FEARCELECTRI C TRANSI STORS, SEM CONDUCTCOR STORAGE wm{g} OF
ORERATI NG FERRCELECTRI C TRANSI STORS AND METHOD OF MANUFA
REFFCELECTRI CTRANSI STORS BACKGROUND OF THE | NVENTI,ON
[Field of the Invention] The irdvention relates to ferroel @ctrl o

t I st t ntegrating an integrated circuit to a
i gner - degr EERGETEEHEIC BRANS g R L s Rt SRR e R ST dRATced and
to a nmanufacturing nmethod thereof scription of the Prior Art]
Research and DUV tMETHQE@EQQLERMHNG@EMOEdSEOMRw are

non-vol atile and inplemented with ferroelectric materi al
TRANSISTORS AND METHOD OF MANUFACTURING
FERROMAGNETIC TRANSISTORS
BACKGROUND OF THE INVENTION
[Field of the Invention]

The invention relates to ferroelectric transistors which are
suitable for integrating an integrated circuit to a higher degree and
operating an integrated circuit with a greater speed and to a
manufacturing method thereof.

[Description of the Prior Art}

Research and Development of semiconductor storage devices
which are non-volatile and irhplémented with ferroelectric material
have been actively pursued. For example, a device called an
MFSFET has been p-roposed. This FET (Field Effect Transistor) is
constructed in an MFS (Metal/Ferroelectric/Semiconductor) structure
wherein a semiconductor, a ferroelectric and a metal are sequentially
deposited. This device has a simple structure so that it can be
readily reduced in its size. Additionally, data stored in this device
may be read out in a speedy and u_ndestructive manner. It is,
however, difficult to appropriately control the boundary (or interface)
between the ferroelectric and the semiconductor of this device in
manufacturing it. In other words, a hig.h quality boundary is
difficult to accomplish. Thus, 5o far, this type of device has not yet

been brought into market.
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have been actively pursued. For exanple, a device called an M-SFET has
been proposed. This FET (Field Effect Transistor) is constructed in an MFS
(Metal / Ferroel ectric/ Sem conductor) structure wherein a sem conductor, a
ferroelectric and a netal are sequenti%lly deposited. This device has a
sinple structure so that it_can be readily reduced in its size.

Additional ly, ddpra sf&fed (RermelegtriccCapanitoe ramdd duanpistersGesey and

undestructive manner. It is, however, difficult to appropriately control
t he boundemyeétion htdediwechasbelswebrenherbposed) edor anand ddiails, see
sem conductor of this device in nmanufacturing it. |In other words, a high
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b6 to 57, 1996. This publication is hereby incorporated by reference.
An FCG device is constructed in such a manner that each of a
ferroelectric capacitor and a MOSFET (Metal/Oxide/Semiconductor
FET)is provided in a separate location on an underlying layer or
supporting layer and that the ferroelectric capacitor and the gate
electrode of the MOSFET are locally wired. Thus, since a
ferromagnetic portion is not formed on the semiconductor, the above-
mentioned quality problem of the interface does not occur. Further,
the ratio between the electric capacitance of the ferroelectric
capacitor and gate capacity can be relatively freely set up by changing
the size of the ferroelectric film or the gate isolating film.
Accordingly, it is easy to apply a voltage to the ferroelectric capacitor
so as to inverse the polarization of the ferroelectric. However, its
reduction in size is not easy because of the complexity in structure as
opposed in the case of an MFSFET.

As discussed above, it is difficult to appropriately control the
interface between the ferroelectric and the semiconductor of an
MFSFET in its manufacture. On the other hand, an FCG device has
a disadvantage that it can not readily be reduced in its size. In order
to overcome these problems, an MFMISFET has been proposed. An
MFMISFET is constructed in such a manner that an MFM

(Metal/Ferromagnetic/Metal) structure, which comprises a
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- 2- An FCG (Ferroelectric- Capacitor and: transistor- Gate
connection ) device has al so been proposed. For nore details, see "1996
Synposi um on VLSI Technol ogy Di gest ofSTechnicaI Papers,” pp. 56 to 57,
1996. This publication is hereby incorporated by reference An FCG device

Is constyucted in.sych a. manner that each of.a _ferroelgectrig capacjitor and
° voore terpetagead diedia SaRANECDEd BETH: Baif ofi Medel iLmse fra, Botboat | on
on an underlying layer or supporting |ayer and that the ferroelectric

capaci t otidgfdis peoyided ox tie gade edectnod engfERf OSEEToc aMhusyithedgatkhus,

since a ferromagnetic portion is not forned on the sem conductor, the

above- pertionned quaf ity ptloid em of dehize nter f hae does mot ocMFMIRIrt her,
the ratio between the electric capacitance of the ferroelectric capacitor

and gate ' : ' S in i ze of
t he ferr%Ig?g%{??%rfsiﬁ{hrﬁﬁt@gbg%?gisé% atryngs%iﬁom@g?gi ngfry‘%&;atr al’s easy

to appl ygf YOt hAPEt P a3 hEE 2CRPEd G rfPPAH k¥ med on a metallic film,
a good interface can be achieved. Reduction in its size is also easily
'~ done. However, this MFMISFET has following disadvantages:

(1) A ferroelectric film has to be formed by means of a heated
process at such a high temperature of approximately 800 C. This
results in an outer diffusion of the elements constituting the
ferroelectric so that channel regions are contaminated, thereby
degrading the characteristics of the MOSFET device.

(2) A wiring or an interr,:onnection layer is formed above the
MFMISFET, which necessitates an interlayer insulation film or an
interlayer dielectric film on the MFMISFET in order to electrically
isolate between the wiring layer and underlying conductor. Thus, if
a thermal distortion occurs at the interlayer insulation layer, a
relatively large stress is generated onto the ferroelectric film, which
degrades the characteristics of the ferroelectric. As a (thermal)
stress is also generated in the course of a thermal or heating process
(or heat treatment), the number of thermal processes should
preferably be kept to as minimum as possible once the ferroelectric
film is formed.

(3) A heated process in a hydrogen gas is sometimes necessary

so as to restore the damage on the MOSFET (for example, crystal
e T
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so as to inverse the polarization of the ferroelectrirc. However, its
reduction in size is not easy because of the conplexity in structure as
opposed in the case of an M-SFET. 4 As di scussed above, it is
difficult to appropriately control the interface bet ween t he ferroelectric
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si ze. rder to oyerco these bl eng, an MFM SFET has be roposed.
A CVEMESRBE e Sttt e A ERRIRCEr MG SORE VRO RAAfLTS. thereby

(Met al Ferroel ect ricMetal) structure, which conprises_ a

3. ferdegsading the charpeteriatitiscofethe ferrqelectric matariali| ms from bot h

The above-described problems are due to the thermal
processes.

Accordingly, objects of the present invention are to provide a
ferroelectric transistor with its characteristic which is not degrated in
the course of a thermal process, and the manufacturing method of the

transistor.

SUMMARY OF THE INVENTION

Thus the ferroelectric tranmsistor in accordance with the
present invention includes a g—'ate electrode, a ferroelectric film, a
gate insulation film, a first main electrode and a second main
electrode. The ferroelectric transistor comprises a gate unit (or gate
portion or gate structure) having the gate electrode, the ferroelectric
film and the gate insulation film deposited on an underlying or
supporting layers in this order, and a channel layer deposited on the
gate insulation film; wherein the first and second main electrodes are
formed as being spaced apart from each other on or in the channel
layer; and wherein the channel layer is used as a channel which
controls the carrier density by means of the spontaneous polarization
of the ferroelectric film.

The above-mentioned gate unit and channel layer correspond

to the MFMIS structure in a conventional ferroelectric transistor, for
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sides, is provided on the gate el ectrode of a MOSFET.- Thus, the gate
portion of this devi ce has an MFM S

(Meta/ Ferrorlectirc/ Metal/lnsul ator 5Sem' conductor) structure. Since
this structure has a ferroelectric filmforned on a netallic film a good

i nterface can,be achi dugiion in its size s al,so easily, dope.
However CHARPIREARSAER VPR | ol tHEErSas appbsied Yo tRE Elvgntional
ferroelectric filmhas to be formed by nmeans of a heated process at such a
hi gh t e MIaretrafctupprehenatsesgmioonductor subsssate,sa igateninamletion
diffusion of the elenments constituting the ferroelectric so that channel
regi ons film, corfearealeiceric filar and adggtadeélegttdde charaddepositéd omwfad he
MOSFET devi ce. (2) Awring or an interconnection |layer is forned

above t hgndMNiaREStruthuel iASHES IridRlre Stiad st Al Y6 thiRSiHvald t98n fidgn or an
interlayer dielectric filmon the MFM'SFET in order to electrically
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channel layer (which corresponds to the above-mentioned
semiconductor substrate) in this order. On or in this channel layer a
first and a second main electrodes are provided.

Accordingly, pursuant to the device structure of this invention,
the following advantages are achieved:

(1) Since a ferroelectric film is formed prior to a channel layer,
the elements constituting the ferrom:jlgnetic material do not diffuse in
an outer direction despite a theximal process or heat treatment. In
other words, this channel layer does not substantially contain in the
layer the constituting elements of the ferroelectric otherwise existing
because of a thermal diffusion. Therefore, the degradation of the
MOSFET's characteristic is restrained.

(2) Data may be written into and erased from the device by
applying a voltage across either of the first or se_cond main electrode
and the gate electrode. Thus the direction of the spontaneous
polarization can be controlled. Data may be read out of the device by
applying a voltage across the first and second main electrodes. In
this instance, the difference in the current flowing in the channel in

response to the direction of the spontaneous polarization of the

ferroelectric film can be detected as data. In other words, as



relatively large stress is generated onto the ferroelectric film which

the characteristics of the ferroelectric. As a (thermal) stress
is also generated in the course of a tpermal or heating process (or
treatnment), the nunber of thernal processes shoul d preferably be kept to

degr ades

heat

as mni a Ibl.e opce the.ferroelectr film (3)
A heat ed b?%‘t%s?sas ar?ovehygﬁ%g(é%ré% 4%“%‘3 ?nté’se ﬁé‘@é&%lr 30r§18da§nt &bPest ore
t he damag on th FET (for exa crystal

REPL ACEVER# gyt £ yer y means o the spontaneous pojarigpdient ofciheed by
an ion inpl ant ation). In such an instance, a reductive reaction of the

ferroel ed‘ertuelﬁbtricsﬁiyhntiisnﬁms)contmlle&ereby degradi ng the characteristics
of the ferroelectric material.

As seen above, the device of this invention can be operated via
three electrode terminals. This means that it is no longer necessary
to control the substrate potential (indicating the substrate bias or
back-gate), which was required in prior art devices. Thus, wiring or
interconnecting process is far simplified compared to prior art devices
and the device can be controlled more easily.

(8) The device of this invention has a simple structure with a
gate electrode, a ferroelectric film, a gate insulation film and a
channel layer deposited in a sequential manner, which facilitates the
reduction in the size of the de‘;ice, that is, the fom_lation of a fine
structure of the device.

As understood from the above description, in accordance with
the present invention, the diffusion, associated with a heat treatment,
of the elements constituting the ferroelectric material can be
suppressed. Further, the wiring (or interconnection) can be made
simpler, thereby facilitating the reduction in size. Therefore, the
device of this invention is quite suitable in achieving such an
improved capability of a circuit as a further integration of an
integrated circuit and a speed-up of the operation thereof.

Incidentally, the device of this invention is preferably formed
of an insulation layer. Alternatively, the first and second main

electrodes may be formed by depositing a conductive layer on a



The above-descri bed problens are due to the thermal processes.
Accordingly, objects of the present invention are to provide a .
ferroelectric transistor with its charagteristic which is not degrated in
the course of a thermal process, and the manufacturing nethod of the

transi sto . Y OF THE | NVENTI ON _ Thus the
ferroel ec{hrar%n?]r laver o by rqogégglr\mf/ﬁﬁ aginey lager Flggsb‘ﬁp.“irﬁv;gﬁr ion i Ppl udes
a gate electrode., a ferroelectric film a gate insulation film a first
mai n el ectrode jﬁd a&@é'é@ﬁ&erré’}’ﬁﬁ" ahcerdndiment fef rtda daventionandiest or
conprises a gate unit (or gate portion or gate structure) having the gate
el ect r odeshampel tayerciepreferabilyiforared ofie ngatph d us silatomoripdlystleansi t ed
on an underlying or supporting layers in this order, and a channel |ayer

deposi t edl'hesé e aygdeeforauliaby o dargMof WedIeire 1 b elly ' Fdw it pEFOAGJTRI N
el ectrodes are
processes as a plasma chemical vapor deposition (CVD), sputtering,
an electron beam deposition. Alsoc an appropriate conductivity may
be given as desired. The amorphous silicon or polysilicon is used as
a channel layer of a thin film FET. For more details, see papers in
Journal of Applied Physics, Vol. 76, No. 5, p- 3194, September, 1994
and Extended Abstracts of the 1991 International Conference on Solid
State Devices and Materials, Yokohama, 1991, pp. 174 to 176. These
publications are hereby incorporateq_ by reference.

Further, in accordance vs;ith an embodiment of the invention,
the gate insulation film is preferably formed of any one material or
any combination of more than one material selected from among Ta,O;,
ZrO,, HfO,, Si;N,, CeO, and Ba,Sr,,TiO, (x is a positive integer).
The relative dielectric constants of all these materials are greater
than that of SiO,, which is normally used as a gate insulation layer.
Thus it is possible to apply a higher voltage to the ferroelectric film
than in the case of prior art devices.

Alternatively, the ferroelectric layer is preferably formed of
any one material selected from among SrBi,Ta,0,, PbZrTiO,, Ba,Sr,.
«L10; (x is a positive integer), Pb,Ge,0,;, Bi,Ti;O,, and (Pb, La)TiO,.
These ferroelectric films may be formed, for example, by means of

sol-gel method.



formed as being spaced apart fromeach other on or in the channel |ayer;
and wherein the channel layer is used as a channel which controls the
carrier density by neans of the spontgpeous pol ari zation of the
ferroelectric film The above-nentioned gate unit and channel

| ayer correspo o the MFM S structuyre in a conventional ferroelectric
”gnsi stor Fogﬁurt er, in accordance wlilth a preferre(f emgo?iégxgrﬂﬁ g? t}w

MFM SFET. However, as opposed to the conventional M-MS structure where a
seni condageatioupdheafirstaags: secondl maion electnpdes meay obe eformied fof m and
a gate electrode are deposited on an wunderlying structure in this order,

t he struysdlysélicdntdy amorpdriosiliesn. a gate el ectrode, a ferroelectric
film a gate insulation filmand a channel [|ayer (which corresponds to

the above- mentingthr, SAThEQWHIAQ withSdh FBbolimeitSoPEHB invehtPn N this
channel |ayer a
the gate electrode is preferably formed of any one material selected
from among W, Ta, Mo, TiN, Nb, V, TaN, TaSiN, TiW, TiWN and
TiAIN. Since the melting points of these materials are relatively high,
little adverse effects are observed even in a heat treatment.

Further, in accordance with an embodiment of the invention,
it is preferable that the underlying layer has a substrate and an
interlayer insulation film deposited in this order and that the gate
electrode is provided on the interlayer insulation film.

Further, in accordance with an embodiment of the invention,
the gate unit preferably has a lower conductive layer between the
ferroelectric film and the gate electrode. The lower conductive layer
is primarily used as an underlying layer on the basis of which a
ferroelectric film is formed. Thus the material thereof should be
selected depending upon the ferroelectric film to be formed.

Accordingly, for example, the lower conductive layer is
preferably formed of any one material or any combination of more
than one material selected from among IrQO,, Ir, Ru, Pt, RuO,, SrRuQ,,
La, Sr Co0, (x is a positive integer) and SrMoO,.

Further in accordance with a preferred embodiment of the
invention, the gate unit preferably has an upper conductive layer

between the gate insulation film and the ferroelectric film. The



first and a second main el ectrodes are provided. : Accordi ngly,
pursuant to the device structure of this invention, the follow ng

advant ages are achi eved: (1) Sj nce a ferroelectric filmis forned
prior to a channel layer, the elenents constituting the ferromagnetic
material do not diffuyse i.n an outer djrection despite a thermal process or
heat tredfPReY copduchivelaxsr 48 Primarlyap tpapéw%%hﬁo?erges&camq ally
contain in the layer the constjtuting el ements of the ferroelectric

ot her wi sefibi ftgmgbeire degraded inhar hant direadsiant. THdwS dhe, material
degradation of the MOSFET' s characteristic is restrained. (2)
Data nmay thermoftshouldnbe sebectedadeple i d g upe rdehé ferbyeleappicying keingl t age
across either of the first or second main el ectrode and the gate

el ectrodeygaedhus the direction of the spontaneous polarization can be
controlled. Data may be read out of the device by applying a voltage

across the TirstyaldagHd % bAlApIE %% UPper conductive layer is

‘preferably formed of any one material or any combination of more
than one material selected from among Ir0,, Ir, Ru, Pt, RuQ,, SrRu0,,
La, ,Sr,CoO; (x is a positive integer) and SrMoO,.

And, in this case, the area of the portion where the first main
electrode makes contact with the channel layer is different from that
of the portion where the second main electrode makes contact with the
channel layer. In other words, according to the present invention's
structure, the area of such a pc;rtion that the first or second main
electrode makes contact with the channel layer may be separately and
appropriately defined.

As discussed above, according to the present structure, data
may be written into and erased from the device by, for example,
applying a signal voltage across the second main electrode and the
gate electrode. In.doing so, the first main electrode is left open.
Thus, the signal voltage is applied to the gate insulation film at such
a region on which the contacting portion between the second and
channel layer is projected in the depositing direction (that is the
direction in which the gate electrode, the ferroelectric film the gate
insulation film and the channel layer are deposited). Therefore, the

region of the gate insulation film onto which the signal voltage is

i,%,.



this instance, the difference in the current flowng in the channel in

response to the direction of the spontaneous pol arization of the

ferroelectric film can be detected as;glata. In other words, as

di scussed above, the carrier density of the channel fornmed on the channel

| ayer by rrep?ns of the spont aneous gl @E)i zationoﬁf the ferroelectri.c film
a

i s thus GBRIIEH E@ries 10 respangg, cared o khe CUHACHTE i ROEHPRon can

be operated via three electrode termnals, This peans that it is no | onger
necessar&’ett’v@%’o'ﬁb?(ﬁecf’ﬁél mig eleckronde and ghapnedilayerng the substrate
bi as or back-gate), which was required in prior art devices. Thus, wring

or interconnecOmbhprosbeshadsd fsimcei amippedcandpetivd layepris groaidedevi ces
and the device can be controlled nore easily. (3) The device of
this invéptwrehashe gdtepliasalationufelnd hd ferroelectric film, a signal
voltage is applied to the ferroelectric film at such a region on which
the contacting portion between the upper conductive layer and
ferroelectric film is projected in the depositing order. Therefore, the
region of the ferroelectric film onto which the signal voltage is applied
is independent of the area of the contacting portion between the
second main electrode and channel layer.

As being apparent from the above discussion, in accordance
with the present structure, by appropriately setting up the area of the
contacting portion between thetsecond main electrode and channel
layer, the electric capacity of the gate insulation film can be
effectively arranged. Thus the signal voltage to be applied to the
ferroelectric film can be determined to a suitable level.

Also in accordance with a preferred embodiment of the
invention, the gate unit has a metal oxide layer between the channel
layer and the gate insulation layer. And the metal oxide layer is
formed of a material the heat of formation of the oxide of which is
smaller than that of the channel layer.

For example, if the channel layer is a silicon (Si) layer, then
the metal oxide layer is preferably formed of any one material or any

combination of more than one material selected from among ZrO,,

TiO,, HfO, and Al,O,.
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For example, if polysilicon layer is used as a channel layer, then the
film is formed at approximately 600 C. Thus Ta,0; is reduced by Si
and SiQ, is resulted. Accordingly, the permittivity (dielectric
constant = g )of the gate insulation film is lowered and the voltage to
be applied to the ferroelectric film is also lowered.

In accordance with the present structure, a metal oxide layer,
for example, a ZrO, layer, is formed on a gate insulation layer and a
channel layer is formed on this ZrO, layer. The generation free
energy of the oxide is -170 kcal /zg « mol O, (600 C) in the case of Si
and - 220 kcal / g « mol O, (600 °C) in the case of ZrO,. Since the
generation free energy of ZrO, is larger than that of Si, ZrO, is a
material that cannot be reduced with Si. Thus a gate insulation film
can be made unreducible with Si by covering a gate insulation film
with a metal oxide.

Next, a semiconductor storage device of the invention has a
ferroelectric transistor, two main electrodes in the substrate and a
selecting transistor electrically connected to the ferroelectric
transistor, wherein a first wiring (or interconnection) to be connected
to the gate electrode and a second wiring (or interconnection) to be
connected, when desired, to the first and second main electrodes are

incorporated into the interlayer insulation film. A semiconductor

y, the
ctive



channel | ayer or by doping the channel layer with inpurities. In
accordance with an enbodi nent of the invention, the channel |ayer is
preferably fornmed of anorphous silicon or polysilicon. These may be forned
by neans of such rel atively | ow tenper dt2ure processes as a pl asma chemi cal
vapor deposition (CVD), uttering, an electron beam deposition. Al so an
appr opr i adeviggngast bei II;IP endedgin ethias nbesne ey Tsingmar fdoveledtiricon or
polysilicon is used as a channel layer of a thin filmFET. For nore

details, temngiapersaisn aJatorakeofdéippkl ed AMYGi gsleddhg "ranistdry B
3194, Septenber, 1994 and Extended Abstracts of the 1991 International

Conf er encgo st roted witBt @ DRMSSH @{)tgstv‘m“ aisamg geﬂmctaa%n RRis 174

to 176. These publications are | ncorporat e reference

Further, i fe&0" £3pegifh Qo?QgE’ﬁ)eQﬁcg% tsdlbeldf by W¥1bOng transistor

from among a plurality of storage devices. And data may be written
into, flashed (or erased) from or read out of the selected storage
device.

And a portion of the first wiring is guided above the interlayer
iﬁsulation film via a first through-hole provided in the interlayer
insulation film, a portion of the second wiring is guided above the
interlayer insulation film via a second through-hole provided in the
interlayer insulation film and the gate unit is provided on the
interlayer insulation film so thaf the first wiring makes contact with
the gate electrode. For example, the first wiring may be a word line.
The gate electrode of the ferroelectric transistor is connected to the
first wiring. Also, for example, the second wiring may be a bit line.
This second wiring may be, as desired, connected to either the first or
second main electrode of the ferroelectric transistor and others.

In accordance with a embodiment of the present invention, an
upper insulation film may be provided on the interlayer insulation
film so that the upper insulation film makes contact with each of the
side surface of the gate unit and the channel layer. The first and
second main electrodes extend on the upper insulation film and are,
as desired, connected to the second wiring guided from the second

through-hole via a third through-hole provided in the upper



the gate insulation filmis preferably fornmed of any one material or

conbi nati on of nobre than one nateri al
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ferroel edsracléastratreyclve lovelethat of REREB! @ ottt WAL tAk s 08%he

net hod.

channel layer.

In accordance with a embodiment of the present invention, one
of the first and second main electrodes is connected to one of the main
electrode regions of the selecting transistor.

A semiconductor storage device of the invention comprises a
plurality of storage elements which are the above-mentioned
ferroelectric transistors, wherein data can be written into, erased or
read out with respect to the predetermined one or ones of the storage
elements by applying a signal t-;) _word lines and bit lines, whereby
forming a non-volatile memory.

The above-mentioned ferroelectric transistor may prevent the
constituting elements of the ferroelectric from being diffused in the
course of a heated process, simplify the wiring procéss, facilitate the
control of the elements and thus is suitable for obtaining a fine
structure of the device. Accordingly, a semiconductor device
employing this ferroelectric transistor is effective in enlarging the
capacity of a storage device, making a device smaller and improving
its capability.

An embodiment of the present invention comprises selecting
transistors each of which is respectively assigned to each of the blocks

each of which is formed with an appropriate number of the

at of | theeuppemsuréaceiof the mhidel dayenne



Further, in accordance with a preferred enbodi nent of- the invention, the
first and second nain el ectrodes may be fornmed of polysilicon or anorphous
silicon. Further, in accordanceg with an enbodi ment of the

i nvention, the gate electrode is pr efldh ably formed of any one nmateri al
selected, fro am;)n% W Ta, M, TiN, Nb, Vv, TaN,  TaSIiN, Ti W_ Ti WN_and

Ti Al N. sf%@e?%trw raRgigerat s by eanbsef Hae dipeks, the gadeglegtrgdeiogh,

little adverse effects are observed even in a heat treatnent.
Furt her, the fercoektetce wransiatoribortinmedteds to e pvedeteominéd dme of
preferable that the underlying |ayer has a substrate and an interlayer

i nsul at i phe fword depes t1esl firdtiMiatn Wldetraldof hak fiRoBRI@rictrPLAEREEY | S
provi ded on the interlayer insulation film Further, in accordance
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electrode of the selecting transistor and the second main electrode of
the selecting transistor is connected to the ground.

Because of such a configuration, when the selecting transistor
is in a low resistance state (referred to as an "on" state or selected
state), the second main electrode of the ferroelectric transistor
connected to the selecting transistor is connected to the ground. And
once a signal voltage such as a write voltage or an erase voltage is
applied to a bit line, then a binax:y data "1" or "0" can be set to each of
the ferroelectric transistor.

When the selecting transistor is in a high resistance state
(referred to as an "off" state or un-selected state), the second main
electrode of the ferroelectric transistor connected to the selecting
transistor is in a floating state. Thus even though a signal voltage is
applied to a word line, the direction of the spontaneous polarization of
the ferroelectric transistor does not get reversed.

Further, a read voltage is applied to a bit line by connecting
the word line to the ground when the selecting transistor is in the low
resistance state. Then, a current flows between the first and second

main electrodes in response to the data having been written into the

ferroelectric transistor. Thus, data may be read out.

: . THIS SHEET HAS BEEN
This Sheet Has Been Replaced REPLACED

A




ferroelectric filmis formed. Thus the material thereof should be selected
dependi ng upon the ferroelectric filmto be forned. Accordingly,

for exanple, the |ower conductive layer is preferably formed of any one
material or any conbination of more th&n one material selected from anong
Irderr], Ir, Ru, Pt, Ruqerg, SrRugJerr], LaJerr]Sr[err]Co(Jerr] (x is a
positive integeds atidcssspd) abote, an arbitraryt bdock nmegt dred sedecteid: bya
preferred enbodi nent of the invention, the gate unit preferably has an

upper congitiroViénkaptes swiethian stite odtthe soldcdin@rirhnsidtard tRarther,
ferroelectric film The 9 upper

conoucL | 6 B4y REETBIAHBethd o BYR LS SROORRERL ekl [0
sel ected bdye%%%%%fqunﬂpgnwsp(? lir%,r gﬁlo%tnrgi ﬁaftgltn(; ggi wiitten into or erased
from the device. Incidentally, in order to thus specify a ferroelectric
transistor, the first main electrodes of all the ferroelectric transistors
contained in one of the blocks are preferably connected to a single
shared one of the bit lines.

In accordance with a method of operating the ferroelectric
transistor on the present invention, data may be written into the
ferroelectric film by opening the first main electrode and applying a
write voltage across the second main_ electrode and the gate electrode.

Alternatively, in accordénce with a method of operating the
ferroelectric transistor, data may be erased from the ferroelectric film
by opening the first main electrode and applying an erase voltage
across the second main electrode and the gate electrode.

Further, in accordance with a method of operating the
ferroelectric transistor, data may be read out of the ferroelectric film
by connecting the gate electrode to the ground and applying a read
voltage across the first and second main electrodes.

As seen above, data can be written into, erased from or read
out of the above-mentioned ferroelectric transistor via three electrode
terminals. This means that it is no longer necessary to control the
substrate potential, which was required in prior art devices. Thus,

wiring process is far simplified compared to prior art devices and the



used. Accordi ngly, for exanple, the upper conductive layer is
preferably formed of any one material or any conbination of nore than one
material selected fromanong IrJerr], Ir, Ru, Pt, RuJerr], SrRugerr],
La[err]Sr[err]Coerr] (x is a positi@@ i nteger) and SrMo(err].

And, in this case, the area of the portion where the first main electrode
makes colRGEEe can ibetmntfmélﬂ%mqr&yeasxlg-di fferent fromthat of the portion
where the second nain el ectrode nmakes contact with the channel layer. In
ot her words, acdtomdithgdt @ft mapufmdnringvehei forroelsttrict tramsistor dnea of
such a portion that the first or second main electrode nakes contact with

t he changédordatiie Rt heeRRredeity iAREntRD GPhePdil Vildef fad@belectric  AS
di scussed above, according to the present structure, data may be witten
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acr oss e seécond ectrode and oI'ny so, the
first LN el ectrode,s |eft, open. . . . .
TBorroefectric - film & and gate insulation film deposited on an

underlying structure in this order, a channel layer deposited on the
gate insulation film and a first and a second main electrodes on the
channel layer, the method comprising the steps of:

(1) forming a first conductive layer on the underlying
structure;

(2) forming a ferroelectric layer on the first conductive layer;

(3) forming a first insulation layer on the ferroelectric layer;

(4) forming a semiconduct:or layer on the first insulation layer;

(5) modifying the semiconductor layer to form the channel
layer in a gate region;

(6) modifying the first insulation layer to form the gate
insulation film;

(7) modifying the ferroelectric layer to form the ferroelectric
film;

(8) modifying the first conductive layer to form the gate
electrode; and

(9) forming the first and second main electrodes on the
channel layer.

