1 SEM CON AND A NETHOD FOR NANUFACTURING AN OXIDE F-1LM ON THE

SURFACE OF A SEM CONDUCTOR SUBSTRATE The gargpn @ﬁ#%Fes to a

sem conduct or whi ch can be enpl oyed for (netal oxide sen1conductor)

devi ces used for integrated circuits, nore specifically, an ultra thi;gate.
oxide film MOS transi stor, an oxide f|In1NCS capacitor or the liKke. The
invention also relates to.a nethod for manufacturing an oxide filmon Lhe e
surface of the sem conductor substrate. for sem conductor devices “y*
(generally silicon devices), nore specifically, a gate oxide film MOS=
transistor, an oxide film MOS capacitor or the like; a silicon d|0X|de f|Im
(herelnafter oxide filmis used for abbreviation) is used. These oxi:dg. -
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processes in Wﬁ ﬁt(‘)ﬁ”ﬁngﬁT?@Nﬁ@dR' hﬁ%sﬁl} TES required that the waf €F be__’,-‘

cl eaned and have a hi gh quali ow fixed charge density,; and ke
|l ow i nterface-state density. Ch t he other hand, as devices becone flne*and '
highly integrated, gate oxide filnms or capacitance oxide films are i

The invention relates to a semiconductor which can be

”

employed for MOS (metal oxide semiconductor) devices ﬁsed for
integrated circuits; more specifically, an ultra thin gate oxide
film MOS transistor, an oxide film MOS capacitor or the like.

The invention also relates to. a method for manufacturing an oxide
film on the suffabe of the semiconductor substrate.

For semiconductor devices (generally silicon devices), more
specifically, a gate oxide film MOS transistor, an oxide film MOS
capacitor or the like; a silicon dioxide film (hereinafter oxide
film is used for abbreviation) is used. These oxide films need
to have a high dielectric breakdown voltage and a high charge to
(dielectric) breakdown. So cleaning the wafer is bne of the very
iﬁportant processes in manufacturing an oxide film. It is

'required that the-wafer be cleaned and have a high quality, that

' is, a 18w ﬁ;ied charge density, and a low interface-state

.-g density. On the other hand, as devices become fine and highly-

; integrated, gate:ofiaé;filﬁs dr‘capacitance oxide films are
L | becoﬁing thinnér.ltFBr-example, éccofding to the design rule of
| 0.1z m or less, an-ul{ra'thin gate oxide film having a thickness
of not more than 4nm is'required. Conventionally, a gate oxide.
film of an MOS.trgASistor'has~been fofhed by the method in which
éeﬁiéondu¢tor’s@bStfaté.ié exposedﬂin:an_OXidizing atmosphere, -

for example, in an-aimoépherg'dﬁ dry oxygen or in an atmosphere



a % -
betoming thinner. For exanple, according to the design rule of O 1 [err]
or less, an ultra thin gate oxide film having a thickness of not nore than
4nmii s reqU|red Conventionally, a gate oxide. filmof an MOS transistor
has been forned by t he nethod i n which sem conductor substra

in an oxidizi ng atnd8 B&mmc xadpl e, i n an at nogphHeTE or
I n an at nosphere .a tenperature of GWFe

(See, for exanple, | S. M, Sze edition 33 B8 page)
Mor eover, ot her than therna OXI i on, the cheni cal apor dep03|t|on -

met hod (CVD nethod) is enployed, in which nono-silane is thermally
deconposed to deposit on the surface of the substrate Met hods of grow ng

oxi de. 111 m by GoIRPRG The SERPRURINS S BORG on BiERes LSvs Car SRPRIt | ng
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Moreover, other than thermal oxidation, the chemical vapor
deposition method (CVD method) is employed, in which mono—51lane
is thermally decomposed to deposit on the surface of the
substrate. Methods of growing an oxide film at a low temperature
include the method of forming a chemical oxide film by soaking

. the semiconductor substrate in a chemicals promoting oxidation,

such as nitric acid; and the method of forming an oxide film by
anodic oxidation. However, in the case of chemﬁcal oxide films,
the growth of film thickness is limited. On the other hand, in
the case of anodic oxidation, the range of controllability of a
film thickness is relatively wide, but the electric
characteristics such as, the interface characteristics,
dielectric breakdown characteristics or the like are not -
satisfactory. Other methods of forming oxide films at a low
temperature include the method of forming an oxide film by
conducting a thermal oxidation by ultraviolet irradiation and the
method of forming an oxide film by oxidiaing in plasma. In the
conventional methods mentioned above, it has been difficult to
form high-quality thin films having high controllability and high
reproducibility.

Moreover, the conventional thermal oxidation at relatively
high temperature has the problem of a lack in controllablllty of

'.:the f11m thlckness dur1ng formatlon of an ox1de f11m hav1ng a.

th;ckness of 4nm or.lees..If ox;dat10n_1s conducted at a low - '



the growth of filmthickness is limted. On the other hand, in the case of
amodi ¢ oxidation, the range of controllability of a filmthickness is
relatively wide, but the electric characteristics such as, the interface
characteristics, dielectric breakdown characteristics or the Iike are not
satisfactory. Qther nmethods of formng oxide filns at a | ow tenperature

i ncl ude the nethod of formng an oxide filmby conducting a thermal
oxidation by ultraviolet irradiation andzthe nethod of form ng an-oxide
filmby oxidizing in plasma. In the conventional nethods nentioned above,
it has been difficult to formhigh-quality thin filns having high
controllability and high reproducibility. Mreover, the conventi onal
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oxide film, that is, the interface—stafe density is high, the
fixed charge density is high or the like. Moreover, an oxide
film deposited by the CVD method has the same problems in the
controllability and the quality of film. In particular,
océurrence of an interface-state density not only deteriorates
the hot-carrier immunities of a transistor, but also causes
instability in the threshold voltage of the transistor and
deterioration in mobility of carriers. In a case where a small
device is employed, this may be a fatal problem. Moreover, it is
required to decrease the heat treating process by making the
element small. In particular, from the viewpoint of flexibility
in designing devices and process, in the conventional method of
forming a gate oxide film by the use of a thermal oxide film at, a
relatively high temperature, the gate oxide film need to be
formed before the metallic intercommnection process is carried
out. So far, in order to obtain a low résistance, alumimum or
aluminum alloy has been used for the metallic interconnection.
Since the melting ﬁoint of aluminum is 660°C and, moreover,
hillocks (abnormal_protrusions on the surface 6f an aluminum
wiring taking place during heat treatment) may be occur, the heat
treatment after metallic wiring is required to bé conducted at a
temperaturé not higher than 400°C . Thergfore, in the“case where
the'gqn&eﬂt;onal.?hefmal'oxidation method is thlqyed&fit'is:;

difficult to form~a_gate'dxide.filmfafféf'ihé'métaliic



tenperature in order to inprove the controllability of the fil mthickness,
there arise problens in the quality of the fornmed oxide film that is, the
interface-state density is high, the fixed charge density is high or the

| i ke. Moreover, an oxide film deposited by the CVD net hod has the sane
problens in the controllability and the quality of film In particular,
occurrence of an interface-state density not only deteriorates the
hot-carrier immnities of a transistor, byt also causes instability in the
t hreshol d voltage of the transistor and deterioration in mobi lity of
carriers. Im a case where a small device is enployed, this may be a fatal
problem Mreover, it is required to decrease the heat treatlng process by
meki ng the el ement
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form a thin film usable for a gate oxide film.

| An object of the present inventien is to solve the above-
mentioned problems of the conventional methods.for manufacturing
oxide films. In order to solve the problems, the present:
‘invention provides a-semiconductor; on the substrate surface of
which a high-quality oxide film with a controllability can be
formed, and also a gate oxide film can be formed after metallic
wiring. Another object of the present invention is to provide a
method for manufacturing an oxide film on the surface of the
semiconductor substrete.

- In order to achieve the above-mentioned objects, the -
present invention provides a semiconductor comprising at least an
oxide film and a metal thin film on the surface of a
semiconductor substrate. In the above-mentioned semiconductor,
the metal thin film comprises a metal serving as an oxidation
catalyst and having a thickness in the range of 0.5-30nm, and the
oxide film comprises a metal serving as an oxidation catalyet and
having a thickness in the range of 1-20nm.

It is pfeferable in the above-mentioned semiconductor of

the present 1nvent10n that an ox1de film comprlses a flrst oxide
inlm and e second oxide fllm, and the first ox1de f11m has a

'_'thlcknees in_the range of 0.1?235 nm and the second-oxlde_fqlmf-:



hi |l ocks (abnormal protrusions on the surface of an alum numw ring taking
plrace during heat .treatnent) may be occur, the heat treatnent after
metallic wiring is required to be conducted at a tenperature not higher
than 400[err]C. Therefore, in the case where the conventional therna
oxidation nethod is enployed,. it is difficult to forma gate oxide film
after the netallic : 4 interconnection process. Mreover, in the
case where an oxide filmis formed by the heat treatment at a tenperature
of not higher than 400[err] C for approxinmately one hour, the filmthickness
turns out to be not nore than 1nm thus nmaking it difficult to forma thin
filmusable for a gate oxide film An object of the present invention is to

sol ve t he ab Ve ATRR %:l?r?ﬁsds gﬁoghg a:ffe tggl v 8erg,,t nal net hods for

manuf act uri ng DXIde blens, t he present

| nvention provi des ”%Mféﬁqé?%&@rm e %Bpé"?'l;ﬁéégn ﬁg&%éﬁ%mﬁﬁcm Ot 2

hi gh-qual ity OXIde a contro
the present invention that the metal thin film serving as an

oxidation catalyst comprises at least one metal selected from
platinum and palladium. |

It is preferable in the above-mentioned semiconductor of
the present invention that the metal thin film serving as an
oxidation catalyst be forped by the deposition method.

It is preferable in the above-mentioned semiconductor of
the present invention that the semiconductor substrate comprises
at least one material selected from the group consisting of
single crystalline silicon, polycrystalline silicon, amorphous
silicon, gallium arsenide and indium phosphide.

It is preferable in the above-mentioned semiconductor of
the present invention that the thickness of the second oxide film
is greater than that of the first oxide film and. the thickness of
the second oxide film ranges from 1 to 20nm.

"In addition, the method for manufacturing an oxide film on
the surface of the semiconductor substrate of the present
invention has steps of forming the first oxide film having a
thickness in the range ef 0.1-2.5nm on the semiconductor
substrate; forming the metal thin film serving as an oxidation

- catalyst and having a thickness in the range of 0. 5—30nm on the
first oxide film; and formlng the second thin f11m by heat
"itreatment thereof in an atmosphere of ox1dat10n at temperatures

of not hlgher_than_GOOT;.



fornmed, and also a gate oxide filmcan be forned after netallic wring.

