-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 Iine BL and conmon potential |ine SL.
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.



- 8 JAN 2004 - 2 In a one-transistor one-capacitor type nenory cell
connection point between the nenory capacitor MCAP and the traf BMN 2001,-
forms a storage node ND. The "1" or "0" of data is differentiated b
difference of the anmpbunt of a charge-spored in this storage node. It S
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
determ ned for the nedor g capaticrboslbEAP énenvipucitoreviggpatmendrong Wt h
the reduction in the occupied area by a sem conductor nenory cell,
however, theseddpds.t ancenvgictdonopothe bepaees othé tmeidryt engmdicadmal | . I n
addition, the increases in nenory capacity have led to an increase in the
bit |ine capbdi® amde thehérehsietort Ti Sobes omi sigoven tat<l¥D. tTheobt ain a
readable bit line potential conpared with the past. As nmeasures to solve
this probleml'vam @S ofapgatit bs diffierembsated opeenlififzpesed ufich as a
stack type, fin type, cylindrical type, or other stacked capaci- tor
havi ng a cap&esi eoruateefr adehipngeesateded nin Ut be ostarsmge pardeuni t area and
atrench capacitor etc. However, due to the limts in processing
It is necessary to cause a sufficlently 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



technol ogy on the aspect ratio of the trench formed on a -8 JAN_2004 -zﬁg
substrate, the height of a stacked electrode |ayer, etc. or thg)i hh #
of the nunmber of process steps for formng a conplex structure and the
resultant increase in manufacturing cost etc., it is becoming difficult to
I ncrease 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 capaci tor swisstiticon tiet Beight Wi ha asthicdeddeebettode 105t @ftle.i 6ral so
bei ng devel oped. In addition to the difficulty of devel opnent of a
di el ectric nebherimirdasselbof, thewswsier (dieparogeesextepsi fier favwdanagpaent
t hemes such as devel opnent of electrode naterials with a good affinity
with the di etegikdx simructievel apdrettie ofesuicaassingréasdnimgues for these new
materials. Al so, the devel opnent costs or newly introduced production
equi pnrent etmanywdsetvaring zeabl etdur den. isAdeaomingudiffida tDRAM pr oducti on
cost has been continuously increasing. Therefore, even if the cell area is
reduced and imdEANssearthenedpatitagere ivale@paci tycapbclsomprmaat mopiltard to
reduce the cost per bit. In view of this, when trying to reduce the cel
area.
On the other hand, the capacilitance of a
" capacitor i1is proportional to the dielectric constant of a
capaciltor insulating film sandwiched hetween electrodes, =o
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,



area w thout changing the structure and nmaterials, the reading signal of a
DRAM cel | becones smaller, and, -8 JAN 2004 - 4 ultimately, !b-&sJFﬁﬂ@Z@@k
that detecting data stored in the nmenory cell will becone diffrcult.
Further, as a DRAMcell, in addition to the one- transistor one-capacitor
type nmentioned above, there is known for exanple a three-transistor type
menory cell not using a capacitor and using three transistors. In this
case, in addition to the two word |ines far witing and reading, two bit
lines for witing and readi ng besides are necessary so the nunber of

i nterconnection |layers is increased. However, a |arge nunber of

i nt er connect, S sy | ipiting factor inp reducing the
cell area. éH%%ﬁ%%ﬁq 'Tﬁ%?]kﬁgﬁﬁqégﬁéﬁi?ﬁﬁ%sg%%é?%V%ﬁt%%%ah%%o %%nlﬁade to

solve the ahoyeacpEebl 6o apd a3 caRel 45rLRLAGE to provide an inexpensive
menory having a DRAM function. More particularly, when considering

mount i ng together witacenbogigsChl st cii1 | Sud QiQULAe B $aET gpoduct of

device mnimzing the effect on the logic process and ena reali zati on

of a hybrid wangistoof shdmnprricst! @pl Reki PhH&IA! aBLEEUI tgasi | ysand at
a low cost. -8 JAN 2004
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.



5 According to an aspect of the invention, there is provided
sem conduct or device conprising a nenory cell having a pl uraﬂéﬂ&N&ﬂﬂ’be
el enents and at | east one passive elenent, wherein the plurality of active
el ements conprising the nenory cell conprises field effect transistors
having three termnals which conprise two diffusion |ayers formng a
source or drain and a gate, or four termnals which conprise two diffusion
| ayers form ng a source or drain, a gat®,- 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 capacitor having an insulating

| ayer between a first electrode and a second el ectrode, wherein the active
el ements conpri si AFEYHEWent? y 2el #5P§5Hc] Qe e | éaentiamansherer dsavi ng a
function of witi data,and a transi stor having a function of reading

dat a, mhereiﬂr?Yﬂ§ﬂ%EﬁDF?m&%?Td%ﬁﬁﬁﬁfﬁ§§éc?wﬁpmﬁ¥ﬂ§}n§ffect transistors and
one capacitor, a first field effect transistor conprises an N-channel type
or P-channel typeaaﬁamoﬁyséﬁﬁﬁthVéPﬂ af e i hisiodt & ivsmpriementan

