DESCRI PTI ON

HEAT TREATMENT METHCD

TECHNI CAL FI ELD
[ 0001]

The present invention relates to a nmethod for heat
treatment of sem conductor wafers, and particularly to a

met hod for heat treatment of silicon single crystal wafers.

BACKGROUND ART
[ 0002]

A heat treatnent technique is a fundanental and
I nportant techni que which has been used for various
sem conduct or processes. For exanple, the heat treatnent
is perforned on a silicon single crystal wafer used as a
sem conductor substrate to nodify a crystal quality,
diffuse inpurities, or forma filmstructure in a surface
| ayer portion.

As a heat treatnent apparatus for perform ng a heat
treatnment, a batch type apparatus capabl e of
simul taneously processing nultiple wafers at predeterm ned
i nterval s has been widely used. |In particular, an
apparatus in which wafers are placed in a vertica
direction while holding each wafer horizontally is called
a vertical furnace. An apparatus in which wafers are
placed in a horizontal direction while holding each wafer
nearly upright is called a horizontal furnace.
[ 0003]

The vertical furnace is often used for wafers which
progress toward having larger dianeter in recent years. A
supporting nmenber for holding wafers in the heat treatnent

furnace is also referred to as boat, and a boat nade of



quartz (quartz boat) and a boat made of SiC (Si C boat) in
whi ch the surface of SIC material is subjected to CVD-Si C
coating are generally used.

Especially, a Si C supporting nmenber, which has high
resi stance to heat, has been widely used in a heat
treatnent at high tenperature. The supporting nenber
varies in shape. A comon supporting nmenber for the
vertical furnace has three or four vertical columms
coupled by two plate nenbers (a top plate and a bottom
pl ate), and grooves are horizontally fornmed on parts of
the columms. Wafers are placed on horizontal planes of
t he grooves and thereby hel d.

[ 0004]

The silicon single crystal wafers placed on such a
supporting nenber are subjected to a heat treatnent, for
exanpl e, under an argon or oxygen atnosphere. It has been
known that a defect called slip dislocation is generated
froma contact portion with the supporting nenber in this
heat treatnment (see Patent Docunent 1 and Patent Docunent
2).

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0005]

Pat ent Docunent 1: Japanese Unexam ned Pat ent publication
(Kokai) No. 2004-241545

Pat ent Docunent 2: Japanese Unexam ned Pat ent publication
(Kokai) No. 2005-101161

SUMVARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0006]
The slip dislocation is a defect generated by



slipping a silicon crystal structure over severa
mllinmeters to several centinmeters in |ength, which begins
wi th mechani cal damage caused when the silicon single
crystal wafer cones into contact with the supporting
menber, followed by a stress due to the wafer's own wei ght,
a stress caused upon thernmal defornmation, and a thernal
energy of high tenperature.
[ 0007]

When the vertical furnace is used, the wafer’s own
wei ght is dispersed and good uniformty of thernal
di stribution of the wafer surface is achieved, so that the
slip dislocation tends to be inhibited, conpared with the
hori zontal furnace. However, the slip dislocation my
frequently occur even when the vertical furnace is used,
especially in the case that a Si C supporting nenber is
used. Furthernore, there are sone cases that even if
supporting nenbers to be used are nanufactured based on
the sane design, condition where the slip dislocation
occurs may differ fromeach supporting nenber; even if the
slip dislocation does not occur at the beginning of use,
the slip dislocation nmay occur through | ong-term use.
[ 0008]

The present invention was acconplished in view of
t he above-descri bed problens. It is an object of the
present invention to provide a heat treatnent nethod that

can inhibit the generation of slip dislocation.