Anot her object of the present invention is to provide a nethod for

manuf acturing an oxide filmon the surface of the sem conductor substrate.
In order to achieve the above-nentioned objects; the present invention
provi des a sem conductor conprising at |east an oxide filmand a netal thin
filmon the surface of a sem conductor substrate. In the above-nentioned
sem conductor, the netal thin filmconprises a netal serving as an

oxi dation catal yst and having a thickness i'n the range of 0.5-30nm and the
oxide filmconprises a netal serving as an oxidation catalyst and having a
t hi ckness in the range of 1-20nm is preferable in the above-nmentioned
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substrate in at least one solution selected from the group
consisting of following A to 1I;
A. a heated solution containing concentrated nitric
acid,
B. a heated solution containing concentrated sulfuric |
acid and hydtogen peroxide,
C. a heated solution containing hydrochloric acid and
hydrogen peroxide,
D. a solution containing hydrogen peroxide,
E. a solution containing oaone,
F. a heated solution containing nitric acid and
sulfuric acid,
G. a solution containing hydrofluoric acid,
H. boiling water, and
I. a heated solution containing ammonium hydride
solution-and hydrogen peroxide.

The above-mentioned solutions A-I are suitable for
oxidizing the semiconductor substrate, for example, a silicon
substrate. '

It is preferable in the above-mentioned method that the
oxide film is formed either by the method of exposing the
semiconductor substrate to ozone gas. or by the method of

' :exp081ng the semlconductor Substrate to ozone’ gas w1th

ult:ay;qlet irradiation. It ;szpreferableﬂthat_1f.thls oxidé.



has a thickness in the range of 0.9-18.5 nm It is preferable in the

above- nenti oned sem conductor of the present invention that the nmetal thin
filmserving as an oxidation catal yst conprises at |east one netal selected
fromplatinumand palladium It is preferable in the above-nentianed

sem conductor of the present invention that the netal thin filmserving as
an oxi dation catalyst be forned by the deposition nethod. It is preferable
in the above-nenti oned sem conductor of the present invention that the

sem conductor substrate conprises at |east one naterial selected fromthe
group consisting of single crystalline silicon, polycrystalline silicon,
anmor phous silicon, galliumarsenide and indi um phosphide. It is preferable

in the above-pgenti.oned seji.conductor of the present ipvention that the

t hi ckness of {219 d&c 9%P?dnﬁﬁetg?lYﬁHQE BP@%EEHCQﬁigﬂlPﬂg OQﬂS“Fﬁea?i4¥§¢ oxi de
filmand the | ckness_ of .second oxide filmranges from1l to 20nm In
addi tion, théh#%iﬁgg %% Lhé%%%é%turing an oxide filmon the surface of the

sem conduct or subStytale o dgn Pt P the! ANSW S 135ed ! Sh BhabOESH Hhdt e

first oxide filmhaving _
the method for manufacturing an oxide film that the metal thin

film serving as an oxidation catalyst comprises at least one
material selected from platinum and palladium.

It is preferable in the above-mentioned semiconductor and
the method for manufacturing oxide films that the metal thin film
serving as an oxidation catalyst is formed by the deposition
method. '

It is preferable in the above-mentioned method that the
heat treatment is conducted in an oxidizing atmosphere selected
_frﬁm the group consisting of the following a-g:

a. an atmosphere of dry oxygen,

b. an atmosphere of mixed gas containing dry oxygen and
non-oxidizing gas,

c. an atmosphere of oxygen containing water vapor,

d. an atmosphere of mixed gas containing oxygen
containing water vapor and non—oxidizipg gas;

e. an atmosphere containing ozone gas,

f: an atmosphere of oxygen containing NZO, and

g. an atmosphere of oxygen containing NO.

This oxidation treatment permifs the efficient formation of
‘the film. |
o It is alsb ppéferablé in'fhe abq?e—meﬁtioned method that -

" the temperature of the heat treatment in an oxidizing atmosphere



t hi ckness in the range of 0.1-2.5nm on the sem conductor substrate; form ng
the netal thin filmserving as an oxidation * catal yst and haw ng a

t hi ckness in the range of 0.5-30nmon the * first oxide filnm and form ng
the second thin filmby heat treatnent thereof in an atnosphere of
oxidation 'at tenperatures of not higher than 600[err]C 6 It is
preferable in the above-nentioned nethod that the first oxide filmis
manuf act ured by soaking the seniconductoh substrate in at | east one
solution selected fromthe group consisting of followng Atol; A a

heat ed sol ution containing concentrated nitric acid, B. a heated sol ution
contai ning concentrated sulfuric acid and hydrogen peroxide, C. a heated

sol ution cont ?Is ninnq;hgyggggglootr |2%_g86°8 .and hydr ogen peroxi de,

It is also preferable in the above-mentioned method that
the semiconductor substrate comprises at least one material
selected from the group consisting of*monocrystalline silicon,
polycrystalline silicon, noncrystalline silicon, gallium arsenide
and indium phosphide. By using the above-mentioned material for
semiconductor, the application of the semiconductor can be
broadened.

It is also preferable in the above-mentioned method that
the native oxide films and/or impurities which are present on the
surface of the semiconductor substrate are removed before oxide
films are formed. This treatment is conducted in order to clean
the surface of the silicon substrate on which a high quality
ultra thin oxide film is formed.

It is also preferable in the above-mentioned method that .
the thickness of the second oxide film is greater than that of
the first oxide film, and the thickness of the second oxide film
ranges from 1 to 20mni. 'If the oxide film which can be
resultingly obtained has the thickness in the range mentioned
above, the oxide films are useful for MOS transistors, MOS
capacitance uitra thin gate oiidé films and 6apacity oxide films
or the like.

According to the above-mentioned method the heat treatment
in an oxidizing atmosphere may be conducted even after the metal

- wiring is placed op'tﬁé'sgrfabe“bf_thé semiconductor substrate.

According to the above-mentioned semiconductor of the . -



D. a solution containing hydrogen peroxide, E. a solution containing ozone,
F- a heated solution containing nitric acid and sulfuric acid, G a

sol ution containing hydrofluoric acid, H boiling water, and |I. a heated
sol ution contai ni ng ammoni um hydri de sol uti on and hydrogen peroxi de. The
.above-nentioned solutions A-1 are suitable for oxidizing the sem conductor
substrate, for exanple, a silicon substrate. It is preferable in the
above-nentioned nethod that the oxide filgnis forned either by the nethod
of exposing the sem conductor substrate to ozone gas, or by the method of
exposi ng the sem conductor substrate to ozone gas with ultraviol et
irradiation. It is preferable that if this oxide 7

present invention, the semiconductor comprises at least an oxide
film and a metal thin film on the surface of a semiconductor
substrate. Furthermore, the metal thin film comprises'a metal
serving as an oxidation catalyst and having a thickness in the
range of 0.5-30nm and the oxide film is made by a metal serving
as.an.oxidation catalyst and having a thickness in the range of 1-
20nm. As a result, a high quality oxide film can be formed on
the semiconductor substrate without conducting a high temperature
heat treating with a high producibility. Furthermore, the
semiconductor can be obtained which can form the gate oxide film
after metal wiring is made. |

According to the method for manufacturing the oxide film on
the surface of the semiconductor substrate, the oxide film is
manufactured by the steps of forming the first oxide fllm having
a thickness in the range of 0.1-2.5nm on the semiconductor -
substrate; forming the metal thin film serving as an oxidation
catalyst and having a thickness in the range of 0.5-30nm on the
first oxide film; and heat treating in an oxidizing atmosphere at
temperatures of not higher than 600°C to form the second oxide
filn. Consequently, thin, homogeneous, and high-quality oxide
£ilms can be formed on the surface of the semiconductor substrate
'effectively-and reasonably. In this method, high controllability
can also be realized.

According to the method of the present 1nvent10n, a thin
and homogeneous ox1de f1lm 1s formed on a clean surface of the .

-semloonduqtor substrate_and then the.metal thln.f11m_serv;ng_as



filmis formed in the vapor phase, contam nation such as dust does not
easily stick. It is preferable in the above-nenti oned sem conductor and the
met hod for manufacturing an oxide filmthat the netal thin filmserving as
an oxidation catal yst conprises at |east one material selected from
plati num and palladium It is preferable in the above-nentioned

sem conduct or and the nethod for manufacturing oxide filnms that the netal
thin filmserving as an oxidation catalysfjgis forned by the deposition
method. It is preferable in the above-nmentioned nethod that the heat
treatment is conducted in an oxidizing atnosphere selected fromthe group
consisting of the follow ng a g: a. an atnosphere of dry oxygen, b. an

t h f_m d .
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at nosphere co
oxidized at a low temperature of from room temperature (25°C) to

600°C . By this case, the oxide film can easily be made to be a
thin film of thickness of 1-20mm. Moreover, the oxide film
formed in the mefhod of the present invention is excellent in its
interfacial characteristics so that a high—quality oxide film can
be obtained, which is low in interfabe-state density of the
interface. The quality of the oxide film can be changed by the
method of forming the oxide film as well as by the oxidation
rate, the temperature of heat treatment and oxidizing atmosphere.
Under the more preferabie conditions of the present invention,
semiconductor substrates can be oxidized at temperatures in the
range of room temperature (25°C) to 400°C.
BRIEF DESCRIPTION OF THE DRAWINGS

-

Fig. 1 shows process charts in which an MOS capacitor was
formed by the oxidation method of semiconductor substrate of one
‘example of the present invention; Fig.1 (a) shows' the processfin.-
which the separation region and an active region were formed on
the silicon substrate; Fig.1 (b) shows the process of removing
the native oxide film; Fig.1l (c) shows the process of forming the
chemical oxide film (the first oxide film) on the surface of the
_silicon substrate; Fig.1l (d) shows the process of forming the
platinum film as a metal film servihg as an oxidatidn.catalyst;

- Fig.i-(é) Shoﬁs the ﬁroceéé.bfiférﬁing'é éecoﬂd dxidation.éilicdn

~ film which was. heat tTeated in an atmosphere pf'dxidatiohE"Fig,l'



f. an atnosphere of oxygen containing [err], and g. an atnosphere of oxygen
containing NO This oxidation treatnment permts the efficient formation of.
the film It is also preferable in the above-nentioned nethod that the
tenperature of the heat treatnent in an oxidizing atnosphere 8 is in the
range of 25-600[err]C. It is also preferable in the above-nentioned nethod
that the sem conductor substrate conprises at | east one material selected
fromthe group consisting of nonocrystalljijne silicon, polycrystalline
silicon, noncrystalline silicon, galliumarsenide and indi um phosphi de. By
usi ng the above-nentioned material for sem conductor, the application of
the sem conductor can be broadened. It is also preferable in the

g?gvg; ment | oneg) HAATchEPrddiRs"BE ! ¥érufttpiin &14EhRAE/ £ 1d: MG kigs: W)ch
shows the process of forming a gate electrode.

Fig. 2 shows the X-ray photo-electron spectrum which was
observed after the silicon substrate was cleaned to remove native
oxide films formed thereon and soaked in a heated concentrated
nitric acid.