According to this method, the first conductive layer,

ferroelectric layer, first insulation layer and semiconductor layer are



Thus, the signal voltage is applied to the gate insulation filmat such a
regi on on which the contacting portion between the second and channel
layer is projected in the depositing difection (that is the direction in
which the gate electrode, the ferroelectric filmthe gate insulation film

o, SRR SRR L TR Mop AT b8
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hand, since an upper conductive |layer is provided between the gate

i nsul at i ¢apf itombettomer r Shisctmpdificationa isi geaformett dye msaappbfednt o the

ferroelectric filmat such a region on which the contacting portion

bet ween tordinppgretechimgqirocessaydn tivel course of this modification process,
the semiconductor layer is patterned to begin with. As the result, a
pattern of the semiconductor layer in the gate region is left as a
channel layer. Then, in order to modify the underlying layer of the
channel layer, the pattern is preferably projected onto the underlying
layer. In such a manner, a gate unit which is a deposited structure
having a gate electrode, a ferroelectric film and gate insulation
deposited one onto another, and a channel layer are formed, thereby
forming a conductive layer which vgill become a first and a second
main electrodes. -

Accordingly, since a ferroelectric layer is formed prior to a
semiconductor layer, the elements constituting the ferromagnetic
material do not diffuse in an outer direction despite a heat treatment
or an annealing. Therefore, the degradation of the MOSFET's
characteristic , which occurred in prior art devices, is restrained.

In accordance with this method, an interlayer insulation film
is, prior to the step (1),preferably deposited on a substrate to form the
underlying structure.

Alternatively, the method of manufacturing a ferroelectric
transistor of the present invention preferably comprises, prior to the

step (1), the steps of depositing an interlayer insulation film on a

substrate to form the underlying structure; forming a selecting
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ferroelectric filmis projected in the depositing order. Therefore, the
region of the ferroelectric filmonto which the signal voltage is applied

i s independent of the area of the conH%pting portion between the second
mai n el ectrode and channel | ayer. As bei ng apparent fromthe above
di scussion, in accordance with the present structure, by appropriately
setting tkRAngister on bhe smbstratgafanmipgshei inteslaxeicmsplatien dplmmn n

el ectrode and channel |ayer, the electric capacity of the gate insulation
fil m canthe sudfsteats wdiighaa sahertdng Tiras sistm rsisgfoaimedlomgddiet ntieelayppt i ed to
the ferroelectric filmcan be determined to a suitable |evel. Al so

i n accor fesekr tdbh fibmphet g ed farshostinet cohnkbied itbvehd igaite dleetedde unit
has a nmetal oxide |ayer between the channel |ayer and the gate insul ation

oron, SR NopUROaN i, bRt G A0 T e BTG,
For exanB{aei,n iefleét!}%d(éhﬂp&%lpolrg)fgﬁ él?eraeiﬁ%;i ‘f’gﬂnﬁr%)a If"ﬂ/sqf antdhgnsecond
through-holes at predetermined locations in the interlayer insulation
film; and embedding conductive plugs into the first and second
through-holes; wherein the step (§) includes defining the gate region
as being a region over the first through-hole.

In accordance with this method, an ordinary process for
forming an LSI is employed to form a selecting transistor on the
substrate. Then, an interlayer insulation film is deposited onto the
substrate with the selecting traﬁsistor and other desired components
incorporated. In depositing the interlayer insulation film, a
conductive layer such as the above-mentioned first and second wiring
is also formed. Thereafter, a first and a second through-holes are
formed at desired locations on the interlayer insulation film, for
example, by means of the etching process. Conductive plugs are
formed by embedding conductive materials into the first and second
through-holes. Incidentally, the heights of the conductive plugs are
pieferably the same as that of the upper surface of the interlayer
insulation film.

A ferroelectric transistor is formed on the thus formed
interlayer insulation film by performing the steps (1) - (9). As

pointed out above, in the step (5), the gate region is formed as an



the netal oxide layer is preferably forned of any one material or any
conbi nation of nore than one material selected fromanong Zr(Jerr],
TiJerr], Herr] and Al[err]Jerr]. Norrmal |y, an oxide is
used as a gate insulation film For e}(%rrpl e, as seen above, Talerr](ferr]
may be used as a gate insulation film_ Then, a channel |ayer s forned on
this Ta[ atey segion of hheThiast dhratigdnhele. t luck Bafpranatiqmallpwekbeat a
relatively high tenperature condition. For exanple, if polysilicon |ayer

i s used asnaduitiveiplugdpemed erthienfirst ithnmilghflmo]reetab amakemontaohmdtl 600
[err]C. Thus Ta[err]err] is reduced by Si and SiQ2 is resulted.

Accor di nghl, ghte eleétFoldiel, Vi Thatdiselthet first widagamlakes[ &5rifadf wtiﬂ? taat e
i nsul ati on f| I mls | owered and t he voltage to e applied to the

ferroel egliteCelelctFdde. altSfis! AYEY Gring is used, for example, as a word line.

Alternatively, on patterning the first conductive layer, wirings such
as the first and second wirings may be insulated from one another.
As such, the method of the present invention is suitable for forming
an integrated circuit employing the above-mentioned transistor.

Further, the method preferably comprises, following the step
(8), the step of forming an upper insulation film on the interlayer
insulation film so that the upper insulation film makes contact with
the side surfaces of the gate unit and the channel layer. By forming
the upper insulation film in thié manner, the first and second main
electrodes can be separated from the lower conductive layer.
Incidentally, the height of the upper surface of each layer should be
the same where the upper insulation film makes contact with the
channel layer, so that the upper edge of the channel layer and the
upper surface of the 'upper insulation film are continuous, thereby
facilitating the first and second main electrodes to extend onto the
upper surface of the upper insulation film. Therefore the wiring
process will become easier.

The upper insulation film is preferably formed by, between
the steps (8)and (9), the steps of forming a second insulation layer on
the interlayer insulation film so that the second insulation film covers

the side and upper surfaces of the gate unit and the channel layer;



In accordance with the present structure, a netal oxide layer, for
exanple, a ZrQ2 layer, is forned on a gate insulation |ayer and a channel

| ayer is formed on this ZrgJerr] layer. The generation free energy of the
oxide is -170 kcal / g [err] mol Oerrqd® (600 [err]C) in the case of Si and
- 220 kcal / g [err] mol (err] (600 [err]C) in the case of ZrQ2. Since the
gener at i 8Adf pebisdanggthofsezpod insylatien lawsn entil Yie Sipper epsfage of a

mat eri al that cannot be reduced with Si. Thus a gate insulation film can
be made theathsmimélelayamhisSexpysedterforg dhganppendinkalatonffilm. with a

met al oxi de. Next, a sem conductor storage device of the invention

has a ferroel eplyrtRet ! fH6 nibtHod PrafoPd Blyct SRprosias the dtep stbsimasg and a
selecting transistor electrically connected to'the ferroelectric

LS 2L s shRoghlBals S Alpd RGIRIEH A0, 8 R RNRGRe0 0
S WS N IR R o W KT
through-hole, the extending portion of the first or second main
electrode may be formed to be embedded into the third through-hole.
Thus, the first and second main electrodes may be connected to the
second wiring formed in the interlayer insulation film via the third
and second through-holes.

The method of manufacturing the ferroelectric transistor of
this invention preferably comprises, between the steps (3)and (4), the
step of eliminating defects in the first insulation layer. For example,
if the first insulation layer is made from TaO;, after the TaO; layer is
formed, the device is preferably thermally processed in oxygen at the
femperature of 500 C. Such a heat treatment will result in a
reduction of the defects in TaO;, thereby reducing the charge trapping
density.

Alternatively the method of manufacturing a ferroelectric
transistor of this invention preferably comprises the steps of forming,
between the steps (1) and (2), a second insulation layer on the first
conductive layer; and modifying, between the steps (7) and (8), the
second insulation layer to form a lower conductive layer. By thus
forming these layers, the 'second conductive layer may be used as an

underlying structure on which the ferroelectric layer is formed.
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12 device can be inplemented in this manner by using-a ferroelectric

transi stor as a storage device. The selecting transistor is

constructed with a normal MOSPET. Being constructed in this nanner, a
specific storage device is selected by2d selecti ng transistor fromanmong a
plurality of storage devices. And data may be witten into, flashed (or
erased) fFhareforeedhesecond: eenductivechymwshgalddeyimade from sudinch a
portion of the first wiring is guided above the interlayer insulation film

via a firmsatenrdudly- iwhiclprihe dedniatidhestep e(ihayeding ngUbAidtanlizativn a
portion of the second wiring is guided above the interlayer insulation

il mvia stepyoonHe!foioustediel 1y iclperidthbe il 2hGP Mt f11m

and the gate unit is provided on
Alternatively the method of manufacturing a ferroelectric

transistor of this invention preferably comprises the steps of forming,
between the steps (2) and (3), a third conductive layer on the
ferroelectric layer; and modifying, between the steps (6) and (7), the
third conductive layer to form an upper conductive layer. By thus
forming the third conductive layer (upper conductive layer), the
ferroelectric layer is hardly degraded in a thermal process.

Alternatively the method of manufacturing a ferroelectric
transistor of this invention preferably comprises the steps of forming,
between the steps (8) and (4), o.'n the first insulation layer a metal
oxide layer made of a material the heat of formation which is smaller
than that of the semiconductor layer; and modifying, between the
steps (5) and (6), the metal oxide layer. By forming such a metal oxide
layer, the first insulation layer is not reduced with the constituting
elements of the semiconductor layer because the formation free
energy of the oxide of such a metal oxide layer is smaller than that of
the semiconductor layer

Further, the method preferably comprises , following the
formation of the metal oxide layer, the step ofeliminating defects in
the metal oxide layer so that the defects in the first insulation layer
as well as those of the metal oxide layer can be reduced, thereby

reducing the charge trapping densities of these layers.



interlayer insulation filmso that the first wiring makes contact with the
gate el ectrode. For exanple, the first wwring nay be a word line. The gate
el ectrode of the ferroelectric transistor is connected to the first

wiring. Also, for exanple, the second %4 ring may be a bit line. This
second wiring nmay be, as desired, connected to either the first or second
mai n el ectrode Thet ferdgningeandt other ohjetts, deadndest ardsadvantages iof
accordance with a enbodi nent of the present invention, an upper insulation

filmmaythe prevésiedneRnitiven i wildrbeymme asodeatrbadilyf idp‘pmdmzﬁtomhehelpper
i nsulation filmmkes contact wth each of the side surface of the gate

uni ¢ and 6110 WiRENNEt o AP dedkiieptioins o T e

t he upper insulation filmand are, eS| red, connected to the second

i N9 OxdEHA i PerciRRto RS QWlges via a third through-ol e

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of the first structure of a
ferroelectric transistor of the present invention;

Fig. 2 is a plan view of the portion of interest of the first
structure of the ferroelectric transistor;

Fig. 8 is a cross sectional view of the first structure of the
ferroelectric transistor;

Fig. 4 is a perspective ;riew of the second structure of the
ferroelectric transistor;

Fig. 5 is a plan view of the portion of interest of the second
structure of the ferroelectric transistor;

Fig. 6 is a cross sectional view of the second structure of the
ferroelectric transistor;

Fig. 7 is a cross sectional view of the third structure of the
ferroelectric transistor;

Fig. 8 is a cross sectional view of the fourth structure of the
ferroelectric transistor;

Fig. 9 is a diagram showing the hysteresis characteristics of
SrBi,Ta,0y;

Fig. 10, including Figs. 10(A) - 10(C), explains the operation of



Insulation film The height of this upper insulation film is preferably
equal to that of the upper surface of the channel |ayer. However, it is
sufficient that the height of this uppgr insulation film is at |east at
such a level that it makes contact with the side of the channel [|ayer.

In accorﬁggigymdth a enbodi nent of the present invention, one of the first
and seco S SrUCtRE%es is connected to one of the main el ectrode
regions of the selecting transistor. A sem conduct or storage

devi ce of the ilhigntl shostmphe sedationshipabétween Idt andg¥gel enents which
are the above-nentioned ferroelectric transistors, wherein data can be
witten into, eFBRelRdncludidg ®igsWiRA)eHEO), eepldmptiesleperativadopne or
ones of the storage elenents by applying a signal to word lines and bit

lines, wies ¥a%onBostFuRgudenon-vol atile nmenory. The above-nenti oned
ferroelectric transistor nmay prevent the

Fig. 13 is a diagram for explaining a structure of a
semiconductor storage device of the present invention;

Fig. 14, including Figs. 14(A) and 14(B), are diagrams for
showing the steps for manufacturing the first structure of the
semiconductor storage device;

Fig. 15, including Figs. 15(A) and 15(B), are diagrams for
showing the steps for manufacturing the first structure following the
steps of Fig. 14;

Fig. 16, including Figs.:‘lG(A) and 16(B), are diagrams for
showing the steps for manufacturing the first structure following the
steps of Fig. 15;

Fig. 17, including Figs. 17(A) and 17(B), shows the steps for
manufacturing the second structure;

Fig. 18, including Figs. 18(A) and 18(B), shows the steps for
manufacturing the third structure; and

Fig. 19, including Figs. 19(A) and 19(B), shows the steps for

manufacturing the fourth structure.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
The embodiment will now be described by referring to the

drawings, which are merely illustrative sufficient to make the shapes,

o



constituting elenments of the ferroelectric frombeing diffused in the
course of a heated process, sinplify the wiring process, facilitate the
control of the elements and thus is suitable for obtaining a fine _
structure of the device. Accor di ngl y,24a sem conduct or dﬁvi ce enployi Pg
this ferroelectric transistor is effective in enlarging the capacity of a
storage deVREBSIORKiHRda2teansememds| of thel Gommtetutige iedemeatabioFi the

An -enbodi ment of the present invention conprises selecting transistors
each of whiwdntionrenderstoml.y d4signedbedienchtolarehondy antempbssh aafd Whi ch
Is formed with an appropriate nunber of the

;)f14- ferdoaldcintend t@Nahst Ohe inhenRdch t8f tHdIRsOIWAKS, the gate el ectrode
0 D e f the S f the F ] ic T ,

Referring to Figs. 1 - 8, illustrative structures of the
ferroelectric transistor will be explained. With respect to numerical
conditions which are sometimes omitted in the course of the following
description, please see the description of the manufacturing method to
follow.

[First Embodiment of the Invention: First Structure]

Fig. 1 is a perspective view of interest of the first exemplary
structure of the semiconductor storage device and primarily shows the
first structure of the ferroelectrié transistor. Fig. 2 is a plan view of
interest of the first structure as seen from the side of electrodes 16
and 18. Fig. 3 is a cross sectional view as being cut along the line I -
I of Fig. 2. Though interlayer insulation film 54, Al wiring 56 and
surface protection film 58 are shown in Fig. 8, these are omitted in
Figs. 1 and 2.

The ferroelectric transistor of the first exemplary structure
comprises at least a gate electrode 10, a ferroelectric film 12, a gate
insulation film or a gate dielectric film 14, a first main electrode 16
and a second main electrode 18, and controls the carrier density of the
channel by using the spontaneous polarization of the ferroelectric film
12. This ferroelectric transistor also has the gate electrode 10, the

ferroelectric film 12 and the gate insulation film 14 deposited in this
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the ferroelectric transistor is connected to the predeterm ned one of the
word lines, the first main electrode of the ferroelectric transistor 1is
connected to the predetern ned one of e bit lines, the second nmain

el ectrode of the ferroelectric transistor is connected to the first rrain

el ectrode &f the selecti ng“ gnm tor and th COI’I n2§I ci)(ﬁ t he
sel ect i nfT#PLAL aR Jinderlying SIrRetyre pRangnp ﬁﬂ ym ayer ec u‘é’ét Tsuch a
configuration, when the selecting transistor is in a lqwresistance state
(referred ¢hanaehlayoh20ssarovidedonshegate insnlaticre fdarddd n@mthe

el ectrode of the ferroelectric transistor connected to the selecting

t ransi st channeddayect 20, thetfiestyanddsedond mairc adectrivdesbl6 dndd8 arkept in
a floating status and once a signal voltage such as a wite voltage or an

erase vopiragedéd asabeingfe@ebarat@dtfrbnﬂ@achh@th@r bi !ﬂﬁrbhldaétﬁ‘uc%ur@r th®" can
be set to each of erroelectric transistor

sel ect | NGRLEAA VAL 36 1t hRdhGtHECRbSTANAEn B chsp‘af?”ed {o°as an

state or ‘un-sel’ec St a e secon mal n ectrode of the

ferroel ectfic LERER esiltt%'il rt':ﬂ%Ctuendder(iyErrfge faeyleerCtég]gof this ferroelectric

transistor comprises a substrate 26 and an interlayer insulation film
or an interlayer dielectric layer 28 deposited in this order, and the
gate electrode 10 is provided on this interlayer insulation film 28.

Also, a gate unit or a gate structure or a gate portion 22 of this
ferroelectric transistor has a lower conductive layer 24 between the
ferroelectric film 12 and the gate ele*_ctrode 10.

The first and second mai;l electrodes 16 and 18 are, as seen in
Fig, 2, provided as covering both the upper surfaces of the channel
layer 20 and an upper insulation film 50. In this embodiment, the
longitudinal directions of the channel layer 20 and the first and
second main electrodes 16 and 18 are set to be orthogonal. These
first and second main electrodes 16 and 18 are positioned at either
side of the longitudinal direction of the channel layer 20. Thanks to
this configuration, the channel layer 20 between the first and second
main electrodes 16 and 18 is used as being a channel in operation of
the transistor.

In this embodiment, the first and second main electrodes 16
and 18 are made from polysilicon. They may also be made from

amorphous silicon. It is preferable that an ohmic contact be made



transistor is in a floating state. Thus even though a signal voltage is
applied to a word line, the direction of the spontaneous pol arization of
the ferroelectric transi stor does. nokgget reversed, Further, a
read voltage is applied to a bit Iine by connecting the word line to the

Thon, = Setricl B FEARR0 LA RD'Ha thelMe Epl WoonCRANTEE A, |
ESonnd b YA S Bl Ao e LTS
an arbitrary bl oci< may be selected by controlling the switching state of’
the sel ecting tfurhest dn. thisgmbediment, $hgi sizes yniidre lengidudinal aadsi st or
bel onging to the block is specified by specifying a word |ine, allow ng
data to trmngviersah direetomerofstalyers constituting gate unit 22 and the

channel layer 20 are appropriately aligned. The 2 dimensional

shape of each layer is rectangular. The gate unit 22 and the channel

layer 20 are deposited on one another so that the cross sectional view

of each of these layer as seen in Figs, 1 and 8 is rectangular.

The structure of the ferroelectric transistor 40 (see Fig. 3)

discussed above is formed on an interlayer insulation film 28 provided

on the substrate 26. The substrate 26 may be made from a silicon

substrate, a semiconductor substrat? or other appropriate materials

as seen design standpoint as far éis the substrate is conductive up to a

certain degree. In this embodiment, the substrate 26 is formed of

silicon having the p’ type conductivity (hereinafter referred to as p-

type silicon). The interlayer insulation film 28 may be, for example,

formed of PSG (Phospho~Silicate-Glass),. BPSG (PSG containing

boron) or SiO,.

In this embodiment, a selecting transistor 30 is formed on the

substrate 26 (dotted line portion in Fig. 3). This selecting transistor

30 comprises a source electrode region 34 and a drain electrode region

36 as main electrode regions in the upper region (active region) of the

substrate 26 defined by a field oxide film 832. These source and drain

electrode regions 34 and 36 are formed by doping the predetermined

regions of the p- type Si substrate with impurities suitable to



fromthe device. Incidentally, in order to thus specify a ferroelectric
transistor, the first main electrodes of all the ferroelectric transistors
contained in one of the blocks are preferably connected to a single
shared one of the bit lines. | B7accordance with a nethod of
operating the ferroelectric transistor on the present invention, data may

be writt etetienrninehn oxf prroaduetivity tyiplens byh apgshaxpidwud (PFor BoirBnaBct r ode
and applying a wite voltage across the second main el ectrode and the gate

el ectrodeln this embOUifed! i thse nidind6EYid806 SrdlibhsPaPBldPd Oty ORERL I Ng
e e PRSI R & SUPet s ¢

the ferroelectric transistor, data may be erase rom erro
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Secon maalectitn Ssagsistor. - Fulther, "a Gate electrode 38 is formed by
providing an insulation film on the channel region of these main
electrodes, thereby forming the selecting transistor 30.

The interlayer film 28 is deposited on the substrate 26 on
which the selecting transistor 30 is formed. Wirings or
interconnections are, as desired, incorporated into this interlayer
insulation film 28. In this embodiment, a first wiring 42 and a
second wiring 44 are formed in the interlayer insulation film. A
portion of the first wiring 42 is guided above the interlayer film 28 via
a first through-hole 46 formed in interlayer insulation film 28. Then,
this first wiring 42 is connected to the gate electrode 10 of the
ferroelectric transistor 40. A portion of the second wiring 44 is also
guided above the interlayer film 28 via the second through-hole 48
formed in the interlayer insulation film 28. Then, this second wiring
44 is connected to the first main electrode 16 of the ferroelectric
transistor 40. Incidentally, in this embodiment, the first and second
wirings are made from tungsten (W).

The interlayer insulation film 28 above which the first and
second wirings are guided is formed in such a manner that the film's

surface is substantially planar. The above-mentioned gate unit 2 is

provided on the interlayer insulation film 28 so that the gate
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As seen above, data can be witten into, erased fromor read out of the
above-nentioned ferroelectric transistor via three electrode term nals.
This means that it is no | onger necessggy to control the substrate
potential, which was required in prior art devices. Thus, wring process

ot : L ' ors 3 . :
1o ey CTRELIdEE 1?8????%?F’fg%f’%%’{elﬁélgsﬁayf?ﬁwﬁ:aﬁ%ﬁnéﬁeﬁsat%w SRR ur i ng
the f |l ectric t i st ' cardance Wt e present ipvention,
whor ei n REST SFeg s In’Phig eptiofmERt, s Bate ity AFrioabove thegat e
electrode, a ferroelectric Iilmand a gate insulation filmdeposited on an
under | yi rAfFHYe JegioR afithe,selesting transietonc30. ayer deposited on the gate

insulation filmand a first and a second mai n el ectrodes on the
As seen above, in this configuration, the ferroelectric

capacitor portion (ferroelectric film 12) and the MOSFET portion
(gate electrode 10, gate insulation film 14 and channel layer 20) are
provided on the same location on interlayer insulation film 28. Thus,
this is a simple structure and suitable to reduction in size to a more
microscopic level, that is, to make a fine structure of a device
comprising the configuration.

Similar to the normal SOI, it is also possible for the
capacitance inherent to a device, for example, the parasitic capacity of
the device to be smaller, which t:hcilitates the operation of the device
at a higher speed.

The materials used to implement each of the layers of the gate
unit 22 will now be explained. The channel layer 20 is made from
polysilicon. Alternatively, amorphous silicon may also be used for
the channel layer 20.

The gate insulation film 14 is made from Ta,0,. Other than
Ta,04, any one material selected from among ZrO,, HfO,, Si;N,, CeO,
and Ba,Sr, ,TiO; (x is a positive integer) may be used. Alternatively,
the gate insulation film may be formed of any combination of more
than one material arbitrarily selected from among Ta,0,, ZrO,, HfO,,
SizN,, CeO, and Ba,Sr, ,TiO; (x is a positive integer).

The ferroelectric film 12 is made from SrBi,Ta,0,. However,



channel | ayer,

t he met hod conprising the steps of: - (1) formng a

first conductive |ayer on the underlying structure; (2) formng a
ferroelectric layer on the first conductive |ayer; (3) formng a
first insulationlayer on the ferroel ectPi c | ayer; (4) formng a

sem condu%t r layer_ on the first_insulation |ayer;
h4uTiQ

the sem ¢

. Li (5)_nodi fying
6. BT 15 B1Ppr(k the positiee integer),i RbsGes®@e, rBLTHx0 ,

(6). nodifying the first insulation |ayer to formthe gate insulation

film

ferroelectric film (8) nodifying the first conductive layer to

eTRe16ade .corflictive layet 24 fsOmAdRIrole 1LD,St OfHeFER]RdI MaiI N

formthe gate

and (RAb/)Laplii0y nray abso berusedectric |ayer to formthe

el ectrodes on the

IrO,, any one material selected from among Ir, Ru, Pt, RuO,, SrRuQ,
and La, Sr, CoOy(x is a positive integer) may be used. Alternatively,
the lower conductive layer may be formed of any combination of more
than one material arbitrarily selected from among IrQ,, Ir, Ru, Pt,
RuO,, SrRuO; and La, ,Sr, CoO, (x is a positive integer).

The gate electrode 10 is made from tungsten (W). Other than
W, the gate electrode may be formed of any one material selected from
among, Ta, Mo, TiN, Nb, V, TaN, TaSiN, TiW, TiWN and TiAlN.

Other details of the structure will now be explained. In this
structure, upper insulation filnzl 50 is provided on the interlayer
insulation film 28 so that the upper insulation film makes contact
with the side surfaces of the gate unit 22 and the channel layer 20.
The upper insulation film is made from SiO, film. The height of such

a portion of this upper insulation film 50 that makes contact with a

gate unit 22 may be up to an appropriate level of the channel layer 20.
Preferably, however, the upper insulation film 50 should be up to the
height of a neighborhood of the upper edge of channel layer 20. In
this embodiment, the upper edge of the upper insulation film 50 that
makes contact with the channel layer 20 is as high as the upper edge
of the channel layer 20 and parallel to the upper edge of the channel
layer 20. Further, such a region other than the neighborhoods of

the region where the upper insulation film 50 and the channel layer
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channel | ayer. According to this method, the first conductive

| ayer, ferroelectric layer, first insulation |layer and sem conductor |ayer
are go -17 - sequentially deposited,
thereby form ng a deposited structure. Thereafter, the deposited structure

15,2120 SESHUAGK I SONERTY 08 AREPRRETE eniAn R THSRIOR, =
NSRS o MR T RN R S R SR

|l eft as a channel layer. Then, in order to nodify the underlying | ayer of

the charthed uppesr , inkulgtionefilm §0pr eAerdisicpssed) dkeer) sine the upmer | yi ng

| ayer. In such a manner, a gate unit which is a deposited structure
surface of the channel layer 20 and the upper insulation film 50 are
smoothly continuous at the same level, the disconnection of the
wirings at the upper edge of the channel layer 20, which may
otherwise be possible, does not occur. The first main electrode 16 is
connected to the second wiring 44, which is guided via a third
through-hole 52, provided in this upper insulation film 50, and the
second through-hole 48. The third through-hole 52 is formed in such
a region of the upper insulation film 50 that includes the second
through-hole 48. That is, the thirq_through-hole 52 is situated just
above the extended direction of 'ghe second through-hole 48. Then, a
portion of the first main electrode 16 is embedded into the third
through-hole 52. The aspect ratio of the third through-hole is
suitably designed. Thus, the first main electrode 16 of the
ferroelectric transistor 40 is connected to one of the main electrode
regions of the selecting transistor 30, which is the drain electrode
region 36 in this case.

As seen above, the upper insulation film 50 functions to
separate the first and second main electrodes from lower conductive
layers as well as to be a protective layer of the ferroelectric transistor
40.

Further, following the formations of the first and second main

electrodes 16 and 18, an interlayer insulation film 54 is additionally



having a gate el ectrode, a ferroelectric filmand gate insulation
deposited one onto another, and a channel |ayer are forned, thereby
form ng a conductive |ayer which will beconme a first and a second nain

el ectrodes. Accordingly, since3d ferroelectric layer is formed
prior to a semconductor layer, the. elenents constituting the

f erroel edorimed ntheréwpono ndlheinffase Ah wirimgt €56 dis e€efraeddenpi tkisa heat
treatment or an annealing. Therefore, the degradation of the MOSFET s

char act erinteirtayemhinamlacion ritm 54prdorasirfo depvide, a sdagiséd awiethg,
In accordance with this nethod, an interlayer insulation film is, prior to

the step Krbkepfalsesthty 4EPPBU,CBPIER AHRSEX 4k FEEUI S fupdlerthyl N

structure. Al'ternatively, the netho f manufacturing a _

o1 0] (Tt R BB AR SR BT 50T 75

filmon a Though any connection of the second main electrode 18 is not
shown in the drawings, the electrode may be connected to a desired Al
wiring 56 via a through-hole provided in the interlayer insulation film
54.