N-channel t f ,P-channel type, wherein the nenory cell is configured by
a second di%¥§§ﬁb&eﬁi e?n?éQ?ﬁgiﬂe G-SPRRCfirst field effect transistor,

the second el ectrode af the capacitor, and a .gate el ectrode term nal of
? i i
t he second fi eldl% ?ﬁﬁﬁ? the plurality o active elements 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



-8 JAN 2004 - 6 transistor connected together and, further, the first

el ectrode of the capacitor is connected to a word line, a fi rsta (:'I‘!ANJ%W
layer termnal of the first field effect transistor is connected 1o

line, a gate termnal of the first field effect transistor is connected to
a control gate line, a first diffusion layer termnal of the second field
effect transistor is connected to the bit line, and a second di.ffusion
llayer termnal of the second field effect _transistor is connected to a
predet erm ned power supply termnal. Further, in the present invention, at

| cast one of e it ghestrode anascond gl ectrofe of e capacitor

T, T .
serves al so as an I nterconnection er. "Fur ent ll ﬁ\‘ientl on,

j i:Sl h | I field
all of the ag{iueof£l eEenhs. ¢ IgngQg the genory,c ?s?aéﬁf héﬁgg ie

effect transistors or P-type ef fect transrst fn% he

present | nveRLION aYRRIL Q4T ANAIA0 L0R JIBMOLY ERL! Ai0Bn ALngy. ddle. oate

electrode termnal of the first fi ect transis

plural ity ofcrdmmyne:cald srpmeechedola e Ward, Il ngdes conngciedgto one
control gate line. Further, in the present invention, en arrfangi ng the

memory cel| b ani Ay Aerbhespate ehaaliade tergbhabotla e o kol ol d
effect transistor of each of the plurality o
gate line, a first diffusion 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.



menory cells connected to one bit line is connected to one cgpt ?gg%
line. -8 JAN 2004 - 7 Further, in the present invention, the
is enbedded with a logic circuit. According to the present invention, the
stored charge of the passive elenent, §or exanple, capacitor, may be one
of an extent enabling control of the on/off state of an active el enent,
that is, first field effect transistor (read transistor), in accordance
with the stored data. Therefore, in this nmenory cell, since there is no
need for directl| yuehneg| nin atttk dirscleatgingentiar gebteapeoory cbll 1% ne by
the stored charge of the capacitor such as with a one-transistor
one- capaci t embeyfied DR 4 o giapadirtyief charge storage of the capacitor
can be nmade small. At a result, in a nmenory cell of this structure, it is,
not necessary toabcbkeing td e pampeait onvehtimi urthet gtorndr ehgege he
anount of charge storage per unit area or to develop a capacitor
di el ectric wit ehkapagéive hhipmedite! €otr egagphst antpaciitatr, i ®aysbacend he
structure is not conplex, it is easy to make and further there is no rise
in .the preduahi entenstemdtdngmgniconteolpbf cilte om /WL Is¢apeoc€san. Furt her,
since there is one bit line, the cell area is small, and the degree of
i nt egr ati onacanvbeehadenti gitert iand firatefield@ifeaatakgiapsdstenan be used
wi t hout any maj or
(read transistor), 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.



change, the conpatibility with the CMOS | ogic process is good gﬁln Ngu"n
possible to nmount a DRAM function together wth a logic circm !i
processes. - 8 JAN 2004 - 8 BRI EF DESCRI PTI ON OF THE DRAW NGS These and
ot her objects and features of the presegt- invention will becone clearer
fromthe followng description of the preferred enbodi nents given with
reference to the acconpanying drawings, in which: Fig. 1 is acircuit
di agram of an enbodi ment of a gain cell as a sem conductor device
accordi ng to the BRIEESPRECREVEIIN OF, THEgDREWINGZ pattern di agram of a
menory cell according to the present. enbodinent; Fig. 3Ais a sectional
vi ew al ong t he | iTresA- Anfinotlrey olPiecdsdaffigfe@Biies afsdbei pmesent ew al ong
the line B-B in Fig. 2; Figs. 4A and 4B are sectional views for explaining
t he process igveptdducvidbh bfcanensdenyereftomcdsy dioddowdnyghe present
I nvention; Figs. SA and 5B are sectional views for explaining the process
of producti éesefciatienvey drd Iprefesrdiingnivedinentspodyent wiblenti on; Fi gs.
6A to 6C are plane views for explaining the process of production of a
menory cel | T&€esrragte oththeaccompanying 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 along 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 and 5B are sectlonal 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; Figs. 7Ato 7C are plane views for explaininggh
process of production of a nenory cell according to the presen‘t‘én;AN 2&104
'- 8 JAN 2004 - 9 Figs. 8A to 8C are plane views for explain the process
of production of a nenory cell according to the present invention; Fig. 9
Is a view of an exanple of the |layout of the DRAMgain cell according to
the present invention; and Fig. 10 is a circuit diagramof a one-transistor
one- capacitor type DRAM cell. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
Bel ow, preferredrFégbodémend ssOvidde Ipdadeseciehedear tdxplagahethace to the
acconpanyi ng drawings. Figure | is a circuit diagramof an enbodi nent of a
gai n cell apraceesi ebngitmhwrticeyiofeaanensdy Ng:lt10 ddaerdphngseat theavent i on.
This gain cell GMC, as shown in Fig. 1, has a read transistor TR, wite
transi stor P¥ésempatmtexti@d?, bit [ine BL, word line Wi, and control gate
line CGL. Note that in Fig. 1, TA denotes a first electrode of the
capaci tor CAP, TBiden®tits a wiasond eneceknopbe off tile lagpac bor tHAP, WG
denotes a gate termnal of the wite transistor TW WA denotes one
sour ce/ dr ai BREMr gebm| cefl tdusording to the present invention; and

