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METHOD OF MANUFACTURING EPITAXIAL SILICON WAFER

Background of the Invention
Field of the Invention

The present invention relates to a method of manufacturing
an epitaxial silicon wafer by subjecting a silicon wafer to epitaxial
growth (silicon wafer as a silicon substrate for epitaxial growth)
after having annealed the silicon wafer, as well as to an epitaxial
silicon wafer which is manufactured by the method and is capable
of bearing shipment.

Background Art

A silicon wafer which is sliced off a silicon ingot produced
by the Czochralski method (i.e. , hereinafter referred to simply as
a “CZ silicon ingot”) is mirror-polished and is subjected to an
ammonia—baéed cleaning operation. Crystal Originated
particles (COPs) are detected using Particle Counter on Silicon wafer
surface as LPDs.. From the time of their discovery, COPs have been
considered to be extraneous matter and have been called “particles.”
However, as shown in FIG. 1A, COPs are said to be octahedral void-like
defects and are known to arise in the surface of a silicon wafer
11 in the form of a recessed pit 13. .

COPs impair the electrical characteristics of a siliconwafer,
which in turn results in a reduction in the manufacturing yield of
a silicon wafer. 1In order to prevent such a problem, a silicon wafer
is usually produced while requirements are set so as to reduce
occurrence of COPs from the beginning, or COPs which have arisen
in a silicon wafer are disappeared. _

It has been reported that COPs can be disappeared. by means

of effecting predetermined epitaxial growth under appropriate

" conditions [“Behavior of COP pits during Si-Epitaxial Growth,”

Masataka KIMURA et al., Journal of the Japan Associate of Crystal
Growth Vol. 1.24, No. 5, pp. 444 to 448 (1997)]. It has also been
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reported that an H; annealing operation is effected during epitaxial

growth (see the above paper by Masataka KIMURA et al. and Japanese

Patent Laid-Open Nos. 209053/1998 through 209057/1998). An H,

annealing is commonly performed for producing a denuded zone (DZ)

layer on the silicon wafer surface. As shown in FIGS.

1A and 1B,

a deep, angular pit is converted to a shallow, wide, and round pit

(transition from the pit shown in FIG. 1A to the pit shown in FIG.

iB).

Against this backdrop, the paper by Masataka KIMURA et al.

indicates that COPs cannot be disappeared by means of H; annealing

and still remain thereafter in another form, and that atmospheric

pressure epitaxy is anisotropic and low—pressure epitaxy is isotropic.

COPs remain after low—-pressure epitaxy but are disappeared by means

of atmospheric—pressure epitaxy.

As shown in FIGS. 2A through 2C, an epitaxial layer 14 grows

so as to follow the contour of the surface of a silicon wafer 11,

which wafer serves as a substrate (see FIGS. 2A and 2B) .

Therefore,

depending on growth conditions, a recess 13 formed in the surface

of the silicon wafer 11 is transferred to the surface of the epitaxial

layer 14 [more specifically, an imperfection (a light point defect:

LPD) 13’ arises in the surface of the epitaxial layer 13 as a result

of transfer of a COP 13].

However, it has also been reported that, as shown by transition

fromFIG. 2Ato FIG. 2C, occurrence of anLPD 13’ , which would otherwise

be caused by the influence of a COP, can be prevented by means of

imparting sufficient thickness to an epitaxial layer or

by means of appropriately setting requirements for epitaxial growth

(as described in, for example, Japanese Patent Laid-Open No.

209053/1998) .

Japanese Patent Laid-Open Nos. 209053/1998 through

209057/1998 described a method of eliminating the effect of COPs

onwafer surface through low-pressure epitaxial growth.

It is stated
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that elimination of COPs involves a necessity of growing an epitaxial
layer toathicknessof 4dmormore. Thesepatentsstatethatasilicon
wafer having 1x10° COPs/cm’ or less is suitable as a silicon wafer
to be used for epitaxial growth (as described in Japanese Patent
Laid-Open No. 209056/1998). 1In a case ﬁhere an epitaxial layer is
formed on a siliconwafer as a silicon substrate for epitaxial growth,
satisfying the requirement at reduced pressure , there can be produced
an epitaxial silicon wafer capable of being handled as a product
(more specifically, there can be produced an epitaxial silicon wafer
having an LPD density of 0.3 defects /cm® or less).

