a logic circu
gate line, a first dlffu51on layer terminal of the second

field effect transistor is connected to the bit line, and a
second diffusion layer terminal of the second field effect
transistor is connected to a predetermined power supply
terminal.

Further, in the present invention, at least one of
the first electrode and second electrode of the capacitor
serves also as an interconnection layer.

Further, in the present invention, all of the active
elements comprising the memory cell are N-type field effect
transistors or P-type field effect transistors.

Further, in the present invention, when arranging the
memory cell in an array, the gate electrode terminal of the
first field effect transistor of each of a plurality of
memory cells connected to one word, line is connected to one
control gate 1line.

Further, in the present invention, when arranging the
memory cell in an array, the gate electrode terminal of the
first field effect transistor of each of the plurality of
memory cells connected to one bit line is connected to one

control gate line.



According to the present invention, the stored charge of the&fa ‘Kzggh
el enent, for exanple, capacitor, may be one of an extent ena ijlg I

of the on/off state of an active element, that is, first field effect
transistor (read transistor), in accorglance with the stored data.
Therefore, in this nenory cell, since there is no need for directly
charging and discharging a |large capacity bit line by the stored charge of
the capacitor such as with a one-transistor one-capacitor type DRAM the
capacity of chargetséol aje tHe tfreseapachtentiban Ddheraeeosyabell Ats a
result, in a nmenory cell of this structure, it is, not necessary to tinker
W th the capadetioedsiitittarimdgie dimentadse the anount of charge storage per
unit area or to develop a capacitor dielectric material of a high
di el ectric const aptordiag ts,tlsd naeskehe stvemtiore ithensttorednphaxgeit is
easy to make and further there is no rise in .the production cost along
W th conpli o&t the phsthee ptloaess, Fort beamphke hcmpawditeri, smepebdiend | ne, the
cell area is small, and the degree of integration can be nade hi gher and
since a | ogioE thaastehbremstlihg weadruit bduthamnfafforstatkanfeant he.
conpatibility with the CMOS | ogic process is good and it is possible to
nmount a DRAMfthmet ebemémgetttert 1wt Wiastofleldieffiadt lryrahehsprocesses. - 8
JAN 2004 - 8 BRI EF DESCRI PTI ON OF THE DRAW NGS These and ot her objects and
features of (tckedptesesmtstor), in accordance with the stored data.
Therefore, in this memory cell, since there is no
need for directly charging and discharging a large capacity
bit line by the stored charge of the capacitor such as with
a one~transistor one—capacitdr type DRAM, the capacity of
charge storage of the capacitor can be made small.
At a result, in a memory cell of this structure, it
is, not necessary to tinker with the capacitoxr structure to
increase the amount of charge storage per unif area or to
develop a capacilitor dielectric material of a high
dielectric congtant. That is, since the structure 1s not
complex, it is easy to make and further there is no rise in
the production cost along with complication of the proocess.
Further, since there is one bit line, the cell area
is small, and the degree of integration can be made higher
and since a loglc transistor can be used without any major
change, the compatibility with the CMOS logic process is
good and it i1s possible to mount a DRAM function together

with a logic circuit by few processes.



I nvention wll beconme clearer fromthe foll ow ng descriptiomﬂﬂ(ﬁ
preferred enmbodinents given with reference to the acconpanyi A@lﬂﬂﬂ#

in which: Fig. 1 is a circuit diagramof an enbodinent of a gain cell as a
seni conduct or device according to the. present invention; Fig. 2 is a
pattern diagramof a nenory cell according to the present. enbodi nent;

Fig. 3Ais a sectional viewalong the line AAAin Fig. 2, and Fig. 3Bis a
sectional view along the line B-B in Fig. 2; Figs. 4A and 4B are sectional
views for expl ai MRAFF PRECRIVEXNS QIT THEOOBBVINGS of a nenory cell according
to the present invention; Figs. SA and 5B are sectional views for
expl ai ning the hesessndf opherudtiestsofnd fiemryescalfl thecprdsagtto t he
present invention; Figs. 6A to 6C are plane views for explaining the
process of poggutipronvwdll beromsr wleereratron diliyy fiod lokéngpr esent | nvention;
Figs. 7TAto 7C are plane views for explaining the process of production of
a nmenory celdesggdptdpngot othehprefessedt enbprdimandy, giveg gArh 2004 - 9 Fi gs.

8A to 8C are plane views for explain the process of production of a nenory
cel | accordireferencheto the accompanylng drawings, in which:

Fig. 1 1s a circult diagram of an embodiment of a
gain cell as a semiconductor device according to the
present invention;

Fig. 2 is a pattern diagram of a memory cell
according to the present embodiment;

Fig. 3A is a sectlional view along the line A-A in
Fig. 2, and Fig. 3B 1s a sectional view %10ng the line B-B
in Fig. 2;

Figs. 4A and 4B are sectional views for explaining
the process of production of a memory cell accerding to the
present invention;

Figé. 5A anﬁ 5B are sectional views for explaining
the process of productlion of a memory cell according to the
present invention;

Figs. 6A to 6C are plane views for explaining fhe
process of production of a memory cell according to the
present invention;

Figs. 7A to 7C are plane views for explaining the
process of production of a memory cell according to the

present invention;



present invention; Fig. 9 is a view of an exanple of the |ayout, gajﬂh
DRAM gain cell according to the present invention; and Fig. 10 ™ aﬂﬁ‘r

di agram of a one-transi stor one- capacitor type DRAM cel|. DESCRI PTI ON OF
THE PREFERRED EMBODI MENTS Bel ow, preferged enbodi nents will be described
with reference to the acconpanying drawings. Figure | is a circuit diagram
of an enbodi nent of a gain cell as a sem conductor device according to the
present invention. This gain cell GMC, as shown in Fig. 1, has a read
transi stor TR, WFigs.tsmnse stOrarBAplaapacisws £AP exdpliaihi mRe BL, word |ine
Wh, and control gate line CG. Note that in Fig. 1, TA denotes a first
el ect rode oprothescapgurddrctal, ofBadraades @:ldccandrdaliagt todehof the
capacitor CAP, WG denotes a gate terminal of the wite transistor TW WA
denot es onepsesent/ tmeenticer;m nal of the wite transistor TW WB denotes
the other source/drain "termnal of the wite transistor TW RG denotes a
gate term nal oFig.reatsta ansivsted afRexRéptenot dshelayostuptetteai n
termnal of the read transistor TR, and RB - 8 JAN 2004 - 10 denotes the
ot her sour cBRéHagain ereingcaphrdihg teathe tpegmsirgt dnveéRtibor axd@dnple, mx n
(m n: any natural nunbers) nunber

Fig. 10 is a circuit diagram of a one-transistor one-

capacitor type DRAM cell.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Below, preferred embodiments will be described with
reference to the accompanying drawings.

