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SEMICONDUCTOR AND A METHOD FOR MANUFA.CTURING AN OXIDE F-ILM ori~;THE .. 
• • -; 't:.,. ~ • 

,. 

SURFACE OF A SEMICONDUCTOR SUBSTRATE ::·. -·. ·. _; .. :::·~ 
..... ·· ,• . ---

.: ·. "fi~5~~~; 
The invention relates to a semiconductor which can be · .·.::::~_: 

employed for MOS (metal oxide semiconductor) devices used 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 surface 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 one of the very 

important processes in manufacturing an oxide film. It is 

required tha.t the wafer be cleaned and have a high quality, that 

·is, a l~w ~~~~d charge density, and a low interface-stat~ 

density. On the other hand, as devices become fine and highl~­

integrated, gateo~id.e ·films or capacitance oxide films are 
. :-=~ ···' 

' 
becoming thinner. ·For.example, according to the design rule of 

0. l µ m or less, an ultra:· thin gate oxide film having a thickness 

of not more than 4nm is· required. Conventionally, a gate oxide. 
• • film of an MOS. transistor has· ·been ft?rmed by the method .in which 

semicond~ctor· s~bst~at~ is eJq>0sed .. in. ~ oxi~izing atmosphere .• 

for ~xampie.·. . in ~ .atmospher~ o~ ~r~ oxygen or i1i an }ftmosphere . 

·.·. 
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\~THIS SHEET \-\AS SEEN 
REPLACED 

of steam. at a temperature of 600"C or higher (See. for example, 

VLSI technology, S. M. Sze edition (1984) 131-168 page). 

1 

Moreover, other than thermal oxidation, the chemical vapor 

deposition method (CVD method) is employed, in which mono-silane 

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 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 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 therma'l oxidation by ultraviolet irradiation and the 

method of forming an·oxide film by oxidizing 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 o~ a lack in ~ont~ollability· of 

the ffi"m· thickness during f_or~ation of an oxide ·film having a. . . . : . . . . . . . . . 

t.hfckness .of 4rim or less .. If o;Xfdation is· condµcted at a low 
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temperature in order to improve the controllability of the film 

thickness, there arise problems in the quality of the formed 

oxide film, .that is, the interface-state 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, 

occurrence 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 interconnection process is carried 
. . 

out. So far, in order to obtain a low resistance, aluminum or 

aluminum alloy has been us~ for the metallic_ interconnection. 

Since the melting point of aluminum is 660°C and, moreover, 

hillocks (abnormal protrusions on the surface of an aluminum 

wiring taking place during heat treatment) may be occur, the heat 

treatment after metallic wiring is required to be conducted at a 

temperature not higher than 400°C . Therefo~e. in the case where 
. . . 

th~ · 90.nverit:ioI?-al_ ~he~mal · o~ida,tion method is ~mp~oyed.< i:t· is 

difficult t_o f_orm -a gate. oxide f i_lm ."af·t~er · ~-9· ~taiiic ... 
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interconnection process. Moreover, in the case where an oxide 

film is formed by the heat treatment at a temperature of not 

higher than 400"C for approximately one hour, the film thickness 
. 

turns out to be not more than lnm, thus making it difficult to 

form a thin film usable for a gate oxide film. 

An object of the present invention is to solve the above­

mentioned problems of the conventional methods for manufacturi~g 

oxide films. In order to solve the problems, the present· 

invention provides a-semiconductorl 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 substrate. 

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 catalyst and 

having a thickness in the range of 1-20nm. 

It is preferable in the above-mentioned semiconductor of 

the present inven~ion that an oxide f ilni comprises a first oxide 

film. -~d a second oxide fiim, and the first oxide film has a· . . . . . . . . ... · ... ·.·. . . . . . .. . .. 

:thic~es~ in_ tlie r~ge of 0.1.:.? ... 5" ~ ·.im~· the ~econ4·· oxide f~lm.· .. : 
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has a thickness in the range of 0.9-18.5 nm. 