The background technology is inprinciple aimed at eliminating
recesses from the silicon wafer surface, by means of growing a
comparatively-thick epitaxial layer. More specifically, the

present invention has been conceived on the basis of a generally—known

‘phenomenon that COPs become less likely to arise in the surface of

an epitaxial layer when the epitaxial layer is formed on the silicon
wafer surface to a thickness of 2 Mm or more through
atmospheric-pressure epitaxial growth.

The background technology has failed to manufacture an
extremely-thin epitaxial silicon wafer (more specifically, having
a thickness of 0.4 Um or less) which is acceptalgle as a product.

The foregoing references state that the influence of COPs
is eliminated so long as an epitaxial layer of 0.4 Mm or more is
f_ormed' through atmospheric epitaxial growth, but does not refer to
the temperature or duration of an H; baking operation. Further, the
foregoing references state only an LSTD (laser scattering tomography
defects) density of 1x10° <->r less in terms of a certain limited
phenomenal theory and does not describe a measured value of $i0, £film
integrity. Thus, in terms of disclosure of information about
practicing an invention, the background technology poses a problem.
' At the time of filing of the patent applications relating to

the above—described techniqﬁes, the smallest sized COP which a
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particle counter could detect was 0.13 Um. In contrast, a current

particle counter can detect a COP or LPD of 0.085 Um in size.

-Accordingly, there has emerged another problem which would arise

within the range of disclosure of the background techniques.

The present invention hasbeen conceived to solve the foregoing
drawback in the art, and the object of the present invention is to
provide a method which enables stable manufacture of a high-quality,
ultra-thin epitaxial silicon wafer, as well as an epitaxial silicon

wafer capable of bearing shipment manufactured by the method.

Summary of the Invention

As a result of considerable studies conducted by the inventors
of the present inventioh in order to achieve the above object, the
inventors have found that, contrary to disclosures of patents of
the _background technology, a crystal having small-sized COPs; for
example, acrystalhavingahighLSTDdensity formed throughhigh-speed
pullinggrowth, is inpracticesuitableasasiliconwafer forepitaxial
growth ina casewhere the siliconwafer is annealedbefore an epitaxial
layer is formed thereon.

‘More specifically, the present invention provides a method
of manufacturing an epitaxial wafer manufactured by the method, as
will be described below.

(1) A method of manufacturing an epitaxial silicon wafer by
means of producing an epitaxial wafer on a silicon wafer as a silicon
substrate for epitaxial growth after the silicon wafer for epitaxial
growth has been annealed, wherein

anultra-thin epitaxial film is formed after the shape of COPs,
which are present in the surface of the silicon wafer for epitaxial
growth has been sufficiently smoothed, by means of appropriately
setting annealing requirements according to an LSTD density in the
vicinity of the surface of the silicon wafer for epitaxial growth.

Preferably, a silicon wafer having a high LSTD density in the
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surfacethereof (i.e., havingsmall-size COPs) issuitableasasilicon
waferasasiliconsubstrate forepitaxial growth. Morespecifically,
a silicon wafer ‘having an LSTD density of 1x10° defects/cm® or more
is preferable. In a single crystal formed by means of the crystal
growth technique, defects in the single crystal become smaller with
an increase in the density of void type defect. In the present
invention, a silicon wafer having smaller void type defects is
preferable, and hence a silicon wafer having a greater LSTD densit;y
is desirable.

The expression “ultrathin” designates anultra-thinepitaxial
filmwhichhas qualitysufficient for bearing shipment as an epitaxial
silicon wafer for use in manufacturing a semiconductor device and
which cannot be produbed by the conventional epitaxial growth
technique.

'(2) Preferably, the LSTD density in the vicinity of the surface
of the silicon wafer is 1x10° defects/cm® or more.

The expression “in the vicinity of a surface” signifies the
silicon wafer surface and an area in the vicinity of the surface,
the area affectihg epitaxial growth.

(3) Preferably, COPsarisinginthesilicon ﬁafer surface assume
a size of 130 nm or less. |

(4) Preferably, a silicon wafer is sliced off a silicon ingot,
the ingot being manufactured by means of the Czochralski (CZ) method
(CZ technique), high-speed pulling, rapid cooling of a pulled single
crystal, doping a silicon ingot with nitrogen, or production of a
perfect crystal.