The second through fourth embodiments will now be described,
where these additional embodiments are fundamentally the same as
the first embodiment. Since the different features of these
additional embodiments that are not shared with the first
embodiment will be discussed in the following explanation, please
refer to the foregoing description as to the points that will not be
mentioned. In the following description, similar reference numerals
will be used to refer to similar elements in the structures though the
shapes and other features may be different among the embodiments.
[Second Embodiment of the Invention: Second Structure]

The second structure of the ferroelectric transistor will now be
explained by referring to Figs. 4, 5 and 6. Fig. 4 is a perspective
view of the second exemplary structure of the semiconductor storage
device and primarily shows the second structure of the ferroelectric
transistor. Fig. 5 is a plan view of the portion of interest of the

second structure as seen from the direction where electrodes 16 and

18 are situated. Fig. 6 is a cross sectional view of Fig. 5 as being cut



substrate to formthe underlying structure; formng a-selecting

18 transistor on the substrate; formng the interlayer insulation filmon
the substrate which a selecting transistor is formed on, the interlayer
insulation filmhaving a first wiring 8@nnected to the gate el ectrode and
a second wiring connected, as desired, to the first and second nain

el ect r odeglioR@olip@ at-ell t MK Sugh thef P tBridyér ihkGlafibd AlME6ANA] wiring
t hrough- hol es at predeterm ned |locations I1n the interlayer insulation

film and, gts):aadghi’ﬂac%orﬂ:l’b%&’i%np?ggé}' 'r]5c‘$ Sﬁéés‘esc}fet%\frﬁf[ iﬁ‘”ﬁ%%.e%onghese are

t hr ough- hol « erein-the step Ining t gat e reqi on as
met hod. RSP R0 dcatdrt foF BEB kP BF simplicithmpl oyed 1o forma
sel ecting transistor on the substrate, Then, an interlayer insulation film
i s deposited ontbheéHgructure shown in this second embodiment is different
from the first structure in that the upper conductive layer 60 is
provided between the gate insulation film 14 and the ferroelectric film
12. In this embodiment, the upper conductive layer 60 is made from
IrO,. Other than IrO,, any one material selected from among Ir, Ru,
Pt, RuO,, SrRu0,, La,,Sr, CoO,(x is a positive integer) and SrMoO,
may be used. Alternatively, the upper conductive layer may be
formed of any combination of more than one material arbitrarily
selected from among IrO,, Ir, Ru, Pt, RuO,, SrRu0,, La,  Srx CoO, (x is
a positive integer) and SrMoO,. In this exemplary structure, the
longitudinal direction and transversal size of the channel of the upper
conductive layer 60 is the same as those of other layers constituting
the gate unit 22.
In this structure, the area (S1 of Fig. 5) of the portion where
the first main electrode 16 makes contact with the channel layer 20 is
different from the area (82 of Fig. 5) of the portion where the second
main electrode 18 makes contact with the channel layer 20. As seen
in Fig. 5, if the length of the channel layer 20 in the longitudinal
direction to the channel is set to be L, then the length of the first main
electrode 16 in the longitudinal direction to the channel will be 0.1L

and the length of the second main electrode 18 in the longitudinal

direction to the channel will be 0.7L. Thus, in this structure, the



substrate with the selecting transistor and ot her desi-red conponents

I ncor por at ed. In depositing the interlayer insulation film a conductive
| ayer such as the above-nentioned firstggand second wiring is also forned.
Thereafter, a first and a second through-holes are forned at desired

'OcatiO”SrﬂiotJFSﬁgoﬁ%lsalefhéﬁféJbﬁtJ 89 fijflc#]rrgfor exanpl e, by neans of the
n

etching process. nduct’i ve plugs are d by enbeddi ng conductive
nei gnt o oF A Eatbedisa? st A% TReenbioa Fhind SERickirm ae that of the
upper surface of _the _interlayer insulation film A ferroelectric
transistor is fofhedthind:exemplary etruaturetodrthe derrondectticotramdistomy
performng the steps (1) - (9). As pointed out above, in the step (5),
t he gate wéli now e alesedilesd &y referring to Fig. 7, which shows a cross
sectional view of the transistor as being cut along line I - I of Fig. 2.

This structure is different from that of the first embodiment
in that the gate unit 22 has a metal oxide layer 62 between the
channel layer 20 and the gate insulation film 14, and the channel
layer 20 is formed on the metal oxide layer 62. The metal oxide layer
62 is formed of a material the heat of formation of the oxide of which
is smaller than that of the channel layer 20. In this exemplary
structure, the metal oxide layer 62 is formed of ZrO,. However,
other than Zr0,, it may be formzed of any one material selected from
among TiO,, HfO, and Al;0,. Alternatively, the metal oxide 62 may
be formed of any combination of more than one material arbitrarily
selected from among ZrO,, TiO,, HfO, and Al,O,.

At this point, exemplary figures of the heat of formation of
each material will be given. The heat of formation of Si which
constitutes the channel layer 20 is - 170 kcal/g.molO, at the
temperature of 600 C. And the heat of formation of ZrQ,is - 220
kcal/g.molO, at the temperature of 600 C. Further, the heat of
formation of TiO, is - 190 kcal/g.molO, at the temperature of 600 C.
And the heat of formation of HfO, is - 230 kcal/g.molO, at the
temperature of 600 C.

Incidentally, in this exemplary structure, the longitudinal
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upper region of the first through-hole. Such a formation allows the
conductive plug formed in the first through-hole to make contact with the
gate electrode. That is, the first wirjing makes contact with the gate

el ectrode. This first wiring is used, Sor exanple, as a word line.
Alternatively, on patterning the first conductive | ayer, wirings such as

the firs@izasdienadill thRnprgEs alagizecod hbelchannek ofntbrematal wxide 6% isuch,

the nethod of the present invention is suitable for formng an |ntegrated
circuit thplsameas tlkosbofethentlagees conatitiuting .the gate uritrdher, the
met hod preferably conprises, following the step (8), the step of formng

an upper [F@ﬁk'ﬂ?‘ErﬁBloM@ﬁnof bRe ITRALRMIL VST Foupth! SrRBuke] m so that the
upper insulation filmmakes contact with the side surfaces of the gate

un | 200, 1, PR ACxe BRIAR WPl EFRRET e ESUIAA T i il L1
over copdyptins Ve S sorth5 5 eting 15 ELOTE, Ynith RS Spbase o
sectional view of the transistor as being cut along line I - I of Fig. 5.

The characterizing feature of this fourth exemplary structure
is that the gate unit 22 has the upper conductive layer 60 between the
gate insulation film 14 and the ferroelectric film 12, which is similar
to the case of the second embodiment, and that the gate unit 22 has
the metal oxide layer 62 between the channel layer 20 and the gate
insulation film 14, which is simjlar to the case of the third
embodiment. Further, as in thé case of the third embodiment, the
metal oxide layer 62 is formed of a material heat of formation of the
oxide of which is smaller than that of the channel layer 20.

The size or material of the upper conductive layer 60 may be
the same as in the case of the second embodiment. Also the size or
material of the metal oxide layer 62 may be the same as in the case of

the third embodiment.

The ferroelectric transistor of the present invention is not
limited to the above-mentioned first to fourth exemplary structure,
For example, the first and second main electrodes 16 and 18 may be
formed in the channel laier 20 by doping the layer with impurities.
Alternatively, the first main electrode 16 may not be connected to the

main electrode region of the selecting transistor but may be connected



the sane where the upper insulation filmnmakes contact with the channel

| ayer, so that the upper edge of the channel |ayer and the upper surface
of the upper insulation filmare continuous, thereby facilitating the
first and second nmain el ectrodes to exB8nd onto the upper surface of the
upper insulation film Therefore the wiring process will becone easier.
The uppertd tlelsk wanirtg 156 o8 threetippablsgdéor med by, between the steps
(8)and (9), the steps of formng a second insulation |ayer on the

i nt er | ayefAn Bmbaidiareft bffaSSefnﬁebndbet@eSQB@'a%@%ﬁban filmcovers the
si de and upper surfaces of the gate unit and the channel |ayer;

- 20 - and pol IPhe NebhiGmRACANE bR Y 1d¥ibERFhitH sl thBCreHBEToctHd AC°
transistor in the above first to fourth structure used as a storage
device will now be described by referring to Figs. 9 to 13. To begin
with, the characteristics and operation of the ferroelectric transistor
will be explained.
<The Characteristics of the Ferroelectric Film>

Fig. 9 is a graph showing the hysteresis characteristics of the
ferroelectric film 12 used in the above first to fourth structure. In
these exemplary structures, as already described, SrBi,Ta,0, is used
as the ferroelectric film 12. Th_e horizontal axis of Fig. 9 represents
the electric field intensity (stren.gth) applied to the ferroelectric film
in the unit of (kV/cm) and every 20 (kV / cm) is dotted from - 200 (kV
/ cm) to 200 (kV / cm). The vertical axis of Fig. 9 represents the
polarization formed on the ferroelectric film in the unit of (£ C / cm?)
and every 10 (¢ C/cm?) is dotted from - 20 (£ C/cm?) to 20 (12 C / cm?).
The measurement is performed by using an apparatus named
RT6000S commercially available from Radiant Technology
Corporation of the United States.

From the measurement shown in Fig. 9, the following
characteristics of the ferroelectric film 12 are obtained: the corrective
electric field is 40 (kV / ¢cm), the residual polarization is 12 (g C /
cm?) and relative dielectric constant is 200. The ferroelectric film 12

is 0.4 g m thick.



t he channel layer is exposed to formthe upper insulation film

Furt her,

the nmethod preferably conprises the step of forming a third

t hrough-hole in the upper insulation fgg¢mat the region containing t
second t hrough-hole. By thus forming the third through-hole, the

ﬁ?iﬂﬂéﬁ&ﬁ"f%&%ﬂ ist% d[lﬁ*iough'f’ﬁé%qsr%% i t??‘gﬁe@ﬁéi’@&%’aﬁ
neul ot GRSPRHOR SR i e gl t¥BoRielofbsgRongiARt of Tax0, i 85

of manufact(g .1 he, ferroel ectric transistor of this invention pref
checlm ha

conpri seén

1190 Qb ptt ;. 5

A¢E- (4), the step of elininating def

in the first insulation |ayer. For exanple, if the first insulation
i s made f¢Dhet@perdtiomood thee Fiage Sty @Bjuresafter the layer is forned,
device is preferably thermally processed in oxygen at the tenperatur

500 [err]C.  Sughe oppaatidieafMMERe fikst dx@hiplahyn ArubbErCtw D Lédwt be
defects in the tantulum oxi de thereby reducing the charge trapping

explained. Fig. 10, which shows a cross sectional view of the gate
unit 22 as being cut along line J - J of Fig. 2, will be referred to in
explaining the operation of the first exemplary structure. In Fig. 10,
the plus notation "+" means such a situation that the positive charges
are induced at the surface of the ferroelectric film 12 while the minus
notation "-'" means such a situation that the negative charges are
induced at the surface of the ferroe%ectric film 12. Also, the figure
shows how the electrodes are ele}:trically connected.

In this exemplary structure, the direction of the spontaneous
polarization is controlled only in the region of the ferroelectric film 12
which is sandwiched between the second main electrode 18 and the
gate electrode 10, that is, the region onto which the second main
electrode is projected toward the depositing direction of the gate unit
22. Thus, the carrier density control of the channel layer 20 is done
by the non-vertical direction (non-depositing direction) of the
spontaneous polarization.

Let the electric capacitance of the region of the ferroelectric
film 12 sandwiched between the second main electrode 18 and the gate
electrode 10 be represented by Cs. And let the electric capacitance

of the region of the gate insulation film 14 sandwiched between the
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density. Alternatively the method of manufacturing a ferroelectric
transistor of this invention preferably conprises the steps of formng,

bet ween the steps (1) and (2), a second insulation |ayer on the first
conductive layer; and nodifying, betwe@f the steps (7) and (8), the second
i nsulation |layer to forma |ower conductive |layer. By thus formng these

layers, tdezondcandncolubiedodueclsd and thi@gdie deRdrsibe A0 beNdPresbifeiypict ure
on which the ferroelectric layer is forned.

21 Ther e%ﬁg e, Ilkﬂetﬁi%c‘é’i@wtsiﬁ‘ﬁc%@ﬁ@r thOHie(i:t?Sdgagf?éé O{I%ag);é%tf%cf}ep) of

material by which the for step (1 ndluding a crystalliza

e o G ARV CERR CB AT B P R B T RS

Fig. 10(A) shows such a situation that the logical value "1" of
the binary data is written into the ferroelectric film 12. In this
exemplary structure, data may be written into the ferroelectric film
12 by leaving the first main electrode 16 open and applying the write
voltage of 8 V (volt) across the second main electrode 18 and the gate
electrode 10. That is, the voltage of 0 V is applied to the second main
electrode 18 while the voltage of - 8 V is applied to the gate electrode
10.

In this instance, the voltage. Vg (the unit is in V) applied to
the ferroelectric film 12 may be written as in the following equation
(1):

Vg =-8 X Chs / (Cs + Chs)
=-8/(1+ Cs/ Chs)...... N

In this embodiment, if the above-mentioned film thickness
and relative dielectric constant, then Cs / Chs = (200/0.4) / (25 / 0.05)
= 1. Thus, Vg = - 4 (V) is obtained from the equation (1). That is,
the electric field intensity applied to the ferroelectric film 12 will be -
100 (kV /cm). Thus, as apparent form the hysteresis characteristics
shown in Fig. 9, it is well possible to reverse the polarization of the
ferroelectric film 12.

Fig. 10(B) shows such a situation that the logical value "0" of

the binary data is written into the ferroelectric film 12. That is, the
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transistor of this invention preferably conprises the-steps of form ng,

bet ween the steps (2) and (3), a third conductive |ayer on the
ferroelectric layer; and nodifying, between the steps (6) and (7), the
third conductive layer to forman uppeP8conductive layer. By thus forning
the third conductive |ayer (upper conductive |ayer), the ferroelectric

| ayer is fhguee ysheysadateh naa sitatian phadedhe data "1" Atoeedatinvehe t he
met hod of manufacturing a ferroelectric transistor of this invention

pr ef er ablfercoelecitsies filne k2 dpsflahedr ni hy, thibeéxepplabe strepsucs) dutd (4) .
on the first insulation layer a netal oxide |ayer made of a material the

heat of TaRyEké@Fa¥Bd fRokb tREHek Bl t19f Op digyer;
and nodi fyi @ be'?ween '?he st eps %Setclﬂgig: ﬁ?ﬂ'ﬁ ,12 br‘?;e gI)?IB ta{IIIea{rli'l

reduced WPkt 1B efth ifhd 5%21‘%%?& ehSo oTE e o ndﬁc\?ﬁo 93%<?r%%@cause

the for |on fre ener oxi of su a ne oxide | ayer is
snal | er t 3dxpa1n e?gctrode 1e8 ghe gate eqectro e 10 That 1% the

voltage of 0 V is applied to the second main electrode 18 while the
voltage of 8 V is applied to the gate electrode 10.

In this instance, the voltage Vg (the unit is volt = V) applied to
the ferroelectric film 12 may be written as in the following equation
(2):

Vg =8 X Chs / (Cs + Chs)
~=8/(1+ Cs/Chs)...... (2)

Thus, since Cs / Chs =1 a;s in the case of writing, Vg =4 (V) is
obtained from the equation (2). That is, the electric field intensity
applied to the ferroelectric film 12 when data is flashed is 100 (kV /
cm). Thus, as apparent form the hysteresis characteristics shown in
Fig. 9, it is well possible to reverse the polarization of the
ferroelectric film 12.

Fig. 10(C) shows such a situation that the data stored in the
ferroelectric film 12 is read out. In this exemplary structure, the
data may be read out of the ferroelectric film 12 by connecting the
gate electrode 10 to the ground and applying read voltage of 1 V across
the first main electrode 16 and the second main electrode 18. That is,
the voltage of 0 V is applied to each of the gate electrode 10 and the

second main electrodes 18 while the voltage of 1 V is applied to the



t he sem conductor |ayer Further, the nethod preferably conprises ,
followng the formation of the netal oxide |ayer, the step of elimnating
defects in the netal oxide layer so thgt the defects in the first

insulation layer as well as those of the netal oxide |ayer can be reduced,

thereby ﬁﬁfl}'hﬁi%m éfbect‘f'@&égfgi trappi ng densities of these |ayers.

or égol ng and ‘ot her objects, features and advantages of the

greteaiielntedl Gescri pTrbh ey B Ferd b 8t it ts HaREe i Az F SRR, TRE
refer encebét%végﬁa tﬂreafylmrgt gnd second main elec?ﬁdEer \E)Eisg}?le I?:-Il-llacr]l\lngzlaggli 2D§AW NS

Fig. 11 is a graph showing the relationship between the drain current

Id and the gate voltage Vg applied to the gate electrode 10. In Fig.

11, the horizontal axis represents a gate voltage Vg while the vertical

axis represents a drain current Id. The units are arbitrary on both

axes. On the same graph, the Id-Vg curve a, which represents

reading out the data "1", and the Id-Vg curve b, which represents

reading out the data "0", are shown so that the two curves can be

compared.

Firstly, when the data * 1_" is kept in the ferroelectric
transistor as the result of the v;rite operation mentioned above, the
threshold voltage Vt is smaller than 0 V. Thus, the operational
condition is normally "on", so that drain current Id flows even if the
gate voltage Vgis equal to 0 V.

When the data "0" is kept in the ferroelectric transistor as the
result of the erase operation mentioned above, the threshold voltage
Vt is greater than 0 V. Thus, the drain current Id does not flow if
the gate voltage Vg is equal to 0 V,

In this manner, the data value kept in the ferroelectric
transistor can be determined by detecting the value of drain current
Id.

In the above-mentioned third structure, the metal oxide layer

62 is provided between the gate insulation layer 14 and the channel
RS
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Fig. 1 is a perspective view of the first structure of a ferroelectric

transi stor of the present invention; Fig. 2 is a plan view of the
portion of interest of the first structure of the ferroelectric
transi stor; Fig. 3 is a cross 88ctional vi ew of the first structure

of the ferroelectric transi stor; Fi 4 s perspective view of
the secorl@¥&rr2@+ urBoweveme by eegarding the arismsstlgtlon layer l4rpfithis is a
pl an view of the portion of interest of the second structure of the

f erroel ecttructurarss beimg dual-layereidg.ortby appropaiatelycsetting theelaydr t he

second structure of the ferroelectric transistor; Fig. 7is a
cross secfliekalessi %Wc‘hf atdteulchutsl will urdtus feet t;wéeoptasaﬁgal eChius, the
transi stor; Fig. 8is a cross sectional view of the fourth

structur etlﬁfrdtéﬁucftﬁi‘é%%lrﬁ%rﬂr%a%&rh% th€'same as the first structure with

respect to its operation.
<The Operation of the Second Structure>

The operation of the second exemplary structure will now be
explained. Fig. 12, which shows a cross sectional view of the gate unit
22 as being cut along line J - J of Fig. 5, will be referred to in
explaining the operation of the second exemplary structure. In Fig.
12, the plus notation "+" means such a situation that the positive
charges are induced at the surface of the ferroelectric film 12 while
the minus notation "-" means éuch a situation that the negative
charges are induced at the surface of the ferroelectric film 12. Also,
the figure shows how the electrodes are electrically connected.

In this exemplary structure, the upper conductive layer 60 is
inserted between the gate insulation film 14 and the ferroelectric film
12. Thus, as opposed to the case with the first structure, the
spontaneous polarization in all areas of the ferroelectric film 12 can
be controlled. Thus, the carrier density control of the channel layer
20 is done by the vertical component (that is the depositing direction)
of the spontaneous polarization.

Also, as already discussed above, in this exemplary structure,
the area S1 of the region where the first main electrode 16 makes

contact with the channel layer 20 and the area S2 of the region where



Fig. 9 is a diagram show ng the hysteresis characteristics of

SrBi[err]TaJerr]derr]; Fig. 10, including Figs. 10(A - 10(0O,
expl ai ns the operation of 23 the
first structure; Fig. 11 shows4lhe rel ationship between Id and Vg;

Fig. 12, including Figs. 12(A) - 12(%(,! expl ains the operation of the

second stthgcsenomd main eledirgde 1B makesicagtact wath dhel ehanngl dayper 86t ure
of a sem conductor storage device of the present invention; Fig.
14, incl ydistgdbsigmed 4hA) thredrdioBB1 ;B2 =diagrams for showing the steps

for manufacturing the first structure of the sem conductor storage device;

Let the electric capacitance of the ferroelectric film 12 be
represented by Cf. And let the electric capacitance of the region of the
gate insulation film 14 sandwiched between the second main electrode
18 and the gate electrode 10 be represented by Ch. In this
exemplary structure, the ratio of the electrode areas (capacitor areas)
of the capacitors Cf and Ch is 10 : 7. Let this ratio be represented by
n =10/7).

Fig. 12(A) shows such a situation that the logical value "1" of
the binary data is written into the ferroelectric film 12. In this
exemplary structure, data may be written into the ferroelectric film
12 by leaving the first main électrode 16 open and applying the
write voltage of 10 V (volt) across the second main electrode 18 and
the gate electrode 10. That is, the voltage of 0 V is applied to the
second main electrode 18 while the voltage 'of - 10 V is applied to the
gate electrode 10.

In this instance, the voltage Vg (the unit is in V) applied to
the ferroelectric film 12 may be written as in the following equation
(3):

Vg =-10 X Ch / (Cf + Ch)
=-10/ (1 + Cf/ Ch)...... (8)
In this embodiment, if the above-mentioned film thickness

and relative dielectric constant, then Cf/ Ch =97 X (200 /0.4) / (25 /

0.05) = 1.43. Thus, Vg = - 4.1 (V) is obtained from equation (3).
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Fig. 15, including Figs. 15(A) and 15(B), are diagrams for show ng the
steps for manufacturing the first structure follow ng the steps of Fig.
14; Fig. 16, including Figs. gA) and 16(B), are diagranms for
showi ng the steps for manufacturing thI LI rst Fstruc&gzg\)fol ldO\iMYE]%)theh
steps of Eig, , b 15; I ncl udin I gs an shows
t hepst epsﬁ‘gi‘ 18 rr%%lfezleﬁfrlp rfbe%@h’él@é'@éﬁd a@rnlgﬂxi tpdhe ferroelegtirge filgy 12

i ncl udi ng Figs. &A) and 18(B), shows the steps for manufacturing the
third stretdube; -BO8 (kV / cmii g. Tioys,i asl wpipagemitgfordd (e dngstb96 s

shows the steps for manufacturing the fourth structure. DETAI LED
DESCRI PTIdB ¥ae t8 s tPRERERRER BVER) MBNTS is well p&gxﬂ@%' FF%::A’E | gy gnow be

described by referring to the draw ngs, which are nerel ustrative
suf fi ci ergola@iZ@i8nt SCtEEFEvelectric film 12.

Also, this exemplary structure has an advantage that a
voltage Vg, which is a voltage applied to the ferroelectric film 12 when
data is being written, can be appropriately set by the ration between
the capacitor areas.

Fig. 12(B) shows such a situation that the logical value "0" of
the binary data is written into the ferroelectric film 12. That is, the
figure shows such a situation that the data "1" stored in the
ferroelectric film 12 is flashed. In this exemplary structure, data
may be erased from the ferroelecfric film 12 by leaving the first main
electrode 16 open and applying an erase voltage of - 10 V (volt) across
second main electrode 18 and the gate electrode 10. That is, the
voltage of 0 V is applied to the second main electrode 18 while the
voltage of 10 V is applied to the gate electrode 10.

In this instance, the voltage Vg (the unit is in V) applied to
the ferroelectric film 12 may be written as in the following equation
(4):

Vg =10 X Ch / (Cf + Ch)
=10/ (1 + Cf/ Ch)...... 4)

Thus, since Cf/ Ch =5 = 1.48 as in the case of writing, Vg =

4.1 (V) is obtained from the equation (4). That is, the electric field

intensity applied to the ferroelectric film 12 when data is flashed is



REPLACEMENT SHEET . 24 - di nensions
and arrangenents of the constituting elenents of the invention understood.
These enbodi nents are only exenplary a do not intend to limt the
invention to thenselves. (1) Description of the Structure of the

Ct 7 uot ur LAY HERIZ: Hhpacesiapniterd faed thd by Srais shazacteRpbis °

respect to nuneri caI caondi ti ons h are sonmetines onjtted in the course
of the f@&%’w g FigsOs .15t1§oweﬁppea lado rovers theppokirisatiopeof the

manuf acturing nethod to follow [First Enbodi nent of the Invention: First
St ruct ur derroelectric film. 12. i s a perspective view of interest of the first
exenpl ary

In this manner, in this exemplary structure, a voltage Vg,
which is a voltage applied to the ferroelectric film 12 when data is
being erased, can be appropriately set by the ration between the
capacitor areas.

Further, Fig. 12(C) shows such a situation that the data
stored in the ferroelectric film 12 is read out. In this exemplary
structure, the data may be read out of the ferroelectric film 12 by
connecting the gate electrode_lO to the ground and applying a read
voltage of 1 V across the first main electrode 16 and the second main
electrode 18. Therefore, sinc; read operation in this exemplary
structure can be performed as in the case of the first structure,
further explanation will be omitted.

In the above-mentioned fourth structure, the metal oxide
layer 62 is provided between the gate insulation layer 14 and the
channel layer 20. However, by regarding the gate insulation layer
14 of this structure as being dual-layered, or by appropriately setting
the layer thickness, such a structure will not effect the operation.
Thus, the fourth structure can be treated as the same as the second
structure with respect to its operation.
<The Configuration and Operation of the Semiconductor Device>

A semiconductor device will now be explained which employs

the ferroelectric transistors of the above-mentioned first to fourth
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structure of the sem conductor storage device and primarily shows the

first structure of the ferroelectric transistor. Fig. 2 is a plan view of
interest of the first structure as seegsfromthe side of electrodes 16 and
18. Fig. 3 is a cross sectional view as being cut along the line I - | of

Co o . | : : £ 1 al ;
r ot cot | CHEREPHEELRE S6ERgk T8k RIdC" s Brad, oyt ARDSRE, Al pp fRUCHRCD |
2. _ The ferr?electric transi,stor, of the first exenplargz/ strycture
conpri sed¥apsigtors gt fhe ahoxermsdianedatirgt (e feurth Structng cap ba e

insulation filmor a gate dielectric film14, a first nain el ectrode 16
and a secaperateidn baisécallpdin ithe saaneomamyier.t hd'has.r the semdcoydottame
channel by using the spontaneous polarization of the ferroelectric film

12. Thi s dscusskdcheloow tmapshbetimiphisonbed whth gitkerinie 22 tMy €irs¢ogpor i ses
the, electrode 10, the ferroelectric film1l2 and the gate insulation film

14 deposifofFthnsdrticture.

Fig. 13 is a schematic diagram showing a portion of interest of
the semiconductor device of this exemplary structure. This
semiconductor device, having a plurality of storage elements, is a
non-volatile memory which data may be written into, erased from or
read out of by applying a signal to the word and bit lines thereof.
This device has either of the above-mentioned first to fourth
ferroelectric transistors.

In this exemplary strlicture, one block is formed of an
appropriate number of ferroelectric transistors and is provided with
the selecting transistor 80 assigned thereto. In other words, the
foregoing description of the first to fourth structure in reference to
Figs. 1 - 8 were directed to such a region that includes this selecting
transistor 30. In Fig. 13, one block 64 is illustrated out of a plurality
of blocks. The block 64 comprises, as in other blocks, n storage
devices, that is, ferroelectric transistors FT1 - FTn (n is a natural
number). However, only the first ferroelectric transistor FT1 and
the n-th ferroelectric transistor FTn are shown and the remaining
ones are omitted for the sake of simplicity. Thus, in each block, n
bits of data may be processed.

The connection relationship around block 64 will now be
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25 order on an underlying structure or an underlying |ayer 25. Further,
a channel layer 20 is provided on the gate insulation film114. On the
channel |ayer 20, the first and secon 5mai n electrodes 16 and 18 are
provi ded as being separated fromeach other. |In this structure, the

channel | ayer. 20, i s, ysed as the aboye-nenti oned channel . .
| nci dent ﬁ?‘gﬁa,m[e%el u | GERARIQFE, 8 ‘btfurtehicgmlgr‘%%l word; lines, Mki st or

conprises a substrate 26 and an interlayer insulation film _or an

i nt er | ay¥ L ik muambeayof whiekpssieganli to tthes rormber ahdthamestorpge
el ectrode 10 is provided on this interlayer insulation film 28.

Al so, a dewvécemi andraabigalimesBluct (Flee ogate gddetrpdet oHrth22 fefroehestric
ferroelectric transistor has a | ower conductive |ayer 24 between the

ferroel egidngistbl Msl coHedted ot ehel pebaeterhPned word 1The filst tiad
second main electrodes 16 and 18 are, as seen in Fig, 2, provided as

coveri ng Raill iy WHGLtars | 368%°1 iANFighaNse! & gate electrode G of

ferroelectric transistor FT1 is connected to the word line WL1 while
the gate electrode G of the ferroelectric transistor FTn is connected to
the word line WLn.

Further, the first main electrode of each of the ferroelectric
transistors is connected to the predetermined bit line. In the
exemplary structure shown in Fig. 13, the first main electrodes of the
ferroelectric transistors FT1 and FTn, that is, the drain electrodes D
thereof are connected to the bit; line BL. Thus, in this exemplary
structure, the first main electrodes or drain electrodes of all the
ferroelectric transistors included in one block are connected to one
common bit line. This means that in this exemplary structure write
and flash operations may be simultaneously performed with respect to
n bits of the ferroelectric transistors.

The second main electrode of each of the ferroelectric
transistors is connected to the first main electrode of the selecting
transistor 30 associated or with allotted to each block. In the
exemplary structure shown in Fig. 18, the second main electrodes of
the ferroelectric transistors FT1 and FTn, that is, the source
electrodes S thereof are connected to the first main electrode or the

drain electrode D of the selecting transistor 30 associated with the



| ayer 20 and an upper insulation film50. In this enbodi nent, the

| ongi tudi nal directions of the channel |ayer 20 and the first and second

main el ectrodes 16 and 18 are set to hg orthogonal. These first and second

mai n el ectrodes 16 and 18 are positioned at either side of the

Iongitud'bfal direction of the channel |ayer 20. Thanks to this

confi gur qc(%, the channel |ayer 20 between the first and second nmain

el ectrodes 16 and .18 is _used as being _a channel in operation of the

transi stor. Additippadly.s Emhodersnd, medny i?@@t’é\fﬁg‘l s@&onRGmiSAurce

el ectrodes 16 and 18 are nmade from polysilicon. They nmay al so be made from

anor phouelegiticoderS ofl thé sepectingatramsibtar 80 ishavonectadido the gmdend.

26 between the channel |ayer 20 and the first and second main el ectrodes

by form ag Kock geleicticis-ldapets coanertbdctetiaveaite electrode G of the
selecting transistor 30 but is not shown for the sake of simplicity.

As seen above, since each storage device has three terminals,
the device may be controlled via three kind of signal lines, that is, a
word line, a bit line and a block selection line. The operating method
of the semiconductor device will now be explained.

To begin with, the selecting transistor 30 for the controlling
block 64 into which a write operation is intended is turned on by
applying a signal via the block selection line. As the result, the
source electrodes S of the ferroelectric transistors FT1 through FTn
included in this block 64 become connected to the ground. Then, by
applying a write voltage to a desired word line WL1 - WLn, data "1"
will be written into the ferroelectric transistor connected to the word .
line. In the case of this write operation, the bit line BL is kept in the
floating status.