SOLUTI ON TO PROBLEM
[ 0009]

To achieve this object, the present invention
provi des a nethod for heat treatnment of a plurality of
sem conductor wafers horizontally placed on a supporting
menber coated with SiCin a vertical heat treatnent



furnace, the nethod conprising: perform ng heat treatnents
whil e switching the supporting nmenber and a heat treatnent
condi tion such that the supporting nmenber is continuously
used in a heat treatnent under either one of a first
condition and a second condition for a certain period of
time and then continuously used in a heat treatnent under
the other condition for a certain period of tine, wherein
the heat treatnment under the first condition is perforned
at 1000°C or higher in an atnosphere containing a rare gas
and not containi ng oxygen, and the heat treatnent under
the second condition is perfornmed at 1000°C or higher in
an atnosphere contai ning oxygen and not containing a rare
gas.

[ 0010]

Such a heat treatnment nethod can inhibit deformation
of the surface of the supporting nmenber on which
sem conductor wafers are placed, and thus inhibit the slip
di sl ocation at |ow cost.

[ 0011]

The rare gas is preferably an argon gas. Moreover,
each of the certain periods of time for which the heat
treatnments under the first and the second conditions are
continued is preferably 200 hours or nore and 400 hours or
| ess.

In this manner, the slip dislocation can be surely
i nhi bited at | ow cost.

[0012]

Mor eover, the switching of the supporting nenber and
the heat treatnent condition is preferably repeated a
plurality of tinmnes.

In this manner, the using tine of one supporting
menber is increased, thereby enabling further reduction in

cost.



ADVANTAGEQUS EFFECTS OF | NVENTI ON
[ 0013]

In the present invention, heat treatnents are
perfornmed while switching the supporting nmenber and the
heat treatnment condition such that the supporting nenber
is continuously used in a high-tenperature heat treatnent
under either one of the first condition (at 1000°C or
hi gher in an atnosphere containing a rare gas and not
cont ai ni ng oxygen) and the second condition (at 1000°C or
hi gher in an atnpbsphere contai ni ng oxygen and not
containing a rare gas) for a certain period of tine and
then continuously used in another high-tenperature heat
treatnent under the other condition for a certain period
of tinme. The deformation of the surface of the supporting
menber on which sem conductor wafers are placed is thereby
i nhibited, and thus the slip dislocation can be inhibited

at | ow cost.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0014]

FIG 1 is a schematic view of an exenplary vertica
heat treatnment furnace usable in the inventive heat
treat ment nethod,

FIG 2 is a diagram show ng the slip anmount of
waf ers subjected to a high-tenperature heat treatnent
under an argon atnosphere in exanple; and

FIG 3 is a diagram show ng the slip anmount of
waf ers subjected to a high-tenperature heat treatnent
under an oxygen atnosphere in exanple.

DESCRI PTI ON OF EMBODI MENTS
[ 0015]



Hereinafter, enbodi nents of the present invention
will be described, but the present invention is not
limted thereto

In the inventive heat treatnent nethod, a vertical
heat treatnment furnace as illustrated in FIG 1 can be
used.

As shown in FIG 1, the vertical heat treatnment 10
i ncludes a reaction chanber 11 and a supporting nenber 13
(waf er boat) disposed within the reaction chanber 11.
Heaters 12 are provided around the reaction chanber 11.

[ 0016]

A plurality of sem conductor wafers Wcan be pl aced
on the supporting nenber 13 each horizontally. For
exanpl e, colums of the supporting nenber 13 may have
grooves forned on their side surfaces in a horizontal
direction so that each | ower surface of the grooves serves
as a wafer-supporting surface. The wafer-supporting
surface may be, for exanple, a semcircular supporting
surface formed in a cylindrical colum or a rectangul ar
supporting surface formed in a square colum. At |east
t he waf er-supporting surfaces of the supporting nenber 13
are coated with SiC, which has high resistance to heat,
whereby netal contam nation of wafers can be prevented
during heat treatnent. CVD nmay be used for coating with
Si C.