The expression “rapid cooling” signifies the technique of
forcefully cooling a single crystal currently being pulled through
use of a.cooler provided within, for example, a CZ furnace (see,
for example, Japanese Patent Laid-Open No. 239291/1996). COPs can
be made smaller by means of this technique. The expression “perfect

crystal” signifies a crystal which does not include any grown-in
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defects ( which interstitial type defects as dislocation clusters,
vacancy type defects as void like defect or oxygen precipitates as
OSF which usually arise in a crystal during growth of a single silicon
crystal by use of the CZ method ), which would otherwise be caused
during growth [see, for example, the Journal of the Japanese
Association for Crystal GrowthVol. 25, No. 5 (1998), pg. 207, Japanese
Patent Laid-Open No. 330316/1996]. Inthe case of aperfect crystal,
an oxygen precipitate core is included in a crystal and increases
in size as a result of a wafer be.ing subjected to heat treatment.
Finally, the oxygen precipitate core becomes a COP. The thus-formed
COP is smaller than a common COP, and hence such a perfect crystal
is suitable as a silicon wafer for use in producing an epitaxial
wafer according to the present invention.

(5) The present invention provides an epitaxial silicon wafer
comprisinganultra—thinepitaxial filmhaving a gate oxide integrity
(GOI) characteristic suitable for shipment and a thickness of 0.3
Mm or thereabouts, and another epitaxial £ilm laid on the ultra-thin
epitaxial film. The expression “a GOI characteristic sufficient for
shipment” means that an epitaxial silicon wafer has a characteristic
sufficient for being acceptable in a common transaction, in
comprehensive consideration of a high yield during fabrication of
a semiconductor device, such as a MOS-FET. The expréssion is
substantially synonymous with the expression that “an epitaxial
silicon wafer having a level of quality sufficient for shipment.”

{6) The present invention also a method of manufacturing an
epitaxial siliconwafer, themethod comprising a round of isothermal,
isobaric annealing and epitaxial processes.

The “isothermal and isobaric” signify that temperatures and
pressures used for the annealing and epitaxial processes are
completely or substantially identical. More specifically, the
present invention pays consideration in effecting an annealing

operation and epitaxial growth incessantly through a round of
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processes. So long as a difference in temperature and pressure does

" not pose any difficulty in effecting an annealing operation and

epitaxial growth through a round of processes, the difference falls
within the range of the expression “isothermal and isobaric.”

(7) Preferably, the expression “isothermal” signifies a
temperature of 1100° or more, and the expression “i_sobar.ic" signifies
atmospheric pressure. With regard toepitaxial growth, apreferable
temperature may vary according to the type of gas used as rawmaterial.
In a case where a temperature is set toavalue of 1100°C or thereabouts,
it may be better that epitaxial growth be effected through use of
SiHCl3; gas.

(8) Preferably, an epitaxial layer is grown through the round
of annealing and epitaxial processes, by use of SiHCl; gas.

(9) The present invention provides a method of manufacturing
an epitaxial silicon wafer, comprising:

a high-speed pulling silicon ingot manufacturing step of
pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that an LSTD density assumes a value of 1x10°
defects /cm® or more;

a step of slicing a silicon wafer off a silicon ingot
manufactured in the high-speed manufacturing step; and

the round of annealing and epitaxial processés as defined
previously. |

As shown in FIG. 3, in a case where the annealing temperature
is set so as to become equal to a temperature employed for epitaxial
growth, therecanbe effected switchingbetween an annealingoperation
and an epitaxial growth operation, by means of changing only the
type of gas surroﬁnding a wafer. Accordingly, the time required for
increasing and decreasing a temperature can be saved, thereby
shortening the time required for the complete manufacturing process.

