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METHOD OF ANALYZING METAL IMPURITIES IN SURFACE 

OXIDE FILM OF SEMICONDUCTOR SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention: 

This invention relates to a method of analyzing 

metal impurities in an oxide film formed on the sur-

face of a semiconductor substrate, arid more particu-

larly to a method of analyzing iron and aluminum im-

purity, which methcJd 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-

purities in the surface layer of a semiconductor sub-
~ 1, .. • 

•. . 

strate is~exemplified by SIMS (Secondary Ion Mass 

Spectrometry) ~nd TRXRF (Total Reflection X-ray Flue-

rescence). 

However. these conventional analyzing methods 

needs vacuum, which requires a large-sized and ex-

pensive analyzing apparatus. Therefore in ihe conven-

tional meth6ds, a simple analysis cannot be achieved. 

SUMMARY OF 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 ine~<pe11sive small-sized apparaLus 

and which ~nables a detection sensitivity of the order 

of io11 atoms/cm2. 

According to a first aspect of this invention, 

there is provided a method of analyzing metal im-

purities in a surface oxide film of a semiconductor 

substrate, comprising: measuring a quantity of oxide 

charge resulting from metal impurities existing in the 

surface oxide film formed on the semiconductor sub-

strate; obtaining a correlation between the quantity 

of oxide charge and a quanti t:y of the metal im-

purities; c1nd measuring Lh<-3 quantity of metal im-

purities in the surface oxide film from the quantity 

of oxide charge of the surface oxide film based on 

said correlation. 

Acc6rding to a· seco"d aspect o·f the invention. 

there is provided a method of analyzing metal im-

purities in a surface oxide film o·f 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 resulting 

from metal impurities in the thermal oxide film: ob-

taining a correlation between a quantity of mf'ltal im-

purities in the o~<ide film and the quantity of (.)Xida 

charge n~sulling therefrom; and obtairdng a distribu-

--
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tion of concentration of the metal impurities in the 

thermal oxi.de film, based on these· correlat.ions. 

Ac-cording to a thir-d 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 aluud num in a 

natural oxide film· is qualitatively analyzed by com­

paring a pre-measured a quantily of oxide charge in 

the natural oxide film with a quantity of oxide charge 

resulting from aluminum in the 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 charge of the metal impurities. The pres­

ent inventor has discovered that specified metal im­

purities containing in the surface oxide 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 L~hen iron and aluminum in a nat­

ural oxide film is diffused into a ther-rnal oxide film 

formed on the n3tural oxide film, only aluminum has a 

charge. This invention has been mad~ based on these 

f?henomena. 

--
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Thus a 111e.t.al impurity which has a charge in an 

oxide film can be analyzed by the n1ethod of t.hi.s in­

vention. Such a specified met..al impurity is ex­

emplified-by iron and aluminum. Copper and nickel do 

rwt have such characteristics. It has been discovered 

that in a natural oxide film both iron and aluminuru 

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 ."!\tmosphere or a chemical 

oxide film formed such as by RCA cleaning, especially 

the latter normally having a small thickness of about 

10 Angstrom. The term "t:tu1rmal oxide filru" means an 

oxide film of about 100 Angstrom formed by oxidation 

in an oxygen gas at a high ternperatur·e of 800 t.o 

l.200°C in a furnace for oxidation. 

In the first analyzing method of this invent.ion, 

it is possible to obtain the concentration of meLal 

impurities by obtaining a quanLity 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 form of a nat­

ural oxide "Film or a thermal oxide filnr and the 

qua11t:.i ty or m<ide charge resulting from t.hP. metal im-

pu r·i ties. 
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I n the second an.:ilyzing method. a quantity of-

oxide charge in a thermal o><ide film formed on a 

silicon substrate, whereupon a surface layer of the 

thermal oxide film is reruoved such as by etching; in 

t.his 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 corr-elation between the depth of the thermal. 

oxide film 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 

impur·ities in the thermal oxide film a1id the quantity 

of oxide charge resulting therefrom. Based on these 

correlations, it is possible to obtain a corr-elation 

between the 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 Lher·mal oxide film can be 

noticed. Then th1~ concentration of the met.:\l impuri l:y 

(alum:inum) can be obt.:dned by obtaining the quanti t.y 

of oxide charge in the thermal oxide film of the 

sampled substr<;\te from the concentration distribution. 

In the third analyzing method, the exisLence of 

]ron f.H"aluird11u111 .:in a natural o;dde film c<=.tn be 

noticed by comparing the pre-measured quantity of 

oxide charg(3 in- t.he natural oxide filru with the pr·e-
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measu red quantity of oxide char9e resulting from 

alumh1um in t.he thennal oxide f" i lm. based on the fact; 

that elf· i rem and aluminum moved from the n<'\tural oxide 

film into the thermal oxide Film, only aluminum has a 

charge. 

As described above, according to the analyzing 

method of this invent.ion, it is possible to speci f'.)1 

the kind of c:l metal in1purity in the surface oxide film 

and to detect the concent;ration of the metal impurity 

with high prac"ision by simply measuring the quality o·f 

oxide charge in the surface oxide film. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ~haracteristi6 graph showing the 

correlation between Lhe 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 distribut.ion o·f 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 if a thermal oxide film is 

formed cm a natur-al oxide film: 

FIG. 4 is a graph showing the distribution of 

quant.it.y of oxide charge of Al in the depthwise direc­

l:ion of the thermal oxide ·film: 

FIG. 5 is a ffat-J diagranr showing the forming and 



-7-

rneasur ing a sample for obtaining the cor-relation 

diagram of FIG. 4; and 

FIG. 6 is a graph showing the disl:ribution 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 concentration Catorns/crn2) and 

the quantity of oxide charge C><t011q/cm2) 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/cmZ) and 

the quantity of o><ide charge (:><tOl J /cm2) in a thermal 

oxide f ilrn. 

For obtaining the correlation shoi..in by t.he curve 

l, as a pre-treatment process, the surface of an n­

type silicon substrate is wet-cleaned by a first 

cleaning process (hereinafter called "SC-l"J. which is 

perfrJrmed in the follm..iing order: 

(a) etching with an HF cleaning solution 

(HF:i..iater=l :10) fe>r three minutes. 

(b) rinsing i..iith ptffe water for three minutes. 

(c.> cleaning &..iith an oxide agent 



-8-

( HCl: H202: water: l: l: 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 natural oxide film (chemical o'dde film) of 

about 10 Angstrom is formed on the silicon substrate. 

An oxide agent containing HCl is useful in t~moving 

metal impuri t.ies on the substrate. 

Then, the surface of the natural oxide film is 

coated wi t.h an Fe solution by rotating the subst.1~ate 

~hile dropping onto the surface of the substrate an Fe 

solution containing Fe ions by a predetermined con­

centration, namely, _by the spin-coat method. wher·euprJn 

the natural oxide film is dried. The resulting sample 

contains Fe in the natural oxide film by a 

p1·ede t:ermi ned ce>ncentration. In this exper i.ment, as 

shown in Fig. 1. for three kinds of samples of dif­

·ferent: Fe c:once.ntrat.ions, a concentration of Fe anrJ a 

quantity of o~-<ide charge resulting from Fe in the nat­

ural 0>cide film ~1re obtained. The more the poj nts of 

measurement, the more precise the impurities-oxide 

charge correlation curve can be obtained. 

Subsequently, Fe in the natural oxide film is 

perfectly dissc>l ved in a clean MF sol u t. ion 

(HF : wa te r· = l : 200 ) containing neitl1er Fe ions nor Al 

icms by e tc:hi ng the. natural oxide film with the HF 
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so lu t. ion. and this solution is collected, whl?!reupon 

L.he quantity of Fe irnpurit.ies l.n the natural o>dde 

film is me·asured by atomic absorption. 

The quantity of oxide charge in the natural 

o:>ddG f.ilm is obtained by measuring the 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 

propor·tion to t:.he width of a semiconductor depletion 

layer while· va1·ying t.he D.G. bi.as voltage. In the c-v 

measu1·ement or this SPV method, the- invers.ion voltage 

(initially a positive d.c. bias voltaqe is applied to 

an n-t.ype silicon substr·ate) is adopted. rhe SPV 

method is disclosed in a publication: E. Kamieniecki. 

SEMTCON/EURQPA 91 TECHNICAL PROCEEDINGS. pages 85-95, 

March 5-6 (1991). 

As is apparent from the 6urve 1 of FJG.'i, along 

1..iith the increase of the quantity of Fe inipurit.ies in 

the natural oxide film on the silicon substrate. the 

quantity of negalive 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 met.hod. 

nreasurement of charge is possible even i·f t.he quantit:y 

of Fe i<S arCJund io11 atoms/cm2. Thus it was observE3d 
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that Fe in a natural oxide film on a silicon substrate 

surface could be detected in the order of io11 

atoms/cr112 "from the c-v analysi~ using the SPV method. 

The cc>rrelation, which is represented by the 

curve 2, between the Fe concentration and the quantity 

o·f oxide charge in the thermal oxide film was obtained 

by the following method. 

A natural oxide film contaminated with Fe was 

·for riled in the same manner as the sample formed to ab-

tain the above-mentioned curve 1, and a thermal oxfde 

film was formed on the natural oxide film. This 

thermal film was formed by heating the substrate in an 

ambient of oxygen g_as at 900°C for 15 minutes, having 

a thickness of about 95 Angstrom. Then, the Fe con-

centration and the quantity of oxide charge in the 

thermal oxide film were obtjined 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-

thwise direction of .the thermal oxide film. This dis-

tribution was obtained in the following manner. 

The sample used in this test is a thermal oxide 

film (thickness: about 95 Ang~trom) formed by dry 
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oxida tion at 900°C for 15 minutes after cleaning a 

silicon substrate by the first cleaning method and 

then doping Fe into the substrate i11 the concentration 

of Ix 1014 atoms/cm2 by the spin coat method. 

Using this sample. the concentration of Fe al 

two or more positions in the depthwise direction of 

the thermal oxide film was obtained by the TRXRF meth­

od. More specifically. firstly the concentration of 

Fe at the surface of the thermal oxide film was ob­

t.ained by the TRXRF method. Subsequent.lv. 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 

r·epeating this procedures, the distriblltion of Fe in 

the thermal oxide film was obtained. 

As is apparent from the curve 3, it: was observed 

that the number of Fe atoms in the thermal oxide film 

was increased along with the increase of deptl"l 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 a~d 3, it was observed that Fe 

in the thermal oxide fi ln1 localized near t.he silicon 

substrate and had no negative charge. 

FIG. 3 shows t.he correlation bet.ween the Al con­

cent.ration and the quantity of mdde charqe .in the 
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thermal oxide film. 

The pre-treatment process to be used in this 

t.est for t:he silicon substr·ate is exemplified by the 

following: 

(a) doping, onto the substrate wet-cleaned by 

the first cleaning method, Al atoms by the spin coat 

method (SC-1 +Al spin coat). 

(b) wet cleaning by the second cleaning method 

(SC-2) using the following solutions in the described 

order: 

l) HF:water (1:10) ·for three minutes. 

2) rinsing with pure water for three minutes. 

3) NH4QH: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 

(SC-3) using the following solutions in the described 

order: 

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

2) rinsing with pure water for three minutes. 

J) NH40H:H202:water CJ:1:6) at 60°C for three 

minutes. 

<I) MF:water (1:300) for one to two minutes. 

Firstly the correlation curve 4 of FIG. 3 was 

obt.;~ined in the following proc:edures: 

A s i 1 icon subs t.ra te u nde r·wer1 t orie of· I.he f 01· egc:1-
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ing pre-treatment processes including wet cleaning. 

By this pre-treatment process, a natural oxide film 

was for~ed on the silicon substrate by chemical oxida-

tion. 

Then a thermal oxide film having a thicl<ness of 

about 95 Angstrom was formed by dry oxidation at 900°c 

·for 15 minutes. 

Subsequently, the quantity 6f oxide charge of 

this thermal oxide film was obtained by the SPV met.h-

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 curve 4 shot.<JS that 

Al existing in the natural oxide film had a negative 

charge ll'Jhen incorporated into the thermal oxide film 

and that when the Al concentration was larger than 

1011 atorns/cm2. the negative.charge increased substan-

tially linearly along with the increase of concentra-

ti on. 

When the second cleaning method (!JC-2) and Lhe. 

third clec-111in~.~ 111et:hod (SC-3) wflr-e 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), it was also observed that Al was contained as 

impurities in the natural oxide film and was diffused 

into the thermal oxide film. In this test, in the 

case of the second cleaning method (SC-2), the con­

centration of Al irnpur·iLies 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 wsed in this test were a substrate 

whose surface was contaminated the Al concentration of 

about 1x1012 atoms/cm~ after performing the first 

cleaning method as the pre- treatment p1·ocess (SC-1 + 

Al spin coat) and a substrate whose surface ~aJas 

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. 

After an n-type silicon substrate 11Jas treated w:i th the 

foregoing pre-treatment processes, dry axidation was 

performed at 9oo•c for 15 minutes to form a thermal 

oxide fnm. Then. the quality of oxide ch.uge and t.he 

Al concentration in this thermal oxide film laJC-!re 
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measured by the above-mentioned method. Subsequent-

ly. the surface layer (about 2 Angstrom) of the 

t~hetmal oxide film was removed by etching using an MF 

solution. '"hereupon the quantity of o'<ide charge and 

the Al concentration in the resulting thermal oxide 

film were measu1·ed 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 curve 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 o~ 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 thermal 

oxide film after thermal oxidation. 

FH:i. 6 shm'ls the correlation beb..ieen Lhe thick­

ness (depth) and the Al concentration in the thermal 

oxide film. In this test, two l<inds of samples 

treated by SC-1. -t Al spin coat and SC-2 as pre1-

t. r ea tn1en t processes "'Jere used. 

The rneasuring method used in this test. wa.s as 
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fol lows: The samples of two kinds treated by the dif-

ferent pre- t rea t.rnen t. processes we re for med u 11de r· t:he 

same coi1di tion; the number of samples of each ldnd was 

equal to the number of points of measurement. For· SC-

2, a separate sample subst.rate which would have only a 

natural oxide Film and would be devoid of any thermal 

oxide film should be for·med in advance. 

Then~ regarding each of the samples different in 

thickness, the Al concentration in the individual 

t.het·n1al oxide fj lm was measured. Descr-i.bi n~ this more 

specifically using SC-1 + Al spin coat by way of il­

lusLrative example, the Al concentration in the 

thermal oxide film of one sample substrate was 

measured by atomic absorption. Then using another 

sample substrate, the surface portion of the thermal 

oxide film was removed by the thickness of about 6 

Angstrom by etching with an HF solution, and the Al 

concentration of the remaining thermal oxide film was 

measured. By plot.ting ·thci thus obtained r-esul t. in 

FIG. 6, the corr-elation curve 7 was obtained. 

Likewise, the correlation curve 8 was obtained 

by plotting the result of measurement for SC-2. A 

plot 9 w~s obtained by measuring the Al concentration 

in the uat.ural. o>d.dE~ film treated by SC:-2. 

As i::; appart:lnt fr·om the c1)rr·elatiun curves 7 and 

8 of FIG. 6, it was observed that Al exis-ti119 in the 
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natural oxide film was moved into the ther-nial oxide 

film to localize very near. the top surface~ proving 

the res~lt 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 

t:he thet·mal oxide film. In the case o·f SC-2, about 

40% (concentration Ce) of Al (concentration CA) exist­

ing in the naLural oxide film was incorporated in the 

thermal oxide film. 

In the thermal o>dde film. Fe had no charge. 

From the result shown in FIGS. 4 and 6, it was ob­

served that the quantity o~ oxide charge in the 

thermal oxide film resulted from Al impurities and 

that the Al impurities 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 quant:it.y of oxide charge 

QA when the etching depth was zero and when the depth 

of the ther·mal oxide film was zer·o, and Lhe quantity 

o·f oxide charg_e Qe when the very surface layer (layer 

having a depth of about 2 to 6 Angstrom) L'llas r·emov€~d _ 

Therefore. the Al concentration in the therm ... 'll oxide 

film can be obtained from the differential quantity of 

md.de charge Qr.:, based on the Al concentrati1Jn···oxid<:! 

charge cor-r-elation curve of FIG. 3. 

Fur·l:her, by pre-m13asuring the qu.:rnt.ity of m<ide 
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charge in the nat.ur·al oxid~ film formed by Lhe pre­

l:.real:.ment. p·r·ocess (wet cl<:!ani119) and then comparing 

this quant.ity of tlXide charge wit.h the quantity of 

·oxide charge in the thermal oxide film, it is possible 

to qualitatively analyze Fe and Al in the natural 

oxide film. In other words, though both Fe and .Al are 

n1oved from t.he natural oxide film into the t.her·rnal 

oxide film. only Al has a charge in the thermal oxide 

film. Therefore, if an oxide charge is detected in 

the thermal oxide film, it shows that Al is contained 

in the natural oxide film. By pre-detecting how much 

part of Al initially existed in the natural oxide film 

is to be moved to the thermal oxide film, it is pos-

sible to estiminate the approximate concentration of 

Al (i.e., the quantity of Al oxide charge) in the nat-

ural oxide film. 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 pres~nce/abse~ce and the approximate quantity of 

Fe in the natural oxide film. 

According lo t.his 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 subst1·ate. 

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

c~ntration of Al moved from the natural oxide film 

into the. t.hennal oxide f i l r11. 

(3) By evaluating the concentration of sum or Fe 

and Al in Lhe natural oxide film or (1) above and the 

concentration of Al in 1:.he thermal oxide film o·f C 2 l 

above~ it is possible t.o deter;t t.he presence of Fe and 

Al in the natural oxide film and also to presume their 

ratio. 

According to this invention. it is possible to 

detect Al atoms and Fe at.oms. in the order of 1011 

atoms/crn2s which are highly apt to cause contamination 

in various cleaning processes, such as RCA cleaning9 

in the Lsr manufacturing process. Since the SPV rneth-

ad is used in the analyzing method, it is possible to 

carry out this invent.ion easily and inexpensively on r-t 

·small-sized apparatus. 

Rega.rding Hi and Cu atoms of metal impurities, 

because no oxide charge would be generated in a 

silicon m<ide ·film, Lhey cannot he detected by the 

analyzing method of this invent.ion. 

--
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su rf ace oxide f il.111 formed on a semiconductor sub-

strate~ wherein iron or aluminum in a natural oxide 

film i~ qualitatively analyzed by comparing a pre­

measured a quantity of oxide charge in the natural 

oxide film with a quanti t.y of oxide cha1·ge resulting 

from aluminum. based on that. of iron and aluminum 

moved from the natural oxide film into the thermal 

oxide film, only aluminu111 has a charge. 
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What is claimed is: 

1. A method of analyzing metal impurities in a 

surfac~ oxide film of a semiconductor substrate, com-

prising: 

(a) measuring a quantity of oxide charge result-

ing from metal impurities existing in the surface 

oxide film formed on the semiconductor substrate; 

(b) obtaining a correlation between the quantity 

of oxjde charge and a quantity of the metal irn-

purities; and 

(c) measuring the quantity of metal impurities 

in the surface oxide film from the quantity of oxide 

charge of the surface oxide film based on said car-

relation. 

2. An analyzing method according to claim 1. 

wherein the surface oxide film lo be analyzed is a 

natural oxide film or a thermal -0xide film. 

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 to claim 1, 

wherein the quantity of oxide charge resulting from 

the metal impurities existing in the surface oxide 

·film is obt.ained by measur-ing a relat.i<:ln (G-V) between 

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 1 igh t in proportion to the width o·f a 

semicohductor depletion layer while varying the d.c. 

bias voltage to the semiconductor substrate. 

5. An analyzing method according to claim 1, 

the quantity of metal impurities in the surface oxide 

film is obtained by atomic absorption after the sur-

face oxide film is dissolved in a clean hydrogen fluo-

ride solution devoid of metal impurities and then the 

dissolved solution is collected. 

6. A method of analyzing metal impurities in a 

surface oxide film of a semiconductor substrate~ com-

prising: 

(a) obtaining a correlation between a depth of a 

thermal oxide film formed on a silicon substrate" and a 

quantity of oxide charge resulting from the thermal 

oxide f ilni; 

(b) obtaining a correlation between a quantity 

of metal impurities in the thermal oxide film 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 corfelations. 

7. An "!nalyzing method accordin~1 to clai.m 6, 

wh1:.!rein the met.al impurities are of aluminum. 

8. A rnetllod of .;malyzing metal impur-i ties in a 

I lllllll llllll lllll lllll ll llll 
* C L M S * 
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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 the order of 1011 atoms/cm2 

10 in a simple technique. This method comprises measur-

ing a ~uantity of oxide charge resulting from 

specified metal impurities existing in the surface 

oxide film formed on the surface of a semiconductor 

15 substrate,· obtaining a correlation between the 

quan t.i ty of metal irnpu ri ties and the quantity o·f oxide 

charge, and measuring the quantity of metal impurities 

in the surface oxide film from the quantity of oxide 
20 

charge of the surface oxide film, based on this cor-

relation. Further, it is possible to obtain the dis-

t r i bt1 ti o ll of co nee n I: rat i on o f the me ta 1 i mpu r i ti es i n 

25 t.he t.herrnal oxide film on a silicon substrale by ob­

taining a correlation between a depth of the thermal 

oxide film and a quantity.of oxide charge resulting 

from the metal impurities in the thermal oxide film 

30 and by obtaining a corr·elation bet\-Jeen a quanti t.y of 

the metal impurities in the thermal oxide film and the 

quantity of oxide charge resulting therefrom. 

35 
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FIG.3 
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FIG.4 
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FIG. 5 
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FIG. 6 
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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 1011 atoms/cm2• 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 guantity of oxide charge resulting therefrom. 

Figure 3 

I . 