[0017]

The supporting nenber 13 is detachably provided in
the vertical heat treatnment furnace 10. Therefore, the
supporting nenber 13 can be di sposed within the vertica
heat treatnent furnace 10 and detached fromthe vertica
heat treatnment furnace 10 while the wafers Ware pl aced
t her eon.

[ 0018]



In the heat treatnent, while a gas is introduced
into the reaction chanber 11 through a gas inlet 14, the
wafers Ware heated with the heaters 12. The introduced
gas flows from above to below, and is discharged outside
froma gas outlet 15.

The heat treatnment condition in the inventive heat
treatnment nethod includes the first condition and the
second condition, and the conbination of these conditions
and the supporting nenber 13 to be used is determ ned.
Specifically, the supporting nenber and the heat treatnent
condition are swtched such that the supporting nenber 13
is continuously used in a high-tenperature heat treatnent
under either one of the first and the second conditions
for a certain period of tine and then continuously used in
a high-tenperature heat treatnent under the other
condition for a certain period of tine.

[ 0019]

In this case, the supporting nenber and the heat
treatnment condition can be switched by changing the heat
treatnent condition while one supporting nenber is
conti nuously used in one vertical heat treatnent furnace
10. Alternatively, the switching may be done by
exchangi ng the supporting nmenber to be used for another
t hat has been used under the other condition while the
sanme heat treatnent condition is continuously applied in
the heat treatnents

Thus, the slip dislocation can be inhibited by
perform ng the heat treatnents while switching the
supporting nenber and the heat treatnent condition, as
described later in detail.

[ 0020]
The heat treatnent under the first condition is

performed at 1000°C or higher in an atnosphere containing



a rare gas and not containing oxygen. The heat treatnent
under the second condition is perforned at 1000°C or

hi gher in an atnosphere containi ng oxygen and not
containing a rare gas. The atnosphere of the first
condition is typified by an argon atnosphere (Ar gas 100% .
The at nosphere of the second condition is typified by an
oxygen at nosphere (O gas 100% .

When the heat treatnent tenperatures of the first
and the second conditions are [ ower than 1000°C, the
generation of the slip dislocation is inhibited, so that
the effect of the preset invention cannot be obtai ned
sufficiently. The tenperature is preferably 1350°C or
| ower because the slip dislocation can be surely prevented
fromremarkably increasing.

[ 0021]

Each of the certain periods of tine for which the
heat treatnments under the first and the second conditions
are continued is preferably, but not limted to, 200 hours
or nore and 400 hours or |less, for exanple. When the
period is 200 hours or nore, the increase in cost due to
i ncreased frequency of changi ng the supporting nenber 13
can be inhibited. Wen the period is 400 hours or |ess,
the slip dislocation can be inhibited nore surely.

Alternatively, the amount of slip dislocation may be
measured on wafers after heat treatnent, and a tine it
takes this amobunt to exceed a predeterm ned threshold may
be determ ned as the certain periods of tine.

[0022]

Det ai | ed expl anation is now given about a cause of
the slip dislocation generation which the present inventor
has found from studies.

The surface condition of the supporting nmenber to

cone into contact wwth wafers significantly affects the



generation of the slip dislocation. Especially, since the
CVD- Si C-coat ed supporting nmenber has rough surface, a

waf er placed on the supporting nenber is held in point
contact with a slightly elevated portion. Therefore, it
IS supposed that internal stress due to the wafer’s own
weight is locally increased, which easily causes the slip
di sl ocati on.

[ 0023]

A phenonenon that the generation of the slip
di sl ocation increases through | ong-termcontinuous use of
t he supporting nenber is supposed to be caused by the
change in surface roughness shape of the supporting nenber.

In a conventional heat treatnent, one type or
mul tiple types of high purity gas is fed into a furnace.
As typical gas species used in the heat treatnent of
sem conduct or wafers, oxygen, nitrogen, hydrogen, argon,
and so on are used. Until now, deformation of the
supporting nmenber surface due to |long-termuse has been
supposed to be a common phenonenon regardl ess of these gas
species. Practically, it has been observed that the
generation of the slip dislocation increases in a
supporting nmenber subjected to a heat treatnent in any
case of an argon atnosphere and an oxygen at nosphere.

[ 0024]

However, when the present inventor has actually
studied in detail the surface condition of a supporting
menber after heat treatnent, it has turned out that the
surface condition differs dependi ng on gas speci es.

The surface of a CVD Si C-coated supporting nmenber
has grains having a size of 1 to 5 uminherently, and each
grain has sharp shape. Wen such a supporting nmenber
surface is subjected to a heat treatnent under a rare gas

(inert gas) atnosphere such as an argon atnosphere for a



long tine, an end portion of the sharp grain is rounded.
Wher eas, when the supporting nenber surface is subjected
to a heat treatnent under an oxygen atnosphere for a |ong
time, the end portion of the sharp grain is further
sharpened. In this way, change of the end shape exhibits
an opposite trend between the argon atnosphere and the
oxygen at nosphere.

[ 0025]

By contrast, the generation of the slip dislocation
tends to increase in both atnospheres. It appears to be
contradictory, but it can be interpreted as foll ows.

When the heat treatnment is perforned under a rare
gas at nosphere for a long tinme, as described above, the
end portion of the grain on the supporting nenber surface
I's rounded, whereby a contact area of the end portion wth
a wafer is increased. This causes the increase in
friction caused when the wafer and the supporting nenber
are horizontally slipped relative to each other.
Practically, the wafer during the heat treatnent is
hori zontal ly slipped relative to the supporting nmenber
because of thermal expansion. Wen the friction is smal
at this tinme, both are snmoothly slipped. However, when
the friction is large, horizontal stress before slipping
is increased, and the slip dislocation is supposed to
I ncrease due to this stress.

[ 0026]

In this respect, the oxygen atnosphere sharpens the
end portion of the grain, thereby decreasing the contact
area per point and thus the friction. However, stress
concentration in a vertical direction due to the wafer’s
own weight is increased at each contact point, and the
slip dislocation is supposed to increase due to this

stress.
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As expl ai ned above, nechani sm of deteriorating the
slip dislocation differs between two at nospheres of the
rare gas atnosphere and the oxygen atnosphere, and each
nmechani sm has opposite characteristics.

[0027]

Accordi ngly, when heat treatnents are perforned
whil e switching the supporting nenber to be used and the
heat treatnment condition |like the present invention, the
change in shape of the grains on the supporting nenber
surface can be switched between round and sharp, and in a
manner, regeneration effect on the surface condition can
be obtained. Thus, the generation of the slip dislocation
based on the change in shape of the grain as described
above can be effectively reduced. Such a nethod can
inhibit the slip dislocation only by switching the
supporting nmenber to be used and the heat treatnent
condition, thus enabling inprovenent in productivity at
| ow cost, conpared with the case of exchanging the
supporting nenber for new one. Furthernore, when the
switching is repeated multiple times, the using tinme of
t he supporting nenber is increased, thus enabling further

reduction in cost.

EXAMPLE
[ 0028]

Hereinafter, the present invention will be described
in nore detail with reference to exanple and conparative
exanpl e, but the present invention is not limted thereto.
[ 0029]

( Exanpl e)

Hi gh-tenperature heat treatnent was perforned on

silicon single crystal wafers according to the inventive

heat treatnment nmethod. Two vertical heat treatnent

11



furnaces as shown in FIG 1 were prepared, and a heat
treatnment under the first condition and a heat treatnent
under the second condition were perforned with the
respective vertical heat treatnent furnaces. Each
supporting nenber provided in the two vertical heat
treatnment furnaces was the sane CVD-Si C- coated boat of
four-point support type, made of SiC

The hi gh-tenperature heat treatnment under the first
condition was perforned in the follow ng condition: an
argon at nosphere; maxi mumtenperature was 1200°C,
retention period at the maxi num tenperature was 1 hour;

i ncludi ng heating and cooling steps before and after the
retention period at the nmaxi numtenperature. The high-
tenperature heat treatnent under the second condition was
performed in the follow ng condition: an oxygen

at nrosphere; maxi numtenperature was 1050°C, retention
period at the maxi numtenperature was 1 hour; including
heati ng and cooling steps before and after the retention
period at the maxi num tenperature.

[ 0030]

After the heat treatnments under the first and the
second conditions were each continued for 300 hours, the
two vertical heat treatnment furnaces exchanged the
supporting nenbers, and the heat treatnents were further
conti nued under the sanme condition, respectively. The
i ncidence of the slip dislocation during the period was
then exam ned. The slip dislocation was quantified by
di stinguishing a slip dislocation image froman X-ray
di ffraction i mage and eval uating incidence of the slip
di sl ocation contained in the wafers as the slip anount.

FIG 2 shows the relationship between slip anount of
the wafers subjected to the high-tenperature heat

treatnent under the first condition and the nunber of

12



treatnent batches. FIG 3 shows the relationship between
slip amount of the wafers subjected to the high-
tenperature heat treatnent under the second condition and
t he nunber of treatnent batches. As to the nunber of
treatment batches of the horizontal axis in FIGS 2 and 3,
one batch corresponds to 10 tinmes heat treatnents.
Moreover, FIGS. 2 and 3 partially omt data at the

begi nni ng of use of the supporting nmenber, and shows only
data shortly before the slip dislocation begins to

I ncrease and data after the increase.

[ 0031]

In both of FIG 2 and FIG 3, the slip anount at the
begi nni ng of use of the supporting nenber was small, but
after that, the slip anmount increased due to |ong-term
conti nuous use. The dotted |ine showm in FIG 2 and FIG
3 represents a timng for exchangi ng the supporting
menbers. The respective slip amounts were significantly
reduced after this timng. In addition, this reduction
effect was then continued for a long tine.

As described above, it was denonstrated that the
slip dislocation could be reduced by perform ng heat
treatments while switching the supporting nenber and the
heat treatnment condition according to the inventive heat
treat ment nethod.

It is predicted that the slip anmounts keep
i ncreasi ng when the supporting nenbers are continuously
used wi thout switching, |ike the conventional nethod.

[ 0032]

It is to be noted that the present invention is not
limted to the foregoi ng enbodi nent. The enbodinent is
just an exenplification, and any exanpl es that have
substantially the sanme feature and denonstrate the sane

functions and effects as those in the technical concept

13



described in clains of the present invention are included

in the technical scope of the present invention.
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CLAI M5

1. A nethod for heat treatnment of a plurality of
sem conductor wafers horizontally placed on a supporting
menber coated with SiCin a vertical heat treatnent
furnace, the nethod conprising:

perform ng heat treatnments while switching the
supporting nmenber and a heat treatnent condition such that
the supporting nenber is continuously used in a heat
treatnment under either one of a first condition and a
second condition for a certain period of tine and then
conti nuously used in a heat treatnment under the other
condition for a certain period of tine, wherein

the heat treatment under the first condition is
performed at 1000°C or higher in an atnosphere containing
a rare gas and not contai ning oxygen, and the heat
treatment under the second condition is perforned at
1000°C or higher in an atnosphere containi ng oxygen and

not containing a rare gas.

2. The nethod for heat treatnment according to claiml,

wherein the rare gas is an argon gas.

3. The nethod for heat treatment according to claiml
or claim2, wherein each of the certain periods of tine
for which the heat treatnents under the first and the

second conditions are continued is 200 hours or nore and

400 hours or | ess.

4, The nmethod for heat treatnent according to any one
of clains 1 to 3, wherein the switching of the supporting
menber and the heat treatnent condition is repeated a

plurality of tinmnes.
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