With respect to the blocks that are not selected, the selecting
transistors for controlling these un-selected blocks are kept in an "off"
status. Thus, the source electrodes of the ferroelectric transistors
included in these un-selected blocks are in the floating status. Since
the bit line BL is floating, the drain electrodes of the ferroelectric

transistors included in these un-selected blocks are also in the

floating status. Accordingly, even if a write voltage is applied to the



Further, in this enbodinent, the sizes in the |ongitudinal and transversal
directions of layers constituting gate unit 22 and the channel |ayer 20
are appropriately aligned. The 2 dinepsional shape of each layer is
rectangul ar. The gate unit 22 and the channel |ayer 20 are deposited on

ceen in ARk SEcihabeTe rsssgﬁgé PgIBott traspigtBF), Ehe) dBRRtafiGhs

ferroel ect i c transistor (see Fiig. 3) .di scussed above is forped on an
interl ay®° larizatian of the lzr@e PUFLELEAN BiStORS dARSSROREEL ZEVeTRRdaubst r at o
26 may be made froma silicon substrate, a sem conductor substrate or

ot her appropriale onstear taperformse enadesipsratieomdpelanting transistorha0
substrate is conductive up to a certain degree. In this enbodinent, the

substr at €o2@oingrdlingdlotk 64 lintorwhivh nbetdage bypeationdicintdérided is
(hereinafter referred to as p type silicon). The interlayer insulation

film28 ga¥ned oh ¥y S¥BIFHTE a dighlittodhd blodiPBertteo P in€at erkhgsple BPSC

(PSG contal ni ng
source electrodes S of the ferroelectric transistors FT1 through FTn

included in this block 64 become connected to the ground. Then, by
applying an erase voltage to a desired word line WL1 - WLn, data "0"
will be written into the desired ferroelectric transistor. In the case
of this erase operation, the bit line BL is kept in the floating status.

In the case of this erase operation as well as in the case of the
above-mentioned write operation,__ both the source and drain
electrodes of the ferroelectric tr;nsistors included in the un-selected
blocks are in the floating status. Accordingly, even if an erase
voltage is applied to the gate electrodes of these ferroelectric
transistors, the spontaneous polarization of the ferroelectric
transistors does not get reversed.

In order to perform a read operation, the block 64 is selected
which includes the ferroelectric transistor from which the read
operation is intended. That is, the selecting transistor 30 for
controlling this block 64 is turned on. Thus, the source electrodes S
of the ferroelectric transistors FT1 through FTn included in this
selected block 64 become connected to the ground. Also, by
connecting word lines WL1 - WLn, the gate electrodes G of all the

ferroelectric transistors included in this selected block 64 become
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boron) or Sierr]. In this enbodi nent, a selecting transistor 30
Is fornmed on the substrate 26 (dotted line portion in Fig. 3). This
selecting transistor 30 conprises a sggrce el ectrode region 34 and a drain
el ectrode region 36 as nmain electrode“regions in the upper region (active
region) of the ubstrate 26 defiped by a field oxide film32. These source
and dr ai &onaeéé?aob% theyigspundy o 393’6 by capplyiing Byrendi vettage to the
predeterm ned regions of the p- type Si substrate with inpurities suitable
to drain electrodes D, that is, to the bit liie BL,dthemalne of theplrain
conductivity type such as phosphorus (P) or boron (B). In this enbodinent,
t hese maigureeattisosead ewitons are an n[ferr] type Si layer. And these main
el ectrode regions are positioned on the upper side of the substrate 26 and

at either side qfogBoefN3ANEhe | &H 5£0h $&8d operation, all the selecting

transistors included in the semiconductor device may be kept in an
"on" status. This is because, though, for example, a read voltage of
1 Vis applied across the gate and drain electrodes, the polarization of
a ferroelectric does not get reversed by such a voltage.

In the cases of the first and third structures, let the electric
capacitance of the region of the ferroelectric film 12 sandwiched
between the second main electrode 18 and the gate electrode 10 be
represented by Cs and let the electric capacitance of the region of the
gate insulation film 14 sandwic};ed between the first main electrode
16 and the gate electrode 10 be represented by Chd. Then, the
voltage Vg applied to the ferroelectric film 12 may be written as in the
following equation (5):

Vg=-1/(1+ Cs/Chd)...... (5)

Since Cs / Chd = 1, Vg = - 0.5 (V). Thus, the electric field
intensity applied to the ferroelectric film 12 is 12.5 (kV/ecm) and, as
being apparent from the hysteresis characteristics shown in Fig. 9,
the polarization does not get reversed. The un-volatile storage is
possible in this manner.

In the cases of the second and fourth structures, let the
electric capacitance of the ferroelectric film 12 represented by Cf and

let the electric capacitance of the region of the gate insulation film 14
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selecting transistor. Further, a gate electrode 38 is fornmed by providing
an insulation filmon the channel region between these main electrodes,

thereby form ng the selecting transi st gfg 30. The interlayer film 28
i s deposited on the substrate 26 on which the selecting transistor 30

is forne Wri or_.intgrconnecti.ons e, .as desired, incorporated
nto th s eneEiPhbE M ren she SFFS RS 1oFrrode ;ﬁ&mﬁaﬁﬁfw oSFbrde

W ring 42 d a second wiring 44 are fornmed in the interlayer insulation
film gA b@r ?dfﬁpaﬁS?Héexb%t & r ilag these expmplarnisévuctwess, nktes ragir i1 m
28 via a first through-hole 46 fornmed in interlayer insulation film 28.
Then, thbstweestthe elevgrade iageacriidod edphoitore @hardeCddsrinie 1] vlgfcht he
ferroelectric transistor 40. A portion of the second wiring 44 is al so

gui ded abisvsette v n(=rl®yerThehntA? vohalgeVeegpplicdhto whla- Mr@eﬁé}tﬁs&r med

in the interlayer insulation film28. Then, this second wring

connect edgji gy §Bemialy 5 whithe £!a8CH PHE fOPoWidd EqLatIREBFL T ©

Vg=-1/(1+ Cf/ Cd)...... (6)

Since Cf/Cd=v X (200/0.4)/(25/0.05) =10, Vg = - 0.09 (V).
Thus, the electric field intensity applied to the ferroelectric film 12 is
- 2.25 (kV/cm) and, as being apparent from the hysteresis
characteristics shown in Fig. 9, the polarization does not get reversed.
Storing of data in an un-volatile manner is thus made possible.
1) " f the M : ring Method of the F ] .
Transistor |

The manufacturing method of the ferroelectric transistors of
the above-mentioned first to fourth exemplary structures will now be
descriBed. The method for manufacturing the first exemplary
structure will firstly be explained and then explanations of the second
to fourth structures will follow. With respect to the second to fourth
structure, only those portions different from the first structure will be
explained. Even in referring to different configurations or
manufacturing steps, the same reference numerals will be given to the
shared components among different structures.
[The Method for Manufacturing the First Structure]

The method for manufacturing the first structure will now be

described in referring to Figs. 14 to 16. Each of the figures are cross
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transi stor 4

0.

I ncidentally, in this enbodinment, the first and second

Wi rings are nmade fromtungsten (W. The interlayer insulation film
28 above which the first and second wsgings are guided is formed in such a
manner that the films surface is substantially planar. The

above e ShIORSed Ui b But WIOYEHe . TN piY o aver [nsulation film

28 el ectrode

10 of the ferrog]egtric transis kes contact with the first wring
42. In this enbd® RERID WhE ga&&§%%ﬁ§ orme v‘é“tw@ SH&WW% 26 by of

the selectin
t he ferrcghp

to

transi stor 30. . As seen above, in this configuration,
viing ordineriyt bSIpechindguesewebeknown to those sKilleddin kke MOSFET

portion (gate electrode 10, gate insulation film 14 and channel |ayer 20)
are provrted Thaths, theeabocaimentivnédiseléctiag transiatoois folmedBonThus,

the surface of the substrate 26, which is a p~ type Si substrate in this

case.

Then, onto the substrate 26 having the selecting transistor 30

formed thereon, the interlayer insulation film 28, which has an

appropriate thickness, is deposited by means of a suitable method.

In this step, the first and second wirings 42 and 44 formed of tungsten

are incorporated as underlying wirings. As seen above, this first

wiring 42 is for the connection to the gate electrode 10. The second

wiring 44 is for the connection to the first main electrode 16. The

underlying structure 25 com;;rising the substrate 26 and the

interlayer insulation film 28, is thus formed.

Additionally, the first and second through-holes 46 and 48 are

formed at the predetermined locations in the interlayer insulation

film 28. Then, vertically directed wirings of W are embedded into

the first and second through-holes 46 and 48 as conductive plugs. In

this embodiment, each of these conductive plugs is included in the

first and second wirings 42 and 44. The upper portion of the layers

and the lower portion of the layers are connected via these vertically

directed wirings. As shown in Fig. 14 (A), the upper levels of each of

the through-holes and the embedded conductive plugs are preferably

identical with that of the upper surface of the interlayer insulation

film 28.



this is a sinple structure and suitable to reduction rn size to a nore

m croscopic level, that is, to make a fine structure of a device
conprising the configuration. imlar to the normal SO, it is
al so possible for the capacitance inherent to a device, for exanple, the

parasitic capac f the delceto be snal ch facilitate e
oper ati on of thgt%'et&eé‘e 1 0 ?ﬁ'gf‘u%r regozg t o pOSSIbQ"n 3‘ fstE‘seed to

i mpl enent_ each_of the | ayers of the gate unit 22 will nom/be explalned
The chanMOSEE; (selecsing daansistiorpd0y oin thenSi aAvbstnate.vthe desioe pisous
silicon may also be used for the channel |ayer 20. The gate

i nsul ati drherimally4 proceaded f inmthe| atnjddphede «F Heydrdgom gaberr THigrr],
any one material selected fromanong ZrJerr], H Jerr], Si[err]Nerr],

CrPLern ) e kB (LT b zlvioh, o s, sogtitase by vne
of more ‘prevents the characteristics of the ferroelectric material from being
degraded.

Then, a first conductive layer 66, a second conductive layer 68,
the ferroelectric layer 70, a first insulation layer 72 and a
semiconductor layer 74 are sequentially deposited on the interlayer
insulation film 28. These sequential steps will now be described in
referring to Fig. 14 (A).

The first conductive layer 66 is formed on the interlayer
insulation film 28 in step 1. F(;r this purpose, a W layer, which is
uniformly 0.1 g m thick, is deposited as the first conductive layer 66
by a sputtering method. This W layer functions to reduce the gate
resistance.

Then, the second conductive layer 68 is formed on the first
conductive layer 66. For this purpose, a IrO, layer, which is 0.1 gm
thick, is deposited as the second conductive layer 68 by a sputtering
method. This IrO, layer will be used as an underlying structure or
an underlying layer on which a ferroelectric layer is formed.

The second step follows, where onto the first conductive layer
66, that is, onto the second conductive layer 68, the ferroelectric layer
70 is formed. In this case, by means of a sol-gel method, a

SrBi,Ta,0, layer, which is 0.4 g m thick, is formed on the upper



than one material arbitrarily selected fromanong Taferr](err], ZrJerr],
HJerr], Si[err]Nerr], Ce(err] and BaSr[err]TigJerr] (x is a positive
I nt eger). The ferroelectric E'&Imlz is made from

SrBi[err]Ta[err]derr]. However,
Ba[err]Sr[err]TiQ.err

PozrTigerr],
(x,is a positive intege

] r),
Bi [ er r ] WYEREP gfdhg seeopd copduckive B eex fiwﬁyﬂ)ae forrelgstric layer 70.
| ower conductive layer 24 is made fromlrJerr]. Qher than IrJerr], any
one nut fonl thisl quuepbde, odigmishcdntaiRing Pthe RiOroelgctréc RuGiterial mnd La
[err]Sr[err]Coerr](x is a positive integer and SrMo(Jerr] may be used.

Al ternatpiuatided bnethoOWsppoOtaty @f BY@rsetdY do@ohUTEH Olapey aaP

of nore

than one material, arbitrarily selected.fromanong IrJerrJ,

Po[err]CGe[err]Jerr],

The

i nati on

Ir,

Ru, P, sﬁ%%éfltec;fg] rrl?eggnt@[@alxgbsrhbﬁegl%ﬁ %élrémobadawoa”ive

I nt eger).

t han

e gate eledtrode I'sS made fromtungsten (
thermal process at the temperature of 450 °C, and then, the device

will be crystallized in a baking process at the temperature of 800 C.

In the following third step, the first insulation layer 72 is
formed on the ferroelectric layer 70. For this purpose, a Ta,0; layer,
which is 0.05 g m thick, is deposited on the upper surface of the
ferroelectric layer 70 as the first insulation layer 72. In this case,
this Ta,0; layer is formed with a Ta target by a reactive sputtering in
a mixture of Ar gas and O, gas.

This first insulation laye:r 72 is preferably formed of a highly
dielectric material so that it will function as a gate insulation layer.
The Ta;O; layer used in this embodiment has the relative dielectric
constant (&) of 26 and is a highly dielectric material. Alternatively,
this first insulation layer 72 may be formed of, for example, one or any
combination selected from among ZrO, (¢ = 22), HfO, (¢ = 22) and
Si;N, (¢ = 7). In this embodiment, the gate insulation film is
formed of those materials with a higher relative dielectric constant
than SiO2 (g = 4). Accordingly, in this structure, a higher voltage
is applied to the ferroelectric film than in case of prior art devices.

After the first insulation layer 72 is formed, a step is
performed so as to remove the defects existing in the first insulation

layer 72. In this embodiment, a thermal process is performed at the

. O her



W the gate electrode may be forned of any one material selected from

anong, Ta, Mo, TiN, No, V, TaN, TaSiN, TiW Ti W and Ti ALN. O her
details of the structure will now be egﬁl ained. In this structure, upper
insulation film50 is provided on the Tthterlayer insulation film28 so

t hat the upper insulaji fllm kes co wi,th the side surfaces of the
gat e uni ttemearr?&wrwéﬁgﬂh Ilﬁy e z’dmosuﬁéerippﬁéroxm H3%[01 thad thenade
fromSigerr] film The height of such a portion of this upper insulation
filmb50 tdedectmkinstloofoantedlidy O axpareduned. 22 heyelye, thet chargappappri at e
| evel of the channel |ayer 20. Preferably, however, the upper insulation
filmb50 eatdity s reduced, he height of a nei ghborhood of the upper edge of
channel |ayer 20. In this enbodi ment, the upper edge of the upper

insulation fil mpd t £ cﬁﬁ?\ t%cge%k%é@qna@ﬂl?ﬁl Its'@iﬁ o%Qlcht 3s hi gh

as the upper edge Iay and par 0 t e upper edge

ﬁfei E}Egofﬁggggl 3]4' a’%erformed:urt h%he ¥irst dnsadatid Ot Pateyrert h?‘? (_in this

embodiment, a polysilicon layer is deposited on the upper insulation
layer 72 as the semiconductor layer 74. For this purpose, this
polysilicon layer is deposited by a plasma CVD process where SiH, gas
and H, gas are used where and the temperature of the substrate is
kept at 600 C. Thus, a polysilicon which is 0.4 g m thick is formed.

After the semiconductor layer 74 is deposited, a Si0, mask 76
is formed on the upper surface of the semiconductor layer 74 for the
purpose of the patterning of the gﬁte unit. The SiOzifilm is deposited
by a plasma CVD process where a mixture of SiH, gas and N,O gas are
used and where the temperature of the substrate is kept at 350 .
The thickness of this SiO, is appropriately set to be, for example, 0.8
o4 m, Then, the 8SiO, mask 76 is formed by an ordinary
photolithography process and dry etching process. In this
embodiment, this SiO, mask 76 is located at a region above the first
through-hole 46.

Transfer steps where the pattern of the SiO, mask 76 is
sequentially transferred onto the deposited semiconductor layer 74,
the first insulation layer 72, the ferroelectric layer 70, the second
conductive 68 and the first conductive layer 66 will now be described

in referring to Fig. 14 (B).
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t he region where the upper insulation film50 and the: channel | ayer

30 20 are contacted has a thicker filmthan that of the contacting region.
The first and second nmin el ectrodes 1§4and 18 extend onto the upper
insulation film50. As discussed above, “since the upper surface of the
channel |ayer 2Q and, the upper insulation film50 are snoothly continuous
at the same | evSP, Q]PWeeéﬂ 2Bt gi%lSoFrﬂ%%fel‘vxpP%@@Oé‘ts fhe ‘i?éil%‘ftl‘éfdge of
the channel |ayer 20, which may otherw se be possible, does not occur. The
first naiperfostedby aelnysetcdumgeteadninae heing dbedSiPs imgsk46.whTHati s
guided via a third through-hole 52, provided in this upper insulation film
50, and tiag theefifitid stap cfgimoifyi g8 thd fve h fvomdl ddtoeugiyerol ¢ to2fdren fthiened in

such a region of the upper insulation filmb50 that includes the second

through- ki gn 81 1498¢ 26 int e itk rddloAVAN Qi IP3tep 6f WGdigFidg'The
first conductive layer 72 to form the gate insulation film 14 , the
seventh step of modifying the ferroelectric layer 70 to form the
ferroelectric film 12 and the eighth step of modifying the first
conductive layer 66 to form the gate electrode 10 are collectively
performed. Incidentally, a step of modifying the second insulation
layer 68 to form the lower conductive layer 24 is included in the
transfer operations between the sevénth and eighth steps. The dry
etching for this transfer operations is performed by generating a
plasma with a combination of 612 gas and Ar gas as well as a high
frequency power of 13.56 MHz.

In the above-mentioned fifth step, since the mask 76 is located
above the first through-hole 46, a gate region is defined as an upper
region of the first through-hole. That is, the channel layer 20 is
formed at a region above the first through-hole 46. Also, as seen
above, since the pattern of the SiO, mask 76 is transferred down
sequentially, the gate unit 22 and the channel layer 20 are formed in
the above-mentioned gate region, wherein the gate unit comprises the
gate electrode 10, the lower conductive layer 24, the ferroelectric film
12 and the gate insulation film 14.

Further, a conductive plug is embedded in the first through-

hole 46 and this conductive plug is connected to the first wiring 42.



above the extended direction of the second through-hole 48. Then, a
portion of the first main electrode 16 is enbedded into the third
t hrough-hol e 52. The aspect ratio ofzghe third through-hole is suitably

desi gned. Thus the first main el ect rode 16 of the ferroelectric
transi st conne ne of the n el ec regions .of the
sel ect i ng'i"t ies%"re %@"’%Mﬁ&% Ilr%l %“?%a&}% QPBBPF%)ﬁé%Or gﬁsgg’l}"ﬁ‘& hi s
case. seen above, the upper insulation film 50 functions to

separ at e42He fqrmed A the cdvarmen dpaed: viees. f r dds0 ohira amtderningof | ayer s
as well as to be a protective |layer of the ferroelectric transistor 40.
Furt her, thelgatei npitt 8, har uatesiredoportienf of she fiwbtsemndulctiweriayelk g8 r odes
16 and 18, an interlayer insulation filmb54 is additionally
other than the gate region is removed, thereby exposing the upper
surface of the interlayer insulation film 28. Accordingly, the gate
electrode 10 is preferably separated from the second wiring 44.

Then, following the eighth step, the steps of forming the upper
insulation film 50 on the interlayer insulation film 28 so that the
upper insulation film makes contact with the side surfaces of the gate
unit 22 and the channel layer 20 will be explained in reference to Figs.

15 (A) and 15 (B).

A second insulation layer 78 is formed on the interlayer
insulation film 28 so that the se;:ond insulation layer covers the side
and upper surfaces of the gate unit 22 and the channel layer 20. For
this purpose, using a plasma CVD method, a SiO, layer is formed over
all the wafer including residual SiO, mask 76 as the second insulation
layer 78. This plasma CVD is performed by using a mixture of SiH,
gas and N2 gas and by keeping the temperature of the substrate at
350 C. As the result, a 8i0O, layer which is 0.4 pm thick will be
formed. Please see Fig. 15 (A).

Then, the second insulation layer 78 will be polished until the
upper surface of the channel layer 20 is exposed so that the upper
insulation film 50 will be formed. Please see Fig. 15 (B). The

polishing of the second insulation layer 78 is done by the Chemical

Mechanical Polishing (CMP) Method. By this polishing, the second
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31 formed thereupon. Then, an Al wiring 56 is forned on this interlayer
insulation film54 so as to provide a desired wiring. Mterials such as
PSG BPSG and SiQ2 are used to formtgg interlayer insulation film 54 and
a surface protection | ayer 58. Though any connection of the second
main el ectrqde, 18 is not , shown .in the drawi ngs, the el ectrode may. be
Connect ddsudatioAeLyer TR is wo}g{%ﬁgas%n ibecomas hgruppee IppBlatien fikmt he
interlayer insulation film_ 54, The second through fourth

enbodi s \Binkenthis@adishing eantinmes euntidsthecappevreuriasbodf thret s are
fundanmentally the sane as the first enbodi nent. Since the different

f eat ur escldnéebeyenddi isi expdsealibtitt height dfasuch a pottishasfethavivgpdrhe

first enbodinment will be discussed in the follow ng expl anation, pl ease
refer toddilatRieHi§0482 hakedbodtakt wilh R BhEnh@Rlayét Ro"0in BE
matched to the level of the upper surface of the channel layer 20.

After this, a third through-hole is formed at such a region of
the upper insulation film 50 that includes the second through-hole 48
(Fig. 16 (A)). For this purpose, a resist layer 80 is formed by
deposition on the upper surface of the upper insulation film 50 and
this resist layer 80 is processed by the photolithography technique.
Then, by processing the upper insulation film 50 by means of a dry
etching with the resist layer 80 as a mask, the third through-hole 52
is formed. From the third ;:hrough—hole 52, a portion of the
conductive plug (second wiring 44) embedded in the second through-
hole 48 is guided above the upper surface of the upper insulation film
50. The resist layer 80 will be removed.

In the ninth step, the first and second main electrodes are
formed on the channel layer 20. For this purpose, a polysilicon layer
82 will be formed on the upper insulation film 50 where the third
through-hole 52 is formed (Fig. 16 (B)). This polysilicon layer 82 is
deposited by a plasma CVD using a mixture of SiH, gés, PH, gas and
H, gas at the temperature of 500 C. In this_ embodiment, the
thickness of the polysilicon layer 82 is set to be 0.4 g m.

Then, the polysilicon layer 82 will be processed in accordance

with the ordinary procedures of resist deposition, photolithography



mentioned. In the follow ng description, simlar reference nunerals wll
be used to refer to simlar elenents in the structures though the shapes
and ot her features may be different apgpng the enbodi nents. [ Second

Enbodi ment of the Invention: Second Stfucture] The second structure
of the ferroelectric transistor will now be explained hy referring to
Figs. 4,amadey cetcling. 4 By theser pyecesses, thewfigstt andsseepmd exatpl ary
structure of the sem conductor storage device and primarily shows the
second stleattades d6 amd Fenredbemted (Figs.ahainsk 8). Fig. 5 is a plan view
of the portion of interest of the second structure as seen fromthe

direction wher afgbectli@dfissfl Ganddsedchdr aiht edé@¥odebg166and A 8Crages

sectional view of Fig. 5 as being cut

32 al ong i &8 lconventISRMOhabPRASt HTHIA%E" WsBRULR! iANaS bhiBP 4t ALt 11 NG
manufacturing. The interlayer insulation film 54 is formed on the
upper insulation film 50 on which the first and second main electrodes
16 and 18 will first be formed (Fig. 3). Then, after a through-hole is
formed at a desired location in the interlayer insulation film 54, an Al
alloy film will be deposited. By processing this Al alloy film, an Al
wiring 56 will be formed (Fig. 3). Lastly, the wafer surface will be
covered with and protected by a surface protection layer 58 (Fig. 3).

In the above described manufacturing method, after the

ferroelectric layer 70 is formed, ..'no thermal process at a temperature
higher than 600 C will be employed. Since a ferroelectric
transistor of the first structure may be formed by the low temperature
processes, the thermal hysteresis of the ferroelectric film 12 can be
kept to a low level. Accordingly, since such problems as stresses
generated on the ferroelectric film 12 because of thermal processes
can be avoided, the ferroelectric characteristics (polarization reversal
characteristics) will not be degraded. Also, because of the low
temperature during the processes, the constituting elements of the
ferroelectric film 12 will not diffuse in outer directions. Therefore,
the characteristics of the selecting transistors 30 formed on the Si

substrate will not be degraded.

Incidentally, in the fourth step, when an amorphous silicon



and a surface protection |ayer 58 are shown in Fig. 6, these are omtted
in Figs. 4 and 5 for the sake of sinplicity. The structure shown
in this second enbodiment is different fromthe first structure in that

t he upper conductive |ayer 60 is pr ovfded between the gate insulation film
14 and the ferroelectric film 12. In this enbodi ment, the upper conductive
| ayer 60la¥ermiideposited og shefirgh hesulation lagesr as thengenriconduetonl
selected fromanong Ir, Ru, Pt, RuJerr], SrRudJerr], La[err]Sr[err]

Coq er r] laydrsT4, pedasme OVDeyil beam ptobdvetiede thi@yehparsatre of the _

Al ternatively, the upper conductive |ayer may be fornmed of any conbination

of nore substrate iwakeptalt 300 fC anhldya mekfeieof i 2aBNNA "E Y is | 1
Ru, Pt, RuJerr], SrRuderr], Laferr]Srx CoJerr] (x I's a positive

90 a8, SRR o pRSRERLAE pEb AR WA o e RS
22" “eade TR Bding dRAFcthe HerErelectil cRarretorsytios wil pof thon
wher e degraded.  Further, though SiO, tends to be generated at the
boundary between amorphous silicon and Ta,0,, SiO, will not be
formed between the channel layer 20 and the gate insulation film 14
according to this method because the layers are formed at a lower
temperature. Therefore, a high permittivity can be maintained.
[The Method for Manufacturing the Second Structure]

The method for manufacturing the second structure will now
be explained by referring to Flg 17.. These figures show cross
sectional views as being cut along I - I line of Fig. 5.

This method is different from the method for manufacturing
the first structure (hereinafter simply referred to as the first
manufacturing method) in that this method further comprises two
more steps as well as all the steps of the first method. Since all the
other steps are substantially identical, the additional steps will
mainly be explained.

In this embodiment, between the above-mentioned second and
third steps, the step of forming a third conductive layer 84 on the
ferroelectric layer 70 is inserted (Fig. 17 (A)). For this purpose,
after the ferroelectric layer 70 is deposited, a IrO, layer having the

thickness of 0.1 g m will be deposited on the upper surface of this



the first main el ectrode 16 nakes contact with the channel
different fromthe area (S2 of Fig. 5) of the portion where the second

| ayer 20 is

mai n el ectrode 18 nmakes contact with e channel |ayer 20. As seen in Fig.
5 1f the length of the channel |ayer 20 in the longitudinal direction to

the changel i t b then the.length of .the first nmi | ectrode 16
nthe | igpelribas 18PET B TouiREiRRadnS dhiFd o bae Y anearcBhengt

of the second main el e%rode 18 in the longitudinal direction to the

channel
and S2,

This IsQ.0amer fwnetions toipreyemicthe ferrpelectric layer 29 ifons
that is S1: S2, is 1: 7. [Third Enbodi mrent of the Invention:

Struct urk¢ing degraditk imhitheé é¢kermiadr pretesctpardonmeddanf dormghgcthis
transi stor

device.

Further, in the third step, the first insulation layer 72 will be
formed on this third conductive layer 84,

Additionally, between the sixth and seventh steps, the step of
modifying the third conductive layer 84 to form the upper conductive
layer 60 will be inserted (Fig. 17 (B)). This modification will be
collectively performed together with other layers by the above-
mentioned transfer operation. As the result, the gate unit 22
containing the upper conductive layer 60 will be formed.

[The Method for Manufacturing t;he Third Structure]

The method for manufacturing the third structure will now be
explained by referring to Fig. 18. These figures show cross sectional
views as being cut along I - I line of Fig. 2.

This method is different from the first manufacturing method
in that this method further comprises two more steps as well as all the
steps of the first method. Since all the other steps are substantially
identical, the additional steps will mainly be explained.

| In this embodiment, between the above-mentioned third and
fourth steps, the step of forming a metal oxide layer 86 on the first
insulation layer 72 is inserted, where the heat of formation of the
oxide of the metal oxide layer is small compared to the semiconductor

layer 74 (Fig. 18 (A)). A ZrO, layer as this metal oxide layer 86 is

S1
Third



wi |l now be described by referring to Fig. 7, which shows a cross

sectional view of the transistor as being cut along line |l - | of Fig. 2.
This structure is different fromthat %f the first enbodinment in that the
gate unit 22 has a netal oxide |ayer 6 0betweeln t he 2ghannfel Iaéer 20hand
the gate jnsulatiqon film 14, and the channel ayer 20 is formed on the

net a|g oxXi ?%};t@#ciﬁz.a mactiie Apuhteging pyecessbyi & mixtiune of Axr gas amdal the
heat of formation of the oxide of which is smaller than that of the
channel |@Qyegagén which td Zreteorgdtaisy usstr uckmrthis témbodime nixittiés 7@ 62
is formed of ZrJerr]. However, other than Zrerr], it may be forned of

any one niyer 8 uséforeh Bddepositednwith thel tiicknesb@feord angd. Al [err]Jerr].
Alternatively, the netal oxide 62 may be formed of any conbi nation of nore

than one materi arh@?‘aﬁé ;g?,]'el kd’urt?lels@éi;,i? ;{ﬂ?@ll’i‘m%%gﬁrf&%&i %ﬁf@s of

HJerr] and Al [err _ nrs point,~exenpla

the heal Bothloifibonye 863 thB R HontddtoTaerPa. 'hS 253 ablve,
this polysilicon layer is deposited at a high temperature environment
of approximately 600 C. Thus, it used to be possible in prior art
techniques that the Ta,0, layer formed as the first insulation layer 72
is reduced by Si and that SiO, may be formed in the channel layer 20.
In this method, however, since the upper side of the first insulation
layer 72 is covered with the metal oxide 86, the first insulation layer
72 is not reduced by Si. Further, since the heat of formation of the
metal oxide layer 86 is lower corﬁpared with the semiconductor layer
74, the metal oxide layer 86 does not get reduced by Si. Therefore,
since it is possible in this method for SiO, not to be formed on the
channel layer 20, the permittivity of all the gate unit 22 may be
maintained at a certain level without letting it decrease.