It is preferable in the above-mentioned semiconductor of 

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 formed 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, polycryst~lline 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 surf ace of the semiconductor substrate of the present 

invention has steps of forming the first oxide film 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; an~ forming the second thin film by heat 

treatment thereof .i-~ .an· atmosp~ere ~f ·oxidati~n ·af temperatures· 
. ·. . . . . . . . . · ... 

of not hig~er .. th.an 600°C;!. 
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It is preferable in the above-mentioned method that the 

first oxide film is manufactured by soaking the semiconductor 

substrate in at least one solution selected from the group 

consisting of following A to I; 

A. a heated solution containing concentrated nitric 

acid, 

B. a heated solution containing concentrated sulfuric 

acid and hydrogen peroxide, 

C. a heated solution containing hydrochloric acid and 

hydrogen peroxide, 

D. a solution containing hydrogen peroxide, 

E. a solution containing ozone, 

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 

.. exposing th~ semiconductor . s~bstl;'ate. to ozone. g~s ~i th . · . 
·. . ... ,· . . . . . . ··. . . ·.. . . . 

ultray~olet irradiation ... It i.s .preferabl~:. tha:t if .this ox.ide- · . 
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film is formed in the vapor phase, contamination such as dust 

does not easily stick. 

It is preferable in the above-mentioned semiconductor and 

the method for manufacturing an oxide film that the metal thin 

film se!'Ving 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 

from the group consisting of the following a-g: 

a. an atmosphere of dry oxygen, 

b. an atmosphere of mixed gas containing dry oxygen aud 

non-oxidizing gas, 

c. an atmosphere of oxygen containing water vapor, 

d. an atmosphere of mixed gas containing oxygen 

containing water vapor and non-oxidizing gas, 

e. an atmosphere containing ozone gas, 

f. an atmosphere of oxygen containing N2o. and 

g. an atmosphere of oxygen containing NO. 

This oxidation treatment permits the efficient formation of 

the f"ilm. 

. "!~ is also pr,efera~le in the above-mentioned method that · 

. the temperature . o.t ·the. he.at treatment in an· oxi~j·z_ing_· a:tm~sphere 

• 
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is in the range of 2 5-600°C . 

lt 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 

surf ace of the semiconductpr 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 f ~lm, and the thickness of the second oxide film 

ranges from 1 to 20niit.. ·1£ 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 ultra thin gate oxide films and capacity oxide films 

or the like. 

According to the above-mentioned method the heat·treatment 

in an oxidizing.atmosphere may be condµcted even·after the m~tal 
... 

wiring is pl~~ed op.·t~e. ~urface of th~ semiconductor substrate. 
. . . . . . . . . . . . .. . . : ... 

-Aceord.ing to tne ·above-mentioned· s.e~ico~du~tor of .. the .. -
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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 film having 

a thickness in the range of 0.~-2.5nm on the semiconductor 

substrate; forming the metal thin film serving as an oxidation 

catalyst and having a thickness in the range of 0.5-30Illil on the 

first oxide filni; and ·heat. treating in ail oxidizing·atmosphere at 

temperatures of not higher than 600°C to form the second oxide 

film. Consequently, thin, homogeneous, and high-quality oxide 

films can be formed on the surface of the semiconductor substrate 

effectively and reasonably. In this method, high controllability 

can also be realized. 

Acco~ding to ~he method of the present invention, a thin 

·~d .homoge~eous oxide film· is formed .on a c.I°ean surface of. the 
. . . . . .·· ·. .· . , . . 