A crystal having small COPs and a high LSTD density can be

produced, by means of even a method which does not directly involve
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shorteningof themanufacturing time required for, for example, doping
with nitrogen. Further, a crystal having small COPs can also be
produced by means of a method in which the time required for pulling
single crystal is shortened as a result of high speed pulling of
a single crystal or rapid cooling of the same. The manufacturing
method according to the present invention has been conceived on the
basis of this finding. Since the previously-described “round of
annealing and epitaxial processes” contribute to shortening of the
time required for manufacturing processes, from among methods of
manufacturing a crystal having a high LSTD density there is selected
a manufacturing method which eventually involves shortening of a
manufacturing time. Use of the thus-selected manufacturing method
in combination with the “*round of annealing and epitaxial processes”
enables shortening of total time by a great amount.
[COPs of a Silicon Wafer and Heat Treatment Thereof]

In a case where an epitaxial film has a thickness of less than
2.4 Pm, the profile of recessed COPs formed on the silicon wafer
surfaces is touched off a chain to surface on Iepitaxial film. In
the epitaxial film, there is an appearance of COPs formed in the
surface of the silicon wafer as a substrate for epitaxial growth.
The appearance is closely related to conditions for H; baking before
epitaxial growth, as well as to the sizes of COPs arisihg in a silicon
wafer. Some of the background art techniques state that the profile
of COPs does not affect an epitaxial film so long as an epitaxial
film is grown to a thickness of 1 Um. In effect, the profile of COPs
will affect an epitaxial layer according to conditions for H; baking.

IntheH,baking proéess , COPs are convertedintogently-sloped,
shallow, and /wide recesseé. During a H, baking (H, processing)
operation which is performed for a short period of time during the
process of manufacturing an epitaxial silicon wafer, the smaller
COPs become, the shalléwer the shape COPs can assume under the same

heat treatment conditions. ' Further, a higher temperature is
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desirable for H,; baking. As a matter of course, a shallower pit is
preferable during ‘the subsequent epitaxial layer growth step for
filling in thepit. A flatepitaxial siliconwafer without pitswhich
include influence of COPs can be manufactured by means of a high-speed
pullingoperation. Acrystal producedbymeans of high-speedpulling
is suitable as a silicon substrate for epitaxial growth.

This:overturns the concept of a crystal produced by means of
a high—speed pulling operation (i.e., there has been apprehension
that a crystal produced by means' of a high;speed pulling operation
has a high density of void-like defects and, hence, is unsuitable
as a silicon wafer for producing an epitaxial wafer). Thus, the
present inventilon providés anewapplicationof a crystal manufactured
through a high-speed pulling operation.
[Numerical Values Used Herein] |

Unless otherwise specified, a:ny numerical value used herein

(for example, the size of COP) designates an average:

Brief Description of the Drawings _

FIGS. 1A and 1B are schematic representations for describing
the behaviors of COPs when a silicon wafer is subjected to an H;
annealing operation;

FIGS. 2A through 2C are schematic representations for
describing the behaviors when an epitaxial filmis formedon a silicon
wafer through epitaxial growth;

FIG. 3 is a graph for describing a round of annealing and
epitaxial processes according to the present invention;

FIG. 4 is a graph showing variation in the extinction rate
of LPDs, the variation being induced by a difference in requirements
for H; annealing before epitaxial growth (with a constant processing
time of 10 seconds) and a difference between crystals;

FIG. 5 is a graph showing variation in the extinction rate

of LPDs, the variation being induced by a difference in requirements
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for H, annealing before epitaxial growth (with a constant processing

time of 60 seconds) and a difference between crystals;

FIG. 6 is a graph showing the extinction rate of LPDs during.

H, annealing operation at 1200°C;

FIG. 7 is a plot showing results of evaluation of gate oxide
integrity (GOI) of asiliconwafer annealed in hydrogen ambient before
epitaxial growth operation performed while an annealing time and
an annealing temperature are varied in a case where only an annealing
operation (H; heat treatment) is effected without involvement of
epitaxial growth (GOI is evaluated by means of switching an annealing
time between 10 seconds and 60 seconds, and switching an annealing
temperature between 1000°C, 1100°C, and 1200°C);

FIG. 8 is a plot showing results of valuation of gate oxide
integrity (GOI) of an epitaxial film performed while an annealing
temperature is set to 1000°C and the thickness of an epitaxial film
and an annealing time are varied;

FIG. 9 is a plot showing results of valuation of gate oxide
integrity (GOI) of an epitaxial film performed while an annealing
temperature is set to 1100°C and the thickness of an epitaxial film
and an annealing time are varied; and

FIG. 10 is a plot showing results of valuation of gate oxide
integrity (GOI) of an epitaxial film performed while an annealing
temperature is set to 1200°C and the thickness of an epitaxial- film

and an annealing time are varied.