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



wite transistor TW WB denotes the other source/drain term nal of the
wite transistor TW RG denotes a gate termnal of a read tra:&i‘%ﬁrggﬂl*
RA denotes one source/drain termnal of the read transistor TR - 8
JAN 2004 - 10 denotes the other sourcepdrain term nal of the read
transistor TR For exanple, mx n (m n: any natural nunbers) nunber of
cells GMC are arranged in matrix in a nenory cell array. |In the case of
this array structure, the first electrodes TA of the capacitors CAP of
menory cel | denatesanted aderheosane/doaimremdmedcoEdthe seadmon word | ine
W.. Also, the gate terminals Ws of the wite transistors TWof nenory
cel | s arrangeansisitde Bane colunm are connected to a common control gate
l'ine CGL. ‘Further, one source/drain termnals RA of the read transistors
TR .of the nenor yFeel ¢zampleanged on(khensamey rovkursle npobreed eduteex he bi t
| ine BL. Modreover, the bit line BL is connected to, for exanple, a not
shown | at chef ypelbe e anyl iaicenged whimdbrix def @r ewperrefell saxriihect ed.
In this way, the gain cells GWC are used for a nmenory cell array, a nmenory
peri pheral circuin the acided ofafiiisherray sermigtune evbedfddsti th a | ogic
circuit (not shown in

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 tb, 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 1o§io circuit (not shown in
Fig. 1) in an LSI chip.

The write transistor TW and read translstor 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



Fig. 1) in an LSl chip. The wite transistor TWand read transig%rﬁﬁ 2004
conprise insulation gate type field effect transistors, for exanplws;
n--channel MOS (NMOS transistors). In a wite transistor TW the gate
terminal Weis - 8 JAN 2004 - 11 connagted to the control gate line CA,
one source/drain termnal WA Is connected to the bit line BL, and the
other source/draln termnal WBis connected to the second electrode TB of
the capacitor CAP. In a read transistor TR the gate termnal RG Is

connect ed t ¢ompectedohd thectoteloitatheltng %5 oron@ARCUgRe/ A5t ce/ dral n
termnal RAIs connected to the bit Iine BL, and the other source/draln
termi nal RBtegmdsahecBhells teonpeahiggpity thaebbt kinefBr.cgpd bkt atfeew/ss
(ground voltage G\D). A storage node SN of the nenory cell GMC |Is conprised
by the conn&eures/gopie wérminalsdBoAd cberegirit tTB e skeongapacitor CAP
and the other source/drain termnal WB of the..wite transistor TW

connect ed t IfdeetsogAdTe hef gthe aapagilttar CRE> of the read transistor TR In
the capacltor CAP, the first electrode TA Is con- nected to the word | Ine
W.. The capacit ofrCAPraadstrmrsintinr (IR béhpagyke | FerddgdcRGyisso Is

configured by sorgal led MM (netal
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



I nsul ator nmetal) type capacitor forned by an Insul ator (Iayer)_gﬁknéﬁrggﬂ#

metal |Interconnections. For exanple, the first electrode TAls ¢

by the sanme netal Interconnection as the word line W of al um num (Al)
etc., while the second electrode |Is -cdaft+gured by the netal

I nterconnection for the logic -8 JAN 2004 12 circuit. The insulator is
formed by a nitride filmformed by, for exanple, plasnma CVD (hereinafter
referred to as a plasma nitride film. Further consider a capacitor CAP
havi ng suchc&rcebhf i guration. The charge stored in the capacitor CAP is

mai nly lost by %unction | eakage. 1 fA is assuned as a typical |eak value.
| f the potential Th¢firgekiteon dspéozped iy i mhfrdfg Tipe é?%‘&%r time
(data holding tine) is 600 ns, the held charge becones as follows: 600 ns

x 1 fA = 0. 6°FCerumrlfor plogmac §ER clpsromatiierc 24T AP Deétones as
follows: 0.6 fC/1V = 0.6 fF If 8F2 (Fis a design rule) is assuned as an
el ectrode BleEdfntiRLdeFdd™or CAP, when F = 0.13 Am 8F2= 0.1352

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



E.cn2. If a dielectric of a dielectric constant = 7 is used, _ighejA SS
d of the insulator becones 14 nmas shown bel ow ' BhJAN ZBm :
d=(7.8.854e--12. 0. 1352e-12/ (0. 6e-15)=14e--9[nm The above condition can be
sufficiently realized if a plasm ni-tnizde filmis used as an insul ating
film Also, the capacitor CAP is not a capacitor such as 8 JAN 2004 - 13 -
one of a conplex general purpose DRAM and may be a parallel-plate type
capacitor. Further, a plasma nitride filmis formed by a low tenperature
process enalkrengfi & combtex stehexpdnprurpese ARGF angt ey bAt @rconnections are
formed, so it is possible to nake an MM type capacitor maki ng use of an

i nt er connecPzAllpiyrtatd WwHeogapacitenit as nentioned above. Next, the
pattern and exanple of the sectional structure of a nenory cell GVC of a
single bit |ine Fypther. FiptasmanniftrijdeekplmitredFammert PEf aréace to Figs.

2, 3A and 3B. Figure 2 is a pattern diagramof the nenory cell GVC

accor di ng t &emperprese mragassdienahiing| Jt A e usedeevepnafter il et ong t he
line AAAin Fig. 2, and Fig. 3Bis a sectional viewalong the line B-B in
Fig. 2. Not ethhat inkexorunsriieescener 6rrrt e 99 ¢ deLrandible t4ne BL are

arranged so as to be parallel in the present enbodi nent,
make an MIM type capacltor making use of an interconnection

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



they may al
the word |i

according to the present enbodi ment has four, that is, first to fourth,
metal interconnection |ayers MILI to -Mil#4 - conprising, for exanple, Al.

first netal

transi stor TR The second net al
conpri si ng tofe tgnreafl FarrsisteEr @8-, The third et al

so be arranged so that the control gate line CA is gangl
ne W.. As shown in Figs. 3A and 3B, the nenory cell -e@cﬁuﬂeﬂm

The

i nterconnection layer MIL1 is a layer for connecting a drain
of the wite transistor TWto a gate -8 JAN 2004 -- 14 of the read

MIL3 is a layer conprising the second el ectrode of the capacitor CAP

(bot t om el ect r od&hensgeend duefaly ayteaiceanseEler ukayeTAITIRhd-Sf Gurt h et al
i nterconnection layer MIL4 is a |ayer conprising the first el ectrode of

i nterconnection layer MIL2 is a |ayer

I nt erconnection | ayer

t he capaci t @YEAPCoPpEhs Bredircogenitfothgatasting &flst acked structure) TB
serving also as a word line W.. Also, the word line and control gate |ine

CGE of the

wr i t @ber ERrdimetak dntedssenaehionr Thuger Mdre iss andaYPRi t on

the rel ationship between the capacitance of the capacitor CAP.and
t hr eshol d v6rrRFEsipg the sfeand lgrsretsr of\Whe PR ERMEPY cel | GVC, as
shown in Figs 3A and 3B, )

bottom electrode in a case of a stacked structure} 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.

In 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



for exanple a shallow trench isolation (STI) 11 for elenent isqglation i%
formed on a silicon or other sem conductor substrate 10, and -HB&JA 20 4
transi stor TWand read transistor TR are fornmed in an active area isol ated
by the STI 11. The wite transistor TWsand read transistor TR are each
conprised of a gate insulating film14 fornmed on a channel formation
regi on between the source/drain areas 12 and 13, a gate el ectrode 15
conprised of polycrystalline - 8 JAN 2004 - 15 silicon formed on the gate
i nsul ati ng fsillimcdd, famled orsitdenglatel Gnkalaethdwidm itaonanidt ai de (SIN).
That is, the wite transistor TWand read transistor TR have the sane
structure asideNMablt Lansosial byporpuisbagnitinld q@@ie)circuit of the
peripheral circuit and are formed by a simlar process as a nornmal MOS
transi stor as.nefrhati apedthatwritel krahsistonelrdl and tagonmeakishotayer M.T1
is formed on the first interlayer insulating film217 formed so as to
cover the wWTRt aatreahbe Sssate BV andureadst 8 aM3s stomsiRiand compthsing | at t ened
upper surface. The first Interlayer insulating film17 is formed wth a
cont act hol &h€l legiendinguft arfi ahleopbohpberdhca@fuitt hadf aret fomtel
I nterconnection lLayer MLT1 to the other source/drain termnal WB of the
wite transibyt ar sIwihad process 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



contact hole C2 extending to the gate el ectrode GR of the
TR. These contact holes O and C2 are enbedded with plug
conprised of, for example, tungsten (W. That is, the ot

s Prar BndAN 204

her source/drain

termnal WB of the wite transistor -TWeanrd the gate el ectrode GR of the
read transistor TR are connected via the plug PLGL, the first netal

I nterconnection |layer M.T1, and the plug PL&. The second
i nterconnection layer M.T2 serving as the control gate

nmet al
ine C& is forned

on the secoddtergagaN Doprlating filmt &8 | £gmred poulagt LAgCPVEM W8 f or ned so

as to cover the first nmetal interconnection |layer M.T1 a

nd with a

flattened tapstumebed. IMeraseestivnt bavey MTlhamdawilhl i Fhatgenatd first

interlayer insulating film217 are forned with a contact
from a bott depsgnfreeesof the second netal interconnection

hol e C3 extendi ng
| ayer MLT2 to the

gate electrode GNof the wite transistor TW The contact hole C3 is
enbedded with a Theugerp@ buiptiayergipsulbing £ihd8gand &88¥r ode GW of

the wite "transistor TWis connected to the second net al

| nt er connecti on

| ayer M.T2 daterhgves inguladdmgofigmt &7|avee faamedywithha pPRtRELG3. The

second el ectrode TA of the capacitor CAP is

hole C3 extending from a bottom surface of the second metal

interconnection layer MLT2 to the gate electrode

GHW 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

as to 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 of the 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



formed on a third interlayer insulating film219 formed so as to_cover the
second netal interconnection layer M.T2 and wth a flattened t-c& 3NN£&4
The third Interlayer insulating film 19 and second interlayer insulating
film18 are fornmed with a contact hol g;C4 extending froma bottom surface
of the third netal interconnection |ayer MLT3 to the first netal