. semicondu.ctor sub.strata ··arici then. ·the met~l · tb,i~ .film s~r.ving_ ~~ 
.. 
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an oxidation catalyst is formed thereon, so that the 

semiconductor located right under the metal thin film can be 

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 1-20nm. Moreover, the oxide film 

formed in the method of the present invention is excellent in its 

interfacial characteristics so that a high-quality oxide film can 

be obtained, which is low in interface-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 preferable 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 process in . · 

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.1 (c) shows the process of forming the 

chemical oxide film (the first oxide film). on the surface of the 

silicon substrate; Fig.1 (d) shows the process .. of forming the 

platin:um film as a metal f~lm serving as an oxidation.catalyst; 

Fig .. 1 .-ce·) ·shows t~e ~z:ocess ·oi for~ing -~ se~ond ~~idation -~i_licon 
. f .dm which was·:· ~eat treated fµ an .. atSP.-QSph~re p~· oxidation( Fig, l 

.. . . ·. 
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(f) shows the process of forming an electrode film; and Fig.1 (g) 

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 spectrum which was 

observed after the silicon oxide film was formed by concentrated 

n~tric acid and then the produced sample was put into an electric 

furnace and heat treated at the temperature of 300°C 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,•and the produced sample 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. 

thickness of oxide film formed in.one ex~ple of the.present 
. . . : . . .· 

.... inven'tion' ood' 'tlie. 'temperature .of oxidation .. 
. . . . ~ 



• 

. : 

12 

Fig. 7 shows the relation between the thickness of oxide 

film and that of the first oxide fi_lm 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 example 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 !o 

the attached figures and the following examples. 

First, referring now to 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. -On the 

-surface of .the active region ·4, native oxide film 9 is proyided 

(Fig.l(a))·. As· a silicon substrate, p-type (100) having a 

re·sistivity of 10-15 Q ~m. ~,s emp_loyed. A _ch~~-i. ~top~er made of 

boron was injected ~hereon,,~ thus forini_ng LOCOS (local oxidat~on::. · 
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of silicon) oxide film to 500nm thick. 

The surface of the active region 4 was cleaned by the 

following steps; a wafer was cleaned by the well known RCA 

cleaning method (W. Kern, D. A. Plutien: RCA review 31 (1970) 

187page); 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.1 (b)). In order to form a high 

quality ultra thin oxide film on the surface of silicon, a clean 

silicon surface 3 is needed. It is important 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 oxide 

film) having a thickness of 1.lnm was formed·on the surface of 

the silicon substrate (Fig. l(c)). According to this example, 

the thin oxide film 5 was formed by chemical treating 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 

contai~.ing.sulfuric .. acid .and hydrogen peroxide; a.method of . . . . ~. . . 

sqBking'_ a semico~ductor .substrate in a mixed· solution ··.containing .. 
. . . . . . ·. . . . . . . : . . 
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hydrochloric acid and hydrogen peroxide; a method of soaking a 

semiconductor substrate in a mixed solution of aqueous ammonia 

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 ip 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 employed. 

Removing the native oxide film 9 of above-mentioned 

explanation is important for the characteristics of the first ~ 

oxide film 5. In other words, the.clean and homogeneous oxide 

film is required. 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 catalyst, a 

platinum 6 having a thickness of approximat~ly 3nm was d~posited 

onto the first oxide thin film 5 on the silicon·substrate by the 

electron beam deposition method (Fig.l(d)). In-this case,· 

piat inum·· with a . purity of . 99 . 99 wt . % was used~ . . . . . . . 

. . 

The .depos~_tion 

. rate was" cont~oiled to be: o.'3nm/mi~.·; the "temp~rature of. the ·._ . - . . . . .. 

. .... 
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silicon substrate during deposition was 50°C; and the deposition 
. -4 

pressure in the atmosphere was 1 x 40 Pa. 

The silicon 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 run thick 

(Fig.l(e)). Consequently, the oxide film 7 having a thickness of 

4.5nm 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 st~ps of; depositing 

an aluminum 8 at lµm thick by the sputtering method (Fig.l(f)); 

patterni~g a gate electrode by the well known photo-lithographic 

method; and forming a gate electrode 10 by etching an aluminum 

and a platinum by the well known dry etching method (Fig. l(g))~ 

In this example, the platinum film serving as an oxidation 

catalyst was used as a portion of an electrode, however, 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 after 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 . 

. the .sourc~ o(X-rays •.. Ka -raf of Al .);laving an. energy of 1487eV .. 
. ·. . . . ... . . . . . ·. . . . . . . 

. was used. Tb.e'" photo .. electrons. wer~-- observed . in . the perpendicular" 
. . . . . ·. . . . . 
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direction. A peak (1) occurred due to the photo-electron from 

the 2p track of Si of the silicon substrate; a peak (2) occurred 

due to the photo-electron from the 2p track of Si of the silicon 

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 l.l:i;un. The mean free path 

of the 2p track of Si in the silicon oxide film was made to be 

2.7nm, 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.) Vol.~2 (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 produced 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' ,, 
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 oxid~zing atmosphere 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 t~e minimum possible thickness for 
. .. 

gate oxide film of MOS transistor. 

Fig. 4 (a) shows an X-r·ay photo-electron spectrlim which was 

o~serv~d af_ter -the ~ilicoIJ, OJeiide filin was form~d .°by heated 

c°oncentI_'atetl nftric. acid, a: .platinum. :fil_m· haV;iJ?~ a thicknes_S ... Of . 
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approximately 3nm was deposited thereon, the produced sample was 

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 ox~de 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 film, the silicon thin film can be observed to grow at a low 

temperature of appro~imately 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 platinum film having a thickness of 

approximately 3nm was deposited thereon, the produced sample was 

put into the electric furnace and 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 track of Si of the silicon oxide film was lower.. However, 

when compared with peak (2.) shown in Fig. ·3, whi9h occurred after 
. . . 

... the silicon oxide film was· formed by" the con.Cemtrated nitric. "acid ·... . :·. . ·. . . . . . . . 

' and. ·then· the produced sample "was" put" .into 1;he "e"iectric furnace .. 
. . . . . . . . . . . . . : . : 
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without depositing platinum on the surface of the silicon 

substrate and heated therein 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 intensity 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 atmosphere of moistened 

oxygen for one hour. Plot (b) shows the thickness of an oxide 

film calculated from the ratio of the integrated intensity of t,!ie 

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 furnace and heated at various 

temperatures in molstened oxygen for one hour. The thickness of • . . 
the silicon oxide film was estimated from the X-ray photo-

electron spectrum of the.2p-region.of Si.. Plot (a) shows that in 

a ·case where a platinum thin film was "not present on the s"ilicox:i 
. . . .. · . . . . . . . . .... 

9xicie" .film,' the. thickness. of. the' si.l_l.con oxide .film did not'. 
· .... 
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change by heat treating at a low temperature of not higher than 

300°C. The change in the thickness is within the range of 

experimental error. On the other hand , plot (b) shows that in 

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 heat 

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 

ultra pure water were mixed at the ratio of 1 : 1: 1.5 to grow 

the first oxide film to 0.5nm thickness. In order to obtain the 

1.3nm thick first oxide film, silicon wafer was soaked in the 

heated concentrated nitric acid for ten minutes at the 

temperature of 115°C. A 3nm thick platinum was deposited on 

these oxide films and heat treated at the temperature of 300°C in 

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 not grow at all .. In this case, platfnum 

silicide generated at the. interface pf the· silicon sub~trate by ·.a. 
. . . .. . . ·. :· . . . . .. 

·r.e~ctiozi. 't;>etween:. the· sili~or!. s'ubstrate ~d · pla.tinum: . llowever~ · 
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only if the first oxide film was controlled to 0.5nm, there was 

no reaction occurred between platinum and silicon. Consequently, 

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 present 

invention, if the thickness of the first oxide film is O.lnm 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. 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 

se~ond ox1de film (formed by the heated concentrated nitriG acid) 
. . 