Figure 1 ds a olrcult diagram of an embodiment of a
gain cell as a semiconductor device according to the
present invention.

This gain cell GMC, as shoyn Iin Fig. 1, has a read
transistor TR, write transistor TW, capacitor CAP, bit line
BL, word line WL, and control gate line CGL.

Note that in Fig. 1, TA denotes a first electrode of
the capacitor CAP, TB denotes a second electrode of the
capacitor CAP, WG denotes a gate terminal of the write
transistor TW, WA denotes one source/drain terminal of the
write transistor TW, WB denotes the other source/drain
terminal of the write transistor TW, RG denotes a gate
terminal of a read transistor TR, RA denotes one

source/drain terminal of the read transistor TR, and RB



of cells GVC are arranged in matrix in a nenory cell array. |In the case of

this array structure, the first electrodes TA of the capacitcu;.a mm}p!‘
menory cells arranged on the same row are connected to a co I ne

W.. Also, the gate terminals WG of thejgrite transistors TWof nenory
cells arranged on the sanme colum are connected to a common control gate
line CG. Further, one source/drain termnals RA of the read transistors
TR of the nenory cells arranged on the sane row are connected to the bit
i ne BL. Mydenvtes thre diibter isperée/dsaboreotioflt of the rexdnpl e, a not
shown | atch-type sense anplifier to which a reference cell is connected.
In this waytraheigieom Wl |l s GMC are used for a nenory cell array, a nenory
peripheral circuit is added, and the assenbly is enbedded with a | ogic
circuit (not shoWeriewxample, i) xi n ém, LS ahy matthalwinpbersansimbey TW and
read transistor TR conprise insulation gate type field effect transistors,
for exanpl ef cellbha@iik|adeD8rNMDSit tmrmaistior shn al memonwi cell rapdst or TW
the gate terminal Wsis - 8 JAN 2004 - 11 connected to the control gate
line CA, one soimcEierese ofethilmabridy | stowrimet-edheofilgetbit | i ne BL,
and the other source/draln termnal WB is connected to the second
electrodes TA of the capacitors CAP of memory cells
arranged on the same row are connected to a common word
line WL.
Also, the gate terminals WG of the write transistors
TH of memory cells arranged on the same column are
connected to a common control gate line CGL.
Further, one source/drain terminals RA of the read
transistors TR of the memory cells arranged on the same row
are connected to the bit l1ine BL.
Moreover, the bit line BL is connected to, for
example, a not shown latch-type sense amplifier to which a
reference cell 1s connected.
In this way., the gain cells GMC are used f£or a memory
cell array, a memory peripheral circuit is added, and the
assembly is embedded with a loglic circuit (not shown in
Fig. 1) in an LSI chip.
The write transistor TW and read transistor TR
comprise insulation gate type field effect transistors, for
example, n-channel MOS (NMOS transistors).

In a write transistor TW, the gate terminal WG is



el ectrode TB of the capacitor CAP. In a read transistor TR, the_g?KEA
termnal RGIls connected to the second el ectrode of the capaclt H m
source/draln termnal RA Is connected to the bit Iine BL, and the other
source/draln termnal RB is connected tig a supply line of a reference

vol tage Vss (ground voltage G\D). A storage node SN of the nenory cell GVC
s conprised by the connection point of the second el ectrode TB of the
capacitor CAP and the other source/drain termnal WB of the wite

transi stor Pargertedt td therean:nodd gelfe dine €& .nionyl soRccef dratnr ead
transistor TR In the capacltor CAP, the first electrode TA Is con- nected
to the word tepmdn@l Wihds cegrigated CaPtHeebihotinm At @nde thar gehen
capacity, so Is configured by sorpalled MM (netal Insulator netal) type
capaci tor fsowzgehjrahn | permiaagr WB( Layeppngetgkdie tihe mecapd

I nt erconnecti ons. For exanple, the first electraode TA Is configured by the
sanme netal eAeettoRnctrioh e tanpagditdr| CABR- W of al umi num (Al) etc.,

while the second electrode Is configured by the netal Interconnection for
the | ogic -8 JANTRO@4r¢pd trapgigtor TRe thsupatortemimedn®§ BY a nitride

filmformed by, for exanple, plasma CVD (hereinafter referred to as a
connected to the second electrode of the capacltor CAP, one

source/drain terminal RA i1s connected to the bit line BL,
and the other source/drain terminal RB is connected to a
suéply line of a reference voltage Vg ; (ground volitage
GND) .

A storage node SN of the memory cell GMC is comprised
by the connection point of tﬁe second electrode TB of the
capacitor CAP and the other source/drain terminal WB of the
write transistor TW connected thereto and the gate terminal
RG of the read transistor TR.

In the capacitor CAP, the f£irst electrode TA is con-

" nected to the word line WL.

The capacitor CAP does not have to be large in
capacity, so is configured by so-g¢alled MIM (metal
insulator metal) type capacitor form;d by an insulatoxr
(layer) between two metal interconnections.

For example, the first electrode TA 1ls configured by
the same metal interconnection as the word‘line WL of
aluminum (Al) etc., while the second electrode is

configured by the metal interconnection for the logic



plasma nitride filn). Further consider a capacitor CAP having SH(H;JAN) 00#
configuration. The charge stored in the capacitor CAP is mainly | '3*-

junction | eakage. 1 fA is assuned as a typical leak value. If the
potential difference to be stored is-1¥2and the discharge tine (data
holding tinme) is 600 ns, the held charge becones as follows: 600 ns x 1 fA
= 0.6 fC Further, the capacity of the capacitor CAP becones as foll ows:
0.6 fC1v =0.6 fFIf 8F2 (Fis a design rule) is assuned as an el ectrode
area of thecttpatftor CAP, when F = 0.13 Am 8F2= 0.1352 E.cnR. If a
dielectric of a dielectric constant = 7 is used, the_thickness d of the

i nsul at or beconmeBha 4ipFliatoghdfinfopeedpy @ nitride film formed by,
d=(7.8.854e--12. 0. 1352e-12/ (0. 6e-15)=14e--9[mM The above condition can be
suf fi ci ent | §oF eeFqmRle i Plasng| G¥Ra(bereinhd ter FefeTreddtas®sarf i nsul ati ng
film Also, the capacitor CAP is not a capacitor such as 8 JAN 2004 - 13 -
one of a cobprE%2 gekerigde SdiPdse DRAM and may be a parallel-plate type

capacitor. Further, a plasma nitride filmis formed by a | ow
Further consider a capacitor CAP having” such a

configuration.