I nterconnection |layer M.T1. The contact hole C4 is enbedded wth a plug
PL&GA conprising W That is, the other source/drain termnal WB of the

Wite transtsigsiddantk tHie gahfeeterttndmeCRIREL BRecasie B AN 2004 - 17
transi stor TR are connected to the first electrode TA of the capacitor CAP

via the plughPL&dpaditesf iozst viet ehe pniemr@inecheonitayene®dTl, and the
plugs PLA and PL&. Further, a fourth interlayer insulating film20 with
a top surfagerébsaibiligghaaybhannthe duep ther baagsoPLEheand fRNGL et al
"interconnection layer M.T3 is forned on the «circunference other than the
top surface of therthérd arEdciirthni ateonnent imsullayeng MTBn Theilitasma
nitride filmINS serving as the insulator of the capacitor CAP is forned
on the top sutdpcenfaddaodatieadhighat tiirenttentept sonfhayest MIE3 and t he
top surface of the fourth interlayer insulating film20. The fourth netal
i nt er connecthoid | myedl Mukériconhestbeh drageie MLEP is formed on 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.



surface of the plasma nitride filmINS. Next, the process of production of
the unit menory cell GMC as shown in Fig. 2 and Figs. 3A and-?FJAIN 21?04
explained with reference to the drawi ngs. Figures 4A and 4B an I gs. HBA
and 5B are sinplified sectional viewsjfgor. explaining the process of
production, while Figs_ 6Ato 6C, Figs. 7Ato 7C, and Figs. 8Ato 8C are
pl ane 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 dif{fiusFemdtaier oft Eleapatolkdletiorl(ITI)in the fol | ow ng

expl anati on, the annealing, washing, etc. wll be omtted. - 8 JAN 2004 -
18 (1) Formati opipét Fl @redHowrsdnatrios . )& andi 651 ,ties sgitown ia Figs. 4A
and-6A, the STI 11 is formed by formng a trench at a predeterm ned region
of the senroondachyrfatbzig a erddcht Aena bpreydaigeintiaedr eaghomi 4 e oxi de
insulating film that is, by the nornmal nmethod. Further, the active region
I's fornmed westhisopdwetdr isubstthatease, othan BivigS andhes thenake dwith haran
n--well in the case of a p-channel MOS. lons are inplanted for adjusting

t he threshobgidel iegel dtime cdndantbati 14, Needthg Hormanmaktbodof CGate

El ectrode Next, as shown in Fig. 4A, a gate oxide film1l4 is fornmed on the
active regi on of Fhheheem donditdtice segsonate 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.



10. After the gate oxide film14 is fornmed, as shown in Figs. 4A and ?ﬁ;ka
gate electrode 15 is fornmed by CVD etc. using polycrystalllne-BllﬁdQ

the gate electrode material. This is then doped by neans such as 1on

i mpl antation to reduce the resistance. 1Mote that it is also possible to use
doped polycrystalline silicon at that tinme and possible to use a

so-cal l ed polynetal structure of a stacked structure of W W\, and

pol ycrystalline S|I|con fron1the top. To formthe electrodes, first the SiN
I s processed usiagd BEED a3 (U S t hen etchlng S
perfornmed using the SIN as a mask. -8 JAN 2004 -- 19 13) Formati on of
Contacts 1 AfterAEDEFi BPD i lgn dmpdansatieon. skmwhdwn RingFigB, 4B, SIN filmis
formed by CVD and a sidewall 16 is formed by etchback. Next, the first

i nterlayer PANuEalmngs femmerly bys CVPorn@de aviiqwadledgbily £pamedned, then, as
shown in Figs. 4B and Fig. 6C, first, the contact hole A is formed down
to the senkéehbaeor substrate 11 and, next, the contact hole C2 is
formed down to the gate electrode 15 for--the read transistor TR Note that
normal |y to | onelNe¥he ¥haifingicdnferdpger insulating f£ilm 17 is