Fig. 3 shows the X-ray photo-electron spéctrum which was
observed after fhe silicon oxide film was formed by conéentrated
nitric acid and then the produced sample was put into an electric
furnace and heat treated at the temperature of 30013 in the
moistened oxygen.

Fig. 4 (a) and Fig. 4 (b) show the X-ray photo-electron
spectrum which was observed after the silicon oxide film was
formed by heated concentrated nitric acid, platinum was deposited
by an electric beam method and the produced sample was put into_
the electric furnace and heat treated at the temperature of 300°C
in moistened oxygen.

Fig. 5 shows the X-ray photo-electron spectrum which was
observed after the silicon oxide film was formed by heated
concentrated nitric acid, platinum was deposited thereon by an
electric beam method, sand the produced sampie was put into the
electric furnace and heat treated at room temperature in
moistened oxygen.

'Fig. 6 is a graph showing the relation .between the.
'thiéknessibf.ogide.film formed in one example 6f the present

" invention and the.temperature of oxidation.



surface of the sem conductor substrate are renoved before oxide filns are
formed. This treatnment is conducted in order to clean the surface of the
silicon substrate on which a high quality ultra thin oxide filmis forned.
It is also preferable in the above-nentioned nmethod that the thickness of
the second oxide filmis greater than that of the first oxide film and the
thi ckness of the second oxide filmranges from1l to 20nm |f the oxide
filmwhich can be resultingly obtained hag the thickness in the range

menti oned above, the oxide filns are useful for MOS transistors, MOS
capacitance ultra thin gate oxide filnms and capacity oxide filns or the

| i ke. According to the above-nentioned nethod the heat treatnent in an

OxI 12110, AU TOSPCYR I BEGEFNCLEf PUET 1 BUhEtn I TRyt 110 okl 20
above-ment i ongg) g e £ RAYCLE 1Y fiPEt oxide $ilm formed by the method of one
example of the present invention.
| Fig. 8 shows the relation between the thickness of the
oxide film and that of the platinum film or palladium film formed
by the method-of one ekample of the present invention.

Fig. 9 shows a distribution chart of -the interface-state
density of oxide film formed in one example of the present
invention.

Fig. 10 is a cross sectional view showing an application
example of oxide film to the dielectric film of the DRAM
capacitance dielectric film.

Fig. 11 is a cross sectional view showing an application
example of oxide film to an MOS transistor.

The invention will be explained in detail with reference to
the attached figures and the following examples.

First, referring now fo Fig. 1, there is shown an example 1

" of forming -an oxide film of the present invention.. In this -
example, the process of forming an MOS capacitor will be

~explained. In this example, a silicon substrate was used as an
semiconductor substrate. Initially, a separation region 2 and an
active region 4 were formed on the silicon substrate 1. 0On the
surface of the active region 4, native oxide film 9 is provided
(Fig.1(a)). As-a siliqon substrate, p—type (100) having a

~freSi§tiVi£y_of 10—15;§2§m-;é emﬁloyéd.‘ A.chanﬁel-stoppér'made of

‘boron was injected therébn,¥thus formipg_LbCOS (local oxidation.



present invention, the sem conductor conprises at |east an oxide filmand a
metal thin filmon the surface of a sem conductor substrate. Furthernore,
the netal thin filmconprises a netal serving as an oxidation catal yst and
having a thickness in the range of 0.5-30nm and the oxide filmis nmade by a
metal serving as an oxidation catalyst and having a thickness in the range
of 1- 20nm As a result, a high quality oxide filmcan be forned on the

sem conductor substrate w thout conductinga high tenperature heat treating
with a high producibility. Furthernore, the seni conductor can be obtained
which can formthe gate oxide filmafter nmetal wiring is nmade. According to
the nmethod for manufacturing the oxide filmon the surface of the

sem conduct or ;8 fﬂﬁ%ﬁ’?ﬁﬂﬁaQﬁhﬂﬁtBi$@%ﬁ§tﬂ?EHTQCtured by the steps of
e film

formng the frrst oxi havi ng a I ckness in the range of 0.1-2.5nm

on the sem conduct ofheS4listadd &Ff tAETMOPiI V@ pRbR! 4 Wi clbhfRE Yy itRE as an
oxi dati on catal yst and having a thickness inthe range of 0.5-30nm on the

first oxide febMowilig Beapsi redafed was adlcaxedi By Nthe HeDSRRSHE RGA

tenperatures of not higher than 600[err]C to formthe second oxide film

Consequent | y, cléaminghaethede(iis Keznd Di gh- Plaltidy: ROMeeview 31 (1970)
187Tpage); and the wafer was soaked in a dilute HF solution
(0.5vol.% aqueous solution of hydrogen fluoride) for five
minutes, so as to remove the native oxide film 9 on the surface
of the silicon substrate (Fig.1l (b)). In order to form a high
quality ultra thin o#ide film on the surface of silicon, a clean
silicon surface 3 is needed. It is importaht to perfectly remove
the native oxide film 9 and impurities for the surface of
silicon.

Then,'the wafer was rinsed in an ultra pure water for five
minutes, and then soaked in the heated nitric acid at 115°C for
ten minutes so that a chemical oxide film 5 (the first oxidé
film) having a thickness of 1.1mm was formed on the surface of
the silicon substrate (Fig. 1(c)). According to this example,
the thin oxide film 5 was formed by chemical treaiing or heat
treating at a low temperature after the semiconductor substrate
was cleaned to remove the native oxide films. The method of
chemical treating the surface of the semiconductor is not limited
to the method of the present invention of soaking the substrate
in heated concentrated nitric acid. ‘Such methods include a
method of soaking a semiconductor substrate in a mixed solution
éontaiﬁigg,sulfuriéiaéid.agd hydrogen peroxide; a‘ﬁethod of

soaking a semiconductor substrate in a mixéd solution containing’ '



films can be formed on the surface of the sem conductor substrate
effectively and reasonably. In this nmethod, high controllability can al So
be realized. According to the nethod of the present invention, a thin and
honbgeneous oxide filmis formed on a clean surface of the sem conduct or
substrate and then the netal thin filmserving as 10 an oxi dation
catalyst is forned thereon, so that the sem conductor |l ocated right under
the nmetal thin filmcan be oxidized at a jpw tenperature of fromroom
tenperature (25[err]C) to 600[err]C. By this case, the oxide filmcan
easily be nmade to be a thin filmof thickness of 1-20nm Moreover, the
oxide filmfornmed in the method of the present invention is excellent in
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and hydrogen peroxide water; and a method of soaking a
semiconductor substrate in ozone water in which several tens of
ppm of ozone is dissolved. In this example, a clean and high-
quality chemical oxide film containing no heavy metal was formed
by using the heated concentrated nitric acid. Moreover, other
than above-mentioned method, a method of heat treating in an
oxygen from room temperatuer (25°C) to 400°C, a method of
exposing a wafer in an atmosphere of ozone gas and at the same
time heat treating at a temperatures from the room temperature to
400°C, or -a method of exposing a wafer in an atmosphere of ozone
gas with ultraviolet irradiation can be embloyed.

| Removing the native oxide film 9 of above-mentioned
explanation is importaﬁt for the characteristics of the first
oxide film 5. In other words, the clean and homogeneous oxide
film is réquired. After the heavy metal and the native oxide

- £film were removed from the surface,” by further employing ozone
gas, an ultra clean and thin protective coating oxide film could

. be formed to provide the ultra clean surface of the wafer.

Then, as a metal film serving as an oxidation cétalyst, a
platinum 6 having a thickness of approximately 3nm was deposited
onto the first oxide thin film 5 on the silicon substrate by the
elethon beém deposition method (Fig.1(d)). In.this case,

| platinﬁmlwith.a_pﬁrity of 99.99 wt.% was used: Thé;depoéition'

.. .rate was controlled to be 0.3nm/min.; the temperature of. the -



rate, the tenperature of heat treatnent and oxidizi ng at nosphere. Under the
nore preferable conditions of the present invention, sem conductor
substrates can be oxidized at tenperatures in the range of roomtenperature
(25[err]C) to 400[err]C. BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 shows
process charts in which an MOS capacitor was fornmed by the oxidation nethod
of sem conduct or substrate of one exanple of the present invention. Fig.1l
(a) shows the process in which the separatison region and an active region
were formed on the silicon substrate; Fig.1l (b) shows the process of
removing the native oxide film Fig.1l (c) shows the process of formng the
chem cal oxide film(the first oxide film on the surface of the silicon
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el ectrode film andrid &iliten substrate was heat treated in moistened oxygen
at a temperature of 300°C by the use of an electric furnace for
one hour so that the silicon oxide film 7 grew to be 4.5 nm thick
(Fig.l(e)). Consequently, the oxide film 7 having a thickness of
4.5mm and the platinum film 6 having a thickness of 3nm were
formed on the silicon substrate 1. As a metal film serving as an
oxidation catalyst, palladium other than platinum may be used.
The oxide film 7 can be used as a gate oxide film.

An electrode was formed as following steps of; depositing
an aluminum 8 at 1x#m thick by the sputtering method (Fig.1(f));
patterning a gate electrode by the well known photd—lithographic
method; and forming a gate electrode 10 by etching an aluminum
and a platinum by the well known dry etching method (Fig. 1(g)).
In this example, the platinum film serving as an oxidation
catalyst was used as a portion of an electrode, hbwever, a

- conductive film may be used for a gate electrode after platinum
is removed with aqua regia or the like. _

Fig. 2 shows an X-ray photo-electron spectrum which was
observed affer the silicon substrate was cleaned to remove native
oxide films formed thereon and soaked in heated concentrated
nitric acid. The X-ray photo-electron spectrum was measured by
means of ESCALAB 220i-XL (product by VG). In this example, for.
:fhe source of:X-réysl,K;ifraj:qf Alrhaving_an epérgy of 1{87eV' a

was used. Théﬁbhqtb:elééffdns,ﬁeféﬂobséryed'in:fhe perpendicular’



shows the process of formng a gate electrode. Fig. 2 shows the X-ray

phot o- el ectron spectrum whi ch was observed after the silicon substrate was
cl eaned to renove native oxide filns fornmed thereon and soaked in a heated
concentrated nitric acid. Fig. 3 shows the X-ray photo-el ectron spectrum
whi ch was observed after the silicon oxide filmwas fornmed by concentrated
nitric acid and then the produced sanple was put into an electric furnace
and heat treated at the tenperature of 3 err]C in the noi stened oxygen.
Fig. 4 (a) and Fig. 4 (b) show the X-ray photo-el ectron spectrum whi ch was
observed after the silicon oxide filmwas forned by heated concentrated
nitric acid, platinumwas deposited by an electric beam nmethod and the
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oxide film. The thickness of silicon oxide film could be
calculated from the ratio of the integrated intensity_of peak (2)
"to peak (1) so that the thickness was 1.1nm. The mean free path
of the 2p track of Si in the silicon oxide film was made to be
2.7mm, a mean free path of the silicon substrate was 2.6nm. (See.
R. FLITSCH AND S. I. Raider, Journal of the Vacuume Science and
Technology (J. Vac. Sci. Tehcnol.) Vbl.lz (1975), page 305).

| Fig. 3 shows an X-ray photo-electron spectrum which was
observed after the silicon oxide film was formed by the
concentrated.nitric acid and then the prbduced sample was put
into the electric furnace and heated therein at a temperature: of

300°C in moistened oxygen for one hour. The ratio of the’

°

2

integrated intensity of peak (1) to peak (2) was almost the same
as those in Fig. 2. As a result, the thickness of the silicon
oxide film was not observed to.chang due to the heat .treatment in
an oxidizing atmbsphere at a low temperature of 300°C. This
shows that the conventional thermal oxidation method conducted at
a low temperature of 300°C cannot grow a silicon oxide film to
the thickness (2-6nm) which is the minimum possible thickness for
gate oxide filﬂ“of MOS transistor.
Fig. 4(a) shows an X-ray photo—electron spectrum Wthh was
_observed after -the sillcon ox1de film was formed by heated

. concentrated n1ﬁr10-ac1d. a:platlnum.f;lm having a_thickness ‘of



electric furnace and heat treated at roomtenperature in noistened oxygen.
Firg. 6 is a graph showing the relation between the. thickness of oxide film
formed in one exanple of the present invention and the tenperature of

oxi dati on. . 12 Fig. 7 shows the relation between the thickness of oxide
filmand that of the first oxide filmforned by the nethod of one exanple
of the present invention. Fig. 8 shows the relation between the thickness

of the oxide filmand that of the platinupyfilmor palladiumfilmforned by
the nethod of one exanple of the present invention. Fig. 9 shows a

di stribution chart of the interface-state density of oxide filmfornmed in
one exanple of the present invention. Fig. 10 is a cross sectional view

showing an apphbAdlindRe®y 28 Siad' d8Bbsftdd tHebfod Y BrEGIcdS shinp IR Alas' N

put into the electric furnace and heated at a temperature of 300°C

in moistened oxygen for one hour. The X-ray photos-electron
spectrum was measured by means of ESCA 1000 (product by SHIMADZU
CORPORATION). Fig. 4(b) shows an X-ray photo-electron spectrum
of Fig. 4(a) measured by means of ESCALAB 220i-XL (product by
VG). In this example, for the source of X-rays, a Ka -ray of Mg
having an energy of 1254eV was used. The peak (2) intensity of
silicon oxide film was increased and silicon oxide film was
observed to grow. The thickness of silicon oxide film was 4.5nm
according to the calculation from the ratio of the integrated
intensity of the peak (2) to peak (1) shown in Fig. 4. In other
words, if a platinum thin film was present on the silicon oxide
thin fiim, the silicon thin film can be observed to grow at a low
temperature of approximately 300°C.

Fig. 5 shows an X-ray photo—electron spectrum which was
observed after the silicon oxide film was formed by heated
concentrated nitric acid, a plafinum film having a thickness of
approximately 3nm was deppsited thereon, the produced sample was -
put into the electric furnace aﬁd heated at room temperature in
moistened oxygen for one hour. When compared with Fig. 4 (a) and
Fig. 4 (b), the peak (2) occurred due to the photo-electron from
the 2p frack of Si of thg silicon oxide film was lower. However,
when compared with'peak (2) shown in Fig.-3, which ﬁccurred after

' ;thg siliqpn.oxide fil@ ﬁaé-fo:med'by'tﬁé.copcentrated.nitpiqfécid N

':and;tﬁen-fhe'prodﬁced.sample was put into the eléctric furnace -



capacitance dielectric film Fig. 121 is a cross sectional view'show ng an
application exanple of oxide filmto an MOS transistor. The invention wl|
be explained in detail with reference to the attached figures and the
foll owi ng exanples. First, referring nowto Fig. 1, there is shown an

exanple 1 of formng an oxide filmof the present invention.. In this
exanpl e, the process of formng an MOS capacitor will be explained. In this
exanple, a silicon substrate was used as sem conduct or substrate.

Initially, a separation region 2 and an active region 4 were fornmed on the
silicon substrate 1. On the surface of the active region 4, native oxide
film9 is provided (Fig.l(a)). As a silicon substrate, p-type (100) having
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boron was i nject or'm ng oxi I on 13 of

silicon) oxideyhchpht® afORBLtEE Ctherein at a temperature of 300°C in
. moistened oxygen for one hour, the peak (2) of Fig. 5 was higher.
As a result, silicon oxide film was recognized to grow even at
room temperature.

Fig. 6 shows the plots of the relation between the
thickness and the.heated temperature of a silicon oxide film.
Plot (a) shows a thickness of an oxide film calculated from the
ratio of the integrated inténsity of the X-ray photo-electron
spectrum which was measured after a silicon oxide film was formed
‘by soaking a silicon wafer in heated concentrated nitric acid,
then the produced sample was put'into the electric furnace and
heated at various temperatures in an atﬁosphefe of moistened
oxygen for one hour. Plot (b) shows the thickness of an oxide
film calculated from the ratio of the integrated intensity of the
X-ray photo-electron spectrum which was observed after a silicon
oxide film was formed by soaking a silicon wafer in heated
concentrated nitric acid, then a platinum film having the
thickness of approximately 3nm was deposited thereon by the
electric beam evaporation method, and then the produced sample
was put in the electric furnacé and heated at various
temperatureslin moistened oxygen for one hour. The thickness of
the silicon oxide film was estimated from the X-ray photo—
electron spectrum of the72p-pegion_of Si.. Plot (a) shows that in

' g'CéSe.wheré a plafinum thin film Waé”hot p?esepf on the silicon -

_oxidé film, the thickness of the silicon oxide film did not -



The surface of the active region 4 was cleaned by the follow ng steps; a
waf er was cl eaned by the well known RCA cl eaning nethod (W Kern, D A
Plutien: RCA review 31 (1970) 187page); and the wafer was soaked in a
dilute HF solution (0.5vol.% aqueous sol ution of hydrogen fluoride) for
five mnutes, so as to renove the native oxide film9 on the surface of the
silicon substrate (Fig.1 (b)). In order to forma high quality ultra thin
oxide filmon the surface of silicon, a cigan silicon surface 3 is needed.
It is inportant to perfectly renove the native oxide film9 and inpurities
for the surface of silicon. Then, the wafer was rinsed in an ultra pure
water for five mnutes, and then soaked in the heated nitric acid at

115[ err] C for cheéRgdlbjuheat Serdd@ingdathen Gidltepbftind Bfonbt heighersthaxi de
film having a thickness of 1.1l nmwas forned on the surface of the silicon

substrate (Fi @00%(¢) The Ahangeliing the thickrmsanpbewithim tthenrangedeffil m 5

was formed by chem cal treating or heat treating at a | ow tenperature after

t he sem conduekper méiettadacerowms Enedhedother damde, tikothdb) vehaws dbati ims.

The nethod of chemi cal treating the surface of the sem conductor is not

limted cases where a platinum thin film was present on the silicon oxide
film, a silicon oxide film can be observed to grow by the heat
treatment at a low temperature.

Fig. 7 shows the dependency of the second oxide film on the
first oxide film. The second oxide film was formed by the lieat
treatment which was carried out after platinum was deposited on
the first oxide film. The first oxide film was formed before
platinum was deposited. The surface of a silicon wafer was
cleaned and then etched by the 1 vol.% hydrogen fluoride (HF)
aqueous solution to form Onm thick first oxide film. In
addition, the silicon wafer was soaked for 10 minutes in a heated
mixed solution in which hydrogen acid, hydrogen peroxide and
ult}a pure water wefe mixed at the ratio of 1 : 1: 1.5 to grow
the first oxide film to 0.5mm thickness. In order to obtain the
1.3nm thick first oxide film, silicon wafer was spaked in the
heated concentrated nitric acid for ten minutes at the
temperatufe of 115°C. A 3nm thick platinum was deposited on
these oxide films and heat treated at the temperature of 300°C ih
moistened oxygen for one hour to form the second oxide film. In
the case where the thickness of the first oxide film was Onm, the
second oxide film could-pot grow at all.. In this case, platinum .
silicide.gehepgted at the interface of the-silicon substrate byié

'ﬁegcfioﬂhbefwéenLthe‘sili¢bn.shbstrate'éhd'platinum:ﬂ_waevér;'f



to the nmethod of the present invention of soaking the substrate in heated
concentrated nitric acid. Such nethods include a nethod of soaking a

sem conductor substrate in a m xed solution containing sulfuric acid and
hydr ogen peroxi de; a nethod of soaking a sem conductor substrate in a m xed
solution containing 14 hydrochloric acid and hydrogen peroxide; a

nmet hod of soaking a sem conductor substrate in a m xed sol ution of agueous
anmoni a and hydrogen peroxi de water; and nmet hod of soaking a

sem conductor substrate in ozone water in which several tens of ppm of
ozone is dissolved. In this exanple, a clean and high- quality chem ca

oxi de filmcontaining no heavy netal was formed by using the heated
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to the 4.2nm thick second oxide film could be provided. In the case
where the first oxide film was 1.3nm, the thickness of the second
oxide film was 4.2nm. The first oxide film has an important
function of preventing a reaction between platinum and silicon as
well as promoting the growth of the second oxide film. According
to the experiments by the inventor et al. of the presenf
invention, if the thickness of the first oxide film is 0.lmm or
more, a reaction between platinum and silicon can be prevented.
However, if the thickness of the first oxide film is Onm, the
silicide reaction occurs between platinum and silicon. On the
other hand, in the case where the thickness of the first oxide
film was great, as is apparent from Fig. 7, the thickness of the
second oxide film when the first oxide film is 0.5nm is not so .,
different from the thickness of the second oxide film when the
first oxide film is 1.3nm.l Even if the thickness of the first
oxide film was increased, much increase of the thickness of the
second oxide film cannot be expected. Moreover, if the thickness
is made to be extremely great, object of obtaining the thin oxide
film cannot be satisfied. Therefore, the upper limit of the
first oxide film is approximately 2.5nm.

Fig. 8 shows the relation between the thickness of the

second ox1de film (formed by the heated concentrated n1tr1c a01d)
and the thlckness of platlnum In Fig. 8, the result when |

: :palladlum wes employed 1nstead of.pletlnum_wes_also.shown.frIn B



400[err] C, or a nmethod of exposing a wafer in an atnosphere of ozone gas
wi-th ultraviolet irradiation can be enpl oyed. Renoving the native oxide
film9 of above-nentioned explanation is inportant for the characteristics
of the first oxide filmb5. In other words, the clean and honogeneous oxi de
filmis required. After the heavy netal and the native oxide filmwere
renmoved fromthe surface,- by further enploying ozone gas, an ultra cl ean
and thin protective coating oxide filmcoujg be fornmed to provide the ultra
cl ean surface of the wafer. Then, as a netal filmserving as an oxi dation
catalyst, a platinum 6 having a thickness of approxi mately 3nm was
deposited onto the first oxide thin film5 on the silicon substrate by the

el ectron beamiggposid iv@l@rgerdg@duﬁgdi%ééédaé plaltPallli oL FE: t(irfi{))la;?li HL il @

purity of 99.99 wt.%was use T eposition rate was con ed to be
0.3nm min.; taegégﬂmf)a}t ¥he Sécde oxide APIndditCAGt pHvH,r ahecklWdshgame as

deposition was 50[err]C, .and the deposition

in Fig. 3. In the case where platinum was deposited to 0.5nm
thickness, a thickness of.the second oxide film became 2.1nm. As
the thickness of platinum was increased, the thickness of the
second oxide filﬁ changes as follows. When the platinum was
deposited to 1.5nm thickness, the thickness of the second oxide
film was 2.8nm; when the platinum was deposited to 3nm thickness,
a thickness of the second oxide film was 4.5nm; when the platinum
was further deposited to 5nm, a thickness of the second oxide
film decreased to 4.2mm; and when the thickness of plétinum was
further increased, a thickness of the second oxide film
decreased. According.to the study of the inventor et al. of the
present  invention, in order to efficiently form the oxide film,
the upper limit of the thickness of platinum was 30nm. In the ’
case where palladiun was employed instead of platinum, when
-palladiun was deposited to 3nm thickness, the thickness of the
second oxide film grew to be 5.2nm. However, when the palldium
was 10mm, the second oxide film decreased to 4.2nm. In the case
where platinum was employed, the heat treatment was conducted at
the temperature of 300°C for one hour; in the case where palldium
was employed, the heat treatment was conducted at the temperature -

- of 400C for one hour. The thickness of the second silicon oxide
film comprisiﬁg platinum by means of thé X-réy photo-eleétroﬁ
lspéctrum: The thickness of the second silicen oxide fiiﬁ'

. comprising palladium was employed ﬁaS”measured'by'mean51o£ the



pressure in the atnosphere was 1 x 404 Pa. The silicon substrate was heat
trreated i n noi stened oxygen at a tenperature of 300[err]C by the use of an
el ectric furnace for one hour so that the silicon oxide film7 grew to be
4.5 nmthick (Fig.1(e)). Consequently, the oxide film7 having a thickness
of 4.5nm and the platinumfilm6 having a thickness of 3nmwere fornmed on
the silicon substrate 1. As a netal filmserving as an oxidation catalyst,
pal | adi um ot her than platinum may be usedpaThe oxide film 7 can be used as
a gate oxide film An electrode was forned as foll ow ng steps of;
depositing an alumnum8 at 1 [err] thick by the sputtering method
(Fig.l(f)); patterning a gate el ectrode by the well known

phot o- I'i t hogr ahkLE i PRiddo1 886k f @) NEeds gl ectrode 10 by etching an
al um num and a gla%inun1b§ tﬁ%emg{l)kn%mn rynétching method (Fig. 1(Qg)).

In this exanple, theig! @ sRoRS fthdNenebyy Nt AT 1Bt Odh Aok Ithe cRted Pase—vRate
used as a portion of an el ectrode, however, a conductive film my be used

for a gate el densdde of tthe peaidonducitor riempitgd ans thuctiue béglmn @f t he | i ke.

Fig. 2 shows an X-ray photo-el ectron spectrum whi ch was observed after the

silicon subst pdatinas Cl126énmdof mxidenfilmaft iSie substrate of the present
invention. The energy distribution of interface-state of MOS
device having an ultra thin oxide film of 2.6nm thickness cannot
be measured by the conventional electric measurement such as
capacitance-voltage (C-V) measurement or conductance-voltage (G-
V) measurement. An X-ray photo electron spectrum was measured
when the bias voltage was applied. (H. KOBAYASHI, Y. YAMASHITA,
T. MORI, Y. NAKATO, K. H. PARK, Y. NISHIOKA, Surface Science
(Surf. Sci.) Vol.326 (1995), page 124; H. KOBAYASHI, T. MORI, K.
NAMBA, Y. NAKATO, Solid State Commun. Vol.92 (1994),'page 249) .
| In the oxidation treatment of the present invention, no
heat treatment was conducted after chemical oxide film (1.1nm)
was formed by means of the heated concentrated nitric acid. At
this time, interface-state was distributed around the mid-gap,
and the dangling bond of Si was thought to haﬁe an interaction
with Si and oxygen atom in an oxide film of this example. The
interface-state density of oxide filﬁ turned out to be lower than
that of the oxide film having a thickness of ‘3nm formed at a
temperature of 550°C or the oxide film having a thickness of
3.5nm formed by the wet oxidation at a temperature of T00°C-.
This shows the oxide film formed by the method of,this_example

. has_sﬁfficieni‘ihfeffape.phafacterisficé'as é;gate oxide film.

" Therefore, the tﬁin'oiidé_film_formgdfbj'thé method of this .-



oxide films forned thereon and soaked in heated concentrated nitric acid.
The X-ray photo-el ectron spectrum was neasured by neans of ESCALAB, 220i - XL
(product by VG. In this exanple, for the source of X-rays, K a -ray of A
havi ng an energy of 1487eV was used. The photo el ectrons were observed in
t he perpendi cul ar 16 direction. A peak (1) occurred due to the
phot o-el ectron fromthe 2p track of Si of the silicon substrate; a peak (2)
occurred due to the photo-electron fromtyg 2p track of Si of the silicon
oxide film The thickness of silicon oxide filmcould be cal cul ated from
the ratio of the integrated intensity of peak (2) to peak (1) so that the

t hi ckness was
silicon oxide
substrate was

1.lnm The nean free path of the 2p track of Si in the
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305). Fig. 3 shows an X-ray photo- el ectron spect rum whi ch

of the present invention can be employed not only for gate oxide
films but also for.various uses.

Fig. 10 shows an application example of a cell capacitance
which is a stacked.capacitance of dynamic random access memory
(DRAM) to the present invention. Generally, a capacitance
electrode which is called storage node 18 is formed by a

20 atoms/cm3 of conductive

amorphous silicon containing 1 x 10
impurities such as phosphorﬁs. In a case where heated oxide
films or the like were formed on these storage nodes, grains of
amorphous silicon film grow while generating a stress. Thus, the
characteristics of dielectric breakdown of a capacitance
dielectric film formed on the storage node . deteriorated.

However, grain growth of amorphous silicon was not observed to _
occur during the groﬁth of oxide films at a low tebperature of
not higher than 400°C, so that the ultra thin capacitance oxide
film 19 having the thickness of 2-4nm can be formed with high
controllability. In this case, the structure of the cell
capacitance is; amorphous silicon storage node 18 / low-
temperature oxide film 19 / platinum thin film 20 / amorphous
silicon cell plate 21. Herein, providing the platinum thin film
20 makes it possible to prevent the depletion on the cell plate
abd to secure the celi capacitance. Moreover, oxide films were

formed on the monocrystall1ne 311100n substrate or amorphous

: SlllCOﬂ substrate so that the capac;tance of structure between o



observed after the silicon oxide filmwas fornmed by the concentrated nitric
acid and then the produced sanple was put into the electric furnace and
heated therein at a tenperature of 300[err]C in noistened oxygen for one
hour. The ratio of the integrated intensity of peak (1) to peak (2) was

al nost the sane as those in Fig. 2. As a result, the thickness of the
silicon oxide filmwas not observed to chang due to the heat treatnent in
an oxi di zi ng at nosphere at a Iom/tenpera3££e of 300[err]C. This shows that
t he conventional thernmal oxidation netho onducted at a | ow tenperature of
300[err] C cannot grow a silicon oxide filmto the thickness (2-6nn) which
I's the m ninmum possi bl e thickness for gate oxide filmof MOS transistor.
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t hereon, the produced sanple
region, 14 is a selectlon transistor (polycide gate), 14' is a

polycrystalline silicon film, 14'' is é tungsten silicide (WSix)
-film, 15 is a bit line (poiycide), 15' is a polycrystalline
silicon film, 15'' is a tungsten silicide (WSi ) film, 16 is a
source drain n' diffused layer, and 17 is a layer insulation
film.

Fig. 11 is an application example where the oxide film of
the present invention was employed for MOS transistor. An
element separation region was. formed on the p—type substrate and
then for controlling the threshold voltage, boron ions were
impiantated ontolthe active region so as to be madé a density 6f

18 atoms/cm3.- Then, the Wafer surface was cleaned and the

1x10
native oxide films were removed by etching with anhydrous HF gas
for approximately 10 seconds. Subsequently, an oxide film having
the thickness of 1lmm was formed on the surface of the silicon by
exposing the silicon substrate in ozone gas. Then, platinum film
34 having the thickness of 3nm was deposited by the sputtering
method and heat treated at a temperature of 100°C in a moistening
oxygen for one hour so that the gate oxide film 33 having the
thickness of 2.2nm was formed. Then, the polysilicon film 35 was
formed to a 100nm thickness by the well known CVD method under
‘reduced pressure at a’ temperature of.530T3. The deposited film
".offthjs_example wWas émorphoﬁs.and fhe_ph¢sophofuéfdépéity_was.3 X

f.1020'atbms/¢m32"1h édditiont'thé.gété électfbde“Was"patferned by .



put into the electric furnace and heated at a tenperature of 3000C in
noi st ened oxygen for one hour. The X-ray photos-el ectron spectrum was
measured by nmeans of ESCA 1000 (product by SH MADZU CORPORATION). Fig. 4(b)
shows an X-ray photo-el ectron spectrumof Fig. 4(a) nmeasured by nmeans of
ESCALAB 220i - XL (product by VG.. In this exanple, for the source of X-rays,
a Ka -ray of My having an energy of 1254eV was used. The peak (2) intensity
of silicon oxide filmwas increased and sjdicon oxide filmwas observed to
grow. The thickness of silicon oxide filmwas 4.5nm according to the
calculation fromthe ratio of the integrated intensity of the peak (2) to
peak (1) shown in Fig. 4. In other words, if a platinunlthin filn1mas

Do oo Sa%) e EE T B oA, Sl 4 %&&Pm? Frg. s
oxi do 111 m vadfEEREeFnE SRLARGE S Rathith M7eRts Tl THAF) 3 Moo
having a thi clgag@cedd W&ﬁé'ﬁ@lﬂl&m&ﬁ”&i“ﬁ%ﬂﬂﬁ ﬁl@&ldd"er?HQm the produced
sanpl e was put into the'electric furnace and heated at room tenperature in
noi st ened oxy ghdsbphoRie-doped . o £40RPRaS Hetosh t&d tas 4 Gaferall 36.
Moreover, source drain 38 was formed by ion implantation after
sidewall etching was conducted. Moreover, by employing the low
temperature method like the present invention, a MOS transistor
could be formed after a metal wiring process was conducted. In
Fig. 11; 31 is a p-type silicon substrate, 32 is a p-type well
region, 37 is a source drain LDD diffused layer, and 38 is a
source drain n' diffused film layer.

