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Heat ‘Treat ment. Met hod and Devi ce BACKGROUND OF THE | NVENTI.ON The present

i Avention relatgs to a heat treatnent 5 nmet hod and devi ce. Sem conduct or
device fabrication processes generally include steps in which various
treatnments, such as oxidation, diffusion CVD, etc. are made on
semi.conducto? wafers, objects to be treate Various 10 t r eat ment

devi ces have begn al ready proposed from t'h(—J1 vl ewpoi nt of higher throughputs
of such treatnment steps, cleanness, space savings, etc. (see, e.g.,
Japanese Patent PublicationHdet ZieathQQZMetapdnesé Pewde Lai d- Open
Publ i cati on No. 133422/ 1992, Japanese Patent Laid-Qpen 15 Publ i cation
No. 148717/1992, etc.) The treatnent device described in, e.g., Japanese
Pat ent Lai d- Qpen Publication W‘%ﬂm in FIG 20, a

vertical heat'treal Menimigyiaabet. ifhnrhiors RMA | oHE bR ImedEd 2

carriers feed in/out 20 opening 8 in the front side of the handling
chanber 1,9t hr RRfhothiand 98%i8-s 7 each holding a plurality of
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this case, the senic ductor fers Wheld vertical,in the carriers nmust be
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the carriers feéec openi ng 85t he
treatment devices have been already proposed from the

viewpoint of higher throughputs of such treatment steps,
cleanness, space savings, etc. (see, e.g., Japanese Patent
Publication No. 27121/1992, Japanese Patent Laid-Open
Publication No. 133422/1992, Japanese Patent Laid-Open

15 Publication No. 148717/1992, etc.) _
The treatment device described in, e.g., Japanese
Patent Laid-Open Publication No. 148717/1992 has, as shown
in FIG. 20, a vertical heat treatment furnace 2 in a
box-shaped handling chamber 1, and a carriers feed in/out
20 opening 8 in ‘the front side of the handling chamber 1,
through which carriers 7 each holding a plurality of
semiconductor wafers W vertical enter and exit the handling
chamber 1. In this case, the semiconductor wafers W held
vertical in the carriers must be horizontally transferred
25 onto a wafer boat 5 which is an objects-to-be-treated
holder to be loaded into and unloaded out of the vertical
heat treatment furnace 2. To this end, as shown in FIG.
21, near the carriers feed in/out opening 8 there are
provided. posfure changing mechanisms each comprising a
30 mount 10 for a carrier to be mounted on and which is swung
on the rotational center to thereby change the postures of
the carrier 7 thereon so that the semiconductors wafer W
gheld on, the carrier 7 have its vertical posture and

35 The posture chang:.ng mechanisms 9 swing the mounts
10 by 90 degrees into empty spaces S1 defined below the
mounts 10 to thereby change the posture of the carriers.
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provi ded posture changi ng mechani sms each conprising a 30 nmount 10 for a
carrier to be nounted on and which is swng on the rotational center to

t her eby change the postures of the carrier 7 thereon so that the

sem conductors wafer Wheld on the carrier 7 have its vertical posture and

hori zontal posture. 35 The posture changi ng nmechani sns 9 sw ng
the nmounts 10 by 90 degrees into enpty sﬁaé%§'81 defi ned bel ow t he nounts
10 to thereby change the posture of the carriers. -2- The thus-posture

changed carri erthebythu=e-puestturres cienged camciers s tharposture yebahying

conveyi ng nmech | |
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transferring ani sm 52 onto Fer boat. 1N thl s convertiona
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a set sw ng the wafer boat.
In this conventional treatment device, the mounts

10 are swung downward to change the posture of the carriers,
and sufficient empty spaces for .the mounts to beiswung
downward is needed. In addition, a sufficient space to
keep the conveying mechanisms from interfering with the
carriers projecting on the swing along a set swing

15 trajectory when the mounts are swung is needed on the side
of the conveying mechanisms. Thus the conventional
treatment device has a 1limit to space saving and
accordingly to down-sizing. Long distances of the swing
and the conveyance of the carriers make treatment times

20' longer, which is a limit to improvement of throughputs,
i.e., efficiency of treatments.

In the handling chamber of the conventional
treatment device there are provided a first air cleaning
unit which injects clean air let in at the top of the

25 handling chamber from the outside, a second air cleaning
unit which draws the clean air injected by the first air
cleaning unit and injects the clean air downward along the
carrier opening, and a third air cleaning unit which draws

. the clean air which has been injected by the second air

30 cleaning unit and reached below is drawn through a bottom
‘duct and injects the clean air horizontally from one side
wall of the heat treatment furnace to the other side wall
thereof, and an exhaust duct which exhausts outside at a

_ back side the clean air which has arrived at the other side

35 wall. An atmosphere in the treatment furnace is thus

cleaned to reduce dust, whereby adhesion of particles to
" the semiconductor wafers W can be suppressed with a result



15 “trajectory when the nounts are swung is needed on the side of the
conveyi ng nechani sns. Thus the conventional treatnent device has

limt to space saving and accordingly to down-sizing. Long distances
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filters of the air cleaning units tend to increase although
in small amounts. Preventive measures to this are needed.
Furthermore, because clean air is uninterruptedly
circulated sequentially throughout the handling chamber, it
is difficult that an atmosphere in the handling chamber
cannot be confined separately in the carriers handling
space and in the wafers handling space
(objects-to-be-treated handling space) in which the heat
treatment furnace is housed, and the semiconductor wafers
W are tranéferred between the carriers and the wafer boat.
SUMMARY OF THE INVENTION

An object of the present invention is to provide a .

treatment device and a treatment method which can be small
sized and have improved procéssing efficiency.

To achieve the above-described object, the
treatment device according to the present invention
comprises a handling chamber inciuding a carriers feed
in/out opening for carriers holding plural sheets of
objects to be treated parallelly vertical, and housing a
vertical heat treatment furnace for heat treating the
objects to be treated; posture changing means disposed in

" the handling chamber and near the carriers feed in/out

opening for swinging the carriers near the carriers feed
in/out opening of the handling chamber on a rotational
center into a territory of lower sides of the carriers to
change the posture of the objects to be treated from the

" vertical position to the horizontal position; a carriers

storage unit disposed above the posture changing means and
being capable of storing a plural number of the carriers



that ¥yields of sem conductor devices which tend to be increasingly

m';croni zed can be inproved. But in the conventional treatnent device, clean
alr is several tinmes passed through the air cleaning units, 5 which

makes it inpossible to sufficiently prevent contam nation of

sem conductor wafers W by dust. Furthernore, inpurity gases of organic
conpounds, such as boron conpounds, etc. geﬁer‘at ed by the dust renoving
filters of the air cleaning units tend to increase although 10 in snall
anounts. Prevenf,,hpseglrrepayteﬁet Chadi e rmfaiﬁgbd;l:urddiﬁféyirrfg heeaise fdrean
air is uninterrupte circul ated .se |aII hrou out _the_ handling.
chanber i1 1o HPRPFEAPE the St Aenes eran, $HE HeRGHRRE BrdtE0E (it
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treat nent device and a treatnent whi ch can be snall sized and have
i mpr oved proces§Fﬁ§t@¢¥‘tcf\éﬁﬁ?ceT§hea‘éﬁ%%%rst‘P@W%Xﬁﬁ/etQié?@ isHele ohjtde
t he treatnent dgéh@etgggefnghagfhgnhbg present invention 25 corrprl ses a
handl i ng chanber i ncl udj arriers fe out o enlng for, . carriers

hol di ng plural sheets o#'ﬁgbja%‘é?% T %e “lerg:gﬁd;daﬁgf’ﬁ FBE| yEQerthe aPTegept

housi ng a10 invention, in conveying carriers holding plural sheets of

objects to be treated parallelly vertical into a vertical

heat treatment furnace through a carriers feed in/out
opening of a handling chamber accommodating the vertical

heat treatment furnace, comprises the steps of swinging the

15 carriers near the carriers feed in/out opening of the
handlihg chamber on a rotational center into a territory of

lower sides of 'the carriers to change the posture of the
objects to be treated from the vertical position to the
horizontal position; and conveying the carriers whose

20 posture has been changed to a carriers storage unit
provided in an area above the carriers feed in/out opening.
According to the treatment device and method of the

present invention, the posture changing means changes the
posture of the carriers so that the carriers are swung on

25 the rotational center to a territory of sides of the
carriers so that the objécts to be treated have the postu're
changed from the vertical position to the horizontal
position, whereby ' the carriers can have the postures
changed along a swing track of a minimum radius with small

30 bulge amounts and a minimum moving amount. Accordingly the
posture change of the carriers is quick, and a small space

can allow the carriers to have the postures changed without
interference with the conveying mechanism. A conveying

- distance -and a conveying time for conveying the posture

"%  changed carriers to the upper storage unit can be reduced,

and the heat treatment device can be smaller-sized and have
improved processing efficiency.



vertital heat treatment furnace for heat treating the objects to be
t.reated; posture changi ng neans disposed in 30 t he handl i ng chanber and
near the carriers feed in/out opening for swinging the carriers near the
carriers feed in/out opening of the handling chanber on a rotational center
into a territory of lower sides of the carriers to change the posture of
the objects to be treated fromthe 35 Ve?tTcal position to the

hori zontal position; a carriers storage unit disposed above the posture
changi ng neans and bei rhathpabl ebgectt oof ngthe ppresentunbeventidihe izar toer s

-4- whose postu h been cl ; Y 0 ﬁe n Lng.the.
carriers bet vveeéfe?‘ﬁﬁé%a r?lé?és]ag%gga%%?ﬁgn%wﬁn tﬁgﬁp%é{iﬁ(rg% %ﬁéﬁﬁgﬁaaﬁégﬁs,
and the side ofof hebjeatst rmathentreatedcdy atmpurihyf gasesansandreasily
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treat ment ¥ur naReryirreaghandddngonseged tirame thedeobjeehs-keabetrtraakedt
furnace. The treatdBilg NEddwel, according to the present 10 i-nvention, in

conveying carriers holding plural sheets of .objects to be treated
parallelly vertical int% a3i@ave thds ePdgCtent ther nkteatmeptgndgvice

carriers feed |d¢coitdDREENEHE prdadit i1AYetABIC hadt en@TEARErAOrt BE the

vertical handling chamber divided in a carriers handling space which

10 is defined in the handling chamber and in which carriers

each holding plural sheets of objects to be treated are fed

in/out, stored, and conveyed; an objects-to-be-~treated

handling space which is defined in the handling chamber,

divides the carriers handling space from the handling

15 chamber, houses a heat treatment furnaee, includes an

objects-to-be-treated holder for loading and unloading the

objects to be treated into/out of the heat treatment

furnace, and transfers the objects to be treated between

the objects-to-be-~ treated holder and the carriers; and

20 clean air circulation units which are independent from one

.another and which introduce to circulate clean air in the

carriefs handling space and the objects-to-be-treated
handling space and discharges the clean air.

Accdrding to the treatment device of the present

25 invention, the interior of the handling chamber is divided

in the carriers . handling space and the wafers handling

space, and the clean air circulation units are provided

independent from eaeh. other in these handling spaces.

Accordingly in comparison with the conventional heat

30 treatment device in which clean air is passed a plurality

of times through the air cleaning units to continuously

circulate the clean air through the entire interior of the

handling chamber, clean air may be passed through the clean

air units less times, so that impurity gases generated from

35 the dust removing filters of the clean air units can be

sufficiently decreeeed by the simple arrangement without

- the necessity of speeial countermeasures. Atmosphere in



heat treatment furnace, conprises the steps of swinging the 15 carriers
near the carriers feed in/out opening of the handling chanber on a
rotational center into a territory of lower sides of the carriers to change
the posture of the objects to be treated fromthe vertical position to the
hori zontal position; and conveying the carrjers whose 20 posture has
been changed to a carriers storage unit provided in an area above the
carriers feed in/out opening. According to the treatnent device and net hod
of the present thesehandiinghechmsiar ecaharig ngassdys sépagated heExoust the of
the carriers sq.t e Lers ot at er
to a terri toryocoéfﬂgecffaé; g%ﬁpggﬁéargéé?é% a?:?‘tgh ob Jggg {:? b% @%?é-g 4
have t he post urhantising ¢racen spethatcthe davinssiis maﬁélwhéppém@bheato
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track of a mninmumradius with snal ul earmunts and a m ni num

novi ng anount . “IREEFIATH QL tﬂ"ﬁe°Eé§9§§et9h§ﬁg§rGﬁtﬁﬁehé&ffillFLBBsSP§°aui’%‘Rneand_
a smal |- space G 3 | W d b SHErE ISE tath et r*g%spost ures changed w t hout

interference with the conveying hani sm conveyving_dj stance and a
conveying tinme for conveyi L ”‘rc(a LN 955 ge.@é%&yfﬁs to the upper
storage unit can be redun}ad;l ﬁscbtdlmgmtmatt'ﬂawmﬁhdiﬂyseetdm&ev1ew of
smaller-sized and nayge] R OKEdtP 9% Mt AdVLLE S¥eording to a first

10 embodiment of <the treatment device of the present

invention.
FIG. 2 is a perspective view diagrammatically
showing a structure of the interior of the handling chamber
of the treatment device of FIG. 1.
15 FIG. 3 is a side view of the posture changing
mechanism of the treatment device of FIG. 1.
FIG. 4 is a  front view of the posture changing
mechanism of the treatment device of FIG. 1.
FIG. 5 is a plan view of the mount of the posture
20 changing mechanism of FIG. 1.
FIG. 6 is a sectional view along the line VI-VI in-
FIG. 5.
FI1IG. 7 is a vertical sectional view of a wafers
arranging mechanism and a wafer sensor incorporated in the
25 mount of FIG. 5. ‘
FIG. 8 is a partially enlarged side view of the
'wafer sensor of FIG. 7. '
FIG. 9 is a side view of the mount in the state
where wafers have the posture changed from the vertical
30  position to the hofizontal position.
FIG. 10 is a perspective view of the transfer
mechanism for wafers.
| FIG. 11 is a side view of the wafer sensor provided
. in the transfer mechanism of FIG. 10.
35 R -~ FIG. 12 is a perspective view of the clean air
circulation unit disposed in the carriers handling space of
the treatment device accordlng to the present invention.



-5- Anot her object of the present invention is to provide a treatnent
devi ce whi ch can reduce contam nation of objects to be treated by inpurity
gases, and easily isolate atnmosphere in the handling chanber fromthe 5
carriers handling space fromthe objects-to-be-treated-handling space. To
achieve this object, the treatnent device according to the present

i nvention has the interior of the handling chanber divided in a carriers
handl i ng space which 10 is defined in the handling chanber and in which
carriers each hol di ng plFIGal Ihekss aofpedspattive biewr exfi ethar elleath air

i n/out, stored, eq. . ' t:Q-hQg-1r r}@aﬁg& S Lch
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from the handl i el Freatsientheleviceo aceordingita ridw muesenk ravegntion.
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objects to be treated into/out of the heat treatnment furnace, and transters
the object® to Bd% rebFedlabiorennife disresedt dnpekhe r earedens andhing he

carriers; and 2@paces!cRRhd Ftrdatfien?d ida¥iwd.t s which are independent from
handi i ng Space. and ¢ he BBFectS: 45 BoveREIca) mErHLoRsk PG B 1S AR
the clean air. Adooecdreglatibheuhticadfispbsdavinetiod wafeps dsendling space
nvent]on, Lne ¥ SheOtrBhuh LR IRINAL L AT kS Phy! SR8eLle AR GREIST S
10 FIG. 16 is a vertical sectional view of the
vertical heat treatment device according to a second
embodiment of the treatment device of the present
invention.

FIG. 17 is a perspective view of the

15 objects-to-be~treated holder (wafer boat) and the heat
insulating cylinder of the vertical heat treatment device
of FiG. 16.

FIG. 18 is a diagrammatic structural wview for

explaining a process conducted by the vertical heat
20 treatment device of FIG. 16.

FIG. 19 is a characteristic curve showing water
adsorbing mechanisﬁ of the objects-to-be-treated holder,
the heat insulating cylinder and objects-to-be-treated of
the second embodiment of the present invention.

25 FIG. 20 is a diagrammatic perspective view of a
conventional heat treatment device.

FIG. 21 is a partially enlarged view of a carrier
posture changing mechanism of the vertical heat treatment
device of FIG. 20.

30 - DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[First Embodiment] .

A first embodiment of the present invention will be

explained with reference to the drawings.
In FIG. 1 which schematically shows the structure
35 of the heat treatment device according to the first
embodiment of the present invention by a longitudinal
section of the heat treatment device, reference numeral 1



space, and the clean air circulation units are provided i ndependent from
each other in-these handling spaces. Accordingly in conparison with the
conventional heat 30 treatnment device in which clean air is passed a
plurality of tinmes through the air cleaning units to continuously circul ate
the clean air through the entire interior of the handling chanber, clean
air may be passed through the clean air uni®s~less tines, so that inmpurity
gases generated from 35 the dust removing filters of the clean air units

can be suff } ci eﬂmml:éiesé e IRthdli rid & hEmire faiﬁn@agh e&ené.gi.t, hﬁuteﬁuhpllates
necessity of spgcial, counternmegsures. Atnosphere in - 6- e _handl in
chanber can be HAsT RPEFIARG iﬁ’bﬁ'ls[ ﬁeggéf%f"r‘gr efhih& Fﬁsagﬂg&g 5%8%?%%
obj ect s-t 0- be- tAtadad upped | ingnepapartsoft hie t hintdeiore afs tkadhbpdling
applicable to r | re t .od ' I ¢h, t

&g%}&é% t1 a%%%r elar%)egfﬁgﬁ @ v&?{:igéfm:ﬂeeat : Efg%tment

interior of the s-to- I ng space alone 1s .
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according to a first 1 enbodi nent of the treatnent device of the
present inventikpatFiosudatery ghicepadisnased corovadr Aheatqiiide of the

reaction tube.
A cap 3 for closing and opening the furnace
10 entrance is disposed movably up and down by a 1lift
mechanism (boat elevator) 4 in a space (wafers handling
space) 124 below the heat treatment furnace 2. An
objects-to-be-treated holder, a wafer boat 5 of, e.g.,
guartz is mounted on the cap 3 through a heat insulating
15 cylinder 6. The objects-to-be-treated holder holds a
plurality (e.g., 150 sheets) of objects to be treated,
e.g., semiconductor wafers W horizontal at a certain
vertical interval. The wafer boat 5 holding the
semiconductor wafers W is moved up and down together with
.20 - the heat insulating cylinder 6 into and out of the heat
treatment furnace 2 as the cap 3 is moved up and down.
On the other hand, a carriers feed in/out opening
8 with a slide door 8A of a transparent material is formed
in the front side (the left side as viewed in FIG. 1) of
25 the handling chamber 1. Through the carriers feed in/out
opening 8 carriers 7 in the form of plastic containers each
of which vertically parallelly holds a plurality (e.g., 25
sheets) of semiconductor wafers W are conveyed into and out
of the handling chamber 1. A posture changing mechanism 9
30 is disposed near the carriers fged in/out opening 8 of the
handling chamber 1. The posture changing mechanism 9
changes a posture of the carriers so that the semiconductor
wafers W held vertically therein are horizontal.
A storage unit 49 in the form of shelves which
35  accommodate the caxriegg which have had the posture changed
is provided above fhe 5§éture changing mechanism 9. On the
side nearer to the heat treatment furnace 2 there is



showihg a structure of the interior of the handling chanber of the
treatnent device of FIG 1. 15 : FIG 3 is a side view of the

post ure changi ng nechani smof the treatnent device of FIG 1. FIG 4 is a
front view of the posture changi ng nmechani smof the treatnent device of

FIG 1. FIG 5 is a plan view of the nmount of the posture 20 changi ng
mechanismof FIG 1. FIG 6 is a sectional %i'ew along the line VI-VI in

FIG 5. FIG 7 is a vertical sectional view of a wafers arrangi ng nechani sm
and a wafer sernmmvidedrporttansier t bpi25 50 Aomtthé @a@riers-|Z ® ibea

partially enlar h f .
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view of the wafer "sensor provid In the transfer mechani sm of
FIG 12 i Pa p&peandyad oaranscﬁert mechandsm; 52 CFFClﬂlﬁEQﬁ?%rPQtvtﬁ%’bo'Eﬁﬁ in

the carriers hapsindigesPagd t0f 50 hardd eghBEnia ey | oaarcar timg the th&fers
present Inventlﬁmnélling space 124. The transfer mechanism 51 transfers
the semiconductor wafers W from and onto the carriers 7.

As shown in FIG. 1, the storage unit 49 of the

10 first embodiment is divided in a front storage unit 49A and
a rear storage unit 49B by the transfer mechanism 51 which
is movable vertically in parallelism with the front edge of
a mount 10. The front storage unit 49A stores, e.g.,
totally 12 carriers vertically and parallelly, and the

15 ' storage unit 49B stores, e.g., totally 4 carriers
vertically and parallelly.

The transfer unit 50 is disposed below the front
storage unit 49A and can mount, e.g., two carriers
vertically one on another. _

20. As shown in FIG. 2, the conveying mechanism 51
comprises a run 54 with a vertical support rod 53, a lift
frame 55 which is movable up an down along the support rod
53, and a conveyance arm 56 provided capable of being
horizontally folded on the lift frame 55 and supports the

25 carriers 7 at the bottoms thereof. The conveying mechanism
51 is movable and capable of being folded between the mount
10 and the storage unit 49, the storage unit 49 and the
transfer unit 50, and the mount 10 and the transfer unit 50
to receive and transfer the carriers 7. '

30 As shown in FIGs. 3 and 4, the posture changing
mechanism 9 comprises a mount 10 which mounts the carriers
7, swing arms 11 supporting the mount 10 swingably on a
rotation center X set in a territory of side surfaces of
the carriers 7, and an air cylinder 12 which swings the

35 ° mount 10 for mounting the carriers 7 on the rotation center
X to raise the mount ‘10 from its horizontal state to its
vertical state on the side of the carriers feed in/out



-7- FIG 13 is a perspective view of the clean air circulation unit

di sposed in the wafers handling space of the treatnent device according to
the present invention. FIG 14 is a vertical sectional view of the clean 5
air circulation unit disposed in the carriers handling space of the
treatnment device. FIG 15 is a vertical sectjonal view of the clean air
circulation unit disposed in the wafers rart@ I'ng space of the treatnent
devi ce according to the present invention. 10 FIG 16 is a
vertical sectiopahinge8y of the vertical heat treatnent device according

o2 second embodiment o DSt o7 TEla U6y £Ro OF1L0E BRESARRChRYED" bl
obj ect s-t 0- be- to£at dorigicadallyafiongbtda¥ phatte laf healg.i,nstednlegscgkeader
of the vertical :?fa& 65 aLARBhmBAYLEC tRb Pa® 1Je§-s Ft%)l'@ %&'ﬁ\'éid’egg?gﬁ t'C

structural view exp arning a process con ducted Vertl

treat ment ¥evi cRndfthe gwirg Fums 1o are fixesk ot both: sddesr o8 §h9v\mngnt
wat er adsor bi ngyeCchpie Sv@ht L6 PO STaSed CoRCthéc8bgUoBOkdEhe lbeiﬁe%he

insul ating cylinder and objects-to-be-treated of the second enbodiment of
the present in/EMPYPL B box with thertgp opened; (Thgr SHARC 8XPSEr LpelFPve

view of a rotatably supported on both side walls 13a of the frame 13

by support pins 14 which are the rotation centers X, and

10 bearings 15. An arcuate slit 16 is formed with a support

pin 14 as the center in one of the side walls 13a of the

frame 13. A crank pin 17 is passed through the slit 16 and

through the frame 13 and further extended out of one of the

swing arms 11. The crank pin 17 is connected to the rod

15 12A of an air cylinder 12. The air cylinder 12 is driven

to extend the rod 12A, whereby the mount 10 is swung on the

support pin 14 between its horizontal state and its

vertical state on the side of the carriers feed in/out

opening 8. In the frame 13 a sufficient space S can be

20 accordingly defined below the mount 10 which is used as a
storage space for, e.g., control devices, etc. '

As shown in FIG. 7, each carrier 7 has the top
opened, and has grooves 18 formed opposed to each other in
both side walls thereof for rotatably holding a plurality

25 of circular semiconductor wafers W vertically parallelly.
In the bottom of the carrier there is formed a
through-opening from the front to the rear in a direction
of arrangement of the semiconductors W. An orientation
flat (hereinafter called an orientafion flat portion),

30 which is a cut for alignment of the semiconductor wafers W,
is formed on a part of the peripheral edge. The
semiconductor wafers W are aligned by orientation flat
arranging mechanisms 34 which will be described later so
that the orientation flat portions 20 are oriented in a set

35 direction. | - .

As shpwn in FIGs. 5 to 7, positioning members 21
for positioning both sides of the bottoms of the carriers



conventional heat treatnment device. FIG 21 is a partially enlarged view of
a carrier posture changi ng mechani smof the vertical heat treatnment device
“of FIG 20. 30 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS -

[ First Enmbodinment] A first enbodi nent of the present invention will be
explained with reference to the draw ngs. H)reFl G 1 which schematically
shows the structure 35 of the heat treatfrent device according to the
first enmbodi nrent of the present invention by a |ongitudinal section of the
heat treat nent dearee prnogfisiedhcennuihey abpper swrfdgeli oft ccha mowaiti nt0.

chanber formed ei‘i’re‘l- 2% &Gle gix%ﬁ%éd"cﬁu Sé‘{lgﬂf K é?é‘soréf atﬁ%%éﬁlgto‘c

the treatment devi ce. an Upper | nner part
handl i ng chanb&0 1opp@$etestaa st e gazriers c%ﬁﬁe%eap/ﬂuéiat%%@l%g 8 ffeRace

2 which conpri ia%%i@cﬁwmgdrﬁr@lff&@@té%eé Ups ¥t kha Caraed LM Iaie ochd
t he bottom t hereof, and heat er |nsul ator, etc., disposed around

the outsi e of RofEomsadithe, fremt edges, 78) G@f GhRiGRFEIRES pbrfhich have
furnace 10 g atee pd>§tﬁ|:t‘§ peradgeay ablghal préseivepsn 2Ry sugpdrt both

rrechani_sm (boat si eesv%[ bloQ:t%mséaaCfe t(hV\e!afcearrSri%%nsdlé nx«(fl'xich have had the

posture changed so that the carriers 7 are supported by the

conveying mechanism 51. The receivers 22 are provided on

10 a front clamp bar 23 uninterruptedly along the rear edge of

the mount 10. The front clamp bar 23 is movable from the

front edge of the mount 10 to the rear edge thereof by a

pair of guides 24 and a pair of guide rods 25 disposed on

both sides of the underside of the mount 10. An air

15 cylinder 26 for driving the front clamp bar 23 forward and

rearward of the mount 10 is provided at the center of the
underside of the mount 10.

Couples of clamp members 27 are extended through

through-holes 28 formed in the rear edge of the mount 10.

20 Each couple of clamp members 27 are provided for each

carrier, and abuts on the rear end of the carrier 7 to camp

the carrier 7 at the front and the rear together with the

associated receiver 22. These lamp members 27 are provided

_ on a rear clamp bar 30 which is rotatably éupported on the

25 underside of the mount 10 through a bracket. An air

cylinder 31 is provided at the center of the underside of

the mount 10 for rotating the rear clamp bar 30 forward and

backward. _
As shown in FIGs. 5 and 6, on the rear edge of the
30 mount 10 there are provided optical alignment detecting

sensors 32 which detect whether or not the orientation flat
portions 20 of all the semiconductors W held in the
carriers 7 are faced forward, i.e., are in alignment. As
shown in FIG. 7, openings 33 are formed in the mount 10
35 opposed to the bottom openings 19 of the carriers 7. The
orientation flat arranging mechanisms 34 for arranging the
semiconductor wafers W, and optical sensors (hereinafter



space) 124 below the heat treatnment furnace 2. An

obj ects-to-be-treated holder, a wafer boat 5 of, e.g., quartz is nounted on
the cap 3 through a heat insulating 15 cyl i nder 6. The

obj ects-to-be-treated holder holds a plurality (e.g., 150 sheets) of
objects to be treated, e.g., sem conductor wafers W horizontal at a
certain vertical interval. The wafer ¥oat 5 holding the

sem conductor wafers Wis noved up and down together with 20 t he heat

i nsul ating cyl i sdeled mtﬂérandemwj Bae fieat sbhedhgenthd Usemadeondas tore
cap 3 is noved up and do

W, her nd, a,car ers n/ Qu
opening 8 with %EFFde istye 8%1'%‘(1%9 raﬁsgéﬁ ‘t‘n%’f%iﬁli e‘ﬁ?ﬁ’ n‘gﬂu‘?ﬁ &fe
front side (thecapablygiaf bm.ng é.\ﬁlefd:eldnoﬁitCof 1tch®fas%bclat¢de dpardings) 33.
chanber 1. Through they I ers | [ L€V, [
formof plastic contai ne&%g&éa 1er$% (La%ft %r&gﬁ% g‘ﬁ‘%ﬁ%ﬁ%ﬁé gsq %P'(a
plurality Be.qg. thQSWQﬁeet§¢nsbr5eﬁﬁcundudﬁbﬂﬁwaﬂbr%rvv&ne eogveydapaneseand

out of the hand h L aggi n m 9,30 S
di sposed near tiﬁ%egg?rgg?g % %%ztﬂégjﬁgﬂlﬁs ga?gﬁZi@Egnd |A§ Shﬁghbelp

The posture chafi§Pfg mﬂaﬂlrsﬁﬁghc‘h’é*@&a’é %sﬁlﬁ“é T aneELRG Mme igm ?I4at -

the sem conduct@bmwi§é§ W & Vet ned »aﬂ&efﬁgntarz@ﬁaﬁﬂo&pr&ailefs 37
storage unit 4 rm of shelves which 3 t he carrhgrs

o e ave had whichole LAt ad (o S o B AE (P name o S bne SBEeEd, ERORAARE
mechani sn19. Onothersbgeaneddeh of tihe Realeritaniorenflatr pactidnsh20eand

have a plurality of annular grooves 37a for supporting the
semiconductor wafers W, a motor which rotates the rotation
rollers 37 by a belt 38 in the same direction, and a pair
of wafer guides 40. _

15 As shown in FIG. 7, the support frame 36 is
supported by a base frame 41 disposed on the underside of
the mount 10 movably up and down along a lift guide 42. On
the base frame 41 there is provided an air cylinder 43
which moves up and down the support frame 36. Each

20 ~ orientation flat arranging mechanism 43 is lifted by the
associated air cylinder 43 and supports the semiconductor
wafers W by the rotation rollers 37 which are rotated in
the direction indicated by a pair of arrows. The
semiconductor wafers W are rotated by the rotation rollers

25 37, and the orientation flat portions 20 are brought to be
on the rotation rollers 37 with the peripheral edges of the
semiconductor wafers W in contact with the wafer guides 40,
whereby a gap is formed between the orientation flat
portions 20 and the rotation rollefs 37, and the rotation

30 of the semiconductor wafers W is stopped. Then the air
cylinder 43 is lowered, lowering the rotation rollers 37.
Thus the semiconductor wafers W are aligned. '

As shown in FIG. 7, each wafer sensor 35 is
disposed between the rotation rollers 37 of each pair. As

35 EfShown*in~FIG.m8,1thefend of the wafer sensor 35 to be

 ““opposed to the orientation flat portions 20 of the wafers
W are formed in digits: A light irradiation device 44 and



-9 - provided a transfer unit 50 for the carriers 7 to be tenporarily

stacked up to transfer the sem conductor wafers Wto the wafer boat 5. A
conveyi ng nechanism 51 is disposed between the storage unit 49 and the
transfer unit 5 50, and a transfer nmechanism 52 is -di sposed between the

transfer unit 50 and the wafer boat 5 in the wafers handling space 124. The
transfer mechanism 51 transfers the seni codductor wafers Wfromand onto
the carriers 7. As shown in FIG 1, the storage unit 49 of the 10 first
enbodi nent is cﬁviﬂgﬁtiﬂeaeétmg devlege 48nidrel Pranitied r:e@speéﬁwgbyuoht
49B by the trangfer IS 1 which_i Ie ver |1 ra I sm
with the front e BP gﬁo ﬁ' ot %ﬁ 50 Sto§ %hﬁﬁ [p¥: %oréé%s L
e.g., totally ]saarmmm@ustwerWafmw mmatheldgvleesl iﬁeseﬁsed. st orage

unit 49B stores, e.g dJ%FTﬁ 2 ol BRSe¥ehki 5@l | ¥. %gggy.

The transfer unit 50 |s d| spose elow tHe front stora é u can
mount, e.dd, tvetesk mhdch dsr cusyedywith bhe Supprrt sz 14 as the C%tgﬁown

in FIG 2, the onyewfbdBelen tRbSHHoGRETIO S dovddi 5? Whteho@laﬁfat@ah
support rod 53, alift frame 55 WhICh I s_nmovabl e up own al ong the

support rod 53,k A EIPGRA AN L 4 o2 R %p"é‘B?euB‘Feﬁﬁ%ﬂﬁ of the
horizontal |y fahs\@se o101 ha huhbek’ 8Fevébt Al saiPOr 48 b formed through

the cover 46 and the mount 10 for passing clean air streams
10 flowing from above the mount below.

A shown in FIG. 10, the transfer mechanism 52
comprises a lift fréme 57 which is movable up and down, a
rectangular rotary frame 58 which is disposed on the lift
frame 57 horizontally turnable, a movable body 59 which is

15 disposed on the rotary frame 58 and is reciprocally movable
along a guide in the direction of length of the rotary
frame 58, and plate-shaped transfer arms 60 which support
a plurality (e.g., 5 sheets) of semicondudtor wafers W at
a vertical interval. The transfer mechanism 52 takes out

20 one by one the semiconductor wafers W-to-be-treated in the
carriers 7 in the transfer unit 50 to transfer them to the
wafer boat 5, and takes fhe treated semiconductor wafers W
one by one out of the wafer boat 5 to transfer them into
the empty carriers in the transfer unit 50. As shown in

25 FIG. 11, on one side of the proximal end of each transfer
arm 60 there is provided a wafer sensor 63 comprising a
light irradiation device 61 and a light detecting device 62
which are Qertically opposed to each other with a
semiconductor wafer W supported on the transfer arm 60, so

30 that presence of the semiconductor wafer W on the transfer
arm 60 can be sensed.

Then, a conveying operation for the carriers 7
acéording to the first embodiment will be explained.
First, as shown in FIGs. 1 and 2, the carriers 7 are placed

35 by, e.g., a conveyance robot or other meané two by two on
the mount 10 of the posture changing mechanism 9 through
the carriers feed in/out opening 8 of the treatment device.



25 *carriers 7 at the bottonms thereof. The conveying nechanismb51 is
movabl e and capabl e of being fol ded between the nmount 10 and the storage
unit 49, the storage unit 49 and the transfer unit 50, and the nount 10 and
the transfer unit 50 to receive and transfer the carriers 7. 30

As shown in FIGs. 3 and 4, the posture chanalng mechani sm 9 conprises a
nmount 10 which nounts the carriers 7, smﬁn afnms 11 supporting the nount 10
swingably on a rotation center X set in a territory of side surfaces of the
carriers 7, andmrths moiylt nderche? swhhcbnﬂwbmgr wh€eds W inothé d8rfbers '

nmount i ng the cajriers heg_r gt (o] r 0 S rom
Its horlzontalaft%f% ?Zl$$ &vg?t$c§F%sp§%§E%ﬁo ﬂy éﬁg é%%éﬁﬁgg% |e%ga%eed
i n/ out - 10 armpwling Beclanismutd (GeesdtiGn 7he andswmﬂmmmmdia

made of (21O AR Yok Opfle ! bahi BbARGCEL: §abers®iidle o AdSELa Y Chngan

acconmodate two carriers thereon si y Si
are fixed 3o botafer Rensar 3% nount 10. The nount 10 |s pl aced on the top

of frame 13 in the shapgey, ach@&ewetlh,etﬂamtzoargpﬁaeéa (o8 €Hén§1f‘é8§n.éﬁ
are rotatably s gported on both side walls 13a_ of e frame 13 by support

pi ns 14 whi ch #% the ABFari dR @éﬁer% )@°aﬁ@siﬁi°n EFQ%F?ﬂj%r £rs Ay aPRfat e
slit 16 is forrnErhipd htite SO@PPiérs 7 together with the clamp member 27.

Then the air cylinder 12 (see FIG. 3) is drive,'as shown in
10 FIG. 9, the carriers 7 are swung together with the mount 10
by 90 degrees on the support pin 14 at the rotation center
X in the territory of the side surfaces of the carriers 7,
whereby the posture of the carriers is changed so that the
semiconductor wafers W, which have been parallelly
15 vertically arranged are horizontal. That is, the posture
dhange is conducted along a line of horizontal displacement'
of the carriers 7 (conveyance thereof into the treatment
device). The carriers 7 come to be supported by the
receiver 22 by the posture change, and the air cylinder 31
20 is driven to retreat the clamp member 27 to release the
carriers 7 from the clamp. The carriers 7 are conveyed to
the storage unit 49 by the conveying mechanism 51. This
operation is repeated to store a required number of the
carriers 7 in the storage unit 49. Then the carriers 7 in
25 the storage unit 49 are conveyed one by one to the transfer
unit 50 by the conveying mechanism 51, and the
semiconductor wafers W in the carriexrs 7 are transferred by
the transfer mechanism 52 one by one to the wafer boat 5
lowered on the loading area 7. The emptied carriers 7 are
30 lifted by the conveying mechanism 51 to be returned one by
one to the storage unit 49.

Then when a required number of the semiconductor
wafers W have been transferred to the wafer boat 5, the
wafer boat 5 and the heat insulating cylinder 6 are lifted

35 by the lift mechanism'4 into the heat treatment furnace 2.
Then the furnace entrance is closed by the cap 3, and a
heat treatment is conducted on the semiconductor wafers W



pin 14 as the center in one of the side walls 13a of the frane 13. A crank
pin 17 is passed through the slit 16 and through the frame 13 and further
ext ended out of one of the swing arns 11. The crank pin 17 is connected to
the rod 15 12A of an air cylinder 12. The air cylinder 12 is driven to
extend the rod 12A, whereby the mount 10 is fmung on the support pin 14
between its horizontal state and its vertTch? State on the side of the
carriers feed in/out opening 8. In the frane 13 a sufficient space S can
be 20 accor difngl v ¢@huﬁm¢dxpenﬁQdmpfmmimeloaﬁhacmenwﬁmaﬂjtﬁmpenatmm@e

space for, (o] I ' ho | hﬁ%ﬁh
hgs t he top opeﬁgg ih g ﬁggﬁggggvggh%gpﬁéf%édgggpgggﬁp?%@%ac Ogﬁﬂi |nrboth
side wal |l s ther&8f q‘tﬁr,r othealWafan| beay P pler dawersgs outpfof:j thegl heat

sem conduct or “@E@é%m&ﬁteﬁbkﬁabbyzp%babbehhioah@dtEﬁt@pwhaﬂrahdiﬁb(Eyéafﬂ
there is forned a throu romthe front to the rear in direction

openi.n
of arrangerent SPetﬁ€e§gﬁ¢c§ﬁH&€gﬁﬂycﬁPr ﬂﬁfGFlynPEFIGPOWQQ:aPﬂbﬁQﬂ%ﬂﬂRﬁ
Cﬁl |l ed an 03 | entgbhsierirall RALDI ﬁl‘ié ca@Prier¥hy cird ﬂ':éllﬁarf&f ﬁﬂaﬁhw}byof
t he sem conduct or or e pa t he eri a
et e A th e rdee e 3B thehahhver) cridreaR Ry dre
arrangi ng nmechacoaweyad tbi thewsitbrbgedaesaditi 48dtbaber storiedatthere. Then
orientation fla OLLI 0 78 r t '
shown in FlGs. %hFOE%?QE§§§t|0%338 %ﬁg @ggkgfafgggﬁggFtFS%F%@ﬁbéﬁﬁ
t he bott o8 of ﬂ.ﬁean@rargrcganveyed out of the handling chamber through the

of

carriers feed in/out opening 8.

As described above, because the carriers 7 are
swung near the carriers feed in/out opening 8 on the
rotation center X in a territory of the side surfaces of

15 the carriers near the carriers feed in/out opening 8 of the
handling chamber 1, as shown in FIG. 9, the carriers can
have the postures changed along a swing trajectory with a
small bulging amount, a minimum radius and a minimum
displacement amount, and in addition, the posture change

20 can utilize a space above the mount 10. Accordingly, the
posture change of the carriers 7 is quickly conducted,
whereby the space S2 for the prevention of interference
between the carriers 7 and the transfer mechanism 51 ‘upon
the posture change can be reduced:; a conveying distance and

25 a conveying time for conveying upward into the storage unit
49 the carriers 7 which have had the posture changed can be
reduced' ~the dev:.ce can be small-sized; and higher
treatment efficiency can be obtained. Because the mount 10
with the carriers 7 mounted on is supported swingably by

30 the swing arm 11 on the rotation center X set in a
territory of the side surfaces of the carriers 7, and is
swung by the air cylinder 12 so as to be raised vertical on
the side of the conveying in/out opening, and the carriers
7 whose posture have been changed are supported by the

35 receivers 22 at the. lower parts thereof, whereby the
posture change of the carriers 7 can be conducted by the
simple arrangement without failure.



7 are provided on the upper surface of the nmount 10. Receivers 22 are
provided on the front edges of the nount 10 opposite to the carriers feed

i n/out opening 8 for positi-oning the front edges 7a of the carriers 7 and
the 5 bottons (the front edges 7a) of the carriers 7 which have had the
posture changed. The receivers 22 support got_h sides of the bottons of the
carriers 7 which have had the posture chén& d so that the carriers 7 are
supported by the conveyi ng nechani sm 51. The receivers 22 are provi ded on
10 - a front clanp baBexduse rithg apjentiationflat arrangiogaiechantsnsunt
10. The front 23 sl ables f dges af 0
to the rear edgée@ﬁggr) ng'fl ag’)'} n§ _ggiér Qgﬁlgﬁﬁg}é‘?t&gﬁ: g%g.bgﬁ gi %RoFﬁgﬁci:ggf?%ﬁé 25
di sposed on botiR & et Jifeatigniazs Eroyided whthin 1the mowngs 1@p the

cylinder 26 fomdliitd D tde fd1Hwed HB Brswishd Cines deied defigey Vapacef sghe
nount 10 |§ prﬁ%/?lded at the center of the unde(}f# de. of the pount 10.

Coupl es of° cl aPIR¥HEPs ShEnge RRICEFEBuGE t FPEUFRTTARS 28 1 TRUBd i n
the rear edge afifferermtinfron.tht) convercticral| €red tmemtpdaeider sn 2Which

anp the carri o ST {Bh Lt eahe it e (e o EEES fabl
receiver 22. Theee dmpiy repams S Xiran dglraw ibjedthe ki feanechampshar t80be
which is rOtat%Héﬁéﬁ”eréﬁg BBuﬁ@? the device according to the present
10 first embodiment can be small-sized, and the empty space S
below the mount 10 can be effectively utilized as a space
for, e.g., controllers, etc. Because of the wafer sensors
35 for sensing semiconductor wafers W in the carriers 7
provided in the mount 10, presence of the semiconductor
15 wafers W in the carriers, and numbers of the semiconductor
wafers W in the carriers can be sensed. A number of sheets
of semiconductor wafers W, etc. can be easily administered.
The present invention is not limited to the first
embodiment described above énd covers other modifications
20 and variations within the scope of the present invention.
For example, the orientation flat arranging mechanisms 34
do not arrange semiconductor wafers W essentially by means
of the orientation flat portions 20, but may arrange them
by means of other cuts,such as notches. The orientation
25 flat arranging mechanisms 34 and the wafer sensors 35 are
not essential and may be provided as required in the mount
10. Objects to be treated can bé, e.g., LCD substrates in
addition to semiconductor wafers W.
. In the first embodiment the carriers are conveyed
30 from the mount 10, which is the posture changing mechanism
9 to the storage unit and temporarily stored there so as to
be transferred to the transfer unit 50, but to transfer
semiconductor wafers W while the carriers 7 are being
conveyed to the storage _unit '49, the carriers may be
35 conveyed from the mount iO, which is the posture changing
mechanism 9, directly to the transfer unit 50.
'Furthermore, a clean air circulation system of the



25 > underside of the nount 10 through a‘ br acket . An air cylinder 3l is
provided at the center of the underside of the nount 10 for rotating the
rear clanmp bar 30 forward and backward. As shown in FIGs. 5 and 6, on the
rear edge of the 30 mount 10 there are provided optical alignment
detecting sensors 32 which detect whether or not the orientation flat
portions 20 of all the sem conductors Wheld rn the carriers 7 are faced
forward, i.e., are in alignment. As shown in FIG 7, openings 33 are forned
in the nount 1hedt treppeent Hevibe kidovdiopenteigshéd fifrdtheembodimest?.
The orientation f| arrangi.n ani,sns_ 34 f anrag

sem conduct or v%jflé]?? 2 i@%fll ca?‘ s%rr\%%l?sirtﬁg r%‘af g gnltegi?r o’gaﬂl%d
waf er sensors) IEhdlomg amsmbert Reis edd wideid c tior awaaersev\Sahenﬂlmngdsﬂam
the underside of,4h @nt q_qtg f sbej I eqd, o f sogl at ed
openi-ngs 33. Tﬁlesste grl ent atlljl%n éIalFér)ar?glérllJEg f%%nq's@tusto E?f%g%ﬁ 51?1&‘
waf er sensors Fopwewedknownamd inae. gwaiggshese lamddiingi d- osopce
Publ i cation No:( - bl St ANy h%nﬁh.@ﬁg épaeé g?u@%lldw helkaki ffe

flat arrangi ng mechani sm 34 conprises_a pair rotation

rol lers 37 whi 3% Thegigant (?Hré‘aﬁﬁpﬁof"?df ?"an‘éh%h SR FNGReE tafaps
ot her by a wi diwn &ife ttrarsfertad ivstWdar Y twfr Bbawd which is loaded

and unloaded into/out of the heat treatment furnace 2 and
10 the carriers 7. As shown in FIGs. 12 to 13, the carriers
' handling space 123 and the wafers handling space 124 have

their respective clean air circulation systems 125, 126
independent from each other which introduce and circulate
clean air and discharge the used clean air.
15 The clean air circulation system 125 of the
carriers handling space 123 includes a first clean air unit
127 which injects clean air introduced at the top of the
handling chamber 1 from the outside, horizontally into the
carriers storage unit 49, which is an upper part of the
20 carriers handling space 123, a second clean air unit which
draws the clean air injected by the first clean air unit
127 and injects downward the clean air along the carriers
feed in/out opening 8 in the front of the handling chamber
1, and an exhaust duct unit 129 which discharges from the
25 handling chamber 1 the clean air which has been injected by
the second air clean unit 128 and reached a lower part of
the carriers handling space 123. Furthermore, an air
drawing duct 135 is provided in the carriers storage unit
49, and an exhaust duct 135 is provided in a lower part of
30 - a side wall of the wafers handling space 124.

The first clean air unit 127 has a box-shaped
casing 130 disposed on the back of the rear carriers
storage unit 49A. As shown in FIG. 14, the casing 130 has
an air drawing port 131 in the upper end, which is opened

35 in a clean room'provided outside the handling chamber 1.
' A prefilter 132 of a highly air permeable sponge or mesh is
provided in the air drawing port 131.



have-a plurality of annular grooves 37a for supporting the sem conductor
wafers W a notor which rotates the rotation rollers 37 by a belt 38 in the
same direction, and a pair of wafer guides 40. 15 As shown in
FIG 7, the support franme 36 is supported by a base franme 41 di sposed on

t he undersi de of the nmount 10 novably up and down along a |lift guide 42.- On
the base frame 41 there is provided an ai rt&ytinder 43 which noves up and

" down the support frane 36. Each 20 orientation flat arranging
mechanism 43 is |i ftEdAQYSIBdSWn ass eaicat ad athecffbﬂéeéf%érﬁhﬁﬂ@qm ilshe.
sem conduct or wafera 8y ro%a |on rol lers 37 which are rotated in_the
direction indPEEREH 2 cﬁngﬁ?? e a;q%\&arrle%esm%mq waf & s . W
are rotated bythhe dspéﬂimgnthmfé eirss;ﬁﬁv:.daa aafulrstadust erdmdving ffiidtter
portions 20 ar roug on the rotatjon I { h

peri pher al edggggof"r’th Fﬁg n8uCtor Lt 778 B‘k Ec%‘ﬁt eczim'%\% ﬂ%ﬁﬁrs f

gui des 405 vxhereinpvangaﬂus& foonrtad niect \amerthehecbeannaarl antrbducpdrtllrth 20
and the rotati o] 7 d e Lati 30 ]

Mafers Wis st ghseqobehind £rBRCehlicabg k) n pluredd O Mt
rotatjon roll eilg43havmsg@¢é klow dan&bet 6@%@@5 se W ar eSHroepr Fans affown

in FIG 7, eacgsﬁ’@flﬁédsﬁﬂs%he?’éa‘sing' iB@SQGrbaﬁr‘éﬁ‘v& fgt kA =2t AirOFrion hdles 37
of each pair shown in FI G he end he waf er. se sor 35 to

be opposed to BRE SFREHRSBE 434k aae‘rbpsﬁgoaﬁaﬁiyméommrzh % &lfed
in digitgo Al kphtthe regtioiéss deviraged4rdd 49 through the first dust

removing filter 133. Thus the horizontal streams X of the

clean air flowing from the rear carriers storage unit 49A
to the front carriers storage unit 49B shown in FIG. 1 are
formed, whereby the atmosphere between the semiconductor

15 wafers W held horizontal in the carriers stored in the
carriers storage unit 49 is maintained clean.

As shown in FIGs. 13 and 14, the second clean air
unit 128 is provided below the front carrier storage unit
49B and above the carriers feed in/out opening 8. The

20 second clean air unit 128 has a casing 136 with a flat air
drawing duct 135 which extended upward along the back of
the front carriers storage unit 49B. A number of punched
air drawing holes 137 in the side of the air drawing duct
opposed to the carriers storage unit 49. As shown in FIG.

25 14, a second dust removing filter 138 which is the same as
the first dust reméving filter 133 4is provided in the
bottom opening of the casing 136. In the casing 136 there
is provided a blower 139 which blows the clean air drawn
through the air drawing holes 137 downward through the

30 second dust remov1ng filter 138. Thus, as show in FIG. 12,
the vertical streams Y of the clean air which flows from
the front carriers storage unit 49B downward along the
carriefs feed in/out port 8 are formed, whereby the
atmosphere between the semlconductor wafers W held vertical

35 in the . carrlers placed on the mount 10 of the posture
changing mechanism 9 ;s maintained clean.

As shown in FIG. 12, an exhaust duct 129 is



- 13-- a light detecting device 45 are provi ded respectively on the opposed
wal | s of each digit, so that presence of a sem conductor wafer W between
the devices is sensed. As shown in FIG 6, a cover 46 of, e.g., stainless 5
steel which is curved with the support pin 14 as the center is provided
bel ow the nmount 10 for covering the orientation flat arrangi ng mechani sm
34, etc. on the underside of the mount 10. 1R munmber of vent holes 47, 48
are formed through the cover 46 and the nount 10 for passing clean air
streans 10 fdDypoed doRndrean bE ghenvebeiocal dtadames Y Ianlal BeldW, thee

transfer nmechanism5 I a t frane S b e up_and
down, a rect angtiahs %’Ear@l Si@e 5Jé“’vﬁu%’ﬂ’?‘és¥51 %%%{5 gz% m?ﬁ% i ¥ ?mgﬁiﬁﬁsw
hori zontal |y t ua ndid, badynﬂdﬂléahddho&QZMMtdi|acru$s thi dpostom coft bhe
rotary frame 5 ally des4dn | jzon
of | ength. of tﬁe r&% %’%ﬁ%ﬁ%gg i an atquLg%gdq?gg%sf 42 c&ﬂﬁuﬂ%&&%&h
support a Pl ur aditly deside ﬁstf@%t@cbfb@,@n %%dee@ohamngr’ghwupper end
verti cal 'nterbfgﬂf J&tentr f€dp f@ﬁha%smééltﬂ&eéh&%egol asO8R B¥nh80st! he

senm conduct or ers e- treated in the cartriers in the transfer uni t

50 to transfer BO®Hn %éltﬁé iReeowisddes  oFR Fﬁﬁe§rf’l‘i‘é'f tsrjéirﬁ&f duct
sem conduct or VEd&y SLAl AR a2 prdvided Bepw&&eu1I&§rabf5ekﬁat1éensierJetrbem

into 143.

10 As shown in FIGs. 13 and 15, the clean air
circulation unit 126 of the wafer handling space 124
comprises a third clean.air unit 144 which horizontally
injects the clean air introduced from the outside at the
rear of the handling chamber 1 from one side wall of the

15 wafer handling space 124 to the other side wall, and an
exhaust unit 145 which discharges outside at the rear of
the handling chamber 1 the clean air which has been
injected by the third clean air unit 144 and reached to the
other side wall. Specifically as shown in FIG. 13, at the

20 réar of the handling chamber 1 there are provided an
opening for the maintenance and inspection and a door 146
which opens and closes the opening. An air drawing port
147 is formed'below the door 146. The third clean air unit
144 draws clean air through the air drawing port 147 from

25 the outside at the rear of the handling chamber 1. As

| shown in FIG. 15, the third clean air unit 144 has a flat
casing 148 mounted on one side wall of the wafer handling
space 124. An air drawing port 149 is formed in a lower
part of the front of the casing 148. The part of the front

30 of the casing 148 above the air drawing port 149 is opened,
and in this opening there is provided a third dust removing
filter 150 which is the same as the first dust removing
filter 133.

In the air drawing port 149 there is also provided

35 a blower 151 which draws the clean air introduced through
the air drawing port 147 and injects the clean air
horizontally into the wafers handling space 124 through the



the enpty carriers in the transfer unit 50. As shown in 25 FIG 11, on
one side of the proxinmal end of each transfer arm 60 there is provided a
waf er sensor 63 conprising a light -irradiation device 61 and a |ight

det ecting device 62 which are vertically opposed to each other with a

sem conduct or wafer Wsupported on the transfer arm 60, so 30 t hat
presence of the sem conductor wafer Won 1P tTansfer arm 60 can be sensed.
Then, a conveying operation for the carriers 7 according to the first
embodi ment wil | thﬂrdxpiws'med‘emEknisxg fislsepoWil50. Fl GFhu& athe 2 hddizontal

carriers 7 are nglﬁggg% (Fﬁ@’m‘&ﬁ 1# a%d“’fé’?”&? 1&82%1%5{1%& rg}%}@;é%gtm

by two on the r & chang nechanrsm
carriers feed i ﬁroutowesndfg Qf chet wgfersahnadﬁlugvspece 124 Yo theoq:thee'

mount 10 the segganquel pr LRIy Vol t Bgrfag! | ed}ﬁe:?e%e tiid gg%éds{%h%

direction by the orientation at arrangi ng neEhani sm
presence afd a hﬁﬁﬁéﬁno‘r—h@héeﬁéﬁpt}éﬁﬁﬁélfowaﬁﬁrér §e\?\ﬂah@ré@P@@ﬁéd-Yb?nt I#éles

waf er sensor 35waf@§nboé935 r@&@la@rxﬁaﬁ&ﬂ&d@a@é&r{l radd'&Hd WFHdO bt Bhe
arrow in FIG 6%@ ition the carriers 7, and cl anggthe carriers. 7

together with t Rt Rt otheThaat hEr%"f‘Fm%S’/Fl page (LeeclRAcheft | s

drive, as ShOWntréated semiconductor wafers W can be cooled. An exhaust
unit 145 in the form of, e.g., an exhaust fan is provided
10 at a lower part of the rear wall of the handling chamber 1
- which is near to the other side wall thereof , and the clean
air arriving at the other side wall is exhausted to the
outside at the rear of the handling chamber 1.
Next, the operation of the clean air circulation
15 system of the first embodiment will be explained. As shown
in FIG. 1, carriers 7 are placed onto the mount 10 of the
posture changing mechanism 9 by, e.g., a conveyance robot
or other means through the carriers feed in/out port 8.
The mount 10 is swung down by 90 degrees to swing the
20 carriers 7 by 90 degrees downward, whereby semiconductor
wafers W have their posture changed from wvertical to
horizontal. The carriers 7 are conveyed to the carriers
storage unit 49 by the conveying mechanism 51. This
operation is repeated to store a required number of
25 carriers 7 in the carriers storage unit 49.

Then, the carriers 7 temporarily stored in the
carriers storage unit 49 are transferred one by one to the
transfer unit 50 by the conveying mechanism 51, and the
semiconductor wafers W held in the carriers 7 are

30 transferred one by one or collectively by a plurality of
sheets to the wafer boat 5 lowered in the wafer handling -
space 124. Emptied carriers 7 are sequentially returned
to the carriers storage unit 49 by the conveying mechanism
51.

35 When a required number of semiconductor wafers W
have been trans.fei:féd, "the wafer boat 5 and the heat
insulating cylinder 6 are loaded into the heat treatment



10 *FIG 9, the carriers 7 are swng together with the nmount 10 by 90
degrees on the support pin 14 at the rotation center X in the territory of
the side surfaces of the carriers 7, whereby the posture of the carriers is
changed so that the seniconductor_mafers W which have been parallelly 15

vertically arranged are horizontal. That i% the posture change is
conducted along a line of horizontal displd %nent of the carriers 7
(conveyance thereof into the treatnent device). The carriers 7 cone to be

supported by th&urseseve? B¥ bthe hdiftstnechamisme 4.and Then arhecyfummdse 31
20 is drivengherhfbbeaist E‘io%hﬁ%ﬂe%hér ddp! @, rehhdsq tPeq ﬁi‘i—é&errﬁeaﬁt

fromthe clanp. The carriers are co to thé storage unft
conveyi ng nechatreftyentTiss copdugteen fP§ PefE%: PETLOG: &Eige,e @k rabdiet

nurber of the C%éfngéfrétﬁrb” ARE SihPr avesedi tathibspiiee [ he RRBHI ete 7 Ha w25
-t he storagﬁeumt 49 are conveyed o e b ne to ttg transfer_unit 50 by the

conveyi ng MechatFERtBENt AE PHETse o‘?owé S WniPagded ont i the
are transferredhbgtt hﬂe‘amxfberfumﬁwlzmﬁeoombvaﬁaest hahhﬂ:.\t@f @pdoeat 5

he- conveyi ng mibRariebRtH « SenloondiPHEE  shders” 578 1GRPhed 1gBal A
49. Then when atregsifertedufirom dhe wafeanimatdust intoatbes ctirdesshbderin
R Y e et s T A
furnace. 210Thencopweygfndie ther sariers| stegage tundtafds, tCanbea Stored
there, and then are conveyed outside the handling chamber
1l on the mount 10 of the posture changing mechanism 9
through the carriers feed in/out opening 8.
In the handling process of conveyance, transfer,
15 etc. of the carriers 7 and semiconductor wafers W, as shown
in FIG. 12, in the carriers handling space 123, first of
all the first clean air unit 127 injects clean air
introduced from the outside at the top of the handling
chamber 1 through the prefilter 132 to the carriers storage
20 unit 49 in the horizontal streams X through the first dust
removing filter 133. Next, the second clean air unit 128
draws the horizontal streams X of the clean air through the
air drawing holes 137 (FIG. 14) of the air drawing duct 135
to inject downward the clean air in the vertical streams Y
25 through the second dust removing filter 138. Then, the
exhaust duct unit 135 draws the'vertical streams Y of the
clean air into the duct body 140 and discharges the clean
air outside through the vertical duct 142 at the top of the
handling chamber 1. Thus the horizontal streams X of the
30 clean air can maintain cleanness of the atmosphere between
the semiconductor wafers W held horizontal in the carriers
7 stored in the front and the rear carriers storage units
49B, 49A. Furthermore, the vertical streams Y of the clean
air can maintain the cleanness of the atmosphere between
35  the semiconductor. wafers W held parallelly vertical in the
carriers placed. on the mount 10, which is the posture
changlng mechanism 9.



heat treatment is conducted on the sem conductor wafers W - 15 - for a
required period of tine, at a required tenperature and in a required

at nosphere, and when the heat treatnent is over, the wafer boat 5 is

| owered out of the heat treatnment furnace 2 to be unl oaded into the | oading
area. 5 The treated sem conductor wafer Ware cooled and then are _
transferred into the carriers 7 fromthe wed%r~boat one by one in the order
opposite to the above. The carriers 7 are conveyed to the storage unit 49
to be stored there. TheAst8RowArinh€eFBGY. NEY caridi€l POSin rhes haTead Haidligly

t he nount 10 10 _an e gQnveyed. out .of .t he ndl i ng chamher thgou he
carriers feed i RP%SF g]p%% nglg.S%Asoﬁe tH‘l N aﬁg's'a b%g?ﬁ%e Fife Eﬁigi g"pg‘f 7
are swung near tihgecsr tbesclead adfrodntepdoced Trom tthe oaitatiden tharowyh X
in aterritory t he, si a f .t C | er egy _t rirjers
feed in/out ope(r%lilﬁgh?gl%f ﬁ? ﬁgﬂhénccﬁﬁg :clégnblérr1 %?’eagfés%%v\% flnn%?Gm%é‘ lhd«,;
carriers c8n hagbamherpodt ures thengeafersnhandlhing tspgert k34 wilth dhe
smal | bul gi ng agpyibondafi &Pgﬁméaﬂ'ﬁﬂ&dﬂa@; Ene Eh??@&hé@'%g/?ﬁ?h%e@r

and in addition, _the gosture change 20 can utilirze a sp

mount 10.  Accot8Pngl Yheppcthesexhaushamid didd iischanaas the dagdizontpl
conduct ed, wher ggyebhiie gP¥FE the ledh iy ep@NthONo@tsiféeatebBC@ear of

the handling chamber 1. Thus the horizontal streams Z of
10 the clean air can maintain the cleanness of the atmosphere_

between the semiconductor wafers W held parallelly

horizontal on the wafer boat 5, and can efficiently cools

the wafer boat 5 unloaded out of the heat treatment furnace

2 to the wafers handling space 124 and the heat treated
15 semiconductor wafers W.

' Especially, the interior of the handling chamber 1
is divided in the carriers handling space 123 and the
wafers handling space (loading area) 124, and the clean air
circulation units 125, 126 which are independent from each

20 other are provided respectively in the carrier handling
space 123 and the wafer handling space 124. Accordingly in
comparison with the conventional heat treatment device in
which clean air is passed a plurality of times through the
air cleaning units to continuously circulate the clean air

25 through the entire interior of the handling chamber, in the
first embodiment clean air may be passed through the clean
air units less times, so that impurity gases generated from
the dust removing filters of the clean air units can be
sufficiently decreased by the simple arrangement without

30 the necessity of special countermeasures. In addition,
clean air is supplied to and circulated through the’
carriers handling space 123'and the wafers handling space
124 respectively by the clean air circulation units 125,
126 which are independent from each other, whereby the blow

35  amounts of the clean air circulation systems 125, 126 .can

' be small, and the blowers 134, 139, 143, 151 may be
small-sized. The heat treatment device can be accordingly



between the carriers 7 and the transfer mechani sm 51 upon the posture
change can be reduced; a conveying distance and 25 a conveying tine for
conveying upward into the storage unit 49 the carriers 7 which have had the
posture changed can be reduced; the device can be snall-sized; and hi gher
treatment efficiency can be obtained. Because the nount 10 with the
carriers 7 nounted on i s supported sw nga‘bl%r?'b'y 30 the swng arm 11 on
the rotation center X set in a territory of the side surfaces of the
carriers 7, andsmallsxngibgdthe air cylinder 12 so as to be raised vertical

on the side of the convgyi N/ out eni.n d the carrigers 7_whgse .,
posture have been changg%rgl?%r%ﬁg Or'%gecf_ hg-'p'% Cfe?ﬁce?%rglffu;?%ﬁﬁg

| ower parts thespstemswiizh 26 lareppsovidedhimdependeéntlyafromreach odhelre
conducted by the_sipnl A gﬁﬂﬁﬁg ] | 4AIT p - B e
orientation fla na]rtggnela%%ﬁ%\%c ani Sl%‘@f%}%cré ijéléjgn%rl\% F % é%%egoﬁﬁﬁgi%rn@
wafers Wih thespaeei &¢4, i htaigeeagyr Ebatokher caprierdbandlingn sphcemd 2 s
10, the mounts afladtre 3 3108 Heth 19 r 8Pk 24 NoL Bl dmPEC Bre Al vided

bel ow to change t postures_of the Carriers. —~ Thus, different fromthe
conventional trB¥t AeAhulESTcReiRIWFRERPLROS! PRARE: PBRPPRa N4 CAR§ERy ©OF

mechani sne are thét Bké NiwhéPeoe e Shmsspriard A htledoManalgy Idhdmber 1

mechani sns to bgs separated for the carriers handling space 123 and the

10 wafers handling space 124. Accordingly this arrangement is

'readily applicable to a required treatment method using,

for example, only the interior of the wafers handling space

124 in an atmosphere of an inert gas, e.g., nitrogen (2)

gas. In this case, the air drawing port 147 and t exhaust

15 unit 145 are closed, and the wafers handling space 124 is

supplied with an inert gas by supply and exhaust means

exclusively used for the inert gas. In the heat treatment

-device according to the first embodiment, the air drawing

port 131 and the exhaust port 141 of the clean air

20 circulation unit 125 of the carriers handling space 123 are
provided in to top of the handling chamber 1, and the air -

drawing port 147 of the clean air circulation unit 126 of

the wafers handling space 124, and the exhaust unit 145 are

disposed on the =rear of the handling dhamber 1.

25 "Accordingly even in a case that a plurality of the heat

treatment devices are juxtaposed with each other, drawing

and exhaust of clean air into/from the handling chamber 1

can be conducted without troubles.

The present invention is not limited to the clean

30 air circulation unit of the first embodiment and covers

other variations and modifications in the scope of the

present invention. For example, in the first to the third

clean air units 127, 128, 144 of the first embodiment,

active carbon filters, for example, which adsorb to remove

35 impurity gases may be provided in addition to the first to

the third dust removing filters 133, 138, 150, so that

contamination of the semiconductor wafers W by impurity



pl aced on the nount, the device according to the present 10 first

enbodi nent can be snall-sized, and the enpty space S below the nount 10 can
be effectively utilized as a space for, e.g., controllers, etc. Because of
the wafer sensors 35 for sensing sen1conductor wafers Win the carriers 7
provided in the nount 10, presence of the sem conductor 15 wafers Win
the carriers, and nunbers of the sem conduéfor wafers Win the carriers can
be sensed. A nunber of sheets of sem conductor wafers W etc. can be easily
admi ni stered. Hasdy eanbe prevehesd.s Nothéi frii-ga érﬁbé@ﬂnéﬁtsttleQIELéEHt

descri bed above .and .cover the S lations wihin
the scope of t AT adBHl AR U 125 B e aretere dndfing spive 1ad
arrangi ng -nechamtymiutesiochean amiangthseugborhest ad.rvvaim&ng‘ epoertt i 4Ty

by means of thg,l}_gﬁ)lcag@ opnt! § {rﬂpoﬁéon%%%&ﬁ@%sol}a)épﬁa%ﬂlggr&b ,Ir%tyo,_[@ans

of other cuts, as notches. orienta arrangl
mechani smd 34 d4d ,t fan vaderdeawing spestavbisbt ddgeahliyalintinpdugeseclean

provi ded as reqyi f%%g;m&l@eomg&helgt a%eféértsfbehérﬁaﬂfﬂieﬁ@%@&bérgx

LCD substrates I'n tion to sem conductor wafers I rst

enbodi ment t he M@ PeePFoNidedoipcthel Hyird olegn gie bt 146, invaddition he

posture changi Rg rRENehHIS BrAawitd %I&I q_r4agge unit and tenporarily stored
there so as to be tran ferre%lthg‘b%gs ansfer unit 50, but to transfer

sem conduct or wafers 7 are being conveyed to the
storage wot 49, the carG.en$ Wsy abereiFicalcaidey addw @i tdree rexdipld), of

which is the pq:%t - erC@%naql Teat treatment device according to a second
embodiment of the present invention. A heating furnace 201
is mounted on a base plate 210. The heating furnace 201
includes a heater 212 disposed on the inside
15 circumferential surface of a heat insulating layer 211 in
such a manner as to surround a reaction tube 202 which
will be explained léter. A double structure reaction tube
202 is provided in the heating furnace 201. The double
structure reaction tube 202 comprises an outer tube 221 of,
20 e.g., quart having the upper end closed, and an inner tube
222 of, e.g., quartz disposed conically with the outer
reaction tube 221, and is for forming an atmosphere to be
treated. :
The outer tube 221 and the inner tube 222 are
25 supported at 'l:he. respective lower ends by a tubular
manifold 231 of stainless steel or others. A cap 203 is
provided in the open lower end of +the manifold 231 for
openably sealing the open end air-tightly. A rotary shaft
232 which can rotate in an air-tight state by, e.g., a
30 magnetic seal is passed through the central part of the cap
203. The rotary shaft 232 has the lower end connected to
a rotary lift mechanism (not shown) of a boat elevator 203
and has the upper end fixed to a turntable 233.
A wafer boat 205 which is a holder for objects to
35 be treated is mounted on the turntable through a heat
insulating cylinder 206 which is an intermediate member.
The wafer boat 205 can accommodate, e.g., 100 sheets of



mechanism 9, directly to the transfer unit 50. Furthernore, a clean air
circulation systemof the - 17 - heat treatnent device according to the
first enbodinment will be explained. As showmn in FIG 1, the interior of the
handl ing chanber 1 is divided in a carriers handling space 123 where the
carriers 7 are fed in/out, stored and 5 conveyed, and a waf er s
handl i ng space (objects-to-be-treated’h&ﬁdring space) 124 which houses
the heat treatnent furnace 2 and in which sem conductor wafers Ware
transferred betseticdiduowdrerwdbats wWhiladid soneaordaadthen eedeal cerbtadnt
of the heat treatnent_ furna 2 and 10, .carri . ho [

FIGs. 12 to 13,1 ?ﬁf%%iﬁﬂ er s han |ﬁb gaggég%i§ an89?§85ﬁ§f2?8%ha§%|iﬁar
space 124 have thexmaklespeerling @ denti treatnentiregioysinntheé28ea¢ffon

I ndependent fr hich i ' t i

i schar go.the LAE 402 228k, ehbCHtRLAQCS Sl oFlg Bio? Erca®ilol roditn
system 1% ofheakedand £or pratechingpackowen nart efe$hg repstienchnbei r

uni t 127 whi ch 3 ngR6h héd € ¥ Ate IHEd O RS mdnt Need o O the handling
chanber 1 fromthe outside, horizontally into_the carriers storage unit 49,

which is an upper part of PERESS§iNg cgppi efeePamiRe g E§Facdntreducinge 8nd
clean air unit pocds<iygad)eeCgeamendbsiDaReigss Mhtidiehle Fehctlioantabe
uni t 202 is inserted horizontal in the reaction tube at a lower
10 side of the manifold 231. The processing gas feed pipe 261
is connected to a gas supply source. An exhaust pipe 262
connected to a vacuum pump 273 is connected to an upper
side of the manifold 231 for discharging a processing gas
from a gap between the outer tube 221 and the inner tube.
15 222 to establish a required lower pressure atmosphere in
the reaction tube 202. :

As shown in FIG. 17, beside a lower outer side of
the reaction tube 202 there are provided a mount for the
wafer boat which has been unloaded out of the reaction tube

20 to be placed on, e.g., a wafer boat mount 207, and transfer

| means 208 which is movable in X, Y and Z directions for
transferring the wafer boat 205 between the heat insulating
cylinder 206 and the mount 207. _

Then a process of the treatment method according to

25 the second embodiment using the above-described heat
treatment device will be explained. The wafer boat 205
holding, e.g., totally 100 sheets of wafers W to be treated
including dummy wafers is lifted by the boat elevator 204
to load the wafers W into the reaction tube 201 as shown in

30 FIG. 16. At this time, a temperate of the interior of the
reaction tube 201 is set, e.g., about 400°C. Then the
interior of the reaction tube 201 is heated up to a
required temperature, e.g., 650°C, and a processing gas,
e.g., monosilane gas is introduced into the reaction tube

35 201 through the processing gas feed pipe 261. At the same
time, the interior of the reaction tube 201 is evacuated by
the vacuum pump 263 through an exhaust pipe 262 to maintain



127 and injects downward the clean air along the carriers feed in/out
opening 8 in the front of the handling chanber 1, and an exhaust duct unit
129 whi ch di scharges fromthe 25 handl i ng chanber 1 the clean air which
has been injected by the second air clean unit 128 and reached a | ower part

of the carriers handling space 123. Furt %rnnre an air draw ng duct 135
is provided in the carriers storage unit "4 and an exhaust duct 135 is
provided in a | ower part of 30 a side wall of the wafers handl i ng space

124. The first headnderioy totthmas reaehiorhapubecadPhg aBo adi spguddedn
the back of the,f&atyf@rr '}\?x'iiscﬁgo%f‘&@eggiﬁ?% eI dif? t'l_’llera%érst We

casing 130 has ‘an air drawn u end, which is opened 35

in a clean room provi dégheut g?h@ebpl% aLevRtaY %‘ﬁgrﬂ%rloﬂer@%r*@f iLpwer the of

a highly air p%ém@lkﬁaéﬁoczws&r dE D uhlbaavitHadtirBatBa wefedcaw 8AtPOEL
131. shown j 130 is ened

and conf rof?l]t ed WF t‘FFea%%’r‘?r]’? Z‘%‘&%t%q]aégae‘?é %Qt g’%fé\’??ﬂﬁgg@l %@ﬁl 116 Fh%rgoiag
provi ded a flrséléhatof(ﬂzma ngsf i ttensfSdred - tﬁrbd(MﬁHEththg insul&tPAg
i roduced | nt SFHASSh A hotrr SHFt RESBFoaN7, S3mte prTaTTEs BESBF o78Pe
134 havi ng gooc!\sblshmwm irh@IiGor 18of the. geatsn.nsul:etﬁ.agscxﬂ.ender with the
wafer boat 205 dismounted is loaded into the reaction tube
10 201 by lifting the boat elevator 204. In the wafer boat
205 placed on the mount 207, the treated wafers W are
cooled down to, e.g., about 100°C and then take off the
wafer boat 205 by wafer transfer means 209. Then wafers W
to be treated are transferred to the wafer boat 205.
15 On the other hand, 'in the reaction tube 202, the
interior of the reaction tube 201 is heated by the heater
202 up to a temperature, e.g., 800°C higher than a .
processing temperature, so that adsorbed water, etc. are
eliminated from the heat insulating cylinder 206 with the
20 wafer boat 205 dismounted, and the inside wall of the
| reaction tube 201. Then the heat insulating cylinder 206
is lowered by the boat elevator 204 to be unloaded out of
the reaction +tube 201, and the wafer boat 204 is
transferred onto the heat insulating cylinder 206 from the
25 mount 207 by the transfer means 208. Then the wafer boat
205 is lifted by the boat elevator 204 to load the wafers
W into the reaction tube 201.
Here relationships between this process, and water
adsorption amounts of +the wafer boat, of the heat
30 insulating cylinder and of the wafers W held on the wafer
boat will be explained with reference to FIG. 19. Water
adsorption amounts of the wafer boat, etc. after CVD is
conducted on the wafers W in the reaction tube are small
(Step 1), but when the wafers W are unloaded out of the
-35 reaction tube, the wafer boat, the heat insulating cylinder
and the wafers Wféoﬁfact with air and adsorb water in the
air. Their water adsorption amounts increase (Step 2).



provided in the casing 130 for drawing clean air fromthe air drawi ng port
131 and horizontally blow ng the clean air 10 to the carriers storage
unit 49 through the first dust renmoving filter 133. Thus the horizontal
streans X of the clean air flowwng fromthe rear carriers storage unit 49A
to the front carriers storage unit 49B shown in FIG 1 are formed, whereby
t he atnosphere between the seniconductor 2y = wafers Wheld horizontal in
the carriers stored in the carriers storage unit 49 is maintai ned clean. As
shown in FIGs. 13 and #Hen} hEhé ew@fér Chead ﬁ'srtﬁahi;féi*ﬂeasfpbmvitdedhbaltow

th f t t [t 49 h

e o oo ARbyTLeL B85 a2 th L Y el i B Pb g
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t hrough the 30retu§ﬁé§nﬂnéélsfhéef@abﬂﬂoﬁl thBé A88. doérBUﬁota&oﬁI&Qth ihh_:hG
12, the vertlcai str e clean air mth

car i 6rs ot or a§bT ani EGERSEBYARARR BPONBEL AE BaFRFCPOSPERRS! AP0 thepBRRts
are forned, wheneuwyathrgatybinderecibeguppresbedsensinasduther inatedsr\\bifel d
verti cal 'the reaction tube is heated, water brought into the
reaction tube, adsorbed on the heat insulating cylinder
when the heat insulator cylinder is loaded and unloaded is
decomposed by this heat into hydrogen gas and oxygen gas,
15 and eliminated and removed, while components, such as
carbon, sulfur, etc. adsorbed together with the water on
the _hea'E insulating cylinder are also eliminated. In FIG.
19, the broken line indicates 'a total water adsorption
amount by a conventional method. In comparison with the
20 cbnventional heat treatment method, in which wafers re
cooled and transferred on the heat insulating cylinder, a
total water adsorption amount of the wafer boat, dummy
wafers and heat insulating cylinder is decreased by a
decrease amount of a watef adsorption amount of the heat
25 insulating cylinder (Step 5). Then, when the heat
insulating cylinder is unloaded to transfer the wafer boat
onto the heat insulating cylinder, and wafers W are loaded
into the reaction tube, water adsorbed on the wafer boat
and the wafers is eliminated by raising a temperature of
30 the interior of the reaction tube, and water adsorption
amounts are decreased (Step 6).

In the second embodiment of the present invention,
while treated wafers are unloaded out of the reaction tube,
and wafers to be treated are loaded into the reaction tube,

35 the heat insulating cylinder with the wafer boat dismounted
is loaded in the reaction tube for baking, whereby the heat
insulating cylinder contacts with air for a shorter time,



35 - in the carriers- placed on the nount 10 of the posture changing
mechanism 9 is maintained clean. As shown in FIG 12, an exhaust duct 129
is - 19 - disposed downstream of the vertical streans Y and bel ow t he
transfer unit 50. This exhaust duct 129 mainly conprises a duct body 140

| ai d horizontal across the bottom of the handling chanber 1, and a vertical
duct 142 communicated 5 with a side of 4%heduct body 142 and having the
upper end opened in the top of the handling chanber 1 as an exhaust port

141 tg g he O:Jt ahldemouh?stbﬁ ‘fza'e@il; andlother hitnpluci tiwslyvtol M tddyorbadd on -
provi ded a plutali exhaust. bl o s 143..10 . JAS_shown  in
Flee. (13" Andthes néat SR 10y M Iaded: Y contact, wriih  REE e, Be
handl i ng spacedég2fteasep:i kst & riestild ewpterr amountdddo e drdughtzdmitad |y
injects the cl L aduis, oui.si e t "
handl i ng chanbggglﬁ%%%{r#%%e m%gﬂﬁ\/_\%f :Q (})‘P gft hg£§§gﬁea&/a%€rc§fg€\&d‘f ?én% ‘%‘g%%’& 124

to the ot Rer skredugend., ddHeren theabhsatyninsulgting ckydiodear dars oat S0k at

the rear of thﬁmhﬁaéb'h!egaﬁaaaheacéo&-hsngllgaﬂa%b@ W FRRABRREN iHYRfdRA DY
the third clean air Unit 144 and reache o thé other side wall.
Specifical ly aSfshERdsi damog surface: iRred 1azgar oVatRE HMRMRHY SRénber
1 there are pradedeBedNto the heat insulating cylinder by contact with
air. It takes some time to cool the wafers and transfer
10 them, and while the heat insulating cylinder is left in air
during the cooling and the transfer, the heat insulating
- cylinder adversely adsorbs somé water. Amounts of water to
be adsorbed on the heat insulating cylinder can be
drastically decreased by lading the heat insulating
15 cylinder with the wafer boat dismounted.

Furthermore, water adsorbed on the heat insulating
cylinder by its contact with air when the wafers are
unloaded is decomposed into H, gas and 0, gas and eliminated
by heat given when, during transfer of the wafers, the heat

20 . insulating cylinder alone is loaded into the reaction tube,
and the interior of the reaction tube is heated.
Impurities, such as C, S, etc. can be similarly eliminated,
with a result that amounts of impurities can be reduced.

_ Because this elimination of the water, etc. is conducted at

25 high temperatures than heat treatments of the wafers, when
water to be decomposed when a next heat treatment is

~conducted in the reaction tube can be eliminated and
removed in advance. As a result, amounts of impurities in
the reaction tube at the time of a heat treatment on the

30 wafers can be reduced, and formation of natural oxide films
can be accordingly suppressed.

In the heat treatment method according to the
present embodiment, when water adsorbed on the heat
insulating cylinder is eliminated, the heat insulating

35 cylinder is heated, so_' that an advantage that a time for
stabilizing the reac_tfi.oh tube taken when a next heat
treatment is conducted': on wafers in the reaction tube can



opening for the maintenance and inspection and a door 146 which opens and
cl oses the opening. An air drawing port 147 is forned bel ow t he door 146.
The third clean air unit 144 draws clean air through the air draw ng port
147 from 25 the outside at the rear of the handling chanber 1. As shown
in FIG. 15, the third clean air unit 144 ha flat casing 148 nounted on
one side wall of the wafer handling space'i%%P'An air drawing port 149 is
formed in a lower part of the front of the casing 148. The part of the
front 30 of the sherbenddScabobe ohtadneddrawi ng port 149 is opened, and

in this opening there isp f&ﬂéﬂh%@lé&@%g&mmﬁf&ﬁ dOAntheRd S

the sane as the first du renovin Ilter 133 the air draw ng port
there is al so prtveéatmert metbo@l@GEQIQSngﬁPcﬁhGrHEGS?H§ drygption, film

| nt roduced th_rou&@ﬁ)?@ft%ﬁ dagVidihdiitedl 4y 2BHel Hletod (s aus the -
horlzontallé into e wafers hand“ﬁﬁg space 124 thr ah t he third
g

dust renovifg fiPresentoinventign cprny and F‘P@é’s iigng,q

15) of the cleangasr 5&@%;5&5:51@1 OffLnte d@ﬁ dﬂ%ﬁﬂtﬁ‘&rsmm pFoceasdny24
to the other S|de mg t hereof _are fo med, where t he _at nos
LELORSnat of

bet ween the seni COR oW F Y ‘Flocf‘? FEMAF PR 934% % [eler ec:@t SEC4 1,

be mai ntai ned cl ganprasgurée waterObbat 5 Torr, and a heat treatment
temperature was 650°C. The same film deposition was
10 - conducted by the conventional method, and polysilicon films
were obtained. Here, an epitaxial'film grows based on the
crystal information of monocrystal silicon, and when a
natural oxide film is formed on the monocrystal silicon,
epitaxial growth cannot be made. Accordingly, based on the
15 above-described results, it was confirmed that the method
according to the present invention can reduce impurities,
such as water, in the reaction tube, and formation of
natural oxide films can be suppressed.

By thus suppressing formation of natural oxide
20 films, low contact resistance can be obtained. In
addition, capacitance insulating films of Si;N,~-SiO, films
(the so-called N-O films) can be realized, and epitaxial
growth in batch furnaces can be realized. Thus the method
according to the second embodiment is very effective in
25 fabricating devices of high integration and micronized
- patterns by batch heat treatment furnaces. But the present
invention is not limited to CVD and may be applied to
oxidation and diffusion. The present invention is also
applicable to a device whose wafer transfer region below
30 the reaction tube is purged with an inert gas, e.g., N,
gas. In this case, amounts of water to be brought in by

the inert gas in heat treatments can be reduced.



unl oaded out of the heat treatnent furnace 2, arid heat treat qHis Sheet Has Been R laced

sem conduct or wafers Wcan be cool ed. An exhaust unit 145 in t
e.g., an exhaust fan is provided 10 at a |ower part of the Mmuﬂlim
t he handling chanmber 1 which is near to the other side wall
the clean air arriving at the other side waldyis exhausted to t he outside
at the rear of the handling chanber 1. hbxt,(%he operation of the clean air
circulation 15 systemof the first enbodinment will be explained. As
shown in FIG 1,CBAIMSers 7 are placed onto the mount 10 of the posture
tcEangl ng ch?ni Zm 9/ by, e.g., a conveyance robot or other neans through

e carriers feed in/out_port 8. The nnunt 10 S smun do b 90 de
to swing the 20 carri®rs eaFmet et gﬁﬁ%ym % dgg%or

waf ers Wgave thﬁbldﬂﬁgt %B?ﬁﬁﬁn@%éf@mdﬁrtdmjﬁcﬁ@ e i zbmt aﬂream (W)
carriers 7 are conve 0 the i ers_storage ny,

mechani sm 51. ?ﬂngiﬁ%iKtYﬁjﬁt e’ﬁé‘é‘? & v Qﬁﬁethfar% 3:\4] e%ﬁ:nbfg’%n%% 5.
carriers I7 in theg(;arthmwglstcaragarnmers49feé'd1en,n/tdua: caplem.m 7(8) of a
tenporarily stor | he S r n on

one to the transhepalahd°GRuFhe CLE dtbdilidadidi © ld " Yuih i  hatk
sem conduct or wateeatmentl ﬂurm¢¢|e( 2k rther methedecgmprls@ngnwersia%rfef Dy
one or collectively by asﬁ%ﬂ_{;fﬁgpiéhef calbeeksd 0(7'H”'em¥@:? e£h808hreikPyerriéd N

the wafer handling space carriers are sequential ly_returned
to the carriers spépufe epering K¥ X hefcotheyiapddddan ber {1) on a

rotational center (X) into a territory of lower sides of

the carriers to change the posture of the objects to be
treated from the vertical position to the horizontal
position; and '

conveying the carriers (7) whose posture has been
changed to a carriers storage unit (49) provided in an area
above the carriers feed in/out opening (8).

o 2. The treatment method according to claim 1,
wherein .
orientation flat alignment of thé objects to be
treated is conducted by independent orientation flat
arranging means (34) prior to the posture changing step.

3. A heat treatment device comprising:'

a handling chamber (1) including a carriers feed
in/out opening (8) for carriers holding plural sheets of
objects to be treated parallelly vertical, and housing a
vertical heat treatment furnace (2) for heat treating the
objécts to be treated;

' posture changing device (9) disposed in the
handling chambef (1)'and near the carriers feed in/out
opening (8) for swinging the carriers near the carriers
feed in/out opening (8) of the handling chamber (1) on a
rotational center (xj into a territory of lower sides of
the carriers to change the posture of the objects to be
treated from the wvertical position to the horizontal

\\II\II\ \\\I\\ W \II\



51. 35
Jbeen transferr
| oaded into th

m————

Wien a required nunber of seniconductor WS eplaced -
ed, the wafer boat 5 and the heat insulating H
e heat treatnent - 21 - furnace 2 by the Ii .

Then the furnace entrance is closed by the cap 3, and a required heat
onducted for a set period of,tinme, at a set tenperature and
pher e. When.the heat 5 ~ % eatment is over, the wafer boat
5 is unloaded out of the heat treatnment furnace 2 into the wafers handling
space. The treneogditieni conductor wafers Ware cool ed, and are transferred
boat 5 into the carriers 7 in the procedure opposite to the

treatnent is ¢
in a set atnos

fromthe wafer
above. The car
be stored ther
the mount 10 o
I n/ out opening

the carriers h
i njects clean

riers 7 are 10 conveyed to the carriers storage unit 49

e, and tRefagrdersnatrxpasitunit (Aa)hdHaroegpehaheee then

to

bokREr80shah§ifd eV S NES ) ANG B dd 'cAifHbid &£ a.:rtrdﬁrn? fzeed

. In the handling process of conveyance, transfer,
etc. of the caP?PE?E RUDRET Ofi %ﬁﬂ%% e‘r7g) W%a%e sRBRAYFR EP@ £P?,n in
ehdhged; space 123, first of all the first clean air unit 127

ir i d d, f h id h f .t he handl
chanber 1 throﬁbL LR;r€?§§$¥%%§O%é%lg803§250 é%eé%gﬁ%%f Oet e° catiiers

between the carriers storage unit (4a) and the posture
changing device (9), and the side of the heat treatment
furnace (2); and '

transfer device (52) for transferring the
objects-to-be-treated to/from an objects-to-be-treated
holder (5) for loading and unloading into/out of the heat
treatment furnace (2) the carriers conveyed to the side of
the heat treatment furnace (2). .

4. The heat treatment device according to claim
3, wherein

the postnre changing device (9) comprises:

a mount (10) for the carriers to be placed on;

support device (11) for supporting the mount (10)
so that the mount (10) is swung on a rotational center (X)
set in a territdry of sides of the carriers (7) placed on

~the mount (10):;

driving device (12) for swinging the'mount (10) on
the rotational center (X) so that the mount rises vertical
along the inside of the carriers feed in/out opening (8);
and

a receiver (22) disposed on the mount (10) for
supporting lower parts of the carriers (7) whose posture
has been changed.

5. - The heat treatment device according to claim
3, wherein

the mount (10) includes aligning device (34) for
aligning thé,ohjecté—to?be-treated held in the carriers (7)
ip a set directioh with orientation flat portions (20)

% ¢ L M s %



20

filter

-

unit 49 in the horizontal streans X through the flrst
133. Next, the second clean air unit 128 draws the on

streans X of the clean air through the air drawing holes 1

U (

the air drawi ng duct 135 to inject downward the clean air in the vertical
streans Y 25

exhaust duct unit-135 draws the verti cal

t hrough the second dust reg?V|ng filter 138. Then, the
eans Y of the clean air into

i

eplaced

t he duct body 140 and di scharges the clean air outside through the verti cal
duct 142 at th@hﬁﬁ§Qﬁ-the handl i ng- chanber 1. Thus the horizontal streans
X of the 30

t he sem conductor wafers Wheld horizont al

clean air can maintain cleanness of the atnosphere between

front and the rear carPiersIfeohggd Ixeadment deyice aqaanding tq (rlaim

verti cal

streams whefrdile clean air can maintain the cleanness of the

at nosphere between 35

verti cal

th t f W hel d ] ell
in the carri eF?eppjézglmagogﬁu%ﬁ%ﬁ%fgg\ﬂmr&%Q%%a[ﬁga‘pﬁiﬁ%r]eeft

changi ng nechamingmdght roﬁHkiod¥rai&HWSIOBF)CBn 43 suppokt ﬂrhﬂéuxaﬁﬁﬁr

handl i ng space
clean air

mtrc‘i'é’uced]c rzﬁn Q%e ou g%é‘??llrou’gln??%gggr P%g'?; 4|¥3 ;)g‘;r’t‘ﬁﬁﬂl#

the rear of thd&heapdiengation G&aﬁbportions (202 anﬂehavehamwmuﬁﬂltpaxé

124

in

t he

annular grooves (37a) for. supporting the objects to be
treated; a motor (39) for rotating the rotation rollers
(37) in one direction by a belt (38), and a pair of wafer
guides (40) disposed on both sides of the rollers (37).

7. The heat treatment device according to claim
3, whereln

the mount (10) includes detectlng device (35) for
detecting directions of the orientation flat portions (20)
of the objects to be treated held in the carriers (7).

8. The heat treatment device according to claim
7, wherein

the detecting device (35) are disposed between the
rollers (37) of the pair on which the objects to be treated
are aligned with the orientation flat portions (20)
supported, and the detecting device (44, 45) have an énd
opposed to the orientation flat portions (20) formed in a
chasér shape, light irradiating devices (44) and light
detecting devices (45) being provided respectively on

opposed walls of the chaser.

9. A heat treatment device comprising:

.a handling chamber (1); '

a carriers handling space (123) which is defined in
the handling chamber (1) and in which carriers (7) each
holding plural sheets of objects to be treated are fed
in/out, stored, and conveyed;

an obj ects to—be—treated handling space (124) which

in the carriers 7 stored in the



horizontal streams Z through the third dust renmoving filterTHiddheet [BERben REBEced
exhaust unit 145 di scharges the horizontal streans Z of the

the outside at the rear of the handling chanber 1. Thus the. % %I(Im
streans Z of 10 the clean air can maintain the cleanness

at nosphere between the semni conductor waferg; Wheld parallelly hor| zontal on
the wafer boat 5, and can efficiently cools the wafer boat 5 unl oaded out
of the heat treatnent furnace 2. to the wafers handllng space 124 and the
heat treated 155 dafipednddct fhenahardlivgesphanbery (The idivddas &he he
ha]pdl l ng Cg?nb@érﬁiéﬁsdh‘éhgiﬂlngn éd&é:a(ms;zf&%ﬁ.dlﬁw ﬁ@ﬁ&hﬂgSclaafhbblie

waf ers handlin pace (Il oadi ng area e clean_air circul ation
units 125, 12685i qrﬁegﬁﬁﬂb % Bﬂ?@glfﬁﬁPace ?ES RS q&p _
respectively |dﬂbjdsetsato+he treaattedchalhdere (28 mmindaam@f ahdhandbaaangpace '
124. Accordin | rgso ve i,ona eat. trea

I n which cleagk% rgbgggggsgé gep#ﬁ%§g¥3(¥ﬂk % ?% gﬁ h?ﬁg % % |ng
units to contifuoostsy di2)xul and ttream:éensaltheizSobJecmsougb thee emreated
interior oft ﬁﬁ%’ h nthe f lzean Ad be
passed through t C egﬁl‘%lr ni ttsé %gsﬁlﬁn%e;‘étésagbqﬂi I p rsle)?y gasegﬁ\é
gener at ed. fr orGaFelemst (7ehmAM%g filters of the clean air units can be

sufficiently decreasedcmaﬁ hgisi BRreudbtabacmitaM (138l B86) whi€h are
necessity of ;f%cge?%? ount e neasur es. In addition, clean air is supplied

to and cirecul SR (PR ot r SNHRAT nGrhatdichs ARFTOfMCRaf &Ps

handl i ng spacecirculate clean air in the carriers handling space (123)

and the objects-to-be-treated handling space (124) and
discharges the clean air.

10. The heat treatment device according to claim
9, wherein

the clean air circulation unit (125) disposed in
the carriers handling space (123) includes

a first clean air unit (127) for injecting clean
air introduced from the outside at the top of the handling
chamber (1) horizontally to a carriers storage unit (49)
provided in an upper part of the interior of the carriers
handling space (123);
' a second clean air unit (128) for drawing clean air
injected from the first clean air unit and injecting the
clean air downward along a carriers feed in/out opening (8)
disposed in the front of the handling chamber (1), and .

an exhaust duct (141) for . discharging to the
outs1de at the top of the handling chamber (1) clean air
-injected by the second clean air unit (128) and reaching a
lower part of the handling chamber (1).

11. The heat treatment device according to claim
9, wherein '

the clean air c¢irculation unit disposed in the
objects-to-be-treated handling space (124) includes a third
clean air unit (144) for injecting clean alr introduced

Hllllll IIIIII lllll Illll II Illl



124 vespectively by the clean air circulation units 125, 1285 phestbias Been Replaced
I ndependent from each ot her, whereby the blow 35 anmount;s 4 uﬂﬂlﬁ”%ﬂ“’
air circulation systens 125, 126 can be small, and the bl ower !

143, 151 may be small-sized. The heat treatnment device can be accordingly

- 23 - smaller-sized. Furthernore, becatis?Mt he clean air circulation

systens 125, 126 are. provided i ndependently fromeach other in the carrier
handl i ng space 123 and the wafer handling 5 space 124, it is easy that

the carrier hafxtmnghepautsigