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METHOD OF ANALYZING METAL IMPURITIES IN SURFACE

OXIDE FILM OF SEMICONDUCTOR SUBSTRATE

BACKGROUND OF THE INVENfION
1. Field of the Invention:

This invention relates to a method of analyzing
metal,impﬁrities in an oxide film formed on the sur-
face of a semiconductor substrate, and more particu-

"Jarly to a method of analyzing iron and aluminum im-
purity, which method is useful for quality control
. chiefly in the cleaning process during the production
of LSI.
2. Description of the Related Art:
The conventional means for analyzing metal im-
. puriﬁie$ in the surface layer of a semiconductor sub-
str;te‘isxexemplified by SIMS (Secondary Ion Mass
Spectfdmetry) and TRXRF (Total Reflection X-ray Fluo-
-fescence). |

However, these conventional analyzing methods
needs vacﬁum, which requires a large-sized and ex;
pensive analyzing apparatus. Therefore in the conven-
tional methods, a simple analysis cannot be achieved.

SUMMARY Oé THE INVENTION |

It is therefore an object of this invention to-

provide a method of analyzing metal_impurities in a

surface oxide film of a semiconductor substrate, which
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method does not need vacuum and therefore can be

carried out in an inexpensive small-sized apparaltus
and which enables a detection sensitivity of the order
of 1011 atoms/cm?2.

According to a firsk aspect of this invention,
there is provided a method of analyzing metal im-
purities in a surface oxide film of a semiconductor
substrate, cdmprising: measuring a quantity of oxide
charge resulting from metal impurities existing in the
surface oxide film forﬁed on the semiconductor sub-
strate; obtaining a correlation between the quantity
of oxide charge and.a quantity of the metal im-
purities; and measuring the quantity of metal im-
purities in the surface oxide Tilm ffom the quantity
of oxide charge of the surface oxide film based on
said correlation.

According to a second aspect of the invention,
there is provided a method of analyzing metal im-
purities in a surface éxide film of a semiconductor
substrate, comprising: obtaining a correlation between
a depth of a thermal oxide film formed on a silicon
substrate and a quantity of oxide charge resultinag
from metal impurities in the thermal oxide film: ob-
taining a correlation between a quantity of metal im-
purities in Lhe oxide Film and the quantity of oxide

charge resulting therefrom; and obtainina a distribu-
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tion of concentration of the metal impufities in the
thaermal oxide film, based on these correlations.

Accdrding to a third aspect of the invention,
there is provided a method of analyzing metal im-
purities in a surface oxide Film formed on a semi-
conductor substrate, wherein iron or aluminum in a
natural oxide film.is qualitatively analyvzed by com-~
paring a pre-measured a quantily of oxide charae in
the natural oxide film with a quahtity of oxide charge
resulting from aluminum in thé thermal oxide film,
based on that. of iron and aluminum moved from the
natural oxide film into the thermal oxide film, only
aluminum has a charge.

A significant feature of the analyzing method of
this invention is that the quality and quantity of the
metal impurities can be analyzed by measuring the
quantity of chargé of the metal impurities. The pres-
ent inventor has discovered that specified metal im-
purities containing in the surface 6xide film of a
semiconductor substrale have a charge, and more par-
ticularly that iron in a natural oxide film has a neg-
ative charge and that when iron and aluminum in a nét—
ural oxide film is diffused into a thermal oxide film
formed on the natural oxide film, only aluminum has a
charge. This invention has been made based on these

phenomena.
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Thus a metal impurity which has a charge in an
oxide film can be analyzed by the method of this in-
vantion. Such a specified metal impurity is ex-
emplified-by iron and aluminum. Cgpper and nickel do
not have such characteristics. It has been dizcovered
that in a natural oxide film both iron and aluminum
have a charge and that in a thermal oxide film only
aluminum has a charge.

In this specification, the term "natural oxide
film"” means an oxide film developed on an active
silicon surface such as in atmosphere or a chemical
oxide film Tormed such as by RCA cleaning, especially
the latter normally having a small thickness of about
10 Angstrom. The term "thermal oxide film™ means an
axide Film of about L00 Angstrom formed by oxidation
in an oxygen gas at a high temperature of 800 to
1.200°C in a furnace for oxidation.

In the first analyzing method of this invention,
it is possible to obtain the concentration of melal
impurities by obtaining a guanlity of oxide charge in
a surface oxide film of the sampled substrate if a
correlation between a quantity of metal impurities ex-
isting in the surface oxide film in.the fprm of a nat-
ural oxide film or a thermal oxide film and the
quantity of oxide charge resulting from the metal im-

purities. -
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In the second analyzing method. a quantity of-
oxide charge in a thermal oxide film formed on a
silicon subétrate, whereupon a surface layer of the
thermal oxide film is removed such as by etching: in
this stage, the quantity of oxide charge in the
remaining thermal oxide film is measured. By repeat-
ing this process one or more times, it is possible to
obtain a correlation between the depth of the thermal
oxide lilm and the quantity of oxide charge resulting
from the metal impurities in the thermal oxide film as
well as a correlation between the quantity of metal
impurities in the thermal oxide film and the quantity
of oxide charge resulting therefrom. Based on these
correlations, it is possible to obtain a correlation
between Lhe concentration of the metal impurities and
the depth of the thermal oxide film, from which cor-
relation the distribuLion of concentration of the met-
al impurities in the Lhermal oxide film can be
noticed. Then the concentration of the metal impurity
(aiuminum) can be obtained by obtaining the quantity
of oxide charge in the thermal oxide film of the
sampled substrate from the-concentration distribution.

In the third analyzing method,. the exisLence-of
iron or-aluminum in a natural oxide film can be
ﬁoticed by comparing the pre-measured quantity of

oxide charge in the natural oxide film with the pre-
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measured quantity of oxide charge resulting from

aluminum in the thermal oxide film, based on the fact
that of iron and aluminum moved from the natural oxidé
film into the thermal oxide Film, only aluminum has a
charge.

As described above, according to the analyzing
method of Lthis invention, it is possible to specify
the kind of a metal impurity in the surface oxide film
and to detect the concentration of the metal impurityl
with high precision by simply measuring the quality of
oxide charge in the surface oxide Tilm.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a qhéractefistic graph showing the
correlation between the Fe concentration and the
quantity of oxide charge in a natural oxide Film or a
thermal oxide film:

FIG. 2 is a graph showing the distribution of Fe
in the depthwise direction of the thermal oxide film;

.FIG. 3 is a characteristic graph showing the
correlation between the Al concentration and the
quantity of oxide charge iFf a.thermal oxide Film is
formed on a natural oxide film:

FIG. 4 is a graph showing the distribution of
quantity of oxide charge of Al in the depthwise direc-
Lion of Lhe thermal oxide film;

FIG. S5 is a Flow diagram showing the forming and
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measuring a sample for obtaining the correlation
diagram of FIG. 4; and

FIG. 6 is a graph showing the distribution of Al
concentration in the depthwise direction of the
thermal oxide film.

DETAILED DESCRIPTION

Embodiments of this invention will now be de-
scribed in detail with'reference to the accompanying
drawings.

FIG. 1 shows the correlation (curve 1) between
the iron (Fe) impurity éoncenuration (atoms/cm®) and
the quantity of oxide charge (x10l!q/cm?) in a natural
oxide film formed on the surface of a silicon sub-
strate, and also shows the correlation (curve 2) be-
tween the Fe impurity concentration (atoms/cm?) and
the quantity of oxide charge (x1011/cm2) in a thermal
" oxide film.

For obtaining the correlation shown by the curve
1, as a pre-treatment process, the surface of an n-
type silicon substrate is wet-cleaned by a first
cleaning proéess (hereinafter called “SC-1"). which is
performedfih the.following order:

(a) etching with an HF cleaning solution

(HF:water=1:10) For three minutes.
(b) rinsing with pure water for three minutes.

(c) cleaning with an oxide agent
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(HC1:H202 :waterz1:1:6) at 60°C for three
minutes.

(d) rinsing with pure water for three minutes.

By the wet-cleaning of the first cleaning pro-
cess, a hatural oxide film (chemical oxide film) of
about 10 Angstrom is formed on the silicon substrate.
AN oxide agent containing HCl is useful in rremoving
metal impurities on the substrate.

Then, the surface of the natural oxide fiim is
coated with an Fe solution by rotating the subslrate
while dropping onto the surface of the substrate an Fe
solution containing Fe ions by a predetermined con-
6enbration, namely, by the spin—coat method. whereupon
the natural oxide film is dried. The resulting sample
contains Fe in the natural oxide film by a
predetermined concentration. 1In this experiment, as
‘shown in Fig. 1, for three kinds of samples of dif-
ferent Fe concentrations, a concentration of fFe and a
quantity of oxide charge resulting from Fe in Lhe nat-
ural oxide film are obtained. The more the points of
measurement, the more precise the impurities-oxide
charge correlation curve éan be obtained.