~d-1:he ·thic~ess of. p~at~n~. . I.n Fi"g. ~·. the ,resti~t wh~n 

pallad:limi· was employed i·~ste_ad of. pl,atinum. ~~s also·. stJ,owr;t. · : In 
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the case where the thickness of platinum was Onm (no platinum was 

deposited), the second oxide film did not grow, which was same as 

in Fig. 3. In the case where platinum was deposited to 0.5nm 

thickness, a thickness of the second oxide film became 2.lnm. As 

the thickness of platinum was increased, the thickness of the 

second oxide film changes as follows. When the platinum was 

deposited to 1.5nm thickness, the thickness of the second oxide 

film was 2.Bnm; 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 4.2nm; and when the thickness of platinum 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 lOnm, the second oxide film decreased to 4·.2nm. In the case 

whe~e 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 400°C for one hour. The thickness of the second silicon oxide 

film comprising platinum by means of ~he X-ray photo-electron 

·. spectr~. The thickness of the· second silicol). oxide film · 

c.oilipris.iilg "p~lladium was ."employed was··measured· _by" ~eans·. of. the 

... ·.·. 
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capacitance-voltage (C-V) measurement. 

Fig. 9 shows the energy distribution of the interface-state 

density of the semiconductor h~vi:ng a structure of 3nm of 

platinum I 2.6nm of oxide film/ Si 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, Sl.irface 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.lnm) 

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 have an interaction 

with Si and oxygen atom in an oxide film of this example. The 

interface-state density of oxide film turned out to be lower than 

t~at 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 700°C ·. 

This shows the oxide film formed by the method of .. this example 

ha~ .s~fficfent _fnt.~rface charac~eri~_tic"s. as a·_gate ox~de film·. 
. . . . . . . . . . 

·:.Therefore,.· the thi.n ·oxide .film. form~d· :by' the metJ::iqd· of t]J.is. _ ·, 
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example is useful for an MOS transistor or the ultra thin gate 

oxide film of MOS capacitor .. The oxide film formed by the method 

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 

electrod~ which is called storage node 18 is formed by a 

am9rphous silicon containing 1 x 1020 atoms/cm3 of conductive 

impurities such as phosphorus. 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 growth of oxide films at a low temperature 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 I low­

temperature oxide film 19 I platinum tbin film 20 I amorphous 

silicon cell plate 21. Herein, providing the platinum thin film 

20 makes it possible to prevent the depletion on the cell pla1'.e 

and to secure the cell capacitance. Moreover, oxide films were 

f.ormed_ on the· monocrya.tallih~ s"i-licor.i subst~ate or amorphous". 

silicon . substrafe so that the capacitance . of; ·.structure. b~tween 
.· ... 

. . 
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conductive films can be obtained. In Fig. 10; 11 is a p-type 

sil.icon 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 ) 
x 

film, 15 is a bit line (polycide), 15' is a polycrystalline 

silicon film, 15'' is a tungsten silicide (WSix) 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 

implantated onto the active region so as to be made a density of 

1x1018 atoms/cm3. Then, the wafer surface was cleaned and the 

native oxide films were removed by etching with anhydrous HF g~s 

for approximately 10 seconds. Subsequently, an oxide film having 

the thickness of lmn 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 lOO°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 lOOnm. thickness by .the well known·cvn method under 

reduced pressur·e at a· temperature of 530°C. The deposited film 

ot:this eX8JI1ple ~s a.piorpho~~ and the. ph9sophoru~ density was .3 x . 

. : 1020 ~to~s/c~3 : .. hi a~~ii~io~ .. ·· ~h~' g~~e· ele~trbde" .wa,~:.p~tt~~ne~ by·.· 
· ...... 
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the well known photo-lithographic method, and etching of 

noncrystalline silicon 35/platinum 34/gate oxide film 33 was 

conducted by the well known dry etching method. Then, 

phosophorus-doped oxide film was deposited as a· sidewall 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 example 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 inventi.9n 

comprises at least an oxide film and a metal thin film. And the 

metal thin film comprises the metal serving 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 temper~ture heat treatment. Moreover, the 

semiconductor can be formed, on which.a gate oxide film can be 

.f~~med a_f_ter _m~tal wi~~n~ is ·_Pll'.lc.ed_.· · 

The' ·method 'tor manufacturing an oxide film on the· surface· . . . . . . . . . . . . . . 
. · ... 
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of the semiconductor of the present invention comprises the steps 

of; forming the first oxide film having a thickness in the range 

of 0.1-2.5nm on the semiconductor substrate; forming a metal thin 

film serving as an oxide 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 substrate under the high temperature of not less 

than 600'C, ultra thin oXtde 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 forming the oxide film to the surface of the 

polycristalline silicon substrate and noncrystalline silicon 

substrate, a high performance capacitance can be made. 