After the formation of the metal oxide layer 86, defects
possibly existing in this metal oxide layer 86 will be removed. For
this purpose, the device is thermally processed in the atmosphere of
oxygen at the temperature of 500 C. By this thermal process,
defects in the Ta,0, layer as well as those in the ZrO, layer can be
removed. As the result, the charge carrier densities of both the ZrO,

and TaO; layers can be decreased.

Further, between the above-mentioned fifth and sixth steps,

THIS SHEET HAS BEEN
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constitutes the channel layer 20 is - 170 kcal/g.mol @ err] at the
tenperature of 600 [err]C. And the heat of formation of ZrJerr] is - 220
kcal/g.mol Jerr] at the tenperature of,,600 [err]C. Further, the heat of
formation of TiJQerr] is - 190 kcal/qg. r)mIQerr] at the terrperature of 600
[err]C. _And the eat f. for tlon of err] is _- 230 kcal/ Jerr] at
the tenb® att@Pe O f-‘[”é‘r%] e Rh‘%jtaclhéx% la(yferf 86rmds i sPeste [eTh}Q e]rr]
i's -220 kcal /g. m)lqerr] at the tenperature of 600 [err]C.

| nci dent widdificatiamiis eolientively perfanmed, tageshesnyithidheapther layers

34 direction and transversal size of the channel of the netal oxide 62 is
t he samebpstidadbevet murdteontdyiannsfonvpdrnation, thergby erasniltind?in {Heurth

Enbodi ment of the Invention: Fourth Structure] The fourth exenpl ary
struct “rfoﬂfxawﬁl B%h@%@fear b§1dé %rfzsasitgons (Bh). now be described by
referring to Fig. 8, which shows Cross

As explained above, according to this method, the reduction of
the first insulation layer 72 may be avoided as well as the merit of the
first method can be obtained. Thus, the degradation of the
ferroelectric characteristics may be avoided.

Incidentally, if amorphous silicon is employed as the
semiconductor layer 74, the reduction of the first insulation layer 72
can be avoided by forming the metal oxide layer 86 as a ZrO, layer.

Also, in this third structure, Ta,0, layer as the gate
insulation layer 14 may not be r;ecessary because the ZrO, layer can
be used as a highly dielectric layer.

[The Method for Manufacturing the Fourth Structure]

The method for manufacturing the fourth structure will now
be explained by referring to Fig. 19. These figures show cross
sectional views as being cut along I - I line of Fig. 5.

This method is different from the first manufacturing method
in that this method further comprises four more steps as well as all
the steps of the first method. Since all the other steps are
substantially identical, the additional steps will mainly be explained.

In this embodiment, between the above-mentioned second and
third steps, the step of forming the third conductive layer 84 on the

ferroelectric layer 70 is inserted (Fig. 19 (A)). For this purpose,



sectional view of the transistor as being cut along line | -
The characterizing feature of this fourth exenplary structure

of Fig. 5.
is that the

gate unit 22 has the upper conductive J.ayer 60 between the gate insulation
film14 and the ferroelectric fiIm12,62\/\/nich is simlar to the case of the
second enbodi ment, and that the gate unit 22 has the netal oxide |ayer 62
bet ween &Hercthmderroelpetrizolatinr Reisydepositesy| atlirbh 1ayen havingi the i s
simlar to the case of the third enbodinent. Further, as in the case of

t he t hi r thickmesisneft0. 1t kem wveilhibeodepesitedonsthesupperssixface ofathis al

heat of formation of the oxide of which is snmaller than that of the

channel fenreeléftric layer 70Thy spattedingvd£nthal titifrdt HendReEiveC

Bigve

| ayer 60 nmay be the sanme as in the case of the second enbodi ment. Al so the

Size of Bl el 18Yed HEnRRIGHs 981 SifoV HCkhB2FITRYC S 194F 7§ f10ud '

case of e thi erroelectric t

pr esent Lgvent'on i ot

ment .

ansi stor of the

ing egradsetp in the thermal process performed in forming this

device.

Further, in the third step, the first insulation layer 72 will be

formed on this third conductive layer 84.

In this embodiment, between the above-mentioned third and

fourth steps, the step of forming the metal oxide layer 86 on the first

insulation layer 72 is inserted, where the heat of formation of the

metal oxide layer is small compared to the semiconductor layer 74

(Fig. 19 (A)). A ZrO,layer as this metal oxide layer 86 is deposited

by a reactive sputtering process by a mixture of Ar gas and O, gas in

which a Zr target is used. In this embodiment, this ZrO, layer is

uniformly deposited with the thickness of 0.01 gm.

Then, in the fourth step, a polysilicon layer is formed on this

metal oxide layer 86 as the semiconductor layer 74. Thus, in this

method, since the upper side of the first insulation layer 72 is covered

with the metal oxide 86, the first insulation layer 72 is not reduced by

Si. Further, since the heat of formation of the metal oxide layer 86

is lower compared with the semiconductor layer 74, the metal oxide

layer 86 does not get reduced by Si. Therefore, since SiO, is not

formed, the permittivity of all the gate unit 22 may be maintained at a

certain level without letting it decrease.



limted to the above-nentioned first to fourth exenplary structure. For
exanple, the first and second main electrodes 16 and 18 may be fornmed in
t he channel |ayer 20 by doping the layer with inpurities. Alternatively,
the first main el ectrode 16 may not bé38connected to the nmain el ectrode
region of the selecting transistor but nmay be connected

35 to the A vAftiemg the dormetioppéhesiofie metiadnoEndediaxer 86, adefects

Sem conduct or St orage Devi ce] The sem conduct or storage device

whi ch i spbsibligredeticg incthis anstadtexidienldr 88owallf be sterhové@ur tihoy
structure used as a storage device will now be described by referring to

o0 e o BugPRsBr G abbich i IRoEAIINy Shckaiiad A Vhe b A of
oxygen at the temperature of 500 ‘C. By this thermal process,
defects in the Ta,0; layer as well as those in the ZrO, layer can be
removed. As the result, the charge carrier densities of both the ZrO,
and TaQ; layers can be decreased.

Further, between the above-mentioned fifth and sixth steps,
the step of modifying the metal oxide 86 is inserted. This
modification will be collectively performed together with other layers
by the above-mentioned transfer operation. As the result, the metal
oxide layer 62 will be formed (Fig. 19 (B)).

Additionally, in this ex;abodiment, between the sixth and
seventh steps, the step of modifying the third conductive layer 84 to
form the upper conductive layer 60 will be inserted (Fig. 19 (B)).
This modification will be collectively performed together with other
layers by the above-mentioned transfer operation. As the result, the
gate unit 22 containing the upper conductive layer 60 will be formed.

As explained above, according to this method, the reduction of
the first insulation layer 72 may be avoided as well as the merit of the
first method can be obtained. Thus, the degradation of the
ferroelectric characteristics may be avoided.

Incidentally, if amorphous silicon is employed as the
semiconductor layer 74, the reduction of the first insulation layer 72
can be avoided by forming the metal oxide layer 86 as a ZrO, layer.

- e
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<The Characteristics of the Ferroelectric Filnp ' Fig. 9 is a graph
showi ng the hysteresis characteristics of the ferroelectric film12 used
in the above first to fourth structure In these exenplary structures, as
al ready described, SrBi[err]Ta[err](err] is used as the ferroelectric

film12. The hori,zont.al ,axi s, of Fi 9 .represent he electrig field
intensity (strefdtf lé‘pﬁﬁF%of“t“&chgt"f‘é“rW(?p e@ﬁiﬁaﬂfd’# Tayer, a4 dhengats (kV
/ cm) and every 20 (kV / cn) is dotted from- 200 (kV_ / ¢ to 200 (kV /
cn). Thénsalatiom lages 14 mayynod he pesgepary tresausgl the DY A2Y on
the ferroelectric filmin the unit of ([err]C/ cnferr]) and every 10
([err] CVYe uspdrad p highdgt didettmmlayed®d. ([err] C/ cnferr]) to 20 ([err] C
/ cnferr]). The neasurenent is performed by using an apparatus naned

RT6000S  comergs abking awppaaeind froen thBadiorBgoidecCivdc@dtio0r RREAL i ON
of the United States. From t he neasurenent shown in Fig. 9, the

Lo oot SRR SRR AL OISR (BRRNRIZELR BHLRBE, 1,

(Lerr] Cv/vhich has a gate electrode, a ferroelectric film and a gate insulation

film (or gate dielectric film) deposited in this order, (2) a channel
layer on the gate insulation layer and (8) a first and a second main
electrodes on the channel léyer, wherein the channel layer is used as a
channel. In this structure, the diffusion of the constituting elements
of the ferroelectric in a thermal process may be avoided, the wiring or
the interconnection may be simpler, the device may be controlled in
an easier manner, and an integ;ation to a further microscopic level
may be possible. Thus, the device of this invention will be quite
effective in a further integration and a higher operation of an
integrated circuit, thereby improving the capability of the circuit.

Also, in accordance with the present invention, the gate
insulation film is formed of any one material or any combination of
more than one material selected froﬁ among Ta,0;, Zr0,, HfO,, Si;N,,
CeO, and Ba,Sr, ,TiO; (x is a positive integer). All these materials
has a higher relative dielectric constant than SiO, which is used for a
normal gate insulation layer. Therefore, it is possible to apply a
higher voltage to the ferroelectric film than in the case of prior art
devices.

In accordance with the invention, the gate unit has an upper



cn2) and relative dielectric constant

is 200. The ferroelectric film 12

i's

0.4 [err] mthick. In this enbodinent, Ta[err]dJerr] is used
as the gate insulation film14. The rglative dielectric constant of
Ta[err]Jerr] is 25 and the filmis 0.05 [err] mthick. <The Operation of

' Th ti f, the fjrst I t
w11 nowBBIUEEYE Tayere ot ¥ (A ERBne insthBbO cdfY BRoI S b8l the.

gat e
in

expl dPFToRjechEICOARY AT on

the plus notation "+" neans such a situation that the positive charges
i nduced altegraalatioh adethef fetroelectrie fdnt cian belawdidedhe ven tihea thevmal

process.

Further, in accordance with the invention, the area of the _

portion where the first main electrode makes contact with the channel
layer is different from that of the portion where the second main
electrode makes contact with the channel layer. By thus
appropriately setting the contacting areas of the first main electrode
and channel layer, the electric capacitance of the gate insulation film
can effectively be adjusted. Therefore, the level of the signal voltage
to be applied to the ferroelectric film can be suitably controlled.

Further, in accordance W;th the invention the gate unit has a
metal oxide layer between the channel layer and the gate insulation
layer. And the mefal oxide layer is formed of a material the heat of
formation of the oxide of which is smaller than that of the channel
layer. By thus covering the gate insulation film with a metal oxide
layer, the gate insulation film may not be reduced.

Next, the semiconductor storage device in accordance with the
invention has the above-mentioned ferroelectric transistors as its
storage elements. Thus, the semiconductor storage device using the
ferroelectric transistors is effective toward large scale storage devices,
a miniaturization of the device and a higher operation speed of the
device.

Further, in accordance with the present invention, the

unit 22 as being cut algng line J - J of Fig. 2, will be referred to
?Hanlﬁ% % rthiseunparareonductiver dayen, mhg. 10,

are



notation "-" nmeans such a situation that the negative charges are induced
at the surface of the ferroelectric film212. Also, the figure shows how
the el ectrodes are electrically connecgged. In this exenplary
structure, the direction of the spontaneous polarization is controlled
only in the region of the ferroelectric film112 which is.s ndmﬁcqﬁd

bet ween Fﬁ&*@@g‘&ﬂ‘&tﬂﬁi%"éﬁéét %Wéel@’ﬂﬁalﬁ%seﬁ%ténﬁlté'é‘f’r%ﬂ rpoeaghat | s,
the region onto which the second main electrode is projected toward the
deposi ti mybisly & resnestivedy apsigngdi to eash qhihe hh?@%@a*i’wléﬁfd@hwh \is
control of the channel |ayer 20 is done by the non-vertical direction

( non- depdetmiedy widhr aot appyopfiateenuspoent afethes fpotealeztticotransistors, Let
the electric capacitance of the region of the ferroelectric film12

sandw chedhdetiveeachhef st slooRi thleeglatedelddirand shehaatferrsdlgetsiede 10
be represented by Cs. And let the electric capacitance of the region of

the gate trRadiora8 ddddBctedSRehd phede BENEREd bR of the word lines, the
first main electrode of the ferroelectric transistor is connected to the
predetermined one of the bit lines, the second main electrode of the
ferroelectric transistor is connected to the first main electrode of the
selecting transistor and the second main electrode of the selecting
transistor is connected to the ground. Thus, by controlling the
switching status of the selecting transistor, any block may be selected.
Further, by specifying a word 1__i_ne, an arbitrary ferroelectric
transistor included in the block.' may be specified and data may be
written into, flashed from and read out of the transistor.

Also, in accordance with a method of operating the
ferroelectric transistor of the invention, data may be written into the
ferroelectric film by opening said first main electrode and applying a
write voltage across the second main electrode and the gate electrode.

Also, in accordance with a method of operating the
ferroelectric transistor of the invention, data may be erased from the
ferroelectric film by opening the first main electrode and applying an
erase voltage across the second main electrode and the gate electrode.

Also, in accordance with a method of operating the
ferroelectric transistor of the invention, data may be read out of the

ferroelectric film by connecting the gate electrode to the ground and



37- second main electrode 18 and the gate el ectrode-10 be represented by

Chs. In this exenplary structure, the el ectrode areas (capacitor areas)
of capacitors Cs and Chs are identical 70 each ot her. Fig. 10(A)
shows such a situation that the | ogi ca(ﬁ value "1" of the binary data is

ot moyRBRIVHIE ReFATTBTEARS REFIBLIRETITE FRHRoconeh T Bacles odes 1 1 ot
mai n el ectrode 16 open and applying the wite voltage of 8 V (volt) across
the second mai rA8iseenrdbevea.gdaif mae bgavsittendatpogsased from and reade
voltage of O Vis applied to the second main electrode 18 while the
vol t age ofit-ofghé¢ abowppmherntioned ferrgalecteicttansistol ¥ia three electyodehi s
i nstance, the voltage Vg (the unit is in V) applied to
terminals. This means that it is no longer necessary to control the
substrate potential, which was required in prior art devices. Thus,
wiring process is far simplified compared to prior art devices and the
device can be controlled more easily.

Alternatively, in accordance with a method of manufacturing
the ferroelectric transistor of the present invention, a deposited layer
structure having a first conductive layer, a ferroelectric layer, a first
insulation layer and a semiconductor layer deposited on an
underlying structure in this order. As the result of such a structure,
(1) a gate unit comprising a gatt; electrode, a ferroelectric film and a
gate insulation film and (2) a channel layer are formed. Then,
conductive layers that will be a first and a second main electrodes are
formed on the channel layer. Since a ferroelectric layer is formed
prior to a semiconductor layer, the constituting elements of the
ferroelectric material will not be diffused in outer directions even in a
thermal process, which is different from the case in prior art devices.
Therefore, the degradation of the MOSFET characteristics, which
used to occur in prior art devices, can be avoided.

Further, in accordance with a method of manufacturing the
ferroelectric transistor of the present invention, between the second

and third steps, the step of forming a third conductive layer on the

ferroelectric layer is inserted. Between the sixth and seventh steps,



the ferroelectric film12 my be witten as in the follow ng equation

Vg= - 8

X Chs/ (Cs + Chs) =- 8 (1 +Cs/ Chs) ...... (1)

this enbodi nent, if the above-nention filmthickness and relative
ic constant, are used then Cs Chs = (200 / 0.4) / (25 1/ 0.05) =

VRO oigm e omadify S o thared Moy diaes ol L9 faR oa b ippBE -

di el ectr
1. Thus,
electric
100 (kV
in Fig.

/ cm. Thus, as apparent formthe hysteresis characteristics

gondpctiyentayenas smgested r Hertdars ferpangrthattibind gonductive

(1):

In

shown

ferroelectric film12. Fig. 10(B) shows such a situation that the
Vayere (UPpeaf contluctivealyyen), athe degrnadationt of the farmedtentici c

| ogi cal
filma12.

That is, the :
material can be avoided in a thermal process.

Further, in accordance with a method of manufacturing the
ferroelectric transistor of the present invention, between the third
and fourth steps, the step of forming a metal oxide layer on the first
insulation layer is inserted, where the heat of formation of the metal
oxide layer is small compared to the semiconductor layer. Further,
between the fifth and sixth steps, the step of modifying the metal
oxide layer is inserted. By thus forming such a metal oxide layer,
since the heat of formation of the metal oxide layer is small compared
to the semiconductor layer, the fi-rst insulation layer is not reduced by
the constituting elements of the semiconductor layer.

Having illustrated and described the principles of the
invention in several preferred embodiments thereof, it should be
readily apparent to those skilled in the art that the above illustration
and description are not intended to limit the invention and that the
invention can be changed, modified or improved in arrangement and
details without departing from such principles. Therefore, all such
changes, modifications or improvements should come within the spirit
and scope of the accompanying claims and the invention is defined

and limited only by the following claims and its equivalents.



38 figure shows such a situation that the data "1" storedin the— —
ferroelectric film12 is flashed. In this exenplary sty y
be erased fromthe ferroelectric fil m6392 by | eavi ng them,lmm ﬂ"ml“m
el ectrode 16 open and applying an erase voltage of - aCr gss *
second rry Iec rode .18 and the gate el ectrode 10. That is, the vol tage
of 0 Vi léﬁgll?é’ ajrge fih’(§ second main el ectrode 18 while the voltage of 8 V
is applied to the gate el ectrode 10. In this instance, the voltage
Vg (the dnit is veolferroglecizit | bepnyistencinedudinged reatd i elactrodey de
witten as in the follow ng equation (2): Vg=8 X Chs / (Cs + Chs) =
8 / (1 +foxdelebtic film, a g@)e insulationThilm, sstiret rain elbstrode andia the
case of witing, Vg =4 (V) is obtained fromthe equation (2). That is,
the el eckeéondlifhihnidlbetydde) the ferroelectric transistor comprising:
a gate unit having said gate electrode, said ferroelectric film
and said gate insulation film deposited on an underlying layer in this
order and
a channel layer deposited on said gate insulation film;
wherein said first and second main electrodes are formed as
being spaced apart from each other on said channel layer; and
wherein said channel layer is used as a channel which controls
the carrier density by means of the spontaneous polarization of said
ferroelectric film. |
2. The ferroelectric transistor as claimed in claim 1, wherein
said underlying layer has a substrate and an interlayer insulation
film deposited in this order and wherein said gate electrode is
provided on said interlayer insulation film.
3. The ferroelectric transistor as claimed in claim 1, wherein
said gate unit has a lower conductive layer between said ferroelectric
film and said gate electrode.
4. The ferroelectric transistor as claimed in claim 1, wherein
said gate unit has an upper conductive layer between said
gate insulation film and said ferroelectric film.

5. The ferroelectric transistor as claimed in claim 4, wherein the

area of the portion where said first main electrode makes contact with
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applied to the f tric film12 when data is flashed is 100 (kV / .
cm). Thus, as a(pﬁg &'Tlfkl ﬂ tysteresis characteristics shown in Fig.
9, it is well p s e the polarization of the ferroelectric

film12. Fig. 10(&) shows such' a situation that the data stored in

the ferroelegtric film12 ig.read out. In this exenplary structure, the
data may SRty B?J{ lgyernis aééf%%llég‘ltr?% thiatnof 1higy peshieat W hera waidgat e
el ectrode 10 to the giround and applying read voltage of 1 V across the
first nasacendcnasaelestrode nukeecontacthmimitielsaidradomnel layat. is, the
voltage of O Vis applied to each of the gate electrode 10 and the second
mai n el e6tr odesThe furrbelddteio otdngistof ab MaimeaDphicddimol | Rherein

first main electrode 16.

said gate unit has a metal oxide layer between said channel
layer and said gate insulation layer and

said metal oxide layer is formed of a material the heat of
formation of the oxide of which is smaller than that of said channel
layer.
7. The ferroelectric transistor as claimed in claim 4, wherein

said gate unit has a metal oxide layer between said channel
layer and said gate insulation layer and

said metal oxide layer is formed of a material the heat of
formation of the oxide of which 1s smaller than that of said channel
layer.
8. The ferroelectric transistor as claimed in claim 1, wherein
said channel layer is formed of amorphous silicon or polysilicon.
9. The ferroelectric transistor as claimed in claim 1, wherein
said gate insulation film is formed of any one material or any
combination of more than one material selected from among Ta,O,,
Zr0,, HfO,, SizN,, CeO, and Ba,Sr, ,TiO, (x is a positive integer).
10. The ferroelectric transistor as claimed in claim 1, wherein
said ferroelectric layer is formed of any one material selected from
among SrBi,Ta,0,, PbZrTiO,, Ba,Sr, TiO; (x is a positive integer),
Pb;Ge;0,,, Bi,Ti;0,, and (Pb, La)TiO,.

11. The ferroelectric transistor as claimed in claim 1, wherein
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Data may be read out by detecting the drain current Id fl qu he
first and second main electrdes 16 and 18 via the channellmHi@m!m]mﬁﬂTgIl
11 is a graph showing the relationship, between the drain ¢ an
the gate voltage Vg applied to the gate electrode 10. In Fig. 11, the

hori zontal axis represents a gate voltage Vg while the vertical axis

repr esengdid first fndirsesend maimeelgstrades arer formedy ofnpabisilicareer n

t he sane graph, the 1d-Vg curve a, which represents reading out the data
"1", andabnbherghbwgsilicon. b, which represents reading out the data "0", are
shown so that the two curves can be conpared. Firstly, when the

data "1"1@2s kepfThienféhdlestrae! fGindiStor ranelsiedain tdlaimegy! whekreihe
write operation nentioned above, the threshold voltage Vt is snaller than

current P TEREPERE A, 0L Pl QR hRs JBGGRY e A bl Rl dbve
layers on said channel layer.
13. The ferroelectric transistor as claimed in claim 1, wherein
said first and second main electrodes are formed as being regions
doped with impurities on said channel layer.
14. The ferroelectric transistor as claimed in claim 1, wherein
said gate electrode is formed of any one material selected from among
W, Ta, Mo, TiN, Nb, V, TaN, TaSiN, TiW, TiWN and TiAIN.
15. The ferroelectric transistor as claimed in claim 3, wherein
said lower conductive layer is i’ormed of any one material or any
combination of more than one material selected from among IrO,, Ir,
Ru, Pt, RuO,, SrRuO,, La,-,Sr,Co0, (x is a positive integer) and
SrMoO,.
16. The ferroelectric transistor as claimed in claim 4, wherein
said upper conductive layer is formed of any one material or any
combination of more than one material selected from among IrO,, Ir,
Ru, Pt, RuO,, SrRuO,, La, Sr,CoO; (x is a positive integer) and
SrMoO,.
17. The ferroelectric transistor as claimed in claim 6, wherein
said metal oxide layer is formed of any one material or any

combination of more than one material selected from among ZrO,,

Ti02, Hf02 and A1203. -
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When the data "0" is kept in the ferroelectr nsistor as the result of
the erase operation nentioned above, the thresnmmlnﬂﬁﬂmmni s greater
than O V. Thus, the drain current Id dggs not ! vol t age Vg
is equal to O V. In this mannéf, the data®vadiué képt in the
ferroelecjric transjstor. can, be determ ned by detecting the_value of drain
current iéj The erlrﬁel‘?ﬁetrbfb&?énﬁbﬁﬁoiroﬁédcﬁ/aﬁﬂ%@ diy l‘}g%’d?e'?: tWhe neim|
oxi de layer 62 is provided between the gate insulation |ayer 14 and the
channel “said metal oxide layer is formeg of ang0 ohayemateriabooevamy by
regarding the gate insulation layer 14 of this structure as being
dual - | ayecembinatinn afpranel shehyoaet ina@ridk sedveted fhopkngaengsPED, 2
structure will not effect the operation. Thus, the

TiO,, HfO, and Al,O,.

19. A semiconductor storage device comprising a ferroelectric
transistor including a gate electrode, a ferroelectric film, a gate
insulation film, a first main electrode and a second main electrode,
the ferroelectric transistor comprising:

a gate unit having said gate electrode, said ferroelectric film
and said gate insulation film deposited on an underlying layer in this
order and

a channel layer deposited on said gate insulation film;

wherein said first and s;cond main electrodes are formed as
being spaced apart from each other on said channel layer;

wherein said channel layer is used as a channel which controls
the carrier density by means of the spontaneous polarization of said
ferroelectric film; and

wherein said underlying layer has a substrate and an
interlayer insulation film deposited in this order and wherein said
gate electrode is provided on said interlayer insulation film; and

said semiconductor storage device comprising a selecting
transistor electrically connected to said ferroelectric transistor and
having its two main electrodes formed in said substrate, wherein

a first wiring to be connected to said gate electrode and a

second wiring to be connected, when desired, to said first and second
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third structure S the sane as the first structure with
respect to its émgmﬂﬁmm{ﬂmn@eration of the Second Structure>

The operation of % sexenplary structure will now be expl ained.

Fig. 12, which shows a cross secti onal’vi ew of the gate unit 22 as being
cut along line J - J of Fig. 5 wll be referred to in  explaining the

oper at i omadh ¢lestzedenareximporpeyated intausaidiinteripyerimsulagion fdlmpt at i on
"+" means such a situation that the positive charges are induced at the
surface of the 4dgoddectf said flmmtIRisinig és guidedi absvaaxd tmterldyerans
such a situation that the negative charges are induced at the surface of

the ferrpedeition filliviz. a Aliset thirbaghlHYIE praeNGelom taadelpeoges are

el ectrically connect ed. In thi's exenplary structure, the upper
conduct i ye ﬁPa%%?SnQ?h*ls i nserted between the gate insulation film 14 and
the ferroelectric Tilm 12. Thus, as opposed to the case with the first

structure, the spontane us.&)ol ari éation in all a({e%s of t.he. ferroelectric
film12 can a portion of said second wiring is guided above said intérlayer

insulation film via a second through-hole provided in said interlayer
insulation film and |

said gate unit is provided on said interlayer insulation film so
that said first wiring makes contact with said gate electrode.
20. The semiconductor storage device as claimed in claim 19,
wherein

an upper insulation film is provided on said interlayer
insulation film so that the uppe1: insulation film makes contact with
each of the side surface of said gate unit and said channel layer,

said first and second main electrodes extend on said uppef
insulation film and are, as desired, connected to said second wiring
guided from said second through-hole via a third through-hole
provided in said upper insulation film.
21. The semiconductor storage device as claimed in claim 20,
wherein one of said first and second main electrodes is connected to
one of the main electrode regions of said selecting transistor.
22. A semiconductor storage device comprising:

a plurality of storage elements forming a non-volatile
memory, wherein data can be written into, erased from or read

out with respect to the predetermined one or ones of said storage
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be controlled. Thus, the carrier density control of the ch :
I's done by the vertical conponent (that is the depositing [ﬂE "i@“l!“ “I
L s |

t he spont aneous pol ari zati on. | so, as al ready dis
this exenplary structure the area S1 'of the region where the first main
el ect 1005 0 MPKES a SPIVEY otfidle 1w elA IS Y€ DiE %08, 408 FhER2.01

mai n el ectrode , 18 nmakes cgntact with the channel |ayer, 20 .is_so designed
that thee3ch gpidstopage ?ements 1s a ferpqeleptrig| Ansistenjnsluding aof the
ferroelectric film12 be represented by Cf. And let the electric
capaci t agate eleatmedeegifenroslecteic filune a gate ansohationniilm, safidsd atewic
bet ween the second main el ectrode
electrode and a second main electrode, the ferroelectric transistor
comprising:

a gate unit having said gate electrode, said ferroelectric film
and said gate insulation film deposited on an underlying layer in this
order and

a channel layer deposited on said gate insulation film;

wherein said first and second main electrodes are formed as
being spaced apart from each other on said channel layer; and

wherein said channel layer is‘_used as a channel which controls
the carrier density by means of :’the spontaneous polarization of said
ferroelectric film.
23. The semiconductor storage device as claimed in claim 22,
comprising selecting transistors each of which is respectively
assigned to each of the blocks each of which is formed with an
appropriate number of said ferroelectric transistors, wherein, in each
of said blocks,

the gate electrode of said ferroelectric transistor is connected
to the predetermined one of said word lines,

the first main electrode of said ferroelectric transistor is
connected to the predetermined one of said bit lines,

the second main electrode of said ferroelectric transistor is

connected to the first main electrode of said selecting transistor, and
R St
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18 and the gagﬁ'ﬂ' represented by Ch. In this exenplary
structure, ﬁﬂ"m ! ﬁctrode areas (capacitor areas) of the
capacitors Cf ahd <Chtissl Let th ratio be represented by J[err]
(=10/7). ) Fig. 12(A) shows suc a situation that the |ogical value
"1" of the binary data is witten into the ferroelectric film12. In this
exenpl ary structheesegond mgimeelpctrads, ohtenidhseleeting dgmnisiston s 12 by
| eaving the first main el ectrode 16 open and applying the wite voltage of
10 V (volconnected Lot tlee ground.mai n el ectrode 18 and the gate el ectrode 10.
That is, the voltage of O Vis applied to the second nain el ectrode 18

whil e theaol t agthedfsemikdndi@orPBtdrikd Wdvige Qﬁtéllaﬁh?é‘drﬁﬂebl&@m 23,
In this instance, the voltage Vg (the unit is in V) applied to

{/Sr_r ?el e%%f;n?lfﬂ @blﬂ&i?)ﬁlgﬁl WibbLraedSof A1t 6’ Péﬂr%‘é"lé‘&r?@%ﬁh@f‘storgg’)

contained in one of said blocks are connected to a single shared one of
said bit lines.
25. A method of operating a ferroelectric transistor including a
gate electrode, a ferroelectric film, a gate insulation film, a first main
electrode and a second main electrode, the ferroelectric transistor
comprising:

a gate unit having said gate electrode, said ferroelectric film
and said gate insulation film deposited on an underlying layer in this
order and |

a channel layer deposited on said gate insulation film;

wherein said first and second main electrodes are formed as
being spaced apart from each other on said channel layer; and

wherein said channel layer is used as a channel which controls
the carrier density by means of the spontaneous polarization of said
ferroelectric film, wherein

data may be written into said ferroelectric film by opening
said first main electrode and applying a write voltage across said
second main electrode and said gate electrode.