Subsequently, Fe in the natural oxide film is
perféctly dissolved in a clean HF solution
(HF :water=1:200) containing neither Fe ions nor Al

ions by etching the natural oxide film with the HF
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solutbion, and this solution is collected, whereupon

Lhe quantity of Fe jumpurities in the natural oxide
film is nmeasured by atomic absorpLion.

The quantity of oxide charge in the natural
oxide film is obtained by measuring Lhe relation (C-V)
between a D.C. bias voltage v and a depletion layer
capacitance C by measuring the surface photoelectric
voltage (SPV) generated by LED intermittent light in
proportion to the widkh of a semiconductor depletion
layer while varying the D.C. bias voltage. 1n the C-V
measutrement of this SPV method, the.inversion voltage
(initially a positive d.c. bias voltage is applied to
an n~ktype silicon substrate) is adopted. The SPV
method is disclosed in a publication: E. Kamieniecki.
SEMTCON/EUROPA 91 TECHNICAIL PROCEEDINGS. pages 85-95.
March 5-6 (19921).

As is apparent from the curve 1 of FIG. L, along
with the increase of the quahtity of Fe impurities in
the natural oxide film on the silicon substrate. the
quant.ity of negative charge in the natural oxide film
was increased. Thus it was observed that Fe would
have a negative charge as incorporated in a natural
oxide film.

Further. according to this measuring method,
mneasuremaent of charge is possible even if the quantity

of Fe is around 101! atoms/cm2. Thus it was observed
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that Fe in a natural oxide film on a silicon substrate

surface could be detected in the order of 1011
atoms/cm? from tlie C-V analysis using the SPv method.

The correlation, which is represented by the
curve 2, between the Fe concentration and the quantity
of oxide charge in the thermal oxide film was obtained
by the following method.

A natural oxide film contaminated with Fe was
formed in the same manner as the sample formed to ob-
tain the above-mentioned curve 1, and a thermal oxide
film was formed on the natural oxide film. This
thermal film was formed by heating-the substrate in an
ambient of oxygen gas at 900°C for 15 minutes, having
a thickness of about 95 aAngstrom. Then, the Fe con-
centration and the duantity of oxide charge in the
thermal oxide film were obtained in the above-
mentioned method..

As is apparent from the curve 2 of FIG. 1, it
was observed that in the thermal oxide film, Fe has
almost no negative charge; irrespective of its con-
centration.

FIG. 2 shows the distribution of Fe in the dep-
thuise direction of the thermal oxide Film. This dis-
kribution was obtained in the following manner. |

The sample used in this test is a thermal oxide

film (thickness: about 95 Angstrom) formed by dry
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oxidation at'900°C for 15 minutes after cleaning a
silicon substrate by the first cleaning method and
then dopihg Fe into the substrate in the concentralbion
of 1x 1014 atoms/cm?2 by the spin coat method.

Using this sample.'the concentration.of Fe at
two or more positions in the depthwise direction of
the thermal oxide film was obtained by the-TRXRF.Meth—
od. More specifically, fFirstly the concentration of
Fe at the surface of the thermal oxide film was ob-
tained by the TRXRF method. Subsequently, the thermal
oxide film was etched with an HF solution. and the
surface layer of the thermal oxide film was removed,
whereupon the concentration of Fe was measured. By
repeating this procedures, the distribution of Fe in
the thermal oxide film was obtained.

s is apparent from the curve 3, ik was observed
that the number of Fe atoms in the thermal oxide film
was increased along wibh the increase of depth of the
thermal oxide film, peaking and localizing near the
border of the thermal oxide film and the silicon sub-
strate.

From the curves 2 and 3, it was observed that Fe
in the thermal oxide film localized near the silicon
substrate and had no negative charge.

FIG. 3 shows Lhe correlation between Lhe Al con-

centration and the quantity of oxide charge in the
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thermal oxide film.

The pre-treatment process to be used in this
test for the silicon substrate is exemplified by the
following:

(a) doping, onto the substrate wet-cleaned by
the first cleaning method, Al atoms by tﬁe spin coat
methdd (SC-1 + Al spin coat). .

(b) wet cleaning by the second cleaning method
(8C-2) using the following solutions in the described
order:

1) HF:water (1{10)'For three minutes.

2) rinsing with pure water for three minutes.

3) NH4aOH:H202:WATER (1:1:6) at 60°C for three

minutes.

4) rinsing with pure water for three minutes.

{c) wet cleaning by the third cleaning method
(3C-3) using the following solutions in the described
order:

1) HF:water (1:10) for Lhree minutes.

2) rinsing with pure water for three minutes.

3) NHaOH:H202:water (1:1:6) at 60°C for three

minuies.

4) HF :water (1:300) for one Lo two minutes.

Firstly the correlation curve 4 of FIG. 3 was
ogtained in the following procedures:

A silicon substrate underwent one of Lhe forego-
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ing pre-treatment processes including wet cleaning.

By this pre-treatment process, a nétural oxide film
was formed on the silicon substrate by chemical oxida-
tion.

Then a thermal oxide film having a thickness of
about 95 Angstrom was formed by dry oxidation at 9009C
- for 15 minutes.

Subsequently, the quantity of oxide charge of
this thermal oxide film waé obtained by the SPV meth-
od, and the Al concentration, likewise the Fe con-
centration, in the thermal oxide film was obtained by
atomic absorption.

By plotting the thus obtained values of each
sample on FIG. 3, the curve 4 representing the cor-
relation between the Al concentration and the quantitv
of oxide charge in the thermal oxide film was ob-
tained.

The result represented by the cuirve 4 shows that
Al existing in the natural oxide film had a negative
charge when incorporated into the thermal oxide film
and that when the Al concentration was larger than
10}1 atoms/cn2, the negative charge increased substan-
tially linearly along wikh the increase of concentra-
tion.

wWhen the second cleaning method (SC-2) and Lhe.

third cleaning method (5C-3) were performed as the
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pre~-treatment process as well as when Al was positive-

ly doped into the natural oxide film (SC-1 + Al spin
coat),'ib was also observed that Al was contained as
impurities in the natural oxide film and was diffused
into the thermal oxide film. In this Eest, in the
dase of the second cleaning method. (SC-2), the con-
centration of Al impurities was high.

FIG. 4 shows the correlation between the thick-
ness (depth of etching) of the thermal oxide film and
the quantity of oxide charge, illustrating the dis-
tribution of Al in the depthwise direction of the
thermal oxide film.

The samples used in this test were a substrate
whose surface was contaminated the Al concentration of
about 1x1012 atoms/cm2 after performing the first
cleaning method as thé pre-treatment pirocess (SC-1 +
Al spin coat) and a substrate whose surface was
treated by the second cleaning (SC-2) method as the
pre-treatment process.

The correlation curves 5 and 6 of FIG. 4 were
obtained according to the flow diagram of FIG. 5.
AfLter an n-type silicon substrate was treated with the
foregoing pre~trealtment processes, dry oxidation was
performed at 200°C for 15 minutes to form a thermal
oxide Tilm. Then. Lhe quality of oxide chargae and Lhea

Al concentration in this thermal oxide Film were
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measured by the above-mentioned method. Subsequent-
ly. the surface layer (about 2 Angstrom) of the
thermal oxide film was removed by etching using an HF
solution, whereupon the quéntitv of oxide charge and
the Al concentration in the resulting thermal oxide
film were measured again. And the foregoing etching
and measuring processes were repeated one or more
times.

Thus it was observed that the correlation curve
5 {according to SC-1 + Al spin coat) and the correla-
tion éurve 6 (according to SC-2) were substantially
identical with each other. As is apparent from these
correlation curves 5 and 6, almost all of the negative
charge resulting from Al localized at the region of 2
Angstrom from the top surface of the thermal oxide
film. Thus it was observed that part of Al existing
" in the natural oxide film (i.e., chemical oxide film)
formed by the foregoing pre-treatment process was dif-
fused and moved toward the surface of the Lhermal
oxide film after thermal oxidation.

FIG. 6 shows the correlation between Lhe thick-
ness (depth) and the Al concentration in the thermal
oxide Film. In this test, two kinds of samples
treated by SC-1 + Al spin coat and SC-2 as pre-
treatment processes were used.

The measuring method used in this test was as
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follows: The samples of two kinds trealbed by the Jdif-

fgrent pre-treatment processes were formed under the
same condition; the number of samples of each Kkind was
equal to the number of points of measurement. For SC-
2, a separate sample substrate which would have only a
natural oxide Film and would be devoid of any thermal
oxide Film should be farmed in advance.