Furthermore, since oxidation is conducted under low temperature, 
. . . 

MOS transistors can be formed after the metal wiring. is placed on 

the semiconductor substrate, thus improving t~e flexibilities. in 

. . deSiSn and pr~cess ~f" ·.m~µfacturing. ~evlce.s as well as the .·· . . . . . . . . . . .. 

perfor~nc~ of the semiconductor. 
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What is claimed is; 

THiS SHEET HAS BEEN 
REPLACED 

1. A semiconductor comprising an oxide film and a metal 

thin film in the order listed on the surface of a semiconductor 

substrate, wherein said metal thin film comprises a meta~ 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 l, 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.Snm and the second oxide film has a thickness in the range of 

0.9-18.5nm. 

3. The semiconductor according to Claim l, wherein the 

metal thin film serving as ~ 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 l, wherein the 

semiconductor substrate comprises at least one material selected 

from the group consisting of sing~e crystalline silicon, 

polycrystalline silicon, amorphous silicon, gallium arsenide and 

indium phosphide. 

6 .. The semiconductor according .to Claim l, wherein the 

. thicknes.s of. the second" "oxide. f:i.lm. is greater. than that. o~ the 
. ~ . . . . . •. . ·. ·. . . . . . . . . . ·. . 

"tirst ·oxide film.:and. the. "thickn¢ss· of the second" oxide fill~ .. 

l lllllll llllll lllll lllll II llll 
* C L M S * 
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THIS SHEET HAS BEEN 

REPLACED 

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 

th~ 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 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 film 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 acip. 

a heated solution containing concentrated sulfuric 

acid and hydrogen peroxide, 

a heated solution containing hydrochloric acid and 

hydrogen peroxide, 

acid, 

a solution containing hydrogen peroxide, 

a solution containing ozone, 

a heated solution containing nitric acid and sulfuric 

a solution containing hydr~f luoric acid, 

. boiling water, and 
. .. . . . . . . : 

· ·a heated s·olution ·containing ·ammonium hydride".soiu~iori. · . 

\ \11\11\ \\\I\\ Ill\\ \\Ill \\ \II\ 
* C L M S * 
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and hydrogen peroxide. 

9. The method for manufacturing an oxide film on the 

surface of the semiconductor substrate according to Claim 7, 

wherein the firs.t 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 film is formed by 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 fro~ the group consisting of 

an atmosphere of dry oxygen, 

an atmosphere of mixed gas of dry oxygen and non­

oxidizing gas. 

an atmosphere of oxygen containing water vapor, 

an atmosphere of mixed gas of oxygen containing water 

vapor and non-oxidizing.gas, 

~ atmospher~· of containing ozone gas, 

.· ·~· atmo.s~he~e ·of oxtg~n ~ c"oiit~i~ing ... N2~. and 

t \11\11\ \t\lll 111\\ \\1\1 \l \II\ 
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30 

an atmosphere of oxygen containing NO. 

13. The method for manufacturing an oxide film on the 

surface of the semiconductor substrate according to Claim 7, 

wherein 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 crystalline 

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 substratEt 

before the ·oxide films are formed. 

16. The method for manufacturing an oxide film on the 

surface of the semiconductor substrate according to Claim 7, 

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 20nm. 

17. The method for manufacturing an oxide film on the 

·surface of the semiconductor substrate according to Claim 7, 

wherein the heat treatment in an oxidizing atmosphere is 
. . . . . . 

cond~cted after ~eta! wiring is·m~de o~ the surface of tne 

. semicondu.ctor ·substrate .. 

llllllll llllll lllll lllll II llll 
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