26. A method of operating a ferroelectric transistor including a

gate electrode, a ferroelectric film, a gate insulation film, a first main

electrode and a second main electrode, the ferroelectric transistor
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=-10/ (1 +C / Ch) ...... (3) In this enbodinent, if the
above-nentioned fil mthickness and rel ative di el ectm

e, o S e 0 T o gy -

42 That |s, r%\é} lectric field intensity applledtotheférrbel'&ctsrlefllm
12 wll %@pi ikV/ cm. Thus, as apparent form the hysteresis
characteristics shown in Fi is well Eosmble t rev&r}se t he

pol ari zati on of2t&fder Bpiﬁglaé’dilglﬁalldl gata zlectrode, saif ebrig dhhon ary
structure has an advantage that a voltage Vg, which is a voltage applied
to the fendogdiskgate inshbationvfitm deposited deamgunderlying tayeben this
appropriately set by the ratio [err] between the capacitor areas.

order and

a channel layer deposited on said gate insulation film;

wherein said first and second main electrodes are formed as
.being spaced apart from each other on said channel layer; and

wherein said channel layer is used as a channel which controls
the carrier density by means of the spontaneous polarization of said
ferroelectric film, wherein

data may be erased from said ferroelectric film by opening

said first main electrode and applyi__ng an erase voltage across said
second main electrode and said éate electrode.
27. A method of operating a ferroelectric transistor including a
gate electrode, a ferroelectric film, a gate insulation film, a first main
electrode and a second main electrode, the ferroelectric transistor
comprising:

a gate unit having said gate electrode, said ferroelectric film
and said gate insulation film deposited on an underlying layer in this
order and

a channel layer deposited on said gate insulation film;

wherein said first and second main electrodes are formed as
being spaced apart from each other on said channel layer; and

wherein said channel layer is used as a channel which controls

the carrier density by means of the spontaneous polarization of said
s
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Fig. 12(B) shows such a situation that the | ogical value "0" of the binary

data is wrltten|ntotheferroelectr|cf|Im12. Ihat 1S, hg figure shows
such a situation that the data "1" stog;\dlnth film1l2 is
flashed. In this exerrplary structure, data maﬂlg !m H&Lthe |

en an

ferroelecgiric aV|ngthef|rst mai n

appl yi ng ﬁ%erlgghr’\‘/'oﬁﬁ% EF eimg v (volt) across second main el ectrode 18
and the gate electrode 1 That is, the voltagle of O Vis applied to the
second mai n el ed@tdd@aygbanread omd of spidderraeleotrici filmnpyi esnmecting gat e

el ectrode 10. In this instance, the voltage Vg (the unit is in V)
appl i ed tthe ghée falecteidetoithe ground aad bpplying anreadlmlttbgef@dﬂo%w ng
equation (4): Vg =10 X Ch / (G + Ch) = 10/ (1 + Ch) ...... (4)

Thus, siseed@rdt Shd=secondtn@in eledthdease of witing, Vg =

28. A method of manufacturing a ferroelectric transistor wherein
said ferroelectric transistor comprises a gate unit having a gate
electrode, a ferroelectric film and a gate insulation film deposited on
an underlying layer in this order, a channel layer deposited on said
gate insulation film and a first and a second main electrodes on said
channel layer, the method comprising the steps of:

(1) forming a first conductive layer on said underlying layer;

(2) forming a ferroelectric lag_er on said first conductive layer;

(3) forming a first insula;ion' layer on said ferroelectric layer;

(4) forming a semiconductor layer on said first insulation
layer;

(5) modifying said semiconductor layer to form said channel
layer in a gate region;

(6) modifying said first insulation layer to form said gate
insulation film;

(7) modifying said ferroelectric layer to form said ferroelectric
film;

(8) modifying said first conductive layer to form said gate
electrode; and

(9) forming said first and second main electrodes on said

channel layer.
This Sheet Has Been Replaced
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4.1 (V) is obta uation (4). That is, 'the electric field
intensity appﬁﬂﬂﬁiﬁ'“iﬁl’!ﬁﬁ el ectric film12 when data is flashed is
-43 - 103 (k L s ‘apparenlg formthe hysteresis characteristics
shown in Fig. 9, it is well possible to reverse the polarization of the

2 Vol tagiovg,  hPRtRod of male bl IRel S rrbelpt B B Eo¥er 42 whon
oLl TR SIS RS g aho ot L
that the data stored in the ferroelectric film1l2 is read out. In this
exenpl ary st rudepositingepuimratarbite rdepetld, an intenlayer dnsodhtionr fidof i | m 12
> on a substrate to form said underlying layer.
30. The method of manufacturing a ferroelectric transistor as
claimed in claim 28 further comprising, prior to the step (1), the steps
of:
depositing an interlayer insulation film on a substrate to form
said underlying layer;
forming a selecting transistor on said substrate;
forming said interlayer insulation film on the substrate which
a selecting transistor is formed on, the interlayer insulation film
having a first wiring connectedzto said gate electrode and a second
wiring connected, as desired, to said first and second main electrode
incorporated thereinto;
forming a first and a second through-holes at predetermined
locations in said interlayer insulation film; and
embedding conductive plugs into said first and second
through-holes;
wherein the step (5) includes defining said gate region as
being a region over said first through-hole.
31. The method of manufacturing a ferroelectric transistor as
claimed in claim 30 further comprising, following the step (8), the step

of

forming an upper insulation film on said interlayer insulation
1 sald interiaycr o
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connecting the gat o the ground and applying a read voltage
of 1 V across th rode 16 and the second nain el ectrode
18. Therefore,; on | this exenplary structure can be

perfornmed as |n tﬁ‘e eak\e of the first structure further expl anation wil |
be omtt rrentrgned fourth structu e net

o oe 1Bl the popsFOReHIACI: FUBY B HEL CORIAGE tac A S1AS s Eacamat  he

channel |ayer 20. However, by regardl ng the gate insulation |layer 14 of
this st r%tdrsetagmémgd@@a -qlwm%ldlasmr -by appropriately setting the

| ayer thickness, such a structure will not effect the operation. Thus, the
fourth s82uct ur'Eheamdirhotdr odt eth mefadtarsngeaafetioeleetmadtraigiscorirgs Wi t h
respect to its operation. <The Configuration and Qperation of the

Sem condglitigiedin’daemD8Yifaether cOm?rls&‘n 5E Bt HRUCEIRE s%b?é%ﬂ?aﬂ&vq?‘),e will
now be expl ai ned which enploys the erroélectric transistors’ of e

above- rremé %@ggsfoif_rst to fourth

forming a second insulation Ilayer on said interlayer
insulation film, the second insulation film covering the side and upper
surfaces of said gate unit and said channel layer; and

polishing said second insulation layer until the upper surface
of said channel layer is exposed to form said upper insulation film.
33. The method of manufacturing a ferroelectric transistor as
claimed in claim 81 further comprising the step of

forming a third through:hole in said upper insulation film at
the region containing said second through-hole.
34. The method of manufacturing a ferroelectric transistor as
claimed in claim 28 further comprising, between the steps (3)and (4),
the step of

eliminating defects in said first insulation layer.
35. The method of manufacturing a ferroelectric transistor as
claimed in claim 28 further comprising the steps of:

forming, between the steps (1) and (2), a second insulation
layer on said first conductive layer; and

modifying, between the steps (7) and (8), said second
insulation layer to form a lower conductive layer.

36. The method of manufacturing a ferroelectric transistor as
R
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storage devices. As seen above, all the ferroelectric

above-nentioned first to fourth structyre can be operat edm “l\ﬂmﬂnm
sanme manner. Thus, the sem conduct or | scussed bel ow may enent éd * 3
with either one of the first to fourth structure. Fig. 13 is a
schenat i eladmeg amodpiw A fargbericomprisingahessterss ofthe  semi conducf

storage device of this exenplary structure. This sem conduct or storage
devi ce, havi ng forphingl beyweknstheagtemd d@pnand (3),aa third aoaductivenory
whi ch data may be witten into, erased fromor read out of by applying a

si gnal thajdieonodfidefikrbeledtrietayéber£pll. This device has either of the
above-nmentioned first to fourth ferroelectric transistors.

modifying, between the steps (6) and (7), said third conductive

layer to form an upper conductive layer.
37. The method of manufacturing a ferroelectric transistor as
claimed in claim 28 further comprising the steps of:

forming, between the steps (8) and (4), a metal oxide layer on
said first insulation layer, said metal oxide layer being formed of a
material the formation free energy of the oxide of which is smaller
than that of said semiconductor layer; and

modifying, between the steps (5) and (6), said metal oxide
layer. -1
38. The method of manufacturing a ferroelectric transistor as
claimed in claim 36 further comprising the steps of:

. forming, between the steps (8) and (4), a metal oxide layer on

said first insulation layer, said metal oxide layer being formed of a
material the formation free energy of the oxide of which is smaller
than that of said semiconductor layer; and

modifying, between the steps (5) and (6), said metal oxide
layer.
39. The method of manufacturing a ferroelectric transistor as
claimed in claim 37 further comprising, following the formation of

said metal oxide layer, the step of

eliminating defects in said metal oxide layer.
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of ferroelectric transistors and is pI’OVI ded with nS| st or
30 assigned thereto. In other words, Ig? f or egoi ngr
first to fourth structureln reference o Figs. 1 - dlrectedto
such a regi o E@E |ncI des this selecting transistor 30. In Fi'g. 13, one
bl ock 64 %% i1 Jsh¢ 2oedhgd; ofs manyiacinrine ar fayrgelectrivetnansinten as

In this exenplary structure, one block is fornmed of !ﬁ% rlate nunber
wer v

conpri ses, as in other bIocks n storage devices, that is, ferroelectric
transi st glgimed inFglaigy 3% falrhheurmmpmmmgr)follﬂmavg:rqheorfbymdﬁoﬁl 66t
ferroelectric transistor FT1 and the n-th ferroelectric transistor FTn are
shown andsdidenvetadhioxidg lagees theestepiéff ed for the sake of sinplicity. Thus,
in each block, n bits of data nay be processed. The connection

rel ationship ar eundiRheilg Befddts! i8%idtnetal oxide layer.
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45 explained. This exenplary structure conprises word lines W.1 - W.n,
the nunber of which is equal to the nunber of the storage devices, and a
bit line BL. The gate el ectrode of t ferroelectric transistor is
connected to the predetermined word line. In the exenplary structure

shown in Fig. 13, a gat e f I |G transistor FT1 is
connected to the word Imm%i Pg‘ ﬁﬁ]@ Igiaé@iéfét]{#}gde G of the
ferroelectric transistor FTn is connected to the word |ine Wn.

Further, the first main el ectrode of each of the ferroelectric transistors
I's connected to the predetermned bit line. |In the exenplary structure
shown in Fig. 1A mleéhbdr stf maanufheturimgesa ofetdvelettricodirensistor is
transistors FT1 and FTn, that is, the drain electrodes D thereof are

connect e@rb@idé@ by WHleeblﬂ—chI‘Bal@berhé‘tﬂchisﬂﬁé(Qf@h@fs%orSibrli’&ﬂ 8bBradédg first
mai n el ectrodes or drain electrodes of all the ferroelectric transistors

I ncl udedyR,088 H Q0Ke X a HPOPES 60 THER ?é‘)?roelectrm transistor has a gate

unit on the underlying structure. The gate unit comprises a gate
electrode, a ferroelectric film and a gate insulation film deposited one
another in this order. A channel layer is provided on the gate
insulation film. A first and a second main electrodes are provided in
a spaced apart manner on the channel layer. The channel layer is
used as a channel in operating the transistor. Thus, the carrier
density of the channel is controlled by using the spontaneous

polarization of the ferroelectric film.
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common bit line. This neans that in this exenplary structure wite and
flash operations nay be sinultaneously performed with respect to n bits of

the ferroelectric transistors. The second nmain el ectrode of each of
the ferroelectric transistors is connected to the first main el ectrode of
the selecting transistor 30 associ ateH1§r with allotted to each block. In

the exenplary structure shown in Fig. 13, the second main el ectrodes of
the ferroelectric transistors FT1 and FTn, that is, the source electrodes
S thereof are connected to the first main electrode or the drain electrode
D of the selecting transistor 30 associated with the

46 Dbl ock. Additionally, the second nmain el ectrode or the source

FIG. 1 . s
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el ectrode S of the selecting transistor 30 is connected to the ground. A
bl ock selection line is connected to the gate electrode G of the selecting
transi stor 30 but is not shown for the sake of sinplicity. As seen
above, since each storage device has three termnals, the device may be
controlled via three kind of signal |i288 that is, a word line, a bit
line and a bl ock selection |ine. The operating nethod of the sem conductor
device will now be expl ai ned. To begin with, the selecting
transistor 30 for the controlling block 64 into which a wite operation is
intended is t ed op by applying a signal via the block selection |ine.
As the resul }Héé)urce el ectrodes S of the ferroelectric transistors
FT1 t hrough n ACruded in this block 64 becone connected to the ground.
Then, by applying a wite voltage to a desired word Iine W.1 - Wn, data
"1" wll be witten into the ferroelectric transistor connected to the
word line. In the case of fis wite opg;%}ion,ﬁKye bit line BL is kept in
the floating status. !




Wth respect to the blocks that are not selected, the-selecting
transistors for controlling these un-selected bl ocks are kept in an "off"
status. Thus, the source electrodes of the ferroelectric transistors
included in these un-sel ected bl ocks g&@ in the floating status. Since
the bit line BL is floating, the drai Pectrodes of the ferroelectric
transistors included in these un-sel ected blocks are also in the floating
status. Accordingly, even if a wite voltage is applied to the

47 gate elec des of these ferroelectric transistors, the spontaneous
polarizationg%%P e«@erroel ectric transi stors does not get reversed.

In order to pe erase operation, selecting transistor 30 for
controlling block 64 into which the erase operation is intended is
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turned on by applying a signal to the block selection-line. Thus, the
source electrodes S of the ferroelectric transistors FT1 through FTn
included in this block 64 beconme connected to the ground. Then, by
applying an erase voltage to a desired word line W.1 - W.n, data "0" wll
be witten into the desired ferroel ect4/18 transistor. In the case of this
erase operation, the bit line BL is kept in the floating status. I n
the case of this erase operation as well as in the case of the
above-nentioned wite operation, both the source and drain el ectrodes of
the ferroelectric transistors included in the un-selected blocks are in
the floating status. Accordingly, even if an erase voltage is applied to
the gate el ectrodes of these ferroelectric transistors, the spontaneous
pol ari zation of the ferroelectric transistors does not get reversed.

In order to performa read operation, the block 64 is selected which
includes the ferroelectric transistor fromwhich the read operation is

i nt ended. ThF'/'@41e selecting transistor 30 for
’ 18

16
20 50

52




controlling this block 64 is turned on. Thus, the source el ectrodes S of
the ferroelectric transistors FT1 through FTn included in this selected

bl ock 64 beconme connected to the ground. Al so, by connecting word |ines
W.1 - Wn, to the ground, the gate electrodes G of all the ferroelectric
transistors included in this sel ected®tfck 64 becone

-48- connected to the ground. Then, by applying a read voltage to the
drain electrodes D, that is, to the bit line BL, the value of the drain
current is read out. However, in the case of a read operation, al
the selecting transistors included in the sem conductor storage device

may be kept i “an" status. This is because, though, for exanple, a
read vol tageﬁfé 5.n

18 02 =] 50




1 Vis applied across the gate and drain el ectrodes, the polarization of a
ferroelectric does not get reversed by such a voltage. In the cases
of the first and third structures, let the electric capacitance of the
region of the ferroelectric film 12 sandwi ched between the second main

el ectrode 18 and the gate el ectrode 106M8 represented by Cs and let the

el ectric capacitance of the region of the gate insulation film 14

sandwi ched between the first main electrode 16 and the gate el ectrode 10
be represented by Chd. Then, the voltage Vg applied to the ferroelectric
film12 my be witten as in the follow ng equation (5): Vg=- 1(1 + Cs /
Chd) ...... (5) Since G/ Chd =1, Vg = 0.5 (V). Thus, the
electric field intensity applied to the ferroelectric film1l2 is 12.5
(kV/cm and, as being apparent fromthe hysteresis characteristics shown
in Fig. 9, the polarization does not get reversed. The un-vol atile storage

IS possible i hi s manner.
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In the cases of the second and fourth structures, let-the electric
capacitance of the ferroelectric film12 represented by Cf and |et the

el ectric capacitance of the region of the gate insulation film 14

-49- sandw ched between the first main el ectrode 16 and the gate el ectrode
10 be represented by Cd. In these exenpiigry structures, the ratio between
the el ectrode area (capacitor area)of the capacitors Cf and Cd is 10 : 1,
which is set tov (= 10). Then, the voltage Vg applied to the
ferroelectric film12 may be witten as in the follow ng equation (6): Vg
=- 1 (1 +C/ Cd) ...... (6) Since & / Cd =v X (200 / 0.4) /
(25 /7 0.05) =10, Vg = -0.09 (V). Thus, the electric field intensity

applied to thitaﬁé;pj>30tric film1l2 is
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- 2.25 (kV/cm) and, as being apparent fromthe hysteresis
t he pol ari zati on does not get
i s thus made possi bl e.

shown in Fig. 9,

in an un-vol atil e manner
Manuf acturi ng Met hod of the Ferroelectric

rever sed.

Tr ansi st or

manuf acturi ng method of the ferroel ec®12 transistors of
above-nentioned first to fourth exenplary structures wll

descri bed. The

will

Even referri

different struct
The net hod for

22<

i firstly be
structures wlfifé
only those por

manuf act uri

met hod f or

ing to

ures.

ferent fromthe fi

dlfferent c BV
t he sane reference nunmerals wll g enito
[ The thhod fo

first

manuf acturing the first exenplary

ained and then expl anations of the second
Wth respect to the second to fourth

t structure wll be

manuf act uri ng st eps,

ations or
o i shared
Manuf acturing the

characteristics

Storing of data

(I'l) Description of the

The
t he
now be
structure
to fourth
structure,
expl ai ned.

onents anong
st Structure]

now/be

20\

62—
(14 —

60—
12—
24—

10—

42 7

.........
-




described in referring to Figs. 14 to 16. Each of the-figures are cross

50 sectional views as being cut along line I - | of Fig. 2. To
begin with, a MOSFET is forned on the substrate 26 by enploying ordinary
LSI techni ques well-known to those skilled in the art. That is, the
above-nenti oned sel ecting transistor i%90rmed on the surface of the
substrate 26, which is a p type Si substrate in this case. Then, onto the
substrate 26 having the selecting transistor 30 forned thereon, the
interlayer insulation film28, which has an appropriate thickness, is
deposited by neans of a suitable nethod. 1In this step, the first and
second wirings 42 and 44 formed of tungsten are incorporated as underlying
Wi rings. As seen above, this first wring 42 is for the connection to the

gate el ectrode 195725@ ngond

&3 Polarization ( i C/em?)

—290 —100 100
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wiring 44 is for the connection to the first main el ectrode 16. The
underlying structure 25 conprising the substrate 26 and the interlayer
insulation film28, is thus forned. Additionally, the first and
second t hrough-holes 46 and 48 are forned at the predeterm ned | ocations
in the interlayer insulation film28.10/&8n, vertically directed wrings of
W are enbedded into the first and second through-holes 46 and 48 as
conductive plugs. In this enbodi nent, each of these conductive plugs is
included in the first and second wirings 42 and 44. The upper portion of
the layers and the |lower portion of the |ayers are connected via these
vertically directed wirings. As shown in Fig. 14 (A, the upper |evels of

each of the t t he enbed d co ctive plugs are preferably
identical wt MOTGWH surfac f thz(gjnt erlayer insulation film
28. r___&___r;L
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Further, in order to restore the possible damage of the MOSFET (sel ecting
transistor 30) on the Si substrate, the device is thermally processed in

t he atnosphere of hydrogen gas. This thernal process before the formation
of the ferroelectric transistor prevents the characteristics of the
ferroelectric material from being degrgded. Then, a first
conductive | ayer 66, a second conductive |ayer 68, the ferroelectric |ayer
70, a first insulation layer 72 and a sem conductor |ayer 74 are
sequentially deposited on the interlayer insulation film28. These
sequential steps wll now be described in referring to Fig. 14 (A).

The first conductive layer 66 is forned on the interlayer insulation film
28 in step 1. For this purpose, a Wlayer, which is wuniformly 0.1 [err]m
thick, is deposited as the first conductive |ayer 66

FIG. 77
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by a sputtering nethod. This Wlayer functions to reduce the gate

resi st ance. Then, the second conductive layer 68 is fornmed on the
first conductive |ayer 66. For this purpose, a IrJerr] layer, which is
0.1 [err] m thick, is deposited as tﬂf §econd conductive |layer 68 by a
sputtering nethod. This IrJerr] Iaye/ Wi Il be used as an underlying
structure or an underlying layer on which a ferroelectric |ayer is forned.
The second step follows, where onto the first conductive |ayer 66, that
is, onto the second conductive |ayer 68, the ferroelectric layer 70 is
formed. In this case, by neans of a sol-gel nethod, a
SrBi[err]Ta[err]C{err] | ayer, which is 0.4 [err]mthick, is fornmed on the
upper 52 surface of the second
conductive Iay féﬁ?{/ﬁk)roelectr c layer 7?8 For this purpose,
l'iquid contalnlng tﬁe erial is
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provi ded on the upper surface of the second conductive | ayer 68 by

spi n-coat technique. Oganic conponents will be renoved in a thernal
process at the tenperature of 450 [err]C, and then, the device wll be
crystallized in a baking process at the tenperature of 800 [err]C.

In the following third step, the firstl3Moulation layer 72 is forned on
the ferroelectric layer 70. For this purpose, a Ta[err]Jerr] |layer, which
is 0.05 [err] mthick, is deposited on the upper surface of the
ferroelectric layer 70 as the first insulation layer 72. In this case,

this Ta[err]Jerr] layer is formed with a Ta target by a reactive
sputtering in a mxture of Ar gas and Jerr] gas. This first
insulation layer 72 is preferably formed of a highly dielectric materi al
so that it wll function as a gate insulation layer. The Ta[err](err]

| ayer used in this enbodi ment has thg relative dielectric constant ([err])
of 25 and is a highly dielectric matg&ial. Alternatively, this first

i nsul ation | ayer 72 nay be forned of'é for exanple, one or any

70]

To Block Selectio




conbi nati on selected fromanong ZrJerr] ( [err] = 22), HJerr] ([err] =
22) and Si[err]Nerr] ( [err] = 7). In this enbodinent, the gate
insulation film is forned of those materials with a higher relative
dielectric constant than SiJerr] ([err] = 4). Accordingly, in this
structure, a higher voltage 1is applied to the ferroelectric filmthan in
case of prior art devices. ALY the first insulation layer 72 is
formed, a step is erformed sp as to renove the defects existing in the
first insulati éy this enbodiment, a thernal process is
perfornmed at tHhe . -53 -
tenperature of 500 [err]C in the atnobsphere of oxygen gas so that the
defects in the7f£rned Ta[err]Jerr] are reduced. Thereby, the charge trap
density is redd . Next, the fo tep 78 perfornmed in which a
seni conductor 72
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| ayer 74 is formed on the first insulation layer 72. -In this enbodinent,
a polysilicon layer is deposited on the surface of the first insulation

| ayer 72 as the sem conductor |ayer 74. For this purpose, this
polysilicon |layer is deposited by a plasna CVD process where SiH err] gas
and H err] gas are used where and the tenperature of the substrate is kept
at 600 [err]C. Thus, a polysilicon which is 0.4 [err]mthick is forned.
After the sem conductor |ayer 74 is depsgigted, a SiJerr] mask 76 is
formed on the upper surface of the sem conductor |ayer 74 for the purpose

of the patter of the gate unit. The SiJerr] filmis deposited by a

pl asma CVD p%\lﬁ@xture of SiH err] gas and N err]O gas are

used and whefe "ttre* erat¥re of e sub?prate is kept at 350 [err]C. The
S

thi ckness of this SiQ2 is| g rtfetely to be, for exanple, 0.8 [err]
m Then, the Si Q2 mask 1 6 isNfarned b an ordinary photolithography
process and dry etctﬂg I OTes In /thi enbodi nent, this Sigerr]
mask 76 is located at ar abdwe the %irst :
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t hr ough- hol e 46. Transfer steps where the pattern of the Sierr]
mask 76 is sequentially transferred onto the deposited sem conductor

| ayer 74, the first insulation |ayer 72, the ferroelectric layer 70, the
second conductive 68 and the first conductive |ayer 66 will now be
descri bed inreferring to Fig. 14 (B).

54 In this enbodi nent, this 46451 er operations are collectively
performed by a dry etchin t echni gue using the Si2 mask 76. That is, the

fifth steer.Z@i Yﬁ{ seni conductor |ayer 74 to formthe channel
| ayer 20 i ga

' n, the sixth step of nodifying the first
conductive layer 72 to

the gate insulation film14 , the seventh step
of nodi fying the ferroe gtr | ayer 70 to formt@g ferroelectric film12
t he fZ@st
24 |
. 1 '

and the eighth step2>2
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conductive layer 66 to formthe gate electrode 10 are collectively
performed. Incidentally, a step of nodifying the second insulation |ayer
68 to formthe | ower conductive layer 24 is included in the transfer
operations between the seventh and eighth steps. The dry etching for this
transfer operations is performed by generating a plasma with a conbination
of Aferr] gas and Ar gas as well as a high frequency power of 13.56 Mz.
I n the above-nentioned fifth step, sin the mask 76 is |ocated above the
first through-hole 46, a gate region |s defined as an upper region of the
first throu%e11? the channel layer 20 is fornmed at a region
above the f ar e 46. Also, as seen above, since the pattern of
the Si2 mask 76 is transferred down sequentially, the gate unit 22 and
the channel 74ayer 20 are formed in the above-nentioned gate region,

wherein the gate It conprises the gate electrode 10, the | ower
conductive béyer 24\ the ferroelectric film
- 76
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12 and the gate insulation film 14. Further, a conductive plug is
enbedded in the first through- hole 46 and this conductive plug is
connected to the first wiring 42.

REPLACEMENT SHEET

2 2 FEB 1999 Thus, the gate eIectro&& 10 automatically connected to the
first wiring 42 is forned by the abo /ﬁ%ntioned steps. Also, by a

pat terning of‘FiV
66 the gate uhi <5£,7;é;hgéliired portion of the first conductive |ayer 66

other than the gate region is renoved, thereby exposing the upper surface
of the interl%& i nsulation film28. Accordingly, the gate electrode 10

S preferablﬁé epargted fromthe second wiring 44. Then, follow ng
the eighth st g, e steps of formng the upper insulation filmb50 on the
i nterl ayer iﬁZ l-ati o (I m28 so that pper7%?sulation filmmakes
contact with the side faces of the
70
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unit 22 and the channel layer 20 will be explained in reference to Figs.
15 (A and 15 (B). A second insulation layer 78 is forned on the
interlayer insulation film28 so that the second insulation | ayer covers
the side and upper surfaces of the gate unit 22 and the channel [ayer 20.
For this purpose, using a plasma CVQgpgghod, a Si(Jerr] layer is forned
over all the wafer including residual SiJerr] mask 76 as the second

i nsulation |ayer lasma CVD is performed by using a mxture of
SiH err] f@e’iﬁ s as a raw material gas and by keeping the
terrperature strate at 350 [err]C. As the result, a SiJerr]

| ayer which7¢4s-Q.4 [errImthick will be formed. Please see Fig. 15 (A).
Then, the sgﬁn Nosul ation layer 78 will be polished until the upper

surface of cH .‘- Iayer 20 is exposed so that the upper insulation
film50 WI| e~ f orNqed Please see F| B e polishing of the
second i nsupgti onN_ aye done by ¥he The Mechani cal Polishin
CWP) Met hog. B h ‘\\\\\\\‘\\\\ MY \\\\\ \\\\\\\\‘\\\\\\\\\\\\\\\“ g
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56 tinsulatien layer 78 is nodified and beconmes the upper ijnst

50v "Since-this polishing continues until the upper surface jof
| ayer 20 i,s exposed, the height of such a portion of the uppeyr

raLIUII IIIHI

T8 ECH,

film50 that nmakes contact with the channel |ayer 20 can b

i
1]
|
tched to.the \

| evel of the upper surface, of the charifel” |ayer 20, After this, a
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pur pose, a resHEFHOR
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the upper i nsuftSTHH

'r .#ﬁmw"-g?_ surface of

ed by the

phot ol i t hogr aphy techni que. Then by processing the upper insulation film
50 by nmeans of a dry etching with the resist | ayer 80 as a nask, the third

t hr ough- hol e 52

A method of manufacturing a ferroelectric transistor is

provided by which the characteristic of the transistor is not degraded

because of a heated process. The ferroelectric transistor has a gate

unit on the underlying structure. The gate unit comprises a gate

electrode, a ferroelectric film and a gate insulation film deposited one

another in this order. A channel layer is provided on the gate

insulation film. A first and a second main elactrodes are provided in

a spaced apart manner on the channel layer. The channel layer is

used as a channel in operating the transistor. Thus, the carrier

density of the channel is controlled by using the spontaneous

polarization of the ferroelectric film.

Figure 1
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is ™t or med. From

plug (second wiring 44) enbedded in the second t hrough- Rho
above the upper surface of the upper insulation film 50. Tk
be renpved.
el ectrades are

80 wi |

ponS|I|con | ayer

the third throu hole 52 is forned (Fig. 16 (B)). This potysrtrcomtayer
depBERRO gﬂiy

gas at the tenperature of 500 [err]C. In this enbodinent, the

thi ckness of t IEVOCES, METHGDEOFSOFERIATNG PERROBERITRIC
the polysilicon layer 82 will be processed in accordance wth the

82 is
H err]

Then,

57

formed on the channel-1ayer 20. For this gun

the third through-hole 52, a portion of HEPLAEBM&H&SHEET

In the ninth step, the first &nd

82 will be forned on the upper insul atiion f|Im50 wher e

ECPRESTERANSISTQRS, S EMIGONDBIGROF ST FRAGHEs and

ordinary procedpResNaSTRIRE ANPDAAETRD DPOK MANTFRPFYRING

ERROELE CTR(C
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BACKGROUND OF THE INVENTION

[Field of the Invention]

The invention relates to ferroeleétric transistors which are

suitable for integrating an integrated circuit to a higher degree and

operating an integrated circuit with a greater speed and to a

» manufacturing method thereof.

[Description of the Prior Art)

Research and Development of semiconductor storage devices

which are non-volatile and implemented with ferroelectric material

have been actively pursued. ~For example, a device called an

MFSFET has been proposed. This FET (Field Effect Transistor) is

constructed in an MFS (Metal/Ferroelectric/Semiconductor) structure

wherein a semiconductor, a ferroelectric and a metal are sequentially

‘deposited.

This device has. a simple structure so that it can be

readily reduced in its size. Additionally, data stored in this device

may be read out in a speedy and undestructive manner. It is,

however, difficult to appropriately control the boundary (or interface)

‘between the ferroelectric and_ the semiconductor of this device in

manufacturing it. In other words, a high quality boundary is

- difficult to accomplish. Thus, so far, this type of device has not yet

~been brought into market.



and dry etching. By these processes, the first and second .Mﬁé@%ﬁgﬁ?

16 and 18 are fornmed (Figs. 1 and 3). After the firgt jand second

. main electrodes 16 and 18 are forned, conventional methods jwijl 12 BeFEBelgags
in a prior art LSI manufacturing. The interlayer insulation fiilm54 is
formed on the upper insulation film5@-.on which the first dnd second merm
el ectrodes 16 and 18 will first be férmed (Fig. 3). Then, er._a

t hrough-hole is, for at desifed lLocation . in the jnterlayer insulation
filmb4, an Al A OW@] m (iaTrostedE i ranacitep plaé‘cdessF’F?g“glﬁF%r‘gfafeﬂ | oy
film an Al wiring 56 will be fornmed (Fig. 3). Lastly, the wafer surface
will be connactioni) exiee gras edsedbesnpropdsads pForemonm dedpils, e Fi g.
3) In the above descri bed manufacturing nethod, after the

ferroel e¢tlOas Sgyepositim oxf VILSIIT e chnbhasBiges0of Tochinidal PaRRLT["USS.
hi gher than 600 [err]C wll be enployed. Since a ferroelectric

transi st ggg ¢f Me1996 St ThisUshbliRath PEHbREBFAn Y rpBfat by BB L €

An FCG device is constructed'in such a manner that each of a

ferroelectric capacitor and a MOSFET (Metal/Oxide/Semiconductor
FET)is provided in a separate location on an underlying layer or
supporting layer and that the ferroelectric capacitor and the gate
electrode of the MOSFET are locally wired. Thus, since a
ferromagnetic portion is not formed on the semiconductor, the above-
mentioned quality problem of the interface does not occur. Further,
the ratio between the electric capacitance of the ferroelectric
capacitor and gate cépacity can be relatively freely set up by changing

 the size of the ferroelectric film or the gate isolating film.
Accordingly, it is éasy to apply a voltage to the ferroelectric capacitor
so as to inverse the polarization of the ferroelectric. However, its
reduction in size is not easy because of the complexity in structure as
opposed in the case of an MFSFET.

Ag discussed above, it is difficult to appropriately control the
interface between the ferroelectric and the semiconductor of an
MFSFET in its manufacture. On the other hand, an FCG device has
a disadvantage that it can not readily be reduced in its size. In order
to overcome these problems, an MFMISFET has been proposed. An

MFMISFET is constructed in such a manner that an MFM

rroel i
(MetalmMetal) structure, which comprises a



processes, the thermal hysteresis of the ferroelectric fil nREPIGHIEIR 3
tto a | ow |l evel. Accordingly, since such problens as stresse f%g%.r
the ferroelectric film 12 because of thermal processes can| be z@\éo}:ggdggbh(
ferroelectric characteristics (polarization reversal charactiert st )? I
not be degraded. Also, because of the3-ow tenperature durji ng.the
processes, the constituting elenents of the ferroelectric{filmi12 will not
diffuse ip outer directions. Therefore, the characterjstics—of—the

sel ect i nderraplacrisy filmy isopandwishedebgi a painsof ametal filmetfrpm hafaded.
Incidentally, in the fourth step, when an anorphous silicon

58 | ayersidesdéppsovidedont the gatetelectnddet 0Ha MOSFETs t Thusethequatuct or

| ayer 74, a plasma CVD will be enpl oyed where the tenmperafure of the

portion of this device has e MFMIS

~ v
(Metal%ﬁdetal/lnsulator/ Semiconductor) structure.

Since this structure has a ferroelectric film fqrmed.on a metallic film,

) 2

a good interface can be achieved. Reduction in its size is also easily
done. However, this MFMIS_FET has following disadvantages:

(1) A ferroelectric film has to be formed by means of a heated
process at such a high temperature of approximately 800 C. This
results in an outer diffusion of the elements constituting the
fe,rroelectrjc so that channel regions are contaminated, thereb:;r
degrading the characteristics of the MOSFET device.

(2) A wiring or an interconnection layer is formed above the
MFMISFET, which necessitates an interlayer insulation film or an
interlayer dielectric fihﬁ-.oh the .MFMISFET in order to electrically -
isolate between the w'ir.ing layer and underlying conductor. Thus, if
a thermal distortion occurs at the interlayer insulation layer, a
relatively large stress is generated onto the ferroelectric film, which

'degrades the characteristics of the ferroelectric. As a (thermal)
stress is also generated in the course of a thermal or heating process
(or heat treatment), the number of thermal processes should
preferably be kept to as minimum as possible once the ferroelectric
film is formed.

(8) A heated proces.s in a hydrogen gas is sometimes necessary

so as to restore the damage on the MOSFET (for example, crystal



substrate is kept at 300 [err]C and a m xture of SiHerr] - e
gas is used. Thus, a still |ower tenperature process wl | ;’%FP \’YEWLS]HEET
this case. This neans that the ferroelectric characterisgigs will not be

degraded. Further, though Sigerr] tends to be generated at{t&& REBHESr
bet ween anor phous silicon and Ta[err]Herr], SiJerr] willinbt be forned
bet ween the channel layer 20 and the gate insulation filmi4 according to

this net hod because the layers are forned at a |ower tenperature
Ther ef or defectsi gausednibn ian tipnc dmplantatien).nedn gucle ant instamse, a
Manuf acturi ng the Secon ructurej The net hod for manufacturing

the secoreduttivet weectionVthewfehwedupirde nfitmbgonedtimdsn@cearsj ghetdby These
figures show cross sectional views as being cut along | - | line of Fig.

5. deg I&amg&h@@u&&béﬁ@&@@bﬁ%@éﬁ%@é%@ mferm@puf acturing the

first structure (hereinafter sinply referred to as the first manufacturlng

method) i n thal ml S, w%g‘#gﬁg& ERRBHRT oS QP o™ AR Bl °°

the steps o rst nc

processes,
Accordingly, objects of the present invention are to provide a
ferroelectric transistor with its characteristic which is not degrated in

the course of a thermal process, and the manufacturing method of the

transistor.

SUMMARY OF THE INVENTION

Thus the ferroelectric transistor in accordance with the
present invention includes a gate electrode, a 'ferroeleqtric film, a
gate insulation. film, a first main electrode and a secoﬁd main -
electrode. The ferroelectric transistor conmiprises a gate unit (or 'gaf;e o
po‘rtion or gaté structure) having the gate electrode, the ferroelectric
film and the gate insulation film deposited on an unaerlying or
supporting layers in this order, and a channel layer deposited on the
gate insulation film; wherein the first and second main electrodes are
forﬁed as being spaced apart from each other on or in the channel
layer; and wherein the channel layer is used as a channel which
controls the carrier density by means of the spontaneous polarization
of the ferroelectric film.

The above-mentioned gate unit and channel layer correspond

to the MFMIS structure in a conventional ferroelectric transistor, for



ot her steps are substantially identical, the additional s

be expl ai ned. In this enbodi nent, between the aboue-

second and third steps, the step of. formng a third cond

the ferroelectric layer 70 is inserted (Fig. 17 (A)). Fdg

after the ferroelectric layer 70 is dgposited, a Ir(Jerr]
thickness of 0.1 [errmwi || be deposrteed on the upper su
59 ferroelectric layer 70 by sputtering as the third con

(PR

U

er \V
rif ace of this

Ilf\fj_\lﬂ | avefr—=_84-
A A g

This |r( éerrpeleamic tramsistorns ta quchvefthet hlecksrthecgantaloctrbdeef 70 from

bei ng degraded in the thermal process perforned in formn

g this device.

Furt her, ithe tfheroekdctrictirepgisttweid coshedtad ubatheoprddegermitizdnnd obe

the word lines, the first n_xain electrode of the ferroelectric transistor

is connected to the predetermined one of the bit lines, the second main

electrode of the ferroelectric transistor is connected to the first main

electrode of the selecting transistor and the second main electrode of

the selecting transistor is connected to the ground.

Because of such a configuration, when the selecting transistor

is in a low resistance state (referred to as an "on" state or

selected

state), the second main electrode of the ferroelectric transistor
this_case bi+ lne is kept in o flooding status
connected to the selecting transistor is connected to the grouni_f.v And

once & signal voltage such as a write voltage or an erase voltage is

applied to a bit line, then a biriary data "1" or "0" can be set to each of

the ferroelectric tzansistor.

When the selecting transistor is in a high resistance state

(referred to as an "off" state or un-selected state), the second main

electrode of the ferroelectric transistor connected to the selecting

transistor is in a floating state. Thus even though a signal voltage is

applied to a word line, the direction of the spontaneous polarization of

the ferroelectric transistor does.not get.reversed.

Further, a read voltage is applied to a bit line by co

nnecting

the word line to the ground when the selecting transistor is in the low

resistance state. Then, a current flows between the first an
main electrodes in response to the data having been written

ferroelectric transistor. Thus, data may be read out.

d second

into the



formed on this third conductive | ayer 84. Addi ti 01§ i%ﬁ%kégw

6
si xth and seventh steps, the step of nodifying the thirdjcpnductive Iayér
84 to formthe upper conductive layer 60 will be inserted (F2§¢ FEB {33)) .

This nodification will be collectively performed together Wi th other

| ayers by the above- nentioned transfgr-. operation. As the result, The

gate unit 22 containing the upper conductive |layer 60 wll. he formed.

[ The Met hod for Manufacturing the Third Structure] The net hod for

g

manuf act weiquenithellyhidapbedited) utheveby rfownbimig expl dépogitdd rettacturng to

Fig. 18.

These figures show cross sectional views as being cut al.ong |

| line Ole_Eéﬁbaf%ezF'], the depodited %M&?ﬁ%&{oﬁ%@@ﬁeﬁﬁ%ﬂf Bfodifled from

manuf act uri ng met ho in"that this neth

er conprises two nore steps

e substR, 1 ByeeBent rhats "BRAUERHAT A tensBLAGR, Mol JhRRpS, e akl 00

expl ai ned. .. n this enbodinent, between,the aboxe- tioned third
B ordinary etcinng process. fzr{atfme course of thl% modification process,

the semiconductor layer is patterned to begin with. As the result, a

and

pattern of the semiconductor layer in the gate region is left' as a
channel layer. Then, in order to modify the underlying layer of the
channel layer;, the pattern is preferably projected onto the underlying
layer. In such a manner, a gate unit which is a deposited structure
having a gate electrode, a fe_rroe}ectric film and gate insulation

deposited one onto another, and a channel layer are formed, thereby

forming a conductive layer which will become a first and a second .

main electrodes.

Accordingly, since a ferroelectric layer is formed prior to a
' feyrroelectric

semiconductor layer, the. elements constituting the ferremagnetie! -

material do not diffuse in an-outer direction despite a heat treatment
or an annealing. Therefore, '. the dégradation of the MOSFET'S
characteristic , which occurred in prior art devices, is restrained.

In accordance with this method, an interlayer insulation film
is, prior to the step (1),preferably deposited on a substrate to form the
underlying structure.

Alternatively, the method of manufacturing a ferroelectric
transistor of the present invention preferably comprises, prior to the

step (1), the steps of depositing an interlayer insulation film on a

substrate to form the underlying structure; forming a selecting



fourth steps, the step of formng a netal oxide |ayer 86 crﬁwhﬂg& SHEET|

Fnsul ation layer 72 is inserted, where the heat of formatijon of the oxid

of the metal oxide layer is small conpared to the seni conCuct&r? FEy d83% 4
(Fig. 18 (A)). A ZrQ2 layer as this netal oxide |ayer 86 i 4 »
-60- deposited by a reactive sputterlﬁprocess by a m'xture of Ar gas and
Jerr] gas in which a Zr target is use In this enbodi nent.. fhiclrﬂprrl

| ayer is uni,for ited wit e .t hickness of. 0,01 r

Than i1 ARE POLPRARECERS SBophe tenlason dpges uhki, Hot WRPEhRurTae Af

oxi de | ayer 86 as the sem conductor | ayer 74. As seen above this

pol ysi | i cBie| nglslagaroty expoae éomogmttbﬁp@pnearxasemtmfﬂm of

approximately 600 [err]C. Thus, it used to be possible in prior art
Further, the method preferably comprises the step of forming

a third through-hole in the upper insulation film at the region
containing the second through-hole. By thus forming the third
through-hole, the extending portion of the first or second main
electrode may be formed. to be embedded into the third through-hole.
Thus, the first and second main electrodes may be connected to the
second wiring formed in the interlayer insulation film via the third
and second through-holes.

The method of manufacturing the ferroelectric transistor of
this invention preferably comprises, between the steps (8)and (4), the
step of eliminating defects in the first insulation layer. For example,

Fontalum oxide (Ta,0s)
if the first insulation layer is made from\FaOY, after the layer is

formed, the device is preferably thermally processed in oxygen at the

temperature of 500 C. Such a heat treatment will result in a

the tontalum oxide _
reduction of the defects in'PaOy/ thereby reducing the charge trapping

density.

Alternatively the method of manufacturing a ferroelectric
transistor of thissinvention preferably.comprises the steps of forming,
between the steps (1) and (2), a second insulation layer on the first
conductive layer; and modifying, between the steps (7) and (8), the
second insulation layer to form a lower conductive layer. By thus
forming these layers, the second conductive layer may be used as an

underlying structure on which the ferroelectric layer is formed.



t echni ques that the Ta[err]err]layer formed as the first BBB!LQGEMH@TI%E@W
%2 is reduced by Si and that SiJerr] may be forned in the EWannel -

20. In this method, however, since the upper side of the i} ?gnrﬁg/gsgor
| ayer 72 is covered with the netal oxide 86, the first insulgp (2
I's not reduced by Si. Further, since thg.heat of formation| of—+he-—netal
oxi de layer 86 IS Iovver conpared with The semiconductor |ayer 74, the

nmet al oxi dg yer oes not get reduced by Si. Therefore ~——3srnceit—is
possi bl e i mtelli‘ls%"%taﬁ da’r"iﬁ"“gﬁnﬁ‘@i"r? e ‘%%‘%Etuit{i?%éleféﬂn’é%@ @annel | ayer
20, the permttivit al Jﬂﬁ gate unit 22 may be nmaintained at a
certain | éP8PRHPRL erI“’Ez"t"c ng pSejembegdiments are only gxemplare angr nat i on of
the netal pxide. la def ects 055|bl existing in this nmetal oxide

| ayer 86 W9 P° %E‘tﬁ\éﬁlﬁg iphe Invend %F%B‘S@ns?ll’fésdew ce is thermally
processed | the terrp ature of 500 [err]C

By this t ' ayer as well as

those in the zr ge%ﬁ%gtaﬁer i TS Sl o 1T 0

ferroelectric transistor will be explained. With respect to numerical

conditions which are sometimes omitted in the course of the following
description, please see the description of the manufacturing method to
follow.

{First Embodiment of the Invention: First Structure]

Fig. 1 is a perspective view of interest of the first exemplary
structure of the semiconductor storage device and primarily shows the
first structure of the ferroelectric transistor. Fig. 2 is a plan view of
interest of the first structure as seeﬁ from the side of electrodes 16
and 18, Fig.3 i's a cross sectional view as being cut along the line I -
I of Fig. 2. Thoﬁgh interlayer insulation film 54, Al wiring 56 and
surface protection film 58 are shown in Fig. 3, these are omitted in
Figs. 1 and 2. |

The ferroelectric transistor of the first exemplary structure
comprises at least. a gate- electrode 10, a ferroelectric film 12, a gate
insulation film or a gate dielectric film 14, a first main electrode 16
and a second maiﬁ electrode 18, and controls the carrier density of the
channel by using the spontaneous polarization of the ferroelectric film

ote unit 22 which complrises the
12. This ferroelectric transistor also has theYgate electrode 10, the

ferroelectric film 12 and the gate insulation film 14 deposited in this




and Ta[err]Jerr]layers can be decreased. Furt her,
above-nentioned fifth and sixth steps,

the step of nodifying the metal oxide |ayer 86 is inseftéd2 2 THER 1339

61

nodi fication is collectively perforned together with the otjher | ayers
t he above-nentioned transfer operationz7sthereby resulting ifn the formation
of the nmetal oxide 62 (Fig. 18 (B)). ™ As expl ai ned dbaove, .according

to this pethod, the reduction of the first insulation |ayer 72 may be

REPLAGEMENT SHEET

by

avoi ded @etezaninea enp eanductivitynkype preh ampheepbarusPhor diorea. (B). Thus,
t he degradation of the ferroelectric characteristics may be avoi ded.
| nci dent B Ithisi é mbodhiprent thésecamais edeptioded ragidine arseancohdypeoBil ayer

74,

the reduction of the first insulation |ayer 72

layer. And these main electrode regions are positioned on the upper

side of the substrate 26 and at either side of the channel length of the

selecting transistor. Further, a gate electrode 38 is formed by

begween _
providing an insulation film on the channel region these main

electrodes, thereby forming the selecting transistor 30.

The interlayer film 28 is deposited on the substrate 26 on
which the selecting transistor 30 is formed. Wirings or
interconnections are, as desired, incorporated into this interlayer
insulatim;. film 28. In this embodiment, a first wiring 42 and a
second wiring 44 are formed in the interlayer insulation film. A

portion of the first wiring 42 is guided above the interlayer film 28 via

a first through-hole 46 formed in interlayer insulation film28. Then, -

this first wiring 42 is connected to the gate electrode 10 of the

ferroelectric transistor 40. A portion of the second wiring 44 is also

guided above the interlayer film 28 via the .second through-hole 48 .

formed in the interlayer insulation film 28. Then, this second wiring
44 is connected to the first. main electrode 16 of the ferroelectric
transistor 40. Incidentally, in:this embodiment, the first and second
wirings are made from tm_agsten (W).

The interlayer insulation film 28 above which the first and

second wirings are guided is formed in such a manner that the film's

surface is substantially planar. The above-mentioned gate unit-2’is

provided on the interlayer insulation film 28 so that the gate




can be avoided by forming the netal oxide |ayer 86 as a Zr PMMENT SHEET
Also, in this third structure, Ta[err]Jerr] layer as the
| ayer 14 may not be necessary because the ZrQ2 | ayer can

highly dielectric layer. [The Method for Manufacturing th
Structure] The nethod for manugcturing the fourth| s
now be explained by referring to Fig."I9. These figures show cross

sectional views as being cut along | - | line of Fig. 5. ! Thi-s

met hod i sPUZrTeOgnB 4 Sam, Th@, f(xr it anpositice Limltagen)stFbgiGel,Out,hBi_,Ttll;l@?z
nmet hod further conprises four nore steps as well as all the steps of the

first metgad.(Pb, &,@m@ mdypaled Ibgrugé@ps are substantially identical, the
addi ti onal steps WI mai nl'y be expl ai ned In this enbodi nment,

between the abowgy q’fﬁﬁ& t ste r.m ng
the third conduct | ve ae?/erb?’ 4 on ?%Qy%g‘ﬁc?e r| C IP 13'92 Bltgef r‘ig&ﬁ ed
(Fig. 19 fr%z, an}EOorneE r111'1aS rial’38fkcted from among Ir, Ru, Pt, RuO,, SrRu0,

and La, ,Sr, CoO,(x is a positive in‘ﬁéutmiﬁa%;ed. Alternatively,
the lower conductive layer may be formed of any combination of more
than one material arbitrarily selected.from among IrO,, Ir, Ru, Pt,
RuO,;, SrRuO4and La, Sr, CoO; (x is a positive integer).
The gate electrode 10 is made from tungsten (W). Other than
W, the gate electrode may be formed of any one material selected from
among, Ta, Mo, TiN, Nb, V, TaN, TaSiN, TiW, TiWN and TiAIN.
Other details of the structure will noiv be explained. In this
. structure, upper insulation film 50 is provided on the interlayer
insulation film 28 so that the upper insulation film makes contact
with the side surfgces of the gate unit 22 and the channel layer 20.
The upper insulation film is mad.e from SiO, film. The height of such
a portion of this upper insulation film 50 that makes contact with a
gate unit 22 may be up to an appropriate level of the channel layer 20.
Preferai)ly, however, the upper insulation film 50 should be up to the
height of a neighborhood. of the upper edge of channel layer 20. In
this embodiment, the upper edge of the upper insulation film 50 that
makes contact with the channel layer 20 is as high as the upper edge
of the channel layer 20 and parallel to the upper edge of the chénnel
layer 20. Further, such a region other than the neighborhoods of

the region where the upper insulation film 50 and the channel layer _




62 .after the ferroelectric layer 70 is deposited, a IrJerr] layer having

the thickness of 0.1 [err]mw || be deposited on the upper
ferroelectric layer 70 by sputtering as the third conducti ve
This IrJerr] layer functions to prevent the ferroelectric

bei ng degraded in the thermal process péiforned in formng ft
Further, in the third step, the first insulation |layer 72 w
on this third conductive |ayer 84. In this enbodi men

a
h
I
t

above- nment i matixlof 8ilrahdaS@, thatiis $1st 8psis therstep of form ng

REB] APEENT SHEET

yer 70 from

its 2 2efkER 4999
i be forned

,_between the
t he net.al

oxide layer 86 on the first insulation layer 72 is inserted, where the
heat of forfitirdEmbodimentef ahe dxivdatioay Third Straktusginpared to the
sem conductor |layer 74 (Fig. 19 (A). A ZrQ2 layer as this netal oxide
| ayer 86 is deposThecdhird exemplary structure of the ferroelectric transistor

will now be described by referring to Fig. 7, which shows a cross

sectional view of the transistor as being cut along line I - of Fig. 2.

This structure is different from that of the first embodiment

in that the gate: unit 22 has a metal oxide layer 62 between the

channel layer 20 and the gate insulation film 14, and the channel

layer 20 is formed on the metal oxide layer 62. The metal oxide layer

62 is formed of a material the heat of formation of the oxide of which

is smaller than that of the channel layer 20. In .this exemplary

structure, the metal oxide layer 62 is formed of ZrQ..

Howevar,

other than ZrQ,, it may be formed of any one material selected from

among Ti0,, HiO, and Al,0,. Alternatively, the metal oxide 62 may

be formed of any combination of more than one material arbitrarily

selected from among Zr0,, TiO,, HfO, and Al,O,.

At this point, exemplary figures of the heat of formation of

each material will be given. The heat of formation of Si which

constitutes the channel layer 20 is - 170 kcal/lg.molO, at the

temperature of 600 T. And the heat of formation of ZrO,is - 220

kcal/g.molO, at the temperature of 600 °C. Further, the heat of

formation of TiO, is - 190 kcal/g.mol0, at the temperature of 600 C.

And the heat of formation of HfO, is - 230 kcal/g.molQ, at the

temperature of 600 °C,

And the heat of formation of al,o,

is -220 kcal/g.molO, at the temperature of 600 °C.

Incidentally, in this exemplary structure, the longitudinal




. - T ;
by a reactive sputtering process by a mxture of Ar gas antﬁ@gpﬁﬁ% E_ET
which a Zr target is used. In this enbodipent, this ZrQ2 liayer
2 ZTF'EB 1389

uniformy deposited with the thickness of 0.01 [err] m

the fourth step, a polysilicon layer is forned on this ngt oxi de | ayer
86 as the sem conductor |ayer 74. Thuss-i n this nmethod, si '
side of the first insulation layer 72°TS covered with the rretal oxi de 86,

the first insulmtthia ¢mpodintenty Tmpd,resucesd bys Sie datrd her, since t he
heat of formation of the netal oXTd€& rayer 86 1S I Ower torrpared with the

sem condustlutibayfilm/4.4.t h@hetrelafided@ielerteic 86ndosat ol TagO,rrdaged by
Si. Therefore, since Si@ is not formed, the permttivity o aII the gate

uni t 22 SRy the fiBhNs20. 087 glmanicertain | evel without letti ng it decrease.
- 63 - _

<The Operation of the First Structure>

The operation of the first exemplary structure will now be
explained. Fig. 10, which shows a cross sectional view of the gate
unit 22 as being cut along line J - J of Fig. 2, will be referred to in
explaining the operation of the first exemplary structure. In Fig. 10,
the plus notation "+" means such a situation that the positive charges
are induced at the surface of the ferroelectric film 12 while the minus
notation "-" means such a situation that the negative charges are

.induced at the surface of the ferroélectric film 12. Also, the figure

shows how the electrodes are electrically connected.

In this exemplary structure, the direction of the spontaneous
polarization 'i§ confrolled only in the region of the ferroelectric film 12
which is sandwiched between the second main electrode 18 and the
_g_ate electrode 10, that is, the region onto which the second main
electrode is projected toward the depositing direction of the gate unit
22. Thus-, the carrier density contfol of the channel layer 20 is done
by the non-vertical direction (non-depositing direction) of the
spontaneous polarization.

Let the electric capacitance of the region of the ferroelectric
film 12 sandwiched between the second main electrode 18 and the gate
electrode 10 be represented by Cs. And let the electric capacitance

of the region of the gate insulation film 14 sandwiched between the



After the formation the of nmetal oxide |ayer 86, defects
din this nmetal oxide layer 86 will be renoved. For this p
is thermally processed in the atnosphere of oxygen at th
500 [err]C. By this thermal process, defects in the Ta
as well as those in the ZrQ2 | ayer caggbe renoved. As th
charge carrier densities of both the Zr(Jerr] and Ta[err
be decreased. Furt her, between the above-nention

RERIAGEMENT, SLEER

pose, the deviic
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nodi fication will be collectively perfornmed together with other |ayers by
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tively Perforned

inserted (Fig. 19 (1332 This nodification will be collec

t oget her

with ofierl0(A) shows such a situation that the logical value "1" of

the binary data is written into the ferroelectric film 12. In this

exemplary structure, data may be written into the ferroelectric film

12 by leaving the first main electrode 16 oﬁen and applying the write

voltage of 8 V (volt) across.the second main electrode 18 and the gate

electrode 10. That is, the voltage of 0 V is applied to the second main |
electrode 18 while the voltage of - 8 V is applied to the gate electrode

10.

In this instance, the voltage \_Tg (the unit is in V) -applied to

the ferroelectric film 12 may be written as in the following eq_uation__.

(1): .
Vg =-8X Chs / (Cs + Chs)
=-8/(1+Cs/Chs)...(~)

In this embodiment, if the above-mentioned: film thickness
and relative dielectric const:n A rlfeeg Cs/ Chs=(200/0.4)/(25/0.05)
=1. Thus, Vg = - 4 (V) is obtained from the equation (1). That is,
the electric field intensity applied to the ferroelectric film 12 will be -
100 (kV/ce¢m). Thus, as apparent form the hysteresis characteristics
shown in Fig. 9, it is well possible to reverse the polarization of the
ferroelectric film 12.

Fig. 10(B) shows such a situation that the logical value "0" of

the binary data is written into the ferroelectric film 12. That is, the



Iay‘ers by the above-nentioned transfer operation. As the result, the gate
unit 22 containing the upper conductive |ayer 60 wll be R A _
As expl ai ned above, according to this nmethod, the reducti EEEE&EMENT,%EET
insul ation layer 72 may be avoided as well as the nmerit o he first

met hod can be obt ai ned. Thus, the degradation of the fério@l 2dtkR d999
characteristics nmay be avoi ded. *— Incidentally, if{aforphous silidon
is enployed as the, senicopductor |ayer 74, the reductionjof the frrst
i nsul atig‘ﬁ st main plecixade,dbayoi ded by forming the metal I

a Zrgerr] layer. ) Al so,
in this fourth Datacmayebet tead afutr by Gleteckingtéie dsaxme:ugaee flowingt i on

| ayer 14 may not be necessary because the Zr% éﬂeﬂs can be used as a
hi ghly dbetweeni the fitet.and second main electrodes'via the channel layer 20.