Then, regarding each of the samples different in
thickness, the Al concenktration in the individual
thermal oxide film was measured. Describing this more
gpecifically using SC-1 4+ Al spin coat by way of il-
luslrative example, the Al concentrakion in the
thermal oxide film of one sample substrate was
measured by atomic absorption. Then using anolher
sample substrate, the surface portion of the thermal
oxide film was removed by the thickness of about 6
Angstrom by etching wikh an HF solﬁtion, and the Al
concentration of ghe remaining thermal oxide film was
measured. By plotting the thus obtained result in
F1G. 6, the correlation curve 7 was obtained.

Likewise, the correlation curve 8 was obtained
by plotting the result of measurement for SC-2. A
plol 9 was obtained by measuring the Al concentration
in the natural oxide film treated by SC-2.

As 1is apparent from the correlation curves 7 and

g of FIG. 6, 1L was observed thalt Al existing in the
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naturql oxide film was moved into the thermal oxide
film to localize very near. the tpp surface,; proving
the result shown in FiG. 4. By the cleaning process
(sc-2) as pre-treatment process, Al impurities were
incorporated in the natural oxide film to contaminate
the thermal oxide film. In the case of SC-2, about
40% (concentration Cer) of Al (concentralbion Ca) exist-
ing in the nalural oxide film was incorporated in the
thermal oxide film.

In the thermal oxide film. Fe had no chaige.
From the result shown in FIGS. 4 and 6, it was ob-
served thalb the quantity of oxide charge in the
thermal oxide filin resulted from Al impurities and
that the Al impuritiés localized at the very surface
layer of the thermal oxide film. Thus Lhe quantity of
oxide charge resulting from Al can be determined by
the difference Qc between the quantity of oxide charae
Qa when the etching depth was zero and when the depth
of the thermal oxide film was zero, and the quantity
of oxide charge Qs when the very surface layer (layer
having a depth of about 2 to é Angstrom) was removed.
Therefore, Lhe Al concentration in the thermal oxide
film can be obtained from the differential quantity of
oxide charge Qc, based on the Al concentration-oxide
charge correlation curve of FIG. 3.

Further, by pre-measuring Lhe quantity of oxide
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charge fn the natural oxidq film Tormed by the pre-
treatment hrocéss (wetl cleaning) and then comparing
this quantity of 6xide charge with the quantity of
-oxide charge in the thermal oxide film, it is possible
to qualitatively analyze Fe and Al in the natural
oxide film. 1In other words, though both Fe and Al are
moved from the natural oxide film into the thermal
oxide film. only Al has a charge in the thermal oxide
film. Thérefore; if an oxide charge is detected in
the thermal oxide film, it shows that Al is contained
in the natural oxide film. By Dﬂi—detecting how much
part of Al initially existed in the natural oxide film
is to be moved to Ethe thermal oxide film, it is pos-
sible to estiminate the approximate concentration of
Al (i.g., the quantity of Al oxide charge) in the nat-
ural oxide Tilm. By comparing this quantity of Al
oxide charge with the total quantity of oxide charge
in the natural oxide Film, it is possible to presume
the presence/absence and the approximate quantity of
Fe in the natural oxide film.

According to this invention, the following
quantitative and qualitative analyses can be realized:
| (1) It is possible to obtain the concentration
of sum of Fe and Al in a natural oxide Formed on a
silicon substrate. ) -

(2) By forming a thermal oxide film on Lhe natu-
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ral oxide film, it is possible to measure the con-

centration of Al moved from the natural oxide film
into the thermal agide film.

(3) By evaluating the concehtration of sum of Fe
and Al in Lhe natural oxide film of (1) above and the
concentration of Al in the thermal oxide film of (2)
above, it is possible to detect the presence of Fe and
Al in the natural oxide Tilm and also to presume their
ratio.

According to this invention. it is possible to
detect Al atoms and Fe atoms, in the order of 1011
atoms/cm2, which are highly apt to cause contamination
in various cleaning processes, such as RCA cleaning,
in the 1.8I manufacturing process. Since the SPV meth-
od is used in the analyzing method, it is possible to
carry out this invention easily and inexpensively on a
"small-sized apparatus.

Redgarding Ni and Cu atoms of metal impuritieé,
because no oxide charge would be generated in a
silicon oxide film, Lhey cannot be detected by the

analyzing method of this invention.
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surface oxide film formed on a semiconductor sub-
strate, wherein iron or aluminum in a natural oxide
film is qualitatively analyzed by comparing a pre-
measured a quantity of oxide charge in the natural
oxide film with a guantity of oxide chairge resulting
from aluminum, based on th#@. of iron and aluminum
moved from the natural oxide film into the thermal

oxide film, only aluminum has a charge.
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What is claimed is: .

)

L. A method of analyzing metal impurities in a
surface oxide fiih of a semiconductor substrate; com-
prising:

(a) measuring a quantity of oxide charge result-
ing from métal impurities existing in the surface
oxide film formed on the semiconductor substrate;

{(b) obtaining a correlation between the qguantity
of oxide charge and a quantity of the metal im-
purities; and

(c) measuring the gquantity of metal impurities
in the surface oxide film from the quantity of oxide
charge of the surface oxide film based on said cor-
relation.

2. An analyzing method according to claim 1,
wherein the surface oxide film to be analyzed is a
nalural oxide film or a thermal oxide Fi;m.

3. An analyzing method according to claim 1.
the metal impurities are of at least one of iron and
aluminum.

4. An analyzing method according teo claim 1,
wherein the quantity of oxide charge resulting from
Lhe metal impurities existing in the surface oxide
film is obtained by measuring a relation (C-V) betwegn

a d.c. bias voltage V to the semiconductor substrate

and a depletion layer capacitance C by measuring a
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surface photoelectric voltage (SPV) generated by LED
intermittent light in proportion to the width of a
semiconductor deéletion layer while varying the d.c.
bias voltage to the semiconductor substrate.

5. An analyzing me thod according to claim 1,
the quantity of metal impurities in the surface oxide
film is obtained by atomic absorption after the sur-
féca oxide film is dissolved in a clean hydrogen fluo-
ride solution devoid of metal impurities and then the
dissolved solution is collected.

6. N method of analyzing metal impurities in a
surface oxide film of a semiconductof substrate, com-
prising:

(a) obtaining a correlation between a depth of a
thermal oxide film formed on a silicon substrate and a
quantikty of oxide charge resulting from.ﬁhe.thermal
oxide Tilwm;

{b) obtaining a correlation between .a quantity
of metal impurities in the thermal oxide Tilm and the
quantity of oxide charge resulting therefrom; and

(c) obtaining a distribution of concentration of
the metal impurities in the thermal oxide film, based
on these correlations.

7. An analyzing method according to claim 6,
wherein the metal impurities are of aluminum.

8. A method of analyzing metal impurities in a

Ly
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Abstract of the Disclosure

SINGAPORE PATENT
GRANTED

METHOD OF ANALYZING METAL IMPURITIES IN SURFACE
OXIDE FILM OF SEMICONDUCTOR SUBSTRATE

A method of analyzing metal impurities in a sur-
face oxide film of a semiconductor substrate enables a
detection sensitivity of Lhe order of 101! atoms/cm2?
in a simple technique. This method comprises measur-
ing a quantity of oxide charge resulting from
speciflfied metal impuritjes existing in the surface
oxide film formed on the surface of a semiconductor
substrate, obtaining a correlation between the
quantity of metal impurities and'the quantity of oxide
charge, and measuring the quantity of metal impurities
in the surface oxide film from the quantity of.oxide
charge of the surface oxide film, based on this cor-
relation. Further, it is possible to obtain the dis-
Lribution of concentration of the metal impurities in
the t.hermal oxide film on a silicon substrate by ob-
taining a correlation between a depth of the thermal
oxide Tilm and & quantity.of oxide charge resulting
from.the metal impurities in the Lthermal oxide Tilm
and by obtaining a correlation between a quantity of
the metal impurities in the thermal oxide film and the

quantity of oxide charge resulting therefrom.
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Abstract of the Disclosure

METHOD OF ANALYZING METAL IMPURITIES IN SURFACE OXIDE
FILM OF SEMICONDUCTOR SUBSTRATE

A method of analyzing metal impurities in a surface oxide film of a semiconductor
substrate to the sensitivity order of 10" atoms/cm®. The method comprises of
measuring the quantity of oxide charge of the impurities existing on the surface
oxide film, obtain a correlation between the quantity of impurities and the quantity

of oxide charge, and based on the correlation, measuring the quantity of impurities

from the oxide charge on the film. Further, the distribution of concentration of

the metal impurities in the thermal oxide film on the silicon substrate is obtained

by _obtaining the correlation between the depth of the thermal oxide film and the
quantity of oxide charge resulting from the metal impurities in the film, and
utilizing the correlation between the quantity of the metal impurities in the film
with the quantity of oxide charge resulting therefrom.

Figure 3
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