The charge stored in the capaclitor CAP is mainly lost
by Jjunction leakage. 1 £A is assumed as a typical leak
value.

If the potential difference to be stored is 1V and
the discharge time (data holding time) is 600 ms, the held
charge bhecomes as follows:

600 ms x 1 FA = 0.6 £C

Further, the capacity of the capacitor CAP becomes as
follows:

0.6 £C/1V = 0.6 fF

If 8F* (F is a design rule) is assumed as an electrode
area of the capacitor CAP, when F = 0.13 um, 8F*= 0.1352
pm?. If a dielectric of a dleleotric constant = 7 is used,
the thickness d of the insulator becomes 14 ﬁﬁ as shown
below.

d=(7'8.854e~12:0.1352e~12/(0.6e~15}=14e-9[m]

The above condition can be sufficiently reallzed if a
plasma nitride f£ilm is used as an lnsulating £ilm.

Also, the capaclitor CAP is not a capacitor such as



tenperature process enabling it to be used even after Al or ofghe N 2001‘_
I nterconnections are forned, so it is possible to nake an MM % :
capaci tor nmaking use of an interconnection layer of a logic circuit as
mentioned above. Next, the pattern andiexanple of the sectional structure
of a nmenory cell GMC of a single bit Iine type of Fig. 1 will be explained
with reference to Figs. 2, 3A and 3B. Figure 2 is a pattern diagramof the
menory cell GMC according to the present enbodinent, Fig. 3Ais a

secti onal @Rewoadl angompey igrnekad paTPPge DRAMPRIrmgy BB #s a sectional
view along the line B-Bin Fig. 2. Note that although the control gate

i ne CGL an®appileinelBie divpe gapaaytedrso as to be parallel in the present
enbodi mrent, they may al so be arranged so that the control gate |ine CG

is parallel to tEartbed.|&ielagma adtohdentiim Rgystorgrdahy 8BLlovhe nenory
cell GMC according to the present enbodi nent has four, that is, first to
fourth, netiempararebmmeadess eapblingMit to bargedcempri afier Fbromxanpl e,
Al. The first metal interconnection |ayer MIL1 is a |ayer for connecting a
drai n of thetherttnterprungdlony pgeafgmnest - FYAN Agorossihle %F the read
transi stor TR The second netal interconnection |ayer MIL2 is a |ayer
conpri si ng mpkecapt KP# Eﬂgqaqqmﬂgi@gg_making use of an lpterconnection

layer of a logic circuit as mentioned above.

Next, the pattern and example of the sectional
structure of a memory cell GMC of a single bit line type of
Fig. 1 will be explained with reference to Figs. 2, 34 and
3B.

Figure 2 i1s a pattern diagram of the memory cell GMC
according to the present embodiment, Fig. 3A is a sectional
view along the line A-A in Fig. 2, and Fig. 3B is a
sectional view along the line B-B in Filg. 2. Note that
although the control gate 1ine CGL and bit line BIL are
arranged so as to be parallel in the present émbodiment,
they may also be arranged so that the control gate line CGL

~ is parallel to the word line WL.

As shown in Figs. 3A and 3B, the memory cell GMC
according to the present embhodiment has four, that is,
first to fourth, metal interconnection layers MTL1 to MTL4
comprising, for example, Al.

The first metal interconnection layer MTL1 is a layer

for connecting a drain of the write transistor T™W to a gate



The third netal interconnection |ayer MIL3 is a |ayer conprisi ng th 200#
second el ectrode of the capacitor CAP (bottomelectrode in a ¢a eJ a
stacked structure) TA. The fourth netal interconnection |ayer MIL4 is a

| ayer conprising the first el ectrode -ofi4 he capacitor CAP (top el ectrode
in the case of a stacked structure) TB serving also as a word |ine W.

Al so, the word line and control gate line CG of the wite transistor are
i ndependent. Thus, there is no limt on the relationship between the
capaci t ance off thgereapatTanylstam f&d t hreshold voltage of the wite
transistor TW In this nmenory cell GVC, as shown in Figs 3A and 3B, for
exanmpl e a shal | okber epeAnd et trs omtesrepnestion brepmeAttls dé &ion is
formed on a silicon or other sem conductor substrate 10, and the wite
transi st or tAF&RdcPBRELSirG e contTRIggate ol Rl G4-an active area isol ated
by the STI 11. The wite transistor TWand read transistor TR are each
conprised of a gdte thiufarehrl rintearcenpgphiear olt¥er MEhédls Pod@EeFon

regi on between the source/drain areas 12 and 13, a gate el ectrode 15
conpri sed ofCopBF}ELYSt Hr¢ | frReondg eIaRtrode of 1Hhe FARFTFFOrOREd on the gate
insulating film14, and a sidewall 16 fornmed by silicon nitride (SiN).
That is, thdbgititee eleptrederdnry siger 8542t Fhcked gftructure) TA.

The fourth metal interconnection layer MTL4 is a
layer comprising the first electrode of the capacitor CAP
(tép electrode in the case of a stacked structure) TB
serving alsco as a word line WL.

Also, the word line and control gate line CGL of the
write transistor are independent.

Thus, there is no 1imit on the relationship between
the capacitance of the capacltor CAP. and threshold voltage
of the write transistor TH.

Iin this memory cell GMC, as shown in Figs. 3A and 3B,

. for example a shallow trench isolation (STI) 11 for element
isolation is formed on a silicon or other semiconductor
substrate 10, and the write transistor TW and read
transistor TR are formed in an active area isclated by the
STI 11.