- 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



form ng the contacts, the source/drain of the logic portion is_salitagd
but the DRAM portion of this explanation is covered with the i nfﬂer‘-’éuml"

insulating. filmand nade not to be silicided ( prevents an increase in the
junction | eakage by siliciding). (4)- Gonnection of Gate of TR and Source
Drain of TW Next, as shown in Fig. 4B and Fig. 7A, Wetc. Is used to form
plugs PLA and PL& in the contact holes d and C2, then the first netal

i nterconnection layer MIL1 is forned on the first interlayer insulating
film'17 to fddinmdeét ishEoraedrand amaierablyhElaktenedr dhsnst 86 THPERd t he
gate electrode 15 of the read transistor TR (5) Formation of Contacts 2
As shown i n iH §Fig5C7Bt hEheeeonkpdthihedieafer 1Fnforeed fpr the) gRL2004 - 20
film18 is formed and preferably flattened, then, as showmn in Fig. 7B, the
contact hol elegtredpofpEdtierviite daeasisreetFdde for the wite transistor
TW Next, the plug PLG is forned by Wetc. (6) Formation of CG

| nt er connect i on MEgrthetheaBles RRE3 A-sFifgrmsd€ BHAYFEEC- 7C, the second net al
i nterconnection layer M.T2 serving as the control gate line CA connecting
the plugs PLG3 (dé ormpkieu iIntesogpaeghleome second interl ayer

insulating film 18. &7) Formati on of Contact for Capacitor Bottom
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 CaDacitor-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



El ectrode As shown in Fig. SA, the third interlayer insulating i1 m219
formed and preferably flattened, then, as shown in Fig. 8A a=<gn

4 for a capacitor bottom el ectrode reaching the netal

M.T1 is forned on the third interl ayerzii nsul ating 19 and the second
insulating film218. (8) Formation of Capacitor Bottom El ectrode

i nterl ayer

As shown in Fig. 5B, a plug PLG4 conprising Wis forned in the cont

hol e C4. Further,

act

S

2004

i nt erconnection | ayer

as shown in Fig. 5B and Fig. 8B, a.second el ectrode TA

(bottom el edtidmd@y &f formed i paefenpbly fiarteed,( $heRornuindew of W As

shown in Fig. 5B, a fourth interl ayer

is forned ad¢ pgramedabhyti¢ pammeddort hehtemvwimgwodes ahdr predapact ber

capacitor bottom el ectrode and a capacitor

SiN etc. isihstdaingufiberINGoispdaamanSHE etdbB Iandorivgd.8C, a fourth
metal interconnection |ayer M.T4 serving as the first elec- trode of the

capaci tor CAP (t &pr&hert ratejbamd iohé&iger BB fnddM. i8C.f @r MedrtNot e t hat

when producing the peripheral circuit in parallel by this process,
i ncr ease i nmefalnipberceyinection layer MLT4 serving as the first elec-

trode of the capacltor CAP (top electrode) and the word
line WL is formed. |

Note that when producing the peripheral circuit 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, the

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 above in a
matrix.

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 contact
holes Cl and C2 are formed so as to be parallel. The second
metal interconnection layer MTL2 serving as the control
gate line CGL connecting the contact holes C3 1s formed in

an, orthogonal direction to these.

t he

insulating - 8 JAN 2004 _ 21 film 20

insulating filmINS of plasm



masks is only one. Further, when the plasma nitride filmis not
necessary' other than at the DRAM cell portion, the unnecessary %OJAN)@M'
can be renmoved by further addi ng one mask. This conpl etes production of a

unit cell. Figure 9 is a view of an exa&dple of the |ayout when arranging
menory cells GVC produced as nentioned above in a matrix. In this |ayout,
as shown in Fig. 9, the fourth netal interconnection |ayer MIL4 serving as
the word line W._and the first netal line |ayer MIL1 connecting the
contact hol es O 1BnBheCase ortdE 46794tt olbeciidderdrg PRELSRESRMD  net al

I nterconnection |ayer. MIL2 serving as the control ate line CA connecting

the contact PHoP8tne3the desideny tude En, the t fkjortieadiPeseresnlt® hdse. - 0
JAN 2004 - 22 In the case of this layout, if considering cell area by
usi ng the dEBPFERIFEEIT aned berrmes i becones 15F2 and the capacitor area
becomes 8F2. In a case other than the |ayout of Fig. 9, the cell area
coul d becone 16F2Rof FRfFR.ctheet %Pe?h?héawq ofr @ggcaﬂrbﬁh?e‘&}éed by this

| ayout and, consequently, a cost reduction can be achieved. Next, the
wite, erasBreantPthPessdeattfnLmn Mo e

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.



menory cell GMC of the above configuration will be explained. 'JMLZQ%
Qperation First, the word line W. to which the selected cell is ¥Yc

is set to the ground potential, the bit line BL is set to a high potenti al
(high level H, power supply voltage-l@&del), and the control gate line CG
is set to a high potential (high level H, power supply voltage |evel). Due
to this, the wite transistor TWbecones a conductive state and the charge
of the bit line BL is stored |n the capacitor CAP. In this case, in the
capacitor CAP, t#E2 trode TB becones high in potential wth
respect to the }Lrst el ectrode TA. Further, the threshold VthR of the read
transi stor TR iELEFf ec’fl}‘?/éﬂ’r"dr &dfe el bhe (Wl Atse sslerEad fiethel®apaci - -
for CAP. - 8 JAN 2004 -- Erase eration First, the word line W to

whi ch the s8PRREEFTE 519‘5 t&’oﬁh@c@é‘ﬁml“% nofientdalhe theobdl bRedE al, the
bit line BL, is set tqQ the grqund gotentlal and the control gate I|ne CaL

is set to th® REGHPoTEN SR PehPEReP B - G, Rer conbBry 98k abe evel ).

nsi stor TW becones the
Due to thi Seat, hfs V\f'.sréé %o 92 high potential (high level H; power

supply voitage level).