Fig. 11 is a graph showing the relationship between the drain current
Id and the gate voltage Vg applied to the gate electrode 10. In Fig. '’
.11, the horizontal axis represents a gate voltage Vg while the vertical
axis represents a drain current Id. The units are arbitrary on both
axes. On the same graph, the Id-Vg curve a, which represents
reading out the data "1", and the Id-Vg curve b, which represents
reading out the data "0", are shown so that the two curves can be
compared. ‘

Firstly, when the data "1" is kept in the ferroeleciric
transistor as the result of the write operation mentioned above, the
threshold voltage Vt is smaller than 0 V. Thus, the operational
condition is normally "on", sc; that drain current Id flows even if the
gate voltage Vgisequal to 0 V.,

When the data "0" is kgpt in theé ferroelectric transistor as the
result of the erase operation mentioned above, the threshold voltage
Vit is greater than 0 V. Thus, the drain current Id does not flow if
the gate voltage Vg is equalto 0V,

In this manner, the data value kept in the ferroelectric
transistor can be determined by detecting the value of drain-current .
1d. |

In the above-mentioned third structure, the metal oxide layer

62 is provided between the gate insulation layer 14 and the channel



{ REPLACEMENT SHEET

As being apparent fromthe foregoing description, the fefr
transistor of this invention conprises (1) a gate unit,

el ectrode, a ferroelectric filmand a gate insulation fi
dielectric film deposited in this order, (2) a channel
insul ation layer and (3) a first and af1second nain el ectyodes on the
channel | ayer, wherein the channel | ayer is used as a ch '
structur t he diffusion of t onstituting el epen f th rroelectric
in a theShﬁl eﬁ%&alﬁa LT 1 tktﬁ?ec%i %Wbtr Ef‘ﬁé‘ elc]fn‘w cféon may
be sinpler, the device my_ be controlled In an easier manner, and an

i nt egr at A0 degigmad bbat thermediofil: ISR/& 1 :ihy be possible. Thus, the

device of this invention will be quite effective in a further integration
and a hi gher opkwat the efecaric capagitama®d ofr the tfertrbelettyid filevi2ghehe
capability of the circuit. Al'so, in accordance with the present

i nventi orepirBSefté® by GSUAAUI 10 thie éﬂé&rf@éé‘?&cﬁﬁn@@%% Fél’g tRé any
conbi nation of nore than one material selected fromanong Talerr err]

Zraerr] oafb b tion Bt 188 dwiched between the second main electrode

18 and the gate electrode 10 be represented by Ch. In this
exemplary structure, the ratio of the electrode areas (capacitor areas)
of the capacitors Cf and Chis 10: 7. . Let this ratio be represented by
n (=10/7).
Fig. 12(A) shows such a situation that the logical value 1" of .
‘the binary data is written into the ferroelectric film 12. In this
exemplary structure, data may be written into the ferroelectric film
12 by leaving the first main electrode 16 open and applying the
write voltage of 10 V (volt) across the seéond main electrode 18 and
the gate electrode 10. That is, the voltage of 0V is applied to the .
second main electrode 18 ﬁhile the voltage of - 10 V is applied to the
gate electrode 10. ' |
| In this instance, the voltage Vg (the unit is in V) applied to
the ferroelectric film 12 may be written as in the foilowing equation.
(8): |
Vg=-10X Ch/(Cf + Ch)
=-10/ (1 + Cf/ Ch)......(8)
In this embodiment, if the above-mentioned film thickness

re usé
and relative dielectric constan®] then Cf/ Ch =5 X (200 / 0.4) / (25 /

0.05) = 1.43. Thus, Vg = - 4.1 (V) is obtained from equation (3).



Oederr] and Ba[err]Sr[err]Tierr]

devi ces.

REFLALEVIENG OHEE

(x is a positive integer). AT Thesg
materials has a higher relative dielectric constant than Si q?rgFW{gQgh
used for a normal gate insulation |ayer. Therefore, it ijs [possible t0

apply a higher voltage to the ferroelectric filmthan in the—-ecase—of

= Ve
P'I

(0]

I n accordance w#3h the invention, jthe gate unit has

V7

65 conductive Tayer Detwes

t he gat e 1i08s(két/icm).| ayRliusds tdpp arfeary foatme thiol hybtaresis chlazaktertisticsi
upper conductive layer, the degradation of the ferroelectric filmcan be

avoi ded QuRAvh InaFiFLHML isPRATEPSssible to re%h‘?ﬁé‘%he 'Blﬁ‘ifgfﬂingf tiel h the
I nvention, the area of e

contact WLhydlageSRENg! 12,

the portion where the first In electro

In this manner, in this exemplary structure, a voltage Vg,
which is a voltage applied to the ferroelectric film 12 when data is
being erased, can be appropriately set by the ration between the
capacitor areas.

Further, Fig. 12(C) shows such a situation that the data
stored in the ferroelectric film 12 is read 6ut. In this exemplary
structure, the data may be read out of the ferroelectric film 12 by
connecting the gate electrode 10 to the ground a.nd applying a read
voltage of 1 V across the first main electrode 16 and the second main
electrode 18. Therefore, since read operation in this eﬁ:emplary
structure can be performed as in the case of the first structure,
further explanation will be omitted.

In the above-men‘tioned fourth structure, the metal oxide
layer 62 is provided between the gate insulation layer 14 and the
channel layer 20. Howeirer, by regarding the gate insulation _layer
14 of this structure as being dual-layei‘e&, or by appropriately setting
the layer thickness, such a structure will not effect the operation.
Thus, the fourth structure can be treated as the same as the second
structure with respect to its operation.
<The Configurétion and Operation of the Semiconduct‘;o%%%%>

A semiconductﬁ%%g will now be explained which employs

_the ferroelectric transistors of the above-mentioned first to fourth

S

makes



| ayer is different fromthat of the portion where the secom et

el gctrode makes contact with the (F:)hannel | ayer. By tmﬁEEWrSHEET
setting the contacting areas of the first main electrode | gnd channéer

| ayer, the electric capacitance of the gate insulation fijl m ?Qnt— 139?
effectively be adjusted. Therefore, -t#de | evel of the si gnq VOl t age
applied to the ferroelectric film-can be suitably controljl
Further, in accordance with the invention the gate unit Hhas a metal oxide

| ayer besmmtutrbeashmgd alearicesd tAe gaire dbewd,anlbrihel WEFGEIBERTIENE
nmetal oxide layer is forned of a material the heat of formation of the

oxi de of tynh&RtbSs &ifﬁtl‘xéraﬁmﬂlgﬁhdﬂe& rfgrﬁh%‘"'fb'ur’cha%’ﬂfu(:1:5)fet @ét't? pavering

the gate insulation filmwth a netal oxi llayer, the gate insulation

accor danRBOR T (REELC R AR the AR mbfeR” ’Eﬁﬂg‘ﬁéﬁli LR
devi oo uGHHRTR DRLYY oI e CMPLARARIES With SiBa P08 Cokhe dreh §8 scal o

st orage devi ces,
fourth structure.

el

b

D

Fig. 18 is a schematic diagram showing a portion of interest of
the semiconduct%e of this exemplary structure. This
semiconducggf%%%;: having a plurality of storage elements, is a
non-volatile memory which data may be written into, erased from or
read out of by applying a signal to the word and bit lines thereof.
This device has either of the above-mentioned first to fourth
ferraelectric transistors.

In this exemplary structure, one block is forméd of an
appropriate number of ferroelectric transistors and is provided With
the selecting transistor 30 assigned thereto. .In other words, the
.foregoing description of the first to fourth structure in reference to
Figs. 1 - 8 were directed to such a region that includes this selecting
transistor 30. In Fig. 138, one block 64 is illustrated oqt of a blurality
of blocks. The bléck 64 comprises, .as in other blocks, n storage
devices, that is, ferroelectric transistors FT1 - FTn (n is & natural
number). However, only the first ferroelectric transistor FT1 and
the n-th ferroelectric transistor FTn are shown and the reinaining
-ones are omitted for the sake of simplicity. Thus, in each block, n

bits of data may be processed.

The connection relationship around block 64 will now be



a mniaturization of the device and a higher operation speed-sf—the

devi ce. Further, in accordance with the present i|REShACBMENTRSHEET
66 sem conductor storage device conprises selecting transifstors—each™ of
which is respectively assigned to each of the bl ocks each gf ifgﬁiﬁa
formed with an appropriate nunber of t4pe. ferroel ectric trlansistorls: %\‘hd
in each of the blocks, the gate el ectrode of the ferroel ect,t,j..c...,..,l»rnansi—s-t-abr
is connected to the predeterm ned one of the word lines, fhe first main
el ectrod@ale ehectmodesepdcthess Heanaelectrici srapaisdersd the-spenteneens—
predeterm ned one of the bit lines, the second main el ectrode of the

f err oel eqolarcizataonich the fermmlaentiedransidtorsidads not ged! motoredd. of t he
selecting transistor and the second nain el ectrode of the selecting

In order to perform a erase operation, selecting transistor 30

Q.

for controlling block 64 into which the erase operation is intended is
turned on by applying a signal to the block selection line. Thus, the
source electrodes S of the ferroelectric transistors FT1 through FTn
included in this block 64 become.connected to the ground. Then, by
applying an erase voltage to a desired word line WL1 - WLn, data "0"
will be written into the desired ferroelectric transistor. In the case
of this erase operation, the bit line BL is kept in the floating status.

In the case of this erase operation as weli as in the case of the
above-mentioned write operation, both the source and -drain
electrodes of the ferroelectric transistors included in the un-selected
blocks are in the floating status. Accordingly, even if an erase -
voltage is applied to 'the gate electrodes of these ferroelectric
transistors, the spontaneous polarization of the ferroelectric
transistors does not get reversed.

In order to perform a read qberation, the block 64 is selected
which includes the ferroelectric transistor from which the read
operation is intended. That is, the selecting transistor 30 for
controlling this block 64 is turned on.  Thus, the source electrédes S
of the ferroelectric transistors FT1 through FTn included in this
selected block 64 become connected to the ground. Also, by

% the ground. ,
connecting word lines WL1 - WLnl the gate electrodes G of all the

ferroelectric transistors included in this selected block 64 become




tra}lsi stor is connected to the ground. Thus, by controll im: LIQGEMEM SHEE'FI

status of the selecting transistor, any block nay be sel gctijed. Further;} b
specifying a word line, an arbitrary ferroelectric transistq%iﬁl@gﬁ n
the bl ock nmay be specified and data may be witten into, 5Iase rom an

read out of the transistor. A48, in accordance W
operating the ferroelectric transistor of the invention] data may be

written iddmnddied bEIHRLR6UNAT T THEYLIPERPIAMA rbhiSholtld €6 FHd VU

and applying a wite voltage across the”se in electro e gate
el ectrodey...; Oy | cordange w.th. a h of erating,the
ferroel ecqrrql(? ﬂ%(:ﬁg@@?%ll) ’o?hgﬁés‘i 392{*{% ﬁnﬁ% lfb%ﬁ ﬁmgﬂse" s@gtthf’o#"flﬁle
ferroelectric fi)Jmby opening the first main el ectrode and applying an
erase vol Y3Fendcisoradd R¥tsecond nain el ectrode and the gate el ectrode.

Al'so, in accordance with a nethod of operating the ferroelectric
transistor- of tA&oweven; iiontheatasersf bereaddoperatibn hell tke rssleeting c

fil mby connecting the gate el ectrode to th’ggwand
transistors included in the semiconductor' device may be kept in an

"on" status. This is because, though, for example, a read voltage of

1V is applied across the gate and drain electrodes, the polarization of
a ferroelectric does mnot get reversed by such a voltage.

In the cases of the t_‘irst and third structures, let the electric
capacitance of the region of the ferroelectric film 12 sandwiched
between the second .maiin electrode 18 and the gate electrode 10 be
represented by Cs and let the electric capacitance of the reéion of the
gate insulation film 14 sandwicl_led between the first main electrode
16 and the gate electrode 10 be represented by Chd. Then,; the
voltage Vg applied to the fgrroe.lectric.film'lz may be written ds in the -
following equation (5):

Vg=-1/(1+ Cs/Chd)...... (5)

Since Cs / Chd = 1, Vg = - 0.5 (V). Thus, the e_lectric field
intensity applied to the ferroelectric film 12 is 12.5 (kV/em) and, as
being apparent from the hysteresis characteristics shown in Fig. 9;
the polarization does not get reversed. The un-volatile storage is
possible in this manner.

In the cases of the second and fourth structures, let the
electric capacitance of the ferroelectric film 12 represented by Cf and

let the electric capacitance of the region of the gate insulation film 14



67 applying a read voltage across the first and second A
As seen above, data may be witten into, erased fromandjread out of trﬁe
above-mentioned ferroel ectric transistor via three el ectyode? 2 EESi 1980s
This means that it is no | onger necessary to control the
potential, which was required in priofd4at devices. Thus W ri1ng process
is far sinplified conpared to prior art devices and the w-ce.can be

control | %‘iﬂm&ﬁﬁf‘eﬂshgi{}vgrernote}re firSt txﬁ%fﬁ‘%ié’&ﬂdeiolf% ?&gotgf%‘ggﬁ? Wi gqget hod

of manufacturing ectric transistor Inventron, a
deposite e ruct hawvi ngya [y rst conductive, layer, a ferroglectric
| ayer, ad‘Tq %t Eepﬁéﬁ#’%ﬁ%%ﬁ r Aﬂdhbe?e '8&%@6@’0?@%&}&“"895&& F&H%n an
under | yi rLg structyre in thj Tor -f esul t o& Cs&th a structure,
etween the electrode area¥of the capacitors Cf an 18 10 : 1, which

is set toy (= 10). Then, the voltage Vg applied to the ferroelectric
film 12 niay be written as in the following equation (6):
Vg=-1/(1+ Cf/Cd)...... (6)

Since Cf/ Cd=v X (200/0.4)/(25/0.058)=10, Vg =-0.09 (V).
Thus, the electrie field intensity applied to the ferroelectric film 12 is
- 2.25 (kV/cm) and, as being apparent from the hysteresis
characteristics shown in Fig. 9, the polarization does not get reversed.
Storing of data in an un-volatile manner is thus made possible.
11 Descripti f the Manuf ine Method of the F loctri
Tiansistor

The manufacturing method_of the ferroelectric transistors of
the above-mentioned first to fourth exemplary structures will now be
described. @ The method for manufacturing the first exemplary
structure will firstly be explained and then explanations of the second
to fourth structures will follow. With respect to the second to fourth
structure, only those portions different from the first structure will be
explained. Even in referring to. different configurations or
manufacturing steps, the same reference numerals will be given to the
shared components among different structures.
[The Method for Manufacturing the First Structure]

The method for manufacturing the first structure will now be

described in referring to Figs. 14 to 16. Each of the figures are cross



_(1) a gate unit conprising a gate el ectrode, a ferroel eoWMEEMﬁNIn%EH

| Vie

gate insulation filmand (2) a channel |ayer are formedj Then, conduct
| ayers that will be a first and a second mai n el ectroded aré ?,ﬂ?ﬁmg)n

channel |

semi conductor |ayer, the constitutingsgl.ements of the flerTOeTr&ctTTT
wll not be diffused in outef~directions even in_a._thernal

which is dl;‘}éerent fro the case in prior art devices. Therefore
t he degr atRIPPEFAiGITe

devi ces, can be avoi ded. Further, in accordance W|th a

mat eri al
process,

prior art
met hod of
i nventi on,

conduct i vdehaj/cgrisamdtdced. ferroelectric layer is inserted.

si xth and

ayer. Since a ferroelectric layer is fornmed pr

r to a

t

he

5OBSIETIR Rh heagimpepherss of WFYERD gat @0t adcthe |
defavhs dot the formed TaeQy avé aetdnicedt r diisexathyy thve thergs beamt

bet ween the second and third steps, the step of formng a third

sevent h steps, 68
Next, the fourth step is performed in which a semiconductor

layer 74 is formed on the first insulation layer 72. In this

Bet ween t he

urface of the first
embodiment, a polysilicon layer is deposited on the upperinsulation

layer 72 as the semiconductor layer 74. For this purpose, this
polysilicon layer is deposited by a plasma CVD process where SiH, gas
and H; gas are used where and the temperature of the substrate is
kept at 600 C. Thus, a polysilicon which is 0.4 xm thick is formed.

After the semiconductor layer 74 is deposited, a Si0, mask 76
is formed on the upper surface of the semiconductor layer 74 for the
purpose of the patterning of the gate unit. The SiO, film is deposited
by a plasma CVD process where a mixture of SiH, gas and N,0 gas are
used and where the temperature of the substrate is kept at 350 °C.
The thickness of this SiO,-is appropriately set to be, for example, 0.8
g m, Theﬁ, the SiO, mask 76 is formed by an ordinary
photolithography process and "dry etching process. In this
embodiment, this SiO, mask 76 is located at a region above the first
through-hole 46.

Transfer steps where the pattern of the SiO;, mask 76 is
sequentially transferred onto the deposited semiconductor layer 74,
the first insulation layer 72, the ferroelectric layer 70, the second

conductive 68 and the first conductive layer 66 will now be described

in referring to Fig. 14 (B).



the step of nodifying the third conductive layer to form HPWEMENT SHEET

conductive layer is inserted. By thus forming the third dorductive [aye

(upper ¢

net hod o
i nventio

oxide | a

formatio

onductive | ayer), the degradation of the ferroel gctjr ig:?] FEBeroa!
can be avoided in a thermal process. Further, in fagcorda

nce wth

a

f manufacturing the ferroelecégjc transistor of it te—present

n, between the third and fourth steps, the stepfof formng a neta

Ay e Vb, b PesrbE 1 CouBO i ERIy oiee Yo, P ek Mo or

| ayer. Fuyrther, between the fifth and sjxth steps, the step of nodifying
the met a2 wf%nﬁam tﬂ@ %g'éﬁraentmn%%ep@r mAJgOSHHhaapmeamnmtﬁ
| ayer, since the heat of formation of the netal oxide |ayer is smabkg

conpar ed thega tteundti2@o mdutndesingd portien ofthe finsticandwetives baydi68dt

r educed
Havi ng |

by the constituting el ements of the sem conductor |ayer.
oithet relienl tind gdascre @R tiberdxmborelpliderebyt Beposing the upper

surface of the interlayer insulation film 28. Accordingly, the gate

~ electrode 10 is preferably separated from the second wiring 44.

- unit 22 and the channel layer 20 will be explained in reference to Figs. .

Then, following the eighth step, the steps of forming the upper
insulation film 50 on the interlayer insulation film 28 so that the

upper insulation film makes contact with the side surfaces of the gate

15 (A) and 15 (B).

A second insulgtion layer 78 is formed on the interlayer

_ insulation film 28 so that the second insulation layer covers the side

' this purpose, using a plasma CVD method, a SiO; layer is formed over

and upper surfaces of the gate unit 22 and the channel layer 20. For

all the wafer including residual SiO, mask 76 as the.second insulation
layer 78. This plasma CVD is performed by using a mixture of SiH,
N20, 5o row malorialges
gas anmgas and by keeping the temperature of the substrate at
350 C. As the result, a SiO, layer which is 0.4 pm thick will be
formed. Please see Fig. 15 (A).
Then, the second insulation layer 78 will be polished until the
upper surface of the channel layer 20 is exposed so that the upper

insulation film 50 will be formed. Please see Fig. 15 (B). . The

polishing of the second insulation layer 78 is done by the Chemical -

-Mechanical Polishing (CMP) Method. By this polishing, the second




i nvention in several preferred embodi ments thereof, it shoy H&PQACEMEMQI@&EET
apparent to those skilled in the art that the above i1l ust tagromr—and
description are not intended to limt the invention and thclt’t e Sﬁg n

can be changed, nodified or inproved in arrangenent and dét ai ks
departing from such principles. Therefgre, all such changgs
or inprovenents should conme within the"‘spi rit and scope of the

acconpanyi ng clainms and the invention is defined and |im tetgemty—by—the—

fol I ow Nyl i 68d 3da i e cBERE ‘é?lugf‘éxsing gr? ess gg\hfhdfg%ueba#%??oéeﬁ%ecflrl c

Aferroeletrlctr nsi stor 1nc I ng
film a i ns n a fi.rst in trod ecn mai n
el ect rode" 2 ‘?%{% gc?ﬂ Areet A5 haedy 13 861 Wibodiilen (6

layer is uniformly deposited with the thickness of 0.01 zm.

Then, in the fourth step, a polysilicon layer is formed on this
metal oxide layer 86 as the semiconductor layer 74. As seen above,
this polysilicon layer is deposited at a high temperature environment
of approximately 600 C. Thus, it used to be possible in prior art
techniques that the Ta,0; layer formed as the first insulation layer 72
is reduced by Si and that SiO, may be formed in the channel layer 20.
In this method, however, since the upper side of the first insulation
layer 72 is covered with the metal oxide 86, the first insulation layer
72 is not reduced by Si. Further, since the heat of formation of the
metal oxide layer 86 is lower compared with the semiconductor layer.
74, the metal oxide layer 86 does not get reduced by Si. Therefore,
since it is possible in this method for SiO, net to be formed on the
channel layer 20, the permittivity of all the gate unit 22 may be
maintained at a certain level without letting it decrease.

After the formation of the metal oxide layer 86, defects
possibly existing..in. this metal oxide layer 86 will be removed. For
this purpose, the device is thermally processed in the atmosphere of
oxygen at the temperature of 500 C. By this thermal process,
defects in the Ta,0; layer as well as those in the ZrO, layer can be
removed. As the result, the charge carrier densities of both the ZrO,

T&7_O
antmilayers can be decreased.

Further, between the above-mentioned fifth and sixth steps,




conpri si ng: a gate unit having said gate el ectrodg R WEMENT SHEET
ferroelectric filmand said gate insulation filmdepositeg

d Jon an
underlying layer in this order and a channel | aygqgr d&)ﬁsFEijgggl—}
S

said gate insulation film wherein said first and cond nmain
el ectrodes are forned as being spacedgszapart from each other on saird
channel | ayer; wherein said chrannel |ayer is usedtas..a_channel

which controls CagLi .. ity ans_.of, t spont anegus

pol ari zati on of Asfa}?%é ?é?r gépg%r}%% Fﬁ%mg?a%etal o%dev\ﬁgg ngé’ai%ef&ﬁ% uni t
has an upper .conductive | ayer, between said gate insulation filmand said
ferroel ecﬁ??%w}'l"fﬁmtlﬂg 1n tehﬁlsf metad| adide; layara 86 mlﬁr g?n’%ﬁlﬂﬂi"ﬁ -a Bere

el ectrode, a ferroelectric film a gate insulation film a first main

el ect r odethignpurposecthe desicecisetheomallst protessedlincthe atmesphateons

oxygen at the temperature of 500 C. By this thermal process,
defects in the Ta,04 layer as well as those in the ZrO, layer can be
rem_orvecé. As the result, the charge carrier densities of both the ZrO,
andﬁ%é—:llayers can be decreased.

Further, between the above-mentioned'fifth and sixth steps, .
the step of modifying the metal oxide 86 is inserted. This
modification will be collectively performed together with other layers
by the above-mentioned transfer operation. As the result, ti1e metal
oxide layer 62 will be forined (Fig. 19 (B)).

Additionally, in this embodiment, between the sixth and
seventh steps, the step o'f modifying the third conductive layer 84 to

- form the upper conductive layer 60 will be inserted (Fig. 19 (B)).
This modification will be collectively performed together with other
layers by the above-mentioned transfer operation. As the result, the

~ gate unit 22 containing the upper conductive layer 60 will be formed.

As explained above, according to this method, the reduction of'
the first insulation:layer 72 may be avoided as well as the merit of the
first met.hod_ can_ b_gI, obtained. Thus, the degradation of the
ferroelectric cha‘raéteriétics may be avoided.

Incidentally, if amorphous silicon is employed as the
semiconductor layer 74, the reduction of the first insulation layer 72

can be avoided by forming the metal oxide layer 86 as a ZrO, layer.



corri)ri si ng: a—gate—uni-t having said gate el ectrofgrnSitfiirr oo
ferroelectric _f:il 1] _3 al ate insulation film deposi 8 P@ﬂt@%ﬂ\ﬂ SHEET
underlying | l ii iI <ﬂ Er and 69 a channel | aye ﬁosited o}
said gate ins | wherein said first {ehd®eesnnd

mai n el ectrodes are forned as bei ng spaced apart from egch other on saild
channel é’{éﬁ wherein said channel |ayer is usefl as a channet
whi ch tartd%ctlﬂﬁn@&lr t$'er density by neans of the spontaneous
pol ari zation 'of said ferroelectric film wherein said gate unit has
an upperl.conductA viertmmedecttiet Weansiatolr gatduding & i gatd i tlacinadsai @
ferroelectric film and

ferroelectric film, a gate insulation film, a first main electrode

and a second main electrode, the ferroelectric transistor
comprising:

a gate unit having said gate electrode, said ferroelectric
film and said gate insulation film deposited on an underlying
layer in this order and

a channel layer deposited on said gate insulation film;

wherein said first and second main electrodes are formed
as being spaced apart from each other on said channel layer;

wherein said channel layer is used as a channel which
controls the carrier density by meang of the spontaneous
polarization of said ferroelectric film; and

wherein said gate unit has an upper conductive layer

between said gate insulation film and said ferroelectric film.
2. A ferroelectric transistor including a gate electrode, a
ferroelectric film, a gate insulation film, a first main electrode
and .a second main electrode, the ferroelectric transistor
comprising:

a gate unit having said gate electrode, said ferroelectric
film and said gate insulation film deposited on an underlying
layer in this order and

a channel layer deposited on said gate insulation film;

Vo390 -



wherein the arMm—vhere said first main el ectrjode L\rekegii. wi.-~
contact with saiﬂ,ﬂﬂ b iy Bhyl S different from that of tHe |portion 1
where sai d seco ﬂﬂ”ﬂ,ﬂﬂﬂ’;& makes7Ocontact with said chanrel{ Bangy. 2080
3. The ferroel'ecfrik twalss or as clainmed in claim 1 or |2, wherein
said gate unit has a | ower conductive |ayer between said ferlroelectrriT
filmand said gate el.ectrqode,. 4. The ferroel ectri¢ transi
claimed in clai WRQren ?,alg'vﬂé'rséieﬁld secongsgmubélgc&ﬁéeﬂ

| ayer between-said channel |ayer and said gate insulation |ayer and

sai d net &s bring spgeediapaot fremeaghmatber ain tsaddhehangtel Tayemt i on of
the oxide of which is snmaller than that of said channel |ayer. 5. The
ferroel ectric twdpereinorsadd Jreamndl i lydraiis) ubed & awhaeinelsavldigat e
insulation filmis forned of any one material or

controls the carrier density by means of the spontaneous

oxi de

polarization of said ferroelectric film;

wherein said gate unit has an upper conductive layer
between said gate insulation film and said ferroelectric film; and

wherein the area of the portion where said first main
electrode makes contact with said channel layer is different from
that of the portion where said second main electrode makes
contact with said channel layer.
3.._ | The ferroelectric transistor as claimed in claim 1 or 2,
wherein said gate unit has a lower conductive layer between said
.ferroelectric film and said gate electrode.
4. The ferroelectric transistor as claimed in claim 1 or 2,
wherein

said gate unit has a metal oxide layer between said
channel layer aﬁd said gate insulation layer and

said metal oxide layer is formed of a material the heat of
formation of the oxide of which is smaller than that of said
channel layer.
5. The ferroelectric transistor as claimed in claim 1 or 2,
wherein said gate insulation film is formed of any one material or

any combination of more than one material selected from among



any combination of nore than one material selected from among
TaferriQerr], ZrJerr], HJgerr], Si[err]Nerr], Ce(Jerr] and
Ba[err]Sr[err]TiJerr] (x is apositivé”integer). 6. The ferroelectric

transi st claiged g | adsmw,1 , | @ T4 sai g :
conduct i \%a%a%i’/’erﬁ:dggf o}l'r{i:rgg’ ?flqglr?y g%éﬁ&%@%ﬁxgg} "'5%83 cg{nbi nat g%?’ermr e
than.one.material selected from anmong IrJerr], Ir, Ru, Pt, RuJerr],
SrRud er rPteBSfbrriSr[err]Coderr] (x is a positive integer) and
Sr Mo er ré : . sai d _upper conductive layer is forned of any one
material 6.or anfThenfsrracleatdc isapsistor G geimadl inerditedlf ©dm2.anong
Irgerr], Ir, Ru, Pt, RuJerr], SrRudJerr], Laferr]Sr[err]Coderr] (x is a
positive wheegfti) and SrMO3 and
said lower conductive layer is formed of any one material
or any combination of more than one material selected from
among IrO2, Ir, Ru, Pt, RuO2z, SrRuOs, La;-xSrxCoO3 (x is a
positive integer) and SrMoOs;,
said upper conductive layer is formed of any one material
or any combination of more than one material selected from
among IrOg2, Ir, Ru, Pt, RuOz, SrRuOs3, LaixSrxCoOs3 (x is a
positive integer) and SrMoO3 and
said metal oxide layer is formed of any one material or
any combination of more than one material selected from among
ZrQOz, TiO2, HfO2 and Al203.
7. The ferroelectric transistor as claimed in claim 1 or 2,
wherein said metal oxide layer is formed of any one material or

any combination of more than one material selected from among

ZrO2, TiO2, HfO2 and Al2Os3.
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said netal oxide layer is fornmed of any one material or__any copbination of

nore than one material selected fromanong Zr(err], {@f Tr]
REPLAVENENTIOMEER, |

and Al[err]Jerr]. 7. The ferroelectric transisto
1 or 2, wherein said netal oxide layer is forned of @§ny on lallo
any conbi nation of nore than one material selected fr mahﬁd‘%&@@r 14
TiJerr], Herr] and Al[err]Jerr]. |
ABSTRACT OF THE DISCLOSURE |

FERROELECTRIC TRANSISTORS, SEMICONDUCTOR STORAGE
DEVICES, METHOD OF OPERATING FERROELECTRIC
TRANSISTORS AND METHOD OF MANUFACTURING

FERROELECTRIC TRANSISTORS

A method of manufacturing a ferroelectric transistor is
provided by which the characteristic of the transistor is not
degraded because of a heated process. The ferroelectric
transistor has a gate unit on the underlying structure. The gate
unit comprises a gate electrode, a ferro.electric film and a gate
insulation film deposited one another in this order. A channel
layer is provided on the gate insulation film. A first and a second
main electrodes are provided in a spaced apart manner on the
channel layer. The channel layer is used as a channel in
operating the transistor. Thus, the carrier density of the channel
is controlled by using the spontaneous polarization of the

ferroelectric film.

. Figure 1