Best Mode for Carrying Out the Invention
A silicon wafer - which has been sliced off a silicon ingot
pulled by means of the CZ technique and subjected tomirror polishing-
is hereinbelow taken as a silicon wafer as a silicon substrate for
epitaxial growth. The following embodiment describes a case where
the silicon wafer for epitaxial growth is subjected to an H, annealing

operation and epitaxial growth under predetermined conditions.

10
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The silicon wafer has a diameter of 200 mm, and an epitaxial
film was produced at 1100°C through use of SiHCl; gas. A silicon
wafer,. which was used in the embodiment and produced through a
medium-speed pulling operation, has an LSTD density of about 2x10°
defects /cm® (measured by MO-601) and a COP size of about 170 nm
{(measured by MO-401). A silicon wafer, which was used in the
embodiment and produced through a high—speed pulling operation, has
an LSTD density of about 2x10° defects /cm® (measured by MO-601) and
a COP size of about 130 nm (measured by MO-401).

FIG. 4 is agraph showingthe relationshipbetween the thickness

of an epitaxial film and the extinction rate of LPDs. The graph shows

the extinction rate of LPDs performed while an H; annealing time was
held constant at 10 seconds, the H; annealing temperature was varied
within the range of 1000°C to 1200°C, and the pulling speed of the
crystal was varied between a medium speed (MED) and a high speed
(HS) . Theextinctionrate of LPDs wasplotted for eachof anepitaxial
film of 0.3 Um thickness, an epitaxial film of 0.6 Hm, an epitaxial
£film of 0.9 Pm, and an epitaxial film of 2.4 Um [some cases employed
an epitaxial film of 0 Mm (i.e., a silicon wafer was subjected to
only an H; annealing operation without involvement of epitaxial
growth)]. The extinction rate of LPDs was measured through use of
SFS6220 ( KLA Tencor ) while detection limit (D.L) was set to a value
of 0.12 MWm or less.

In a case where an H; annealing time is constant, it is seen
from FIG. 4 that a crystal which is manufactured through a high-speed
(HS) pulling operation and at a high temp'erature H, annealing shows
a high extinction rate of LPDs, thus resulting in production of an
epitaxial wafer of good quality.

FIG. 5 is a graph showing the extinction rate of LPDs obtained
when the H; annealing time was set to 60 seconds whilé other conditions
were the same as thoseemployedinFIG. 4. Asisobvious fromcomparison

between the graph shown in FIG. 4 and the graph shown in FIG. 5,

11
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the silicon wafers subjected to H; annealing for 60 seconds all show
LPD extinction rates greater than those yielded by the silicon wafers
subjected to H; annealing for 10 seconds. .FIG. 6 shows in detail
the reiationship between the thickness of an epitaxial film and the
extinction rate of LPDs obtained when a wafer manufactured through
high-speed pulling was subjected to H: annealing at a temperature
of 1200°C_ for 60 seconds. It is seen that a good epitaxial silicon
wafer of good quality was produced through use of an epitaxial film
of 0.3 Um thickness. Conversely, it is understood that an epitaxial
wafer having an ultra-thin epitaxial film of 0.3 Hm thickness and
good quality can be manufactured, by means of subjecting a silicon
wafer to an H, annealing operation at 1200°C for about 60 seconds
before epitaxial growth operation.

FIGS. 7 through 10 are graphs showing the results of measurement
of gate oxide integrity (GOI) of respective silicon wafers. The
greater the values shown in the graphs, the better results. 1In the
drawings, “H” designatesa wa.fer produced through ahigh~speedpulling
operation (a pulling rate of 1.1 mm/min.), and *M” designates a wafer
manufactured through a medium-speed pulling operation (a pulling
rate of 0.65 mm/min. l) . Of numerals suffixed to “H” or *M”, the first
number denotes annealing temperature (°C), and the second number
denotes annealing time (seconds) . Further, the final number denotes
the thickness of anepitaxial film (Mm). For example, “*H1000-60-0.9"
(shown inFIG. 8) designétesasiliconwaferwhichhas beenmanufactured
through a high-speed pulling operation and annealed at 1000°C for
60 seconds, with an epitaxial film of 0.9 Mm thickness laid on the
silicon wafer. Further silicon wafers which final number denotes
is 0.0 were only annealed in ambient H,.

In FIGS. 7 through 10, “Reference” provided in the left portion
of each drawing designates silicon wafers which were not subjected
toH; annealing for comparisonwith the silicon wafersmentionedabove.

Gate oxide integrity (GOI) is expressed in the form of a yield of

12
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time-zero dielectric breakdown (TZDB) (%). In this text example,
yield of TZDB(%) was determined as follows:

AMOS structure was formedona silicon wafer, and apolysilicon
electrode of 10 mm®’ was attached to the MOS structure. A voltage
was applied to the polysilicon electrode by means of the step-voltage
application technique. Here, an oxide film has a thickness of 25
nm, and the GOI of the oxide film was determined at a room temperature
( 25°C). Further, an electric current used as criterion for
determination was 10 MA. High yield of TZDB silicon wafers which
have been determined to be suitable as products through foregoing

determination are plotted in the respective graphs. In a case where

the proportion of preferable products is determined on the basis

of the graphs, silicon wafers having higher yield of TZDB are superior
products.

FIG. 7 shows the GOI evaluation results of silicon wafers,
the wafers havingbeen produced by means of only an annealing operation
(i.e., H; heat treatment) without involvement of epitaxial growth,
obtained when the GOI values of the silicon wafers were evaluated
by means of varying annealing time and annealing temperature. In
FIG. 7, there are employed an annealing time of 10 seconds, an annealing
time of 60 seconds, an annealing temperature of 1000°C, an annealing

temperature of 1100°C, and an annealing tempera'ture of 1200°C.

From FIG. 7, it is evident thét the GOI of a silicon wafer
can be improved to a certain extent by use of only an H; annealing
operation (i.e., an H; baking operation). However, in terms of a
yield of TZDB, the H, annealing operation does not satisfy well.

FIGS. 8 through 10 show the evaluation results of GOI of silicon
wafers obtained while the annealing temperature was varied between
1000°C, 1100°C, and 1200°C. FIG. 8 is a graph showing the evaluation
results of GOI of silicon wafers obtained while epitaxial film
thickness has been varied form 0.0pm to 2.4pm using crystal pulled
at medium speed to a crystal pulled at a high speed.

13
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These results showthat ayieldof TZDB is considerably improved,
by means of forming an epitaxial layer on a silicon wafer after having
subjected the silicon wafer to annealing. Further, the epitaxial
silicon wafer manufactured accdrding to the present invention shows
a superior GOI result even when an epitaxial film has a thickness
of 0.3 Um. An epitaxial silicon wafer showing a superior GOI result
even when the epitaxial film has a thickness of 0.3 lUm has not been
obtainable in the background art. In a case where further another
epitaxial film is formed on the epitaxial silicon wafer having
epitaxial film through epitaxial growth, the second epitaxial film
is laid on a sturdy epitaxial film of 0.3 Mm, the film showing a
superior GOI result. The epitaxial silicon wafer can be equivalent
to. a conventional epitaxial film.

In consideration of the fpregoing results, it is understood '
that the following can be derived.

Asiliconwafer, which is formed froma crystal produced through
a high-speed pulling operation, was subjected to H, baking at 1200°C
for 10 seconds. Further, an epitaxial film was formed on the silicon
wafer to a thickness of 0.3 pm. The number of LPDs (more than 0.12Hm)
detected on the surface of the resultant epitaxial silicon wafer
was 90 LPDs/wafer (i.e., 0.3 LPDs/cm® or less). The disappearance
rate of a LPD on surface of an epitaxial silicon wafer reached about
90%.

The silicon wafer, which has been produced by means of an
annealing at 1200 °C for 60 seconds, has LPDs in the number of about
80 LPDs/waferor less (i.e., 0.25LPDs/cm’or less) . Afteranepitaxial
film has been formed on the silicon wafer to a thickness of 0.6 um,
the resultaht epitaxial siliconwafer has 30 LPDs/waferor less (i.e.,
0.1 ILPDs/cm? or less). The epitaxial silicon wafer, which has been
produced by means of an annealing at 1200°C for 10 seconds, has 30
LPDs/wafer or less (i.e., 0.1 LPDs/cm? or less), as well.

In order to produce an epitaxial silicon wafer having 80

14
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1.PDs/wafer or less from a crystal produced by means of a medium-speed
pulling operation, a silicon wafer must be annealed at 1200°C for
60 seconds, and an epitaxial film must be formed on the silicon wafer
toathickness of 0.9Mm, as in the case of thebackgroundart. Further,
in order to produce an epitaxial silicon wafer having 30 LPDs/wafer
or less, a silicon wafer must be annealed at 1200°C for 60 seconds,
and an epitaxial filmmustbe formed on the siliconwafer to a thickness
of 2 Mm, as in the case of the background art.

Fromthe above described results, the following canbe derived:

A silicon wafer having COPs of 130nm or less (an LSTD (laser
scattering tomography defect) density of 1x10° defects /cm® or more)
is suitable for use as a substrate for use in producing an epitaxial
wafer. A new application is provided for a single crystal produced
through a high-speed pulling operation.

COP's pits in the surface of a silicon wafer are converted
into sufficiently—smooth recesses by H; baking. Therefore, evenwhen
a thin epitaxial film is formed on the silicon wafer to a thickness
of 0.3 Mm, the recesses do not affect the thin epitaxial film. In
other words a LPD is not detected on surface of the EP layer upper
COP site on a silicon wafer surface.

A silicon wafer as a silicon substrate for epitaxial growth
is annealed at an H, baking temperature of 1200° for preferably 10
seconds or more or for ].‘ess than 60 seconds.

There can be produced an epitaxial wafer having an epitaxial
film ranging from 0.3 Pm to 2 Pm and which is not affected by COPs.

2 specific report aboﬁt the gate oxide integrity (GOI) of a
thin epitaxial film formed from a crystal having a small COPs has
not been available thus far. It can be ascertained that, without
regard to an H; baking temperature, a yield of TZDB is improved b3'7
forming an epitaxial film of 0.3 HMm.

As has been described above, the present invention provides

amethod of manufacturing an epitaxial silicon wafer and an epitaxial

15
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silicon wafer manufactured thereby, and there ¢an be manufactured
an epitaxial silicon wafer which is less susceptible to the shape
of COPs and exhibi?s superior gate oxide integrity (GOI) when a
semiconductor device is fabricated on the silicon wafer.

An epitaxial silicon wafer according to the present invention
is suitable for fabricating particularly a semiconductor device
having a comparatively-shallow active region or a device requiring
an improved latch-up characteristic.

The method of manufacturing an epitaxial silicon wafer
according to the present invention enables shortening of the total
time required for manufacturing processes, which in turn enables

manufacture of an low-cost epitaxial silicon wafer.

16
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* C L M S *

Claims

1. Amethod of manufacturing an epitaxial silicon wafer having
an ultra-thin epitaxial £ilm, by means of forming an epitaxial film
mnasiliconwaferafterhavinganneéledthesiliconwafer,comprising
the steps of:

sufficiently smoothingCOPs formed inthe surfaceofthesilicon
wafer by means of appropriately setting annealing conditionmns
according to an LSTD density in the vicinity of a surface of the
silicon wafer; and

forming an epitaxial film through epitaxial growth.

2.Asilicbnwaferformanufacturinganepitaxialwafer,having
an LSTD density in the vicinity of the surface of the silicon wafer
is 1x10° defects /cm® or more.

3. Asiliconwafer formanufacturinganepitaxial wafer, having
COPs formed in the surface of the silicon wafer are a size of 130
nm or less.

4. The silicon wafer as defined in claim 2, wherein a silicon
wafer isslicedoffasiliconingot, the ingot havingbeenmanufactured
by means of the Czochralski (CZ) technique, high-speed pulling of
a silicon ingot, rapid cooling of a pulled single ingot, doping the
single ingot with nitrogen, or manufacture of a perfect crystal.

5. The silicon wafer as defined in claim 3, wherein a silicon
wafer isslicedoffasilicon ingot, the ingot havingbeenmanufactured
by means of the Czochralski (CZ) technique, high-speed pulling of
a silicon ingot, rapid cooling of a pulled single ingét, doping the
single ingot with nitrogen, or manufacture of a perfect crystal.

6. An epitaxial silicon wafer having gate oxide integrity -
characteristics bearable for shipment, comprising:

an ultra-thin epitaxial film having a thickness of 0.3 Wm or
thereabouts; and

another epitaxial film laid on the ultra-thin epitaxial £ilm.
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7. A method of manufacturing an epitaxial silicon wafer
comprising:

a round of isothermal, isobaric ahnealing and epitaxial
processes. .

8. The method as defined in claim 7, wherein the expression
“igsothermal” corresponds a temperature of 1100°C or more, and the
“jsobaric” corresponds to atmospheric pressure.

9. Themethodasdefinedinclaim8, duringthe round of annealing
and epitaxial processes, wherein an epitaxial film is formed through
use of SiHCl; gas in epitaxial process.

10. A method of manufacturing an epitaxial silicon wafer,
comprising: '

a high-speed pulling silicon crystal ingot manufacturing step
of pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that a size of COPs assumes a value'of.130 nm
or less;

a step of slicing a silicon wafer off the silicon ingot
manufactured in the high-speed pul;ing silicon crystal ingot
manufacturing step; and

the round of annealing and epitaxial step as defined claim

11. 2 method of manufacturing an epitaxial silicon wafer,
comprising:
| a high-speedpulling silicon crystal ingot manufacturing step
of pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that a size of COPs assumes a value of 130 nm
or less;

a step of slicing a silicon wafer off thé silicon ingot
manufactured in the high-speed pulling silicon crystal ingot
manufacturing step; and

the round of annealing and epitaxial step as defined claim
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12. A method of manufacturing an epitaxial silicon wafer,
comprising:

a high-speed pulling silicon crystal ingot manufacturing step

. of pulling a silicon ingot at high speed or rapidly cooling a pulled

single crystal such that a size of COPs assumes a value of 130 nm
or less; _

a step of slicing a silicon wafer off the silicon ingot
manufactured in the high-speed pulling silicon crystal ingot
manufacturing step; and

the -round of annealing and epitaxial step as defined claim

13. The method as defined in claim 10, the high-speed pulling
silicon crystal ingot manufacturing step of pulling a silicon ingot
at high speed or rapidly cooling a pulled single crystal such that
further an LSTD density.in the vicinity of the surface of the silicon
wafer is 1x10° defects /cm® or more.

14. The method as defined in claim 11, the high-speed pulling
silicon crystal ingot manufacturing step of pulling a silicon ingot
at high speed or rapidly cooling a pulled single crystal such that
further an LSTD density in the vicinity of the surface of the silicon
wafer is 1x10° defects /cm® or more.

15. The method as defined in claim 12, the high~speed pulling
silicon crystal ingot manufacturing step of pulling a silicon ingot
at high speed or rapidly cooling a pulled single crystal such that
further an LSTD density in the vicinity of the surface of the silicon
wafer is 1x10° defects /cm® or more.

16. A method of manufacturing an epitaxial silicon wafer,
comprising:

a high-speed pulling silicon crystal ingot manufacfuring step
of pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that an LSTD density assumes a value of 1x10°

defects /cm® or more;
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a step of slicing a silicon wafer off the silicon ingot
manufactured in the high-speed pulling silicon crystal ingot:

manufacturing step; and

the round of annealing and epitaxial step as defined claim

17. A method of manufacturing an epitaxial silicon wafer,
comprising:

a high-speed pulling silicon crystal ingot manufacturing step
of pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that an LSTD density assumes a value of 1x10°¢
defects /cm® or more;

a step of slicing a silicon wafer off the silicon ingot
manufactured in the high-speed pulling silicon crystal ingot
manufacturing step; and

the round of annealing and epitaxial step as defined claim

18. A method of manufacturing an epitaxial silicon wafer,
comprising: .

a high-speed pulling silicon crystal ingot manufacturing step
of pulling a silicon ingot at high speed or rapidly cooling a pulled
single crystal such that an LSTD density assumes a value of 1x10°
defects /cm® or more; '

a step of slicing a silicon wafer off the silicon ingot
manufactured in the high-speed pulling silicon crystal ingot
manufacturing step; and

the round of annealing and epitaxial step as defined claim
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