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-~



conductive state, and the charge stored in the capacitor CAP i jfﬂ%ﬁd
to the bit line BL. In this case, in the capacitor CAP, the fiT®t

el ectrode TA and the second.el ectrode TB becone the same potential. As a
result, the threshold VthR of the read 24 ransistor TR is held at the
initial value. Read Operation First, the control gate |line CG to which the
sel ec- ted cell is connected is set to the ground potential, the word line
W. is set to a gro nd otentlal and the bit line BL is set to the high
potential (HHF FREPIE; VisonBPd sthip IR tepsLaLgRE IR BLE dher Eptterical iy
floats. Due to t ite transistor TWis held_in the non-conductive
state. If the cagjé’mtf“&r Pt ShHrds I thangeraetfas GPEnEoRS BBEN on the read
transistor TR at this time, the read transistor TR becones the conductive
state, the sctf?eﬁﬁgg ghapge HELIGHERY FEWETTD Thabeuppry FraRstftor refer - 8
JAN 2004 - - ence voltage V$S, and the potential of the bit line falls.
On the ot her aljf&e Feagnkr 90 PRCAR la%je‘g Totthet BPB-GORMAAGE S uf f i ci ent
to turn on tﬁg:%tread trapsistor TR, the read transistor TRis held in the

non- conduct iV&test ZPETCRPET o Gi% PEndine (PO SRE15dt SREF arotidel ot fall .

|
Further, the d|f%%gggggroihérgigggggggg g%tghe written data is

differentiated by which of the above states 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 not
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



differentiated by which of the above states occurs in the

bi t

g N
potential in a predeternmined time. According to the present enb im 200#

since provision is made of a bit line BL, word line W,
CA., capacitor. CAP with a first el ectrdfe -TA connected to

contro
t he

| gate line
word |ine

W.,, a read transistor TR conprising an NMOS connected between the bit |ine
BL and a predeterm ned potential point and with a gate el ectrode connected
to the second el ectrode TB of the capacitor CAP, and a wite
TW conpri si iPShF RIS EBnRetied B Wberet b bitt1e iSIFMEC¥Ad the second
el ectrode TB of the capacitor CAP and with a gate el ectrode connected to
the control PAEtIPPRe CA, the capacitance of the capacitor does not

determ ne the size (anplitude) of the read data of the b

t lin

transi st or

e like with

a one--transi st o SAPACAESE T (3 JENIRARERATL tane) % mal WEICPSSREY |
cell according to

capaci tance value is enough. Further, with the DRNwéﬁgn
the present™®niidgretf, 2evesed ffohe copriiraked <4

smal |, the cellﬁggeration is stable, there is - 8 JAN 200% - 25

to noi se, ar®k

e shEuctYBacitor is

resi st ance

E1Pg Rt (TR BheSHETeEpeRaty DRI WapalFesr °fi th a

| arge capacitance i s _not necessar and there is no need for a conplicated

el ectrode stfifcCarPaciFeF ?%i%er‘hgietx’ﬁéoaﬁﬁﬂﬁt"%fas‘?%‘?eé?}aéh§P§etB§r unit area

of
electrodes or dielectric f£ilm.

Further, in the semiconductor 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

hybrid IC with a high reliability 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



t he capacitor or new devel opnent of a material for the electrqugdﬂ&u 2004
dielectric film Further, in the sem conductor device according '

present enbodi nent, there is one bit line BL in the nenory cell, and the
wite transistor TWand read transi storZ6TR 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,
t he conpatlbllltx with the CMOS | ogic process is good and it becones
possi bl e t 0"844C§ DRAM function to a logic IC chip wth few processes. Due

to this, the pr on process can be lified, the cost can_ be
reduced, and a ng %beFo R %ﬁyﬁﬁﬁﬁ PE %P?W%¥#ﬂEﬁP%eﬂ#§%PIPF9 &heoperati on

can be realized, by th invention. Summarizing the effect of the
i nvention a?dg?BFﬁgﬁ%dgmg qPW8a§éﬁ?%iﬁﬁhﬂﬁﬁﬂ‘ﬁﬁ§vF Sat®8tding to the

resent invention, . the c rea can be reduced without an effect on
: £ dad

accuracy an8 PR&SHuhHeTOY &t SinBRFFONLS ayeradd: &n DEAM. T¥nglien 2004 - 26
[pouced  PUGBRL g s I Yl DU PELlere are (e aduantages
possible to add Bugx¥%ﬂéﬁgmﬁﬂégg the cost can be reduced without

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.



tothe logic ICchip with little processes. Due to the above, t@i coﬁ ﬁ%?t
be reduced wi thout adding a conplex production process and a * rJA 2

circuit of a nenory-peripheral circuit (logic circuit) can be realized.
Wil e the invention has been described with reference to specific

enbodi nent chosen-for purpose of illusizxation,
nunmerous nodi fications could be

wi t hout depapking fromthe basic concept and scope of the invention.
JAN 2004 27 Claims: 1. A sem conductor device conprising a nmenory cell

havi ng a 1pl Ur al iskl On@sdtoke aeb BOBNt 5,,20d; A

wherein the plurality of active elenents conprising the nenory cell

conprises field@hbegt cbiansisiy S RAVIAY: LHree ad@hl Rakse P chy campri se

two diffusion layers form ng a source or rain and a gate, or four

term nal s ewli-chn&atysise &Vandid,fusion

gat e,

capacitor having an insulating | ayer between a first electrode "and a

second ehegbiodeseMmhetehprifts agiéve @lreBBat St RRsESENT Hhe nFEMBYeLel |

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 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

| east one passive el enent,

it should be apparent that
made thereto by those skilled in the art

8

| ayers form ng a source or drain,
and a substrate or a |ayer which includes an area at which channel

I's formed, andmeheipassievepRIrRNBRY GHTPEESIVD EDGdHRIOT Yol ils iGMPHSes a

a



include at least a transistor having a function of witing data and a
transi stor having a function of reading data, wherein the nennwa gﬂ* _zgp4
conprises two field effect transistors and one capacitor, a fi ie
effect transistor conprises an N-channel type or P-channel type and a
second field effect transistor conpriZzmes an N-channel type or P-channel
type, wherein the, nenory cell is configured by a second diffusion |ayer

termnal wofnthecdd rss Ebghdhlf act ér@ﬁ@lﬁr&! 4 hgaseconth; ghedq odg of the
capacitor, and a gate electrode term nal of the second field effect

transi st @ireenmE@etad drgget halraaBdstdtr tBeraonnbReed | kSt £] 86id0de ég d he
capacitor is connected to a word line, a first diffusion |ayer term nal of

the firstlibkel 8 effactdifrBsIdiiN1a3004128nidd12RF $her séSiPHIEhedet@ bit
line, a gate termnal of the first field effect transistor is connected to

a controltrgasestdd nes @orinerstddidf s opid ayale,t e nalseRbnting: speeng, fiel d
effect transistor is connected to the bit line, and a second diffusion

| ayer ternmynal tefmitaed secomnsd fdrhd eiéegtetfcarSicshNEi dtHrCaRNEELES-Ld0 a
predet ermi ned power supply termnal. 2. The sem conductor as set forth in
clai m 1, tehereredatterindasd pone eipphe fdsshael ectrode and second el ectrode
of the capacitor serves also as an interconnection |ayer. 3. The
sem conductor as set forth in claiml, wherein all of the active elenents
conprising the nenory cell conprise N-type field effect transistors or
P-type fiel d 8hfesemicambicstoras set forth in claim 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.



4. The sem conductor as set forth in claim1l, wherein when arrangin
menory cell in an array, the gate electrode termnal of theﬁargﬂﬂiéﬁﬁﬁ
effect transistor of each of a plurality of nenory cells connected to one
word line is connected to one control gate line. 5. The sem conductor as
set forth in claim1l1, wherein when armnging the nenory cell in an array,
the gate termnal of the first field effect transistor of each of the
pluralitys.of neRDryemicehbsceonnast ekt orong, bid ldhBeni s, copnected {0, one
control gate I|ine. 8 JAN 2004 29 6. The sem conductor as set forth in
claiml, nemerei tellhas erABAY=LRIilthi 8 eshrddedcuith a logic circuit. 7. The
sem conductor as set forth in claim?2, wherein the nenory cell is enbedded
with a logic circuit. 8 The sem conductor as set forth in claim3, wherein
the menory cell is enbedded with a logic circuit. 9. The sem conductor as
set forth.in ahai neehicohanetsr t he nRADr§o@l | ih s ceabedded widtria 1ogic
circuit. 10. The sem conductor as set forth in claim5, wherein the nenory
cell is ewbeddeckMi tik ambedd®] ciithuat logi SEM-ECNDUCTOR DEVI CE ABSTRACT OF
THE DI SCLOSURE

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.



A sem conduct or devi ce capable of reducing a cell area w thout sff {i
t he accuracy, capable of reducing the nunber of interconnection Id&QN35804
and capable of realizing a.hybrid circuit of a nmenory cell and peri pheral
circuit easily and at a low cost, incl@ddinrg a bit line, a word |ine,
control gate line, a capacitor with a first electrode connected to the
word line, a read transistor conprising an NMOS connected between the bit

line and a predeterm ned potential point and with a gate el ectrode
connected to a second eIectrod@ﬂ@51355§§9§¥95¥¥9%nd awite transistor
conprising an NMOS connected between the bit 1line and the second el ectrode

of the capacitor and with a gate electrode connected to the control gate
line. Fig. 1 :

ABSTRACT OF THE DISCLOSURE

A semiconductor device capable of reducing a cell
area without affecting the accuracy, ocapable of reducing
the number of interconnection layers, and capable of
realizing_a bybrid circuit of a memory cell and peripheral
olrcult easily and at a low cost, including a bit line, a
word line, control gate line, a capacitor with a first
electrode connected to the word line, a read transistor
comprising an NMOS connected between the bit line and a
predetermined potential point and with a gate electrode
connected to a second electrode of a capacitor, and a write
transistor comprising an NMOS connected between the bit
line and the second electrode of the capacitor and with a

gate electrode connected to the control gate line.

Fig. 1