As stated above, in the examplé of the present invention, a
semiconductor substrate was observed to be oxidation treated at a
temperature form the room temperature (25°C) to 400°C.

As stated above, the semiconductor of the present invention
comprises at least an oxide film and a metal thin film. And the
metal thin film comprises the metal serﬁing as an oxidation
catalyst and has a thickness in the.range of 0.5—30nm. On the
other hand, the oxide film comprises a metal serving as an
oxidation catalyst and having a thickness in the range of 1-20nm.
Thus, a high-quality oxide film can be formed on the surface of
the semiconductor substrate with high controllability without
conducting a high temperature heat treatment. Moreover, the
semiconductor can be formed, on ﬁhich a gate oxide film can be -

_ formed after metal wiring is placed |

_The’ method for manufacturlng an oxlde f11m on the surface



Fig. 4 (b), the peak (2) occurred due to the photo-electron fromthe 2p
track of Si of the silicon oxide filmwas | ower. However, when conpared
with peak (2) shown in Fig. 3, which occurred after the silicon oxide film
was formed by the concentrated nitric acid and then the produced sanpl e was
put into the electric furnace 18 wit hout depositing platinumon the
surface of the silicon substrate and heated therein at a tenperature of
300[err]C in noistened oxygen for one hourggthe peak (2) of Fig. 5 was
higher. As a result, silicon oxide filmwas recognized to grow even at room
tenperature. Fig. 6 shows the plots of the relation between the thickness
and the heated tenperature of a silicon oxide film Plot (a) shows a

{1 ckness of ik SeOScILIRR B of Shel LRI 8buRsoh SprsBbE% ooy

S hoon oxi de df:l Fobfifnd ¥R 1Rt R 13n Hav AR o' Bl SR Bk range
of 0.1-2.5nm on the semiconductor substrate; forming a metal thin
film serving as an o#ide catalyst and having a thickness in the
range of 1-30nm on the first oxide film; and forming the second
oxide film by heat treating in an atmosphere of oxidation at
temperatures of not higher than 600°C. As a result, thin and
homogeneous oxide film can be formed on the semiconductor
efficiently and reasonably. The oxide films formed by the method
of the present invention also have a high quality and high

" controllability.

According to a more preferable method for manufacturing an
oxide film of the present invention, without exposing the
semiconductor sﬁbstrate under the high temperature of not less
than 600°C, ultra thin oxide films which are excellent in "

interface characteristics can be formed with high producibility.
In other words, the heat history is not necessary to be
considered. Moreover, like this invention, by applying the
method for formihg the oxide film to the surface of the
polycristalline silicoﬁ substrate and noncrystalline silicon
substrate, a high performance capacitanée can be made.
Furthermore, since oxidation is conducted under low temperature,
MOS transistors can be formed after the metal wiring is plécéd on
the semiconductor suberafe. thus'improVing the flexibilities.in
"désigp_éhd process éfjmaﬁufactnriﬁg.deVices_as wéll_és the

performance of the semiconductor.



then the produced sanple was put into the electric furnace and heated at

various tenperatures in an-atwesphere of noistened oxygen for one hour.

Plot (b) shows the thickness of an oxide filmcalculated fromthe rati o of

the integrated inflhi - ; -*ay phot o- el ectron et anL Wi I, |
observed after a’si| mﬁﬁﬂiﬁfmms fornmed by sodkiThéP §%§ﬁ%%‘:‘ﬂ¥i§r
I n heated concentr d, then a platinumf | m hd

t hi ckness of approximately 3nm was deposi&gd t hereon By the electric beam
evaporati on net hod, and then the produced™sanple was put in the electric
furnace and heated at various tenperatures in noistened oxygen for one
hour. The thickness of the silicon oxide filmwas estinmated fromthe X-ray

phot o- el ectr a§p§§téi§?dgh gFe 2p region of Si.. Plot (a) shows that in a
case where a platinumthin filmwas not present on the silicon oxide film

the thickness of the, sild&fidofdhéieor idofpdidimPlan ox¢denEAmd ¥ndeatimdtagat i ng
at a low tenperature of not higher than 300[err]C. The change in the

t hi ckness is wHikhi fiilheid ahgeopder listed on the surface of a semiconductor

substrate, wherein said metal thin film comprises a metal serving
as an oxidation catalyst and having a thickness in the range of
0.5-30nm and said oxide film comprises a metal serving as an
oxidation catalyst and having a thickness in the range of 1-20nm.

2. The semiconductor according to Claim 1, wherein the
oxide film comprises a first oxide film and a second oxide film,
and the first oxide film has a thickness in the range of 0.1-
2.5nm and the second oxide film has a thickness in the range of
0.9~18.5nm.

3. The semiconductor according to Claim 1, wherein the
metal thin film sefving as an oxidation catalyst comprises at
least one metal selected from platinum and palladium. |

4. The semiconductor according to Claim 3, wherein the
metal thin film serving as an oxidation catalyst is formed by the
deposition method.

5. The semiconductor according to Claim 1, wherein the
semiconductor substrate comprises at least one material selected
from the group consisting of single crystalline silicon,
polycrystalliﬁe éilicon, amorphous silibon, gallium arsenide and

indium phosphide. |

6.. The'semiconductor éccopding.to-Claim 1, wherein the
.thibkpess.pf:thé_sé@qndtokiqe film-i§ gfeatér;than_;hat_of the .

- first oxide film.and.the ‘thickness of the SeCOnd'dxide fiim'.  '

Cmmmm




experinental error. On the other hand , plot (b) shows that in cases where
a-platinumthin filmwas present on the silicon oxide film a silicon oxide
filmcan be observed to grow by the heat treatnent at a | ow tenperature.

Fig. 7 shows the ge B4 AR PRepladk@ second oxide film on. the first oxi de
film The second ox ornmed by the heat : WAS
carried out after E Mm%pomted on the fi first
oxi de fil mwas for I num was ,deposi t ed.

silicon wafer was cl eaned and then etched y the 1o )ri de

(HF) aqueous solution to form Onmthick first oxide fl|n] In addltlon, t he
silicon wafer was soaked for 10 mnutes in a heated m xed solution in which

hydr ogen aci d, £¥g 0 erQx and ultra pure water were m xed at the
ratio-of 1 : % ?g&BﬁbmﬁtESE?lrst oxide filmto 0.5nmthickness. In

order to obtain theyl. §rlﬁ8€h|6ﬂckof'rﬁe§{uf@é*tq?1ﬁ¢]|dﬂ ol Hb COMMVhe khaesuryrked

in the heated concentrated nitric acid for ten mnutes at the tenperature
of 115[err]C. of A 3emiéhidilctdrabibspaRs € 1§1e@ PRet Hes OF ferhidgm™m and

heat treated at the tenperature of 300[err]C in noistened oxygen for one

hour to form thirsteoride oildehbving d thickness in the range of 0.1-2.5nm on
the semiconductor substrate; forming a metal thin film serving as
an oxidation catalyst and having a thickness in the range of 0.5-
30nm on the said first oxide thin fitm; and forming the second
oxide film by heat treating the metal thin film in an oxidizing
atmosphere at temperatures of not higher than 600°C.

8. The method for manufacturing an oxide fiim on the
surface of the semiconductor substrate according to Claim 7,
wherein the first oxide film is manufactured by soaking the
semiconductor substrate in at least one solution.selected from |
the group consisting of

a heated solution containing concentrated nitric acid,

a heated solution containing'cohcentrated sulfuric
acid and hydrogen peroxide,

a heated solution containing hydrochloric acid and
hydrogen peroxide,

a solution containiﬂg hydrogen peroxide,

a solution containing ozone, h

a heated solution éontaining nitric acid and sulfuric
acid,

a solution containing hydrofluoric acid,

'.'boiling water, and '

"_ ‘a heated solutlon contalnlng ammonlum hydr1de solutlon '
T ——__—_——_#“_ﬂﬂﬂ_________ .

lllllll\ IO \Il\



the case where the thickness of the first oxide filmwas Onm the second

oxide filmcould not growat all.. In this case, platinumsilicide
generated at the interface of the silicon substrate by a reaction between
the silicon substrate and plati num However, 20 only if the first

oxide filmwas controlled to 0.5nm there was no reaction occurred between
pl ati num and silicon. Consequently, the 4.2nmthick second oxide filmcould
be provided. In the case where the first ox@de filmwas 1.3nm the

t hi ckness of the second oxide filmwas 4.2nm The first oxide film has an

I mportant function of preventing a reaction between platinumand silicon as
wel | as pronoting the gromﬂh of the second oxide film According to the
experiments bynfhgy grgii&g;. of the present invention, if the

t hi ckness of the flrst oxide filmis Olnmor nore, a reaction between

platinum and silicaop, cahebfeBh®Y sfre fantPaEiiRiing! intdieidehifekess e t he
first oxide filmis Onm the silicide reaction occurs bet ween pl ati num and
silicon. On tlsarface of the semiconductor substrate according to Claim 7,
wherein the first oxide film is formed either by exposing the
semiconductor substrate in ozone gas or by exposing the
semiconductor substrate in ozone gas with ultraviolet
irradiation.
10. The method for manufacturing an oxide film on the
- surface of the semiconductor substrate according to Claim 7,
wherein the metal thin film comprises at least one material
selected from the group consisting of platinum and palladium.
11. The method for manufacturing an oxide film on the
surface of the semiconductor substrate according'to Claim 10,
wherein the metal thin fiim is formed b& a deposition method.
12. The method for manufacturing an oxide film on the
surface of the semiconductor substrate according to Claim 7,
wherein the heat treatment is conducted in an oxidizing
atmosphere selected from the group consisting of
an atmosphere of dry oxygen,
an atmosphere of mixed gas of dry qugén and non-—
oxidizing gas,
an atmosphere of oxygen containing water vapor,
an_atmosphere of mixed gas of oxygen containing water
vapor and non—oxidizing 8as, |
' an étmosphere of containlng ozone gas,
."an_atmo§pheﬁe of oxygen contalning N20 and |

 mmmmmw«



-other hand, in the case where the thickness of the first oxide filmwas
great, as is apparent fromFig. 7, the thickness of the second oxide film
when the first oxide filmis 0.5nmis not so. different fromthe thickness
of the second oxide filmuwhen the first oxide filmis 1.3nm Even if the
thickness of the first oxide filmwas increased, nmuch i ncrease of the

thi ckness of the second oxide filmcannot be expected. Mreover, if the
thickness is made to be extrenely great, 3gbj ect of obtaining the thin oxide
filmcannot be satisfied. Therefore, the upper limt of the first oxide
filmis approximately 2.5nm Fig. 8 shows the relation between the

t hi ckness of the second oxide film (fornmed by the heated concentrated

nitric acid) and the thicknes %Pﬂqiepkfté cbht iﬂi gﬁNOthe result when

pal | adi um was enpl oyed |ns mas a In 21 the
case where the thi Ckl@es'i‘gefm@ﬂfﬁd PO s fARtue iy F&Iﬂtdxﬂd@ Pk dppenbt ed),

t he- second oxide fil'm'did not grow, which was sane as
surface of the semiconductor substrate according to Claim 7,

whereip the temperature of the heat treatment is in the range of
25-600°C . |

14. The method for manufacturing an oxide film on the
surface of the semiconductor substrate according to Claim 7,
wherein the semiconductor substrate comprises at least one

" material selected from the group consisting of single crystaliine
silicon, polycrystalline silicon, amorphous silicon, gallium
arsenide and indium phosphide.