The write transistor TW and read transistor TR are
each comprised of a gate insulating film 14 formed on a
channel formation regilon between the source/drain areas 12

and 13, a gate electrode 15 comprised of polycrystalline



TR have the same structure as a MOS transistor conprising the logic
circuit of the peripheral circuit and are formed by a si mlar—ﬂquN;mlla
normal MOS transistor as nmen- tioned later. The first metal interconnection
| ayer MLT1 is formed on thée first integrl ayer insulating film217 forned so
as to cover the wite transistor TWand read transistor TR and wth a
flattened upper surface. The first Interlayer insulating film21l7 is forned
with a contact hole O extending froma bottomsurface of the first netal
I nt er connectsiidicbay €privd lod ccHehgatkehehsubatme/fia 4t eaminal VWB of the
wite transistor TWand a contact hole C2 extending to the gate el ectrode
GR of the rsddwhilanssstfarmekRbylBddecoanhattidwl(@&&ENGl. and C2 are enbedded
with plugs PLGL and PL& conprised of, for exanple, tungsten (W. That is,
t he ot her sourcefrthaai st ethid nati BB taknklhietow TW earid arsids ttaans¥sand t he gate
el ectrode GR of the read transistor TR are connected via the plug PLGL,
the first metabventbecsane ot tivage s VhTHOS anchrishie tplcugolbPsirdde second
metal interconnection |ayer MLT2 serving as the control gate line C& is
formed on t hkesdognd eiBcditN dA)Ghe- pibipherderdiayeriti asdl arengofmddn 18
formed so as to cover the first nmetal interconnection |ayer M.T1 and with
a fl attenedbyt @pssmilaceprocess as a normal MOS transistor as men-
tioned later.
The first metal interconnectlon layer MLT1 lis formed
on the first interlayer insulating film 17 formed so as to
cover the write transistor TW and read transistor TR and
with a flattened upper surface.
The f£irst interlayer insulating f£film 17 is formed
with a contact hole Cl extending from a bottom surface of
the first metal interconnection layer MLT1l ito the other
source/drain terminal WB of the write transistor TW and a
contact hole C2 extending to the gate electrode GR of the
read transistor TR. These contact holes Cl and C2 are
embedded with plugs PLG1L and PLG2 comprised of, for
example, tungsten (W).
That is, the other source/drain terminal WB of the
write transistor TW and the gate electrode GR of the read
transistor TR are connected via the plug PLGl, the first
netal interconnection layer MLT1, and the plug PLG2.

The second metal interconnection layer MLT2 serving

as the control gate line CGL is formed on the second



The second interlayer insulating film18 and first interlayer igﬁﬂkﬁ&iiﬁhﬁ
film17 are formed with a contact hole C3 extending froma boft f

of the second netal interconnection |layer M.T2 to the gate el ectrode GW of
the wite transistor TW The contact- hele C3 is enbedded with a plug PLG3
conprising W That is, the gate electrode GNof the wite transistor TWis
connected to the second netal Interconnection |ayer M.T2 serving as the
control gate line CG. via the plug PLG. The second el ectrode TA of the
capaci t or CARtexlayer peswhptdoghEdidn k8 cformmed sonsg &P AGVEF|I €9 forned so
as to cover the second netal interconnection |layer M.T2 and wth a
flattened td&prstrhatel Mhtendammgothvnrlayer NLHylaad HEthi fnflatignedecond
interlayer insulating film18 are forned with a contact hole C4 extending
froma bott depsgnffeecsof the third netal interconnection layer MLT3 to the
first metal interconnection |layer M.T1. The contact hole C4 is enbedded
with a plug PLETeenpeisirdglnferiiayer dnsuhatinh&llsodBcandr &mstermi nal WB
of the wite transistor TWand the gate el ectrode GR of the read - 8 JAN
2004 - 17 tnaezilsyer TRuwatlsgnfidined’t@dre Heomedswithedt poREATA of the
capacitor CAP via the plug PL&4, the first netal interconnection |ayer
M.TI, and thelpl GgseFterding fmompa bottom surface of the second metal

interconnection layer MLT2 to the gate electrode GW of the
write transistor TW. The contact hole C3 1s embedded with a
plug PLG3 comprising W.

That is, the gate electrode GW of the write
transistor T™W is connected to the second metal
interconnection layer MLT2 serving as the control gate line
CGL wvia the plug PLG3.

The second electrode TA of the capacitor CAP is
formed on a third interlayer insulating £ilm 19 formed so
aslto cover the second metal interconnection layer MLT2Z and
with a flattened top surface.

The third interlayer insulating £ilm 19 and second
interlayer insulating film 18 are formed with a contact
hole C4 extending from a bottom surface ofmthe third metal
interconnection layer MLT3 to the f£irst metal
interconnection layer MLT1. The contact hole C4 is embedded
with a plug PLG4 comprising W.

That is, the other source/draln terminal WB of the

" write transistor TW and the gate electrode GR of the read



Further, a fourth interlayer insulating film20 with a top surface |located
hi gher than the top surface of the third netal interconnectionaq}mm
is formed on the circunference other than the top surface of the third
metal interconnection [ayer' MLT3. The ptasma nitride filmINS serving as
the insulator of the capacitor CAP is fornmed on the top surface of the
third nmetal interconnection |ayer MLT3 and the top surface of the fourth
interlayer insulating film20. The fourth nmetal interconnection |ayer M.T4
is formed ofrifsided UHRCSofhetbel faame HilrstdeléttroddNTA Next, the
process of production of the unit nenory cell GMC as shown in Fig. 2 and

Figs. 3A angh8Bcapdditnr arphkabnede Widy rexfcarenne forshensltali ngs. Figures
4A and 4B and Figs. 5A and 5B are sinplified sectional views for
expl ai ni ng iheepsanasstien Qagduchirn, anshithe blggs BAGL o PIRigs. 7A to
"7C, and Figs. 8A to 8C are plane views for explaining the process of
production. Not eraheied] g5 £obitandnd&rpaybFiigsnlafiagdfdBn a2z@® wisdct i onal
views along the line A-A of Fig. 2. Here, the diffusion |ayer etc. are
om tted. Al s0top NsitEade|lowsitegd hegidandtdronthet hopannesheapt wiehi ng, etc.
will be omtted. - 8 JAN 2004 - 18 (1) Formation of Elenent Isolation
JSTI) Firstthasd ShOvTL | ihterg®nnddt bod - Girert NETSTis 1fotrmsed fax ndee by f or m ng
a trench at a predeterm ned region of the
circumference other than the top surface of the third metal
interconnection layer MLT3.
The plasma nitride film INS serving as the insulator
of the capacitor CAP 1s formed on the top surface of the
third metal interconnection layer MLT3 and the top surface
of the fourth interlayer insulating £ilm 20. The fourth
metal interconnecfien Jayer MLT4 is formed on the top
surface of the plasma nitride f£ilm INS.
Next, the process of production of the unit memory
cell GMC as shown in Fig. 2 and Figs. 3A and 3B will be
explained with reference to the drawings.
Figures 4A and 4B and Figs. 5A and 5B are simplified
sectlonal views for explaining the process of production,
while Figs. 6A to 6C, Figs. 7A to 7C, and Figs. BA to 8C
are plane views for explaining the process of production.
Note that Figs. 4A and 4B and Figs. 5A and 5B are
sectional views along the line A-A of Fig. 2. Here, the
diffusion layer etc. are omitted. Alsc, in the following

explanation, the annealing, washing, etc. will be omitted.



sem conductor substrate 10, then burying the trench with an oxide
insulating film that is, by the normal nethod. Further, the ecsl\lAN@[]ip
is formed with a p-well in the case of an NMOS and is formed wth an
n--well in the case of a p-channel MO§g lons are inplanted for adjusting
the threshold voltage in accordance with need. (2) Fornmation of Gate

El ectrode Next, as shown in Fig. 4A a gate oxide film114 is formed on the
active region of the sem conductor substrate 10. After the gate oxide film
14 is forned, as{(shomwrmatidri g FAAmend BBolatiai e(rgctrode 15 is fornmed
by CVD etc. wusing polycrystalline silicon as the gate electrode material.
This is then dopedrsy, neansha’ucinaFigen 4Anpha&némf ithe t9rIr adudce t he

resi stance. Note that it is also possible to use doped polycrystalline
silicon at fFbaihetli b FoxhipEs @ Mirénth #8eaaprodeicamisddpokyiet abf stheict ur e
of a stacked structure of W WN, and pol ycrystalline silicon fromthe top.
To form t heseheebtiddeisor faubaitrihe S0N tleproosgised thes krgnthewpitotar esi st
(PR) as a mask, then etching is perforned using the SiN as a mask. -8 JAN
2004 -- 19 oxRjle FtisldtamOEiCant ahas is Afbhertiedbdramali mptandati on, as
shown in Fig. 4B, a SINfilmis forned by CVD and a sidewall 16 is forned
by Further, the active region is formed with a p-well in

the case of an NMOS and is formed with an n-well in the
case of a p-channel MOS. Ions are implanted for adjusting
the threshold voltage in accprdance with need.
| (2) Formation of Gate Electrode
Next, as shown in Fig. 4A, a gate oxide f£ilm 14 is
. formed on the active reglion of the seﬁiconductor substrate
10.

After the gate oxide £ilm 14 is formed, as shown in
Figs. 4A and 6B, a gate electrode 15 1s formed by CVD etoc.
using polycrystalline sllicon as the gate electrode
material. This is then doped by means such as ion
implantation to reduce the resistance.

Note that it is also possible to use doped
polycrystalline silicon at that time and possible to use a
so-called pelymetal structure of a stacked structure of W,
WHN, and polycrystalline silicon from the top.

To form the electrodes, first the SiN 1s processed
using the photoresist (PR} as a mask, then etching is

performed using the SiN as a mask.



et chback. Next, the first interlayer insulating film17 is forned andZ
preferably flattened, then, as shown in Figs. 4B and Fig. GC}-q ﬁﬁﬁ
contact hole C is formed down to the sem conductor substrate 11

next, the contact hole C2 is forned-dawn-to the gate el ectrode 15 for t he
read transistor TR Note that normally to |l ower the resistance before
formng the contacts, the source/drain of the logic portion is sili_cided,
but the DRAM portion of this explanatlon is covered with the |nterlayer

i nsul ating film &gd -haEBay Jon Eckded ( prevents an increase in the
junction | eakage by S|I|C|d|ng) (4) Connection of Gate of TR and Source
Drain of TW Nex#fter BPpwien nmplgntaglemd &% gshopn iw &ig. #B.used to form
plugs PLA and PL& in the contact holes O and C2, then the first nmeta

i nt er connecBAENEL Yy ets MiRmmgds biyo £NBdandna t $iedepialdt Lontier Eayeedi bgul ati ng
film'17 to connect the source/drain of the wite transistor TWand the
gate el ect p6eBPaSkof the read transistor TR (5) Formation of Contacts 2
As shown in Fig. 5C, the second interlayer insulating - 8 JAN 2004 - 20
film18 is fornelenhd Prefiingl JotealaepedlngHatrings fdhowh7 4, Fig. 7B, the

contact hole C3 is formed for the gate electrode for the wite transistor
T™W ‘ formed and preferably flattened, then, as shown in Figs. 4B

and Fig. 6C, first, the contact hole Cl i1s formed down to
the semiconductor substrate 11 and, next, the contact hole
C2 is formed down to the gate electrode 15 for the read
transistor TR.

Note that normally to lower the resistance before
forming the contacts, the source/drain of the logic portion
is silicided, but the DRAM poxrtion of this explanation is
covergd with the interlayer insulating film and made not to
be silicided ( prevents an increase in the juncition leakage
by silieciding).

(4) Connection of Gate of TR and Source/Drain of TW

Next, as shown in Fig. 4B and Flg. 7A, W etc. is used
to form plugs PLGL and_fLGz in the contact holes €l and C2,
then the first metal interconnection layer MTL1l is formed
on the first interlayer insulating film 17 to connect the
source/drain of the write transistor TW and the gate
electrode 15 of the read transistor TR.

(5) Formation of Contacts 2

As shown in Flg. 5C, the second interlayer insulating



Next, the plug PLG3 is forned by Wetc. (6) Formation of CG _

I nt erconnection Further, as showmn in Fig. 5C and Fig. 7C, the seca)nJiANmZQ;q#
i nterconnection |ayer M.T2 serving as the control gate |ine CG. connecting
the plugs PLG3 (contact holes C3) is farmed on the second interlayer
insulating film218. (7) Formation of Contact for Capacitor Bottom

El ectrode As shown in Fig. SA the third interlayer insulating film19 is
formed and preferably flattened, then, as showmn in Fig. 8A a contact hole
4 for a capddilforl8pdet Sarveecandrrateaghilngiinkterad 4 r @snfiBe¥Ron | ayer
M.T1 is fornmed on the third interlayer insulating 19 and the second

interl ayer iisdligt-i A§-f then asntge) bodenfiBi da HPreeddean dhepsetem El ectrode
As shown in Fig. 5B, a plug PL&4 conprising Wis formed in the contact

hol e C4. Fureligsitrods SaBwRRe Fty IBrgAster gTWEB, a. second el ectrode TA
(bottom el ectrode) of the capacitor CAP is forned. (9) Formation of W. As
shown in Fig. 5BNexthobbehrivwg S drs ifestiedt PHgh-eBCJAN 2004 21 film 20
is formed and preferably flattened, then a window is forned in the

capaci t or bot t om{&leEprmatiomdofh Gohdnters Ating filmINS of plasma

SiNetc. is fornmed.
Further, as shown In Fig. 5C and Fig. 7C, the second

metal interconnection layer MLT2 serving as the control
gate line CGL connecting the plugs PLG3 (contact holes C3)
is formed on the second interlayer insulating f£ilm 18.

{7) Formation of Contact for Capacitor Bottom

Eléctrode

As shown in Filg. 5A, the third interlayer insulating
film 19 is formed and preferably flattened, then, as shown
in Fig. 8A, a contact hole 4 for a capacitor bottom
electrode reaching the metal interconnection layer MLT1 is
- formed on the third interlayer insulating 19 and the second
interlayer insulating f£ilm 18.

(8) Formation of Capacitor Bottom Electrode

As shown in Fig. 5B, a plug PLG4 comprising W is
formed in the contact hole C4.

Further, as shown in Fig. 5B and Fig. 8B, a second
electrode TA (botfom electrode) of the capacitor CAP is
formed.

{(9) Formation of WL

As shown in Fig. 5B, a fourth interlayer insulating



Further, as shown in Fig. 5B and Fig. 8C, a fourth netal
| ayer MLT4 serving as the first elec- trode of the capacit

el ectrode) and the word |ine W. is formed. Note that when producing the

i nt ercgnnecti on

or CAPY(

004

peripheral circuit in parallel by thi giprocess, the increase in the nunber

of masks is only one. Further, when the plasma nitride fi

necessary' other than at the DRAM cell portion, the unnecessary portions

Imis not

can be renmoved by further adding one mask. This conpl etes production of a
unit cell. Figoy @09ifsfarnedvarst raefexabby ef bitttaned. ayben ahwhndew r angi ng

menory cells GVC produced as nentioned above in a matrix.

In this |ayout,

as shown i niEi gorgedt he theredpawdtalr bphtem cokeiooiden andy er chMfadiser vi ng as

the word line W. and the first netal line |ayer MIL1 conn

cont act hol dgs@laghng CPibw elNOrofelasmasSil dfec pdsalfoaimedThe second net al

ecting the

i nterconnection |layer MIL2 serving as the control gate |line CG connecting

t he contact hol e¥ugshes, fa$ pePwm Lnakiger PRogebhaligh 866t iao0
JAN 2004 - 22 1In the case of this layout, if considering

fiougthhese.
cell area by

0

usi ng the dewitgh iptersonndntion Layeralsbt oy ingF2saftiet Rérshpatecor area

becones 8F2.
trode of the capacltor CAP (top electrode) and th

line WL is formed.

Note that when producing the peripheral circ

e word

uit in

parallel by this process, the lncrease in the number of

masks is only one.
Further, when the plasma nitride £ilm is not

necessary other than at the DRAM cell portion, th

e

unnecessary portions can be removed by further adding one

mask.

This completes production of a unit cell.

Figure 9 1s a view of an example of the layout when

arranging memory cells GMC produced as mentioned

matrix.

above in a

In this layout, as shown in Fig. 9, the fourth metal

interconnection layer MTL4 serving as the word line WL and

the first metal line layer MTL1 connecting the co
holes Cl and C2 are formed so as to be parallel.
metal interconnection layer MTL2 serving as the c
gate line CGL connecting the contact holes C3 1s

an, orthogonal direction to these.

ntact

The second

ontrol

formed in



In a case other than the layout of Fig. 9, the cell area could de
or nore. Therefore, the cell area can be reduced by this Iayoutg)aigﬁm

consequently, a cost reduction can be achieved. Next, the wite, erase,
and read operations of the nmenory cel-l 28V of the above configuration wll
be explained. Wite Operation First, the word line W. to which the
selected cell is connected is set to the ground potential, the bit line BL
is set to a hi gh potential (hi | evel H power supply voltage | evel ), and
the control gateXhRi ﬁ]éecﬂs‘?so%&(hitsoléyoﬁf:ghi%o‘f%‘fﬁitd%ﬂ(lﬁl BlleREF2 H. power
supply vol tage Ievedg Due to this, the wite transistor TWbecorres a
conducti ve B¥at@ing Q%@W‘gé“&? Fhethe 1o hemsa peceref eldF n alfe
capacitor CAP. In this case, in the ca )acitor CAP, the second electrode TB
becomes hi ghRe nCHRAGHIR a5k Rergepecti o the first el ectrode TA Further,
the threshold VthR of the read transistor TR is effectively reduced by the
charge stored i ntTRh2 ¢apadQthern ghapaphe layopiNofodig--9p Bhe mpelde eration
First, the word line W to which the selected cell is connected is set to
the ground BBERNMEPRIC 119%’“15% L 6F} (fF more-

Therefore, the cell area can be reduced by this
layout and, consequently, a cost reduction can be achieved.

Next, the write, érase, and read operations of the
memory cell GMC of the above configuration will be
explained.

Write Operation

First, the word line WL to which the selected cell is
connected is set to the ground potential, the bit line BL
is set to a high potential (high level H: power supply
veltage level), and the control gate line CGL is set to a
high potential (high level H: power supply voltage level).

Due to this, the write transistor TW becomes a
conductive state and the charge of the bit line BL is
stored in the capacitor CAP. |

In this c;;é, in the capacitor CAP, the second
electrode TB becomes high in potential with respect to the
first electrode TA.

Further, the threshold VthR of the read transistor TR

is effectively reduced by the charge stored in the capaci-

toxr CAP.



Is set to the ground potential, and the control gate line CG
the high potential (high Ievel H power supply voltage |evel). Eﬁe‘jwtml’

the wite transistor TWbecones the conductive state, and the charge
stored in the capacitor CAP is dischakged to the bit line BL. In this
case, in the capacitor CAP, the first electrode TA and the second

el ectrode TB becone the sane potential. As a result, the threshold VthR of
the read transistor TRis held at the initial value. Read Operation First,
the control gat eEFRRe-§TatIORi ch the selec- ted cell is connected is set
to the ground potfntlal the word line W. is set to a ground potential,
and the bit I i nef1BEt | PR g LhBenTntR ottt dihe wiedrotedereil Hower
supply volt e IevedQ then electrically floats. Due to this, the write
transi st or ?%c‘ffe‘? g iFethdo hBA- SEARL BReiate. the PRE LIRadh or CAP
stores a change  sufficient tqQ turn on the read transistor TR at this tine,
the read trifsTet o ‘I"i?eo&?(?%‘g PRESRbIRc 13 e centrAd deharhPof the bit
line flows %8;{' 1}; ne of arefer - 8 JAN 2004 -- 2 4 ence voltage
V$S, and t hE%p %rﬁ‘? fthFhQiBPtP‘PF‘Ffé“faé'f|‘§119h03ret"ﬁé Bt hBPWHENd, if the
capaci tor CAP r?Lot St(i of change sufficient to turn on the read

transi stor SUPP ¥ voltage ).

Due to this, the write transistor TW becomes the
conductive state, and the charge stored in the capacitor
CAP is discharged to the bit line BL.

In this case, in the capacitor CAP, the Ffirst
electrode TA and the second electrode TB become the same
potgntial.

As a result, the threshold VthR of the read
transistor TR 1s held at the initial wvalue.

Read Operation

First, the control gate lime CGL to which the selec-
ted cell is connected is set to the ground potential, the
word line WL is set to a ground potential, and the bit line
BL is set to the high potential (high level H; power supply
voltage level), then electrically Ffloats.

Due to this, the write transistor YW is held in the
non-conductive state. If the capacitor CAP stores a change
sufficient to turn on the read transistor TR at this time,
the read transistor TR becomes the conductive state, the

charge of the bit line flows to the supply line of a refer-~



TR, the read transistor TRis held in the non-conductive state Tmeéﬁﬂﬁ
the bit line potential does not fall. Further, the difference'bBtJ
witten data is differentiated by which of the above states occurs in the
bit line potential in a predeterm ned t3d4e. According to the present

enbodi ment, since provision is nmade of a bit line BL, word line W,
control gate line CQA., capacitor CAP with a first el ectrode TA connected

to the word |ine ﬁé a read transistor TR co risin% an NMOS connect ed
bet ween t he BIF® VOEBL Ywd PP BRemtentdalpot s A pdithe EAl%ith a gate

el ectrode connected 50 th second el ectrode TB of the capacitor CAP, and a
0

0 Hﬁ}e‘%i%u%'n IGviERecBARREI AT SBFWERRSt RREDIt | ine BL

wite transistor T
and the second electrode TB of the capacitor CAP and with a gate el ectrode
connected t SHWE EofitPBPe gatrigiend &L turmeen: fpscFeafcECapsifieeapaci t or
does not deternine the size (anplitude) of the read data of the bit Iline
like with a%e%far Ret st Ta g8 tf oretd p BREVPIRGCORIRH TR at i vel v
smal | capaci tance val ue_is enqugh. Further, wth_the DRAM gain cell

accordi ng tc?tta%(?' Bﬁﬁgﬁﬁ?r%wb%’cﬁ et LiBo eprientdipd dgpachetint®lyal ue of the

capacitor is snal he cegl | eration is stable, there is - 8 JAN 200% -
25 resistance tguﬁc’?%‘?@' 1?\%1‘? rgel Pt TRe eriditeBugataptfati on. A

capaci tor V\’idtil%f%rlezal%.-gieeltgg pbai? iwthq.% eoifst{xlg tal?oev(':eess aa[i: s occurs in the
bit line potential in a predetermined time.

According to the present embodiment, since provision
is made of a bit line BL, word line WL, control gate line
CGL, capacitor CAP with a first electrode TA connected to
the word line WL, a read transistor TR comprising an NMOS
connected between the bit line BL and a predetermined
potential point and with a gate electrode connected to the
second electrode TB of the capacitor CAP, and a write
transistor TW comprising an NMOS connected between the bit
line BL and the second electrode TB of the capacitor CAP
and with a gate electrode connected to the control gate
line CGL, the capacitance of the capacitor does ;ot
determine the size (amplitude) of the readHAata of the bit‘
line like with a one-transistor one-capacitor type DRAM and
a comparatively small capacitance value is enough.

Further, with the DRAM galn cell according to the
present embodiment, even if the capacitance value of the

capacitor is small, the cell operation is stable, there is



and there is no need for a conplicated el ectrode structure foLJQa' [ %ﬁ“PP
anount of stored charge per unit area of the capacitor or new vlﬁhg

of a material for the electrodes or dielectric film Further, in the

sem conduct or .device according to the Zgresent enbodinment, there is one bit
line BL in the nmenory cell, and the wite transistor TWand read

transistor TR are both connected to the bit line BL. Therefore, the cel
area can be reduced and the degree of integration can be raised. Further,
since a bmIE?%ﬁﬁ?aFFSngPsF6+S?s‘Hgb& erfels chhbEte HTHTEOWSt h t he CMOS

| ogi c process is good and it becones possible to add a DRAM function to a
logic IC cmﬁ?GQﬁﬁgﬁnfem/processes Due to this, the production process can
be sinplified, the cost can be reduced, and a nenory-logic hybrid ICwth
a high reliability GPaGHEPHL FHH @n-aFge PERRPIEANTR the é)é*&ﬁFSFHVent i on.
Summari zing the effect of the jnvention as explained above,

seni conduct A% &Pecs éEcB?dW?ﬁFtﬁ?q:ﬁecﬁPeéeﬁ? ed RS Tade §ﬁ€u8EPFearea can
be reduced w thout an effect on accuracy_and the nunber of interconnection
| ayers can D&% T8IFARE Yopsamowy: ofoghesgd cherdhder Yrith@redsefof the

bul k type, there are the advant%pes that the conpatibilit mnth t he CMOS
| ogi ¢ he capacitor or new development of a material for

electrodes or dielectric f£ilm.

Farther, in the eemiconductor device according to the
present embodiment, there is one bit line BL in the memoxry
cell, and the wrlte transistor TW and read transistor TR
are both connected to the bit line BL. Therefore, the cell
area can be reduced and the degree of integration can be
raised.

Further; since a bulk type transistor is used, the
compatibility with the CMOS logic process i1is good and i1t
becomes possible to add a DRAM function to a logic IC chip
with few processes. |

Due to thilis, the production process can be
simplified, the cost can be reduced, and a memory-logic
hyﬁrid IC with a high reliabilility of operation can be
realized by the present Iinvention.

Summarizing the effect of the invention as explained
above, the semiconductor device according to the present
invention, the cell area can be reduced without an effect

on accuracy and the number of interconnection layers can be



process is good and it is possible to add a DRAM function to the | pgj
chipwith little processes. Due to the above, the cost can be re&emwmﬁlf
wi t hout adding a conpl ex production process and a hybrid circuit of a
menory-peripheral circuit (logic circui26 -can be realized. Wile the

i nvention has been described with reference to specific enbodi nent
chosen-for purpose of illustration, it should be apparent that numerous
nodi fications .coul.d be nade thereto by those skilled in the art w thout
departing fPoHCERe basic concept and scope of the invention. - 8 JAN 2004
27 Cainms: 1. A seg'bcond ctqr device conprising a nenory cell having a

plurality of actFYE*BPEmetR stBhFase ofckie Btk phrs v dhsicenghe, thferein t he
plurality of dact%;ve el elhnenttﬁ}ego risi n?g' the menory cell conprises field

ef fect tran§ ¥PBFRIRRVEINY (e &OmPRFHPHEHSY ilitdh BB EHPSeledhCdi f f usi on

| ayers form ng a source o in.and a gate, or four term nals_ which
conpri se tV\BrgF??ﬁs#j%ngO?éLfé'&g Forfi Hasﬁgléjo"urté‘é i & DRAM fupgkiongnd a
substrate o;g_ a hI a%er V\/n]i,cch i.ncl Srdes an _area at which channel is forned,
and the pas§PvERRIEREHT HorffHivsiidh: AL thbadRSPEsaesconpri ses a capacit or

havi ng an insul a inghéaé%g etween_a first electrode and a second
[

el ectrode, wherelRA°t Y& et SOEONPTR Fhgradrsese thont |

adding a complex production process and a hybrid circuit of
a memory-peripheral circuit (loglc circuit) can be
realized. |

While the invention has been descoribed with referenée
to specific embodiment chosen for purpose of illustration,
it should be apparent that numercus modifications could be
made thereto by those skilled in the art without departing

from the basic concept and scope of the invention.



include at |least a transistor having a function of witing data andhr
transi stor having a function of reading data, wherein the nenvr 2004
conprises two field effect transistors and one capacitor, a first field
effect transistor conprises an N-channel type or P-channel type and a
second field effect transistor conprisges an N-channel type or P-channe
type, wherein the, nenory cell is configured by a second diffusion |ayer
term nal @fyitge first field effect transistor, the second electrode of the
capacitor, and a gate electrode termnal of the second field effect

transi star, connechedotaaalfiete Nt Jdﬂﬂiﬁ@im the first electrode of the
capacitor is connected to a word line, a flrst diffusion [ayer term nal of

the first field n%meQ?t ce18 gmngzcaoiu%%alufnéf S1i vieS GQRBRES edi d qa bit

line, a gate termnal of the first field effect transistor Is connected to
a controliegateond idsidef Ligle i ffusion layer termnal of the second_fleld
effect transistor is connected to the bit line, and a second diffusion

llayer term nalynefeife tsecopifaigkd eff egtciyansi sfied Sc&Pnached tiL a
predet erm ned power supply termnal. 2. The semiconductor as set forth in

claim 1, msherei ncatl | easprisane efetide frrest e&%%&@@@ﬁ”dna%%@ndtl@ée%ct rode
of the capaC|tor serves al so as an interconnection |ayer. 3. The

seni conduetrainabs sefichoebiipt ke Itaionulsrudiesreilayaks Sfrmitheaasbive elenents
conprising the nmenory cell conprise N-type field effect transistors or

P-type fidehdnebfi¢cs ¢awmnsiost Goar dermie:1semheondushsisas tast af efididm cl ai m
1, wherein when
layers forming a source or drain, a gate, and a substrate or a
layer which includes an area at which channel is formed, and
the passive element comprising the memory cell comprises a
capacitor having an insulating layer between a first electrode
and a second electrode,
wherein the active elements comprising the memory cell
include at least a transistor having a function of writing data
and a transistor having a function of reading data,
wherein the memory «cell comprises two field effect
transistors and one capacitor, a first field effect transistor
comprises an N-channel type or P-channel type and a second field
effect transistor comprises an N-channel type or P-channel type,
wherein the memory cell is configured by a second diffusion
layer terminal of the first field effect transistor, the second
electrode of the capacitor, and a gate electrode terminal of the
second field effect transistor connected together and, further,

the first electrode of the capacitor is connected to a word line,

a first diffusion layer terminal of the first field effect



arranging the nenory cell in an array, the gate electrode termnal of the
first field effect transistor of each of a plurality of nenowy CSA)NZQUI'
connected to one word line is connected to one control gate I|i e

sem conductor as set forth in claim1, wherein when arranging the menory

cell in an array, the gate termnal ofoghe first field effect transistor

of each of the plurality of nenory cells connected to one bit line is

connect ed ra@s08€£ 004 I BbngaltRd ldde }§1QANI?&04a 292t -  JhE mgM fondict or as
set forth in claim1, wherein the mnmenory cell is enbedded with a logic

circuit. flrstherisen carduet eraaslgeérf%tf&ohﬂeekéa Mg, ANESAI b1t hgafenory
cell is enbedded with a logic circuit. 8. The sem conductor as set forth in

cl ai m 3, mher eanciha mﬁﬂﬁﬁyléﬁﬂﬂayb% eabeddad ow EheasééKHd3ﬂ§bi8Uéffeé% The
sem conductor as set forth in claim4, wherein the nmenory cell is enbedded

with a | agheststatiiis ddhnetheasesi epaduct oTids Sold f0rdddohd 6k aFie Hn
wherein the nenory cell is enbedded with a logic circuit. SEM CONDUCTOR

DEVI CE ABSYRACHe £ nBHE B GG GRIRRJALSeNd CONHIE! Bkaflevied Gapabhgedfed
reducing a cell area without affecting the accuracy, capable of reducing
to a predetermined power supply terminal.

2. The semiconductor as set forth in c¢laim 1, wherein at least
one of the first electrode and second electrode of the capacitor

serves also as an interconnection layer.

3. The semiconductor as set forth in claim 1, wherein all of
the active elements comprising the memory cell comprise N-type

field effect transistors or P-type field effect transistors.

4. The semiconductor as set forth in claim 1, wherein when
arranging the memory cell in an array, the gate electrode
terminal of the first field effect transistor of each of a
plurality of memory cells connected to one word line is connected

to one ceontrol gate line.

5. The semiconductor as set forth in claim 1, wherein when
arranging the memory cell in an array, the gate terminal of the
first field effect transistor of each of the plurality of memory
cells connected to one bit line is connected to one control gate

line.



t he nunber of interconnection |ayers, and capable of realizing a hyby]
circuit of a nmenory cell and peripheral <circuit easily and at aJI 2@&#
including a bit line, a word line, control gate line, a capacitor with a
first electrode connected to the word line, a read transistor conprising
an NMOS connected between the bit |inegnd a predeterm ned potential point
and with a gate electrode connected to a second el ectrode of a capacitor,

and a wid.e tUmansi&tidoneaspst ShBg st NS connecth adybat wegn. tdig bige |ine
and the second el ectrode of the capacitor and with a gate el ectrode

connect edhetmdriyhee xoritst ehbgaded lWing. aFi@gidl circuit.

7. The semiconductor as set forth in claim 2, wherein the

memory cell is embedded with a logic circuit.

8. The semiconductor as set forth in claim 3, wherein the

memory cell is embedded with a logic circuit.

9. The semiconductor as set forth in claim 4, wherein the

memory cell is embedded with a logic circuit.

10. The semiconductor as set forth in c¢laim 5, wherein the

memory cell is embedded with a logic circuit.