15. The method for manufacturing an oxide film on the
surface of the semiconductor substrate according to Claim 7,
further comprising removing native oxide films and/or impurities
which are present on the surface of the semiconductor substrate
before the oxide films are formed. .

16. The method for manufacturing an oxide film on the
surface of the semiconductor substrate according to Claim T,
wherein the thickness of the second oxide film is greater than
that of the first oxide film, and the thickness of the second
oxide film ranges from 1 to 20mm.

17. The method for manufacturing an ﬁxide film on the
'surface of the semiconductor substrate according to Claim 7,
wherein the heat treatment in an oxidizing:atmosphere is
pppducféd.aftér metal Wifing'ié:made_bn the'surfaqé_of the o

semiconductor substrate.
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in Fig. 3. In the case where platinumwas deposited to 0.5nmthickness, a

t hi ckness of the second oxide filmbecame 2.1nm As the thickness of

pl ati num was i ncreased, the thickness of the second oxide fil mchanges as
follows. Wen the platinumwas deposited to 1.5nmthickness, the thickness
of the second oxide filmwas 2.8nm when the platinumwas deposited to 3nm
t hi ckness, a thickness of the second oxide filmwas 4.5nm when the

pl ati numwas further deposited to 5nm a ghi ckness of the second oxide film

decreased to SEMIGOMISCIAIETAND & IMETHOTE SO MANUEHACTORING ANUOXTDE FILM ON
I ncreased, a t1uEkaeRBACE O A SEMITONDtUEIOR iIduBstear@ased. According to the

study of the inventor et al. of the present invention, in order to
efficiently f @BBTRAET oxide film the upper limt of the thickness of

pl ati num was 30nm Tn the case where pall adiun was enpl oyed instead of

pl ati num when pal |'BHib wenigondepioni oédthe [Bresentti thvesstsiont bemphisgsnass of
the second oxide filmgrew to be 5 2nm However, when the palldiumwas | nm
the second oxileéestiamakidecfiba and 4 patal |thiphéidmsen vither supfage wimthas
enpl oyed, the heat treatnent was conducted at the tenperature of 300[err]C
for one hour; sepicarduclnr .whEhe patalyithinvEklnedprdydes a metadasenvidg: Aint

was conducted at the tenperature
_ an oxidation catalyst and has a thickness in the range of 0.5-

30nm. The oxide film comprises a metal serving as an oxidation
~catalyst and having a thickness in the range of 1-20nm. Thus, a
high—quality oxide film can be formed on the surface of the
semiconductor substrate with high controllability without
conducting ‘a high temperature heat treatment. The invention
employs the method of manufacturing the semiconductor has a steps
of forming the first oxidation film having thickness in the range
of 0.1-2.5nm on the semiconductor substrate ; forming the metal
thin film (for example platinum film) serving as an oxide
catalyst to the thickness in the range of 0.5-30nm on the first
oxide thin film; and then forming the second oxide film by heat
treating in an oxidizing atmosphere at temperatures from 25 to

600°C .

Figure 1



of 400[err]C for one hour. The thickness of ‘the second silicon oxide film
conprising platinum by neans of the X-ray photo-el ectron spectrum The

t hi ckness of the'second silicon oxide filmconprising palladi um was

enpl oyed was neasured by neans of the 22 .capaci tance-voltage (CGV)
measurenent. Fig. 9 shows the energy distribution of the interface-state
density of the sem conductor having a structure of 3nmof platinum/ 2.6nm
of oxide film/ Si substrate of the present invention. The energy

di stribution of interface-state of MOS de igg having an ultra thin oxide
filmof 2.6nmthickness cannot be neasure y -the conventional electric
measur enent such as capacitance-voltage (G V) neasurenent or

conduct ance-voltage (G V) neasurenment. An X-ray photo el ectron spectrum
was neasured when the bias voltage was applied. (H KOBAYASH , Y.

YAMASHI TA, T. MORI, Y. NAKATO K. H PAI% Y. NI SH OKA, Surface Sci ence
(Surf. Sci.) Vol. 326 (1995), T. 2I\/[RI K.
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NAMBA, Y. NAKATO Solid State Commun. Vol .92 (1994), page 249). In the

oxi dation treatnent of the present invention, no heat treatnent was
conducted after chemi cal oxide film (1. 1nnm) was formed by nmeans of the
heated concentrated nitric acid. At this tine, interface-state was

di stributed around the m d-gap, and the dangling bond off Si was thought to
have an interaction wth Si and oxygen atomin an oxide filmof this
exanple. The interface-state density of oxide filmturned out to be | ower
than that of the oxide filmhaving a thi&?ﬂﬁss of"3nmfornmed at a
tenperature of 550[err]C or the oxide fil aving a thickness of 3.5nm
formed by the wet oxidation at a tenperature of 700[err]C This shows the
oxide filmfornmed by the nethod of .this exanple has sufficient interface
characteristics as a gate oxide film Therefore, the thin oxide filmforned
by the nethod of this 23 exanple is useful for an MOS transistor or the
ultra thin gate oxide filmof MOS capacitor.. The oxide filmfornmed by the

met hod
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of the present invention can be enployed not only for gate oxide filns but
al so for various uses. Fig. 10 shows an application exanple of a cel

capaci tance which is a stacked capacitance of dynam c random access nenory
(DRAM to the present invention. Generally, a capacitance el ectrode which
is called storage node 18 is fornmed by a anorphous silicon containing 1 X
1020 atons/cnB of conductive inpurities such as phosphorus. In a case where
heated oxide films or the |ike were forned on these storage nodes, grains
of anorphous silicon filmgrow while gengrfﬁing a stress. Thus, the
characteristics of dielectric breakdomn.o( a capacitance dielectric film
formed on the storage node deteriorated. However, grain growh of anorphous
silicon was not observed to occur during the growth of oxide filnms at a | ow
tenperature of not higher than 400[err]C, so that the ultra thin

capaci tance oxide film 19 having the thickness of 2-4nm can be forned with
high controllability. In this case, the structure of the cell capacitance

i s; anorphous silicon storage node 18 / | ow tenperature oxide film19 /
platinumthin fi'lm20 / anorphous silicon cell plate 21. Herein, providing
the platinumthin film '
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e (3

20 makes it possible to prevent the depletion on the cell plate and to
secure the cell capacitance. Moreover, oxide filns were fornmed on the
nonocrystalline silicon substrate or anorphous silicon substrate so that

t he capacitance of structure between 24 conductive filnms can be
obtained. In Fig. 10; 11 is a p-type silicon substrate, 12 is a p-type well
region, 13 is a separation region, 14 is a selection transistor (polycide
gate), 14" is a polycrystalline silicon film 14'" is a tungsten silicide
(Wsi) film 15'is a bit line (polycide), 4%32is a polycrystalline silicon
film 15" is a tungsten silicide (Woi ) film 16 is a source drain n
diffused layer, and 17 is a layer insulation film Fig. 11 is an
application exanple where the oxide filmof the present invention was

enpl oyed for MOS transistor. An el enent separation region was forned on the
p-type substrate and then for controlling the threshold voltage, boron ions

wer e

Intensity (optional unit)

106 104 102 100 98 96

Binding energy(eV)

FIG.4 (a)



inpl antated onto the active region so as to be nade a density of 1 x 1018
atons/cnB8. Then, the wafer surface was cleaned and the native oxide filns
were renoved by etching with anhydrous HF gas for approxi mately 10 seconds.
Subsequently, an oxide film having the thickness of 1nmwas forned on the
surface of the silicon by exposing the silicon substrate in ozone gas.

Then, platinumfilm 34 having the thickness of 3nm was deposited by the
sputtering method and heat treated at a tenperature of 100[err]Cin a

noi st eni ng oxygen for one hour so that the _gate oxide film 33 having the

t hi ckness of 2.2nmwas fornmed. Then, the pa ilicon film35 was forned to
a | 00nm t hi ckness by the well known CVD net hod under reduced pressure at a
tenperature of 530[err]C. The deposited filmof this exanpl e was anorphous
and t he phosophorus density was 3 x 20 3 10 atons/cnferr]. In
addition, the gate electrode was patterned by 25 the well known

phot o-1i t hographi ¢ nethod, and etching of
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noncrystalline silicon 35/platinum 34/gate oxide film 33 was conducted by
the well known dry etching nethod. Then, phosophorus-doped oxide filmwas
deposited as a sidewal |l 36. Mreover, source drain 38 was fornmed by ion

i npl antation after sidewall etching was conducted. Mreover, by enpl oying
the | ow tenperature nethod |ike the present invention, a MOS transistor
could be forned after a netal wiring process was conducted. In Fig. 11; 31
is a p-type silicon substrate, 32 is a p-type well region, 37 is' a source
drain LDD diffused |layer, and 38 is a source.drain n diffused filmlayer.
As stated above, in the exanple of the prgggﬁt i nvention, a sem conductor
substrate was observed to be oxidation treated at a tenperature formthe
roomtenperature (25[err]C) to 400[err]C. As stated above, the

sem conductor. of the present invention conprises at |east an oxide film and
a netal thin film And the netal thin filmconprises the netal serving as
an oxi dation catalyst and has a thickness in the range of 0.5-30nm On the
ot her hand, the oxide filmconprises a netal serving as an oxidation

catal yst and having a thickness in the range of 1-20nm Thus, a

hi gh-quality oxide filmcan be fornmed on the surface of
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t he sem conductor substrate with high controllability w thout conducting a
hifgh tenperature heat treatnent. Moreover, the semnm conductor can be forned,
on which a gate oxide filmcan be fornmed after netal wiring is placed. The
met hod for manufacturing an oxide filmon the surface' 26 of the

sem conductor of the present invention conprises the steps of; formng the
first oxide filmhaving a thickness in the range of 0.1-2.5nmon the

sem conductor substrate; formng a netal thin filmserving as an oxi de
catal yst and having a thickness in the rapge2of 1-30nmon the first oxide
film and form ng the second oxide filmby heat treating in an atnosphere
of oxidation at tenperatures of not higher than 600[err]C As a result,

t hin and honpbgeneous ‘oxide filmcan be formed on the sem conduct or

efficiently and reasonfb+yr—4he—ﬂxrdp—+r+ﬂsrfUTﬂEdeV‘TﬁE*ﬁﬁTﬁBHTBT’the
present invention alsd have a high quality and high controllability].

4.0
3.0

20T

Thickness of oxide film(pm)

O 6T 200 300
Temperature (°¢)

(a) a change in a thickness of a oxide film when a platinum film

is not present on the silicon oxide film

(b) a change in a thickness of a oxide film when a platinum filn

is present on the silicon oxide film
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According to a nore preferable nethod for manufacturing an oxide film of
the present invention, w thout exposing the sem conductor substrate under
the high tenperature of not |ess than 600[err]C, ultra thin oxide filns
‘which are excellent in interface characteristics can be formed with high
producibility. In other words, the heat history is not necessary to be
consi dered. Moreover, like this invention, by applying the nethod for
formng the oxide filmto the surface of Er pol ycristalline silicon
substrate and noncrystalline silicon sub® gte, a high performance

capaci tance can be made. Furthernore, since oxidation is conducted under
| ow tenperature, MOS transistors can be fornmed after the netal wiring is
pl aced on the sem conductor substrate, thus inproving the flexibilities in
desi gn and process of manufacturing devices as well as the perfornmance of

t he sem conduct or. 27 Wat is clainmed is;

Thickness of platinum: 3.0nm
Condition of heat treatment: 300°C, 1 hour

182
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Thickness of the second oxide film(nm)
w

The second oxide film does not grow because

/ platinum silicide is formed.
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Thickness of the first oxide film(nm)
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1. A semi conductor conprising an oxide filmand a nmetal thin filmin the
order listed on the surface of a sem conductor substrate, wherein said

nmetal thin filmconprises a nmetal serving as an oxidation catal yst and
‘having a thickness in the range of 0.5-30nm and said oxide filmconprises a
filmwhich is formed by oxidation in the presence of said netal thin film
as an oxi dation catal yst and having a thickness in the range of 1-20nm 2.
The sem conduct or according to Claim1l, wherein the oxide filmconprises a
first oxide filmand a second oxide fil ®/¥nd the first oxide filmhas a

t hi ckness in the range of 0.1- 2.5nm and the second oxide filmhas a

t hi ckness in the range of 0.9-18.5nm 3. The sem conductor according to
Claim 1, wherein the nmetal thin filmas an oxidation catal yst conprises at

| east one netal selected fromplatinumand palladium 4. The sem conduct or
according to Claim3, wherein the netal thin filmas an oxidation catal yst
is formed by the deposition nethod. 5. The sem conductor according to Claim

1, wherein the sem conduct%icmggto@a{hg ﬁgggpgiﬁgsﬁﬂ 1'.1%?15&0%8 mat eri al

sel ected
by heated concentrated nitrate

condition of heat treatment:
300°C (platinum),400%C (palladium), 1 hour
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fromthe group consisting of single crystalline silicon, polycrystalline
gilicon, anorphous silicon, gallium arsenide and indi um phosphide. 6. The
sem conductor according to Claim1, wherein the thickness of the second
oxide filmis greater than that of the first oxide filmand the thickness
of the second oxide film 28 ranges from1 to 20nm 7. A method for

manuf acturing an oxide filmon the surface of a sem conductor substrate,
conprising the steps of forming a first oxide filmhaving a thickness in
the range of 0.1-2.5nmon the sem conduck®1Zubstrate; fornmng a netal thin
filmas an oxidation catalyst and having a thickness in the range of 0.5-
30nmon the said first oxide thin film and form ng the second oxide film
by heat treating the nmetal thin filmin an oxidizing atnosphere at
tenperatures of not higher than 600[err]C. 8. The nethod for manufacturing

an oxide filmon the
///// s //
Conduction band Aéégééza/
////////////////////
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surface of the sem conductor substrate according to aim7, wherein the
first oxide filmis manufactured by soaking the sem conductor substrate in
at | east one solution selected fromthe group consisting of a heated

sol ution containing concentrated nitric acid, a heated sol utian contai ni ng
concentrated sul furic acid and hydrogen peroxi de, a heated sol ution
cont ai ni ng hydrochl oric acid and hydrogen peroxi de, a sol ution containing
hydr ogen peroxi de, a solution containing ozone, a heated solution
containing nitric acid and sul furic acild/12 sol uti on contai ni ng
hydrof l uoric acid, boiling water, and a heated sol uti on contai ni ng anmoni um

hydri de sol ution 29
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and hydrogen peroxide. 9. The nethod for manufacturing an oxide filmon the
sarface of the sem conductor substrate according to Claim7, wherein the
first oxide filmis formed either by exposing the sem conductor substrate
in ozone gas or by exposing the sem conductor substrate in ozone gas with
ultraviolet irradiation. 10. The nmethod for manufacturing an oxide filmon
the surface of the sem conductor substrate according to Claim?7, wherein
the netal thin filmconprises at |east one naterial selected fromthe group
consisting of platinumand palladium 11;2}F4¢ method for manufacturing an
oxide filmon the surface of the sem conductor substrate according to C aim
10, wherein the netal thin filmis formed by a deposition nethod. 12. The
met hod for manufacturing an oxide filmon the surface of the sem conductor
substrate according to Claim?7, wherein the heat treatnent is conducted in
an oxi di zi ng at nosphere selected fromthe group consisting of an atnosphere
of dry oxygen, an atnosphere of m xed gas of dry oxygen and non-

36 35 34 36

FIG.11



oxi di zing gas, an atnosphere of oxygen contai ning water vapor, an

at nosphere of m xed gas of oxygen containing water vapor and non-oxi di zi ng
gas, an atnosphere of containing ozone gas, an atnosphere of oxygen
containing N20, and ©~ 30 an atnosphere of oxygen containing NO 13. The
met hod for manufacturing.an oxide filmop the surface of the sem conductor
substrate according to Caim?7, wherein the tenperature of the heat
treatment is in the range of 25-600[err]C. 14. The method for manufacturing
an oxide filmon the surface of the sem conductor substrate according to

Caim?7, WhesLidida® §8M CRUAPThehre S E0PC BPMPIgHESS (Bke! OfY eRBRple,
material selected fromthe group consisting of single crystalline silicon,
pol ycryst al | vigT Sidchf6llogyTy.PRQUSZE | édCEion 4283 M31-168 page) .
Moreover, other than thermal oxidation, the chemical wvapor
deposition mefhod (CVD method):is employed, in which -mono-silane
 is -thermally decomposed to deposit on the sﬁrface of the
substrate. Methods of growing an oxide film at a low temperature
~ include the method of‘fbrming a chemical oxide film by soaking
the semiconductor substrate in a chemicals promoting oxidation,
such as nitric acid; and the method of forming an oxide film by
anodic oxidation. However,.in the case of chemical oxide films,
the growth of film thickness is limited. On the other hand, in
the case of anodic oxidation, the range of controllability of a
film thi¢kness is relatively wide, but the electric
characteristics such as, the interface characteristics,
dielectric breakdown characteristics or the like are not
sétisfactory. Other'methods of forming oxide films at a low
temperature include the method of forming an oxide film by
conducting a thermal oxidation by ultraviolet irradiation and the
method of forming an -oxide film by 6xidizing in plasma. In the
conventional methods mentioned -above, it has been difficult to
form high-quality thin films having high controllability and high
reproducibility.
Moreover, the conventibnél thermal oxidation at relatively
high temperature has the problem of a lack in contrdllability of
the film thickness during formation of an oxide film having a
thickneés of 4nm or less. If_oxidatioﬁ'is conducted at a low

This s the raplacement Shest -,
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arsseni de and i ndi um phosphi de. 15. The nethod for manufacturing an oxide
filmon the surface of the sem conductor substrate according to Caim?7,
further conprising renoving native oxide films and/or inpurities which are
present on the surface of the senicondUﬁ%£r substrate before. the-oxide
films are formed. 16. The nethod for marfutacturing an,k oxide -ttt
surface of the sem conductor substrate according to ﬁl "B
t hi ckness of the second oxide filmis greater than t

film and thgdthiigkpessnd jlshe second oxide fil mrang@bsghd
The method for manufacturing an oxide filmon the surflac F—tFre

sem conduct or SUbitrﬂlébﬁﬁéawaﬁbQGrtébﬁﬁﬁﬁéﬂﬂ§1aﬂhékfﬂé‘ﬂﬂrﬁ RRata the@1ment in
an oxi di zi ng atnosphere is conducted after nmetal wiring is made on the
surface of ttlEmddilaomlugieonrdebsligtéd on the surface of a semiconductor

substrate, wherein said metal thin film comprises a metal serving
as an oxidation catalyst and having a thickness in the range of
0.5-30nm and said oxide film comprises a film which is formed by
oxidation in the presence of said metal thin film as an oxidation catalyst
and having a thickness in the range of 1-20nm.

o/ 2. The semiconductor according to Claim 1, wherein the
oxide film comprises a first oxide film and a second oxide film,
and the first oxide film has a thickness in the range of 0.1-
2.5nm and the second oxide film has a thickness in the range of
0.9-18.5nm.

3. The semiconductor according to Claim 1, wherein the
metal thin film as an oxidation catalyst comprises at least
one metal selected from platinum and palladium.

4. The semiconductor according to Claim 3, wherein the

U metal thin film as an oxidation catalyst is formed by the
deposition method.

5. "The semicohductor according'to Claim 1, wherein the
semiconductor substrate comprises at least one material selected
from the group consisting of single crystalline silicon,
polycrystalline silicon, amorphous silicon, gallium arsenide and
indium phosphide.

6. The semiconductor according to Claim 1, wherein the
thickness of the second oxide film is greater than that of the

first oxide film and the thickness of the second oxide film

) O O
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ranges from 1 to 20nm.

7. A method for manufacturing an oxide film on the surface
of a semiconductor substrate, comprising the steps of forming a
first oxide film having a thickness in the range of 0.1-2.5nm on
the semiconductor substrate; forming a metal thin film as an
oxidation catalyst and having a thickness in the range of 0.5-
30nm on the said first oiide thin film; and forming the second
oxide film by heat treating the metal thin film in an oxidizing
atmosphere at temperatures of not higher than 600°C.

8. The method for manufacturing an oxide fiim on the
surface of the semiconductor substrate according to Claim 7,
wherein the first oxide film is manufactured by soaking the
semiconductor substrate in at least one solution selected from
the group- consisting of

a heated solution containing concentrated nitric acid,

a heated solution containing concentrated sulfuric
acid and hydrogen peroxide,

a heated solution containing hydrochloric acid and
hydrogen peroxide,

a solution containing hydrogen peroxide, -

a solution containing ozone,

a heated solution containing nitric acid and sulfuric
acid,

a solution containing hydrofluoric_acid.

boiling water,_énd

a heated solution containing ammonium hydride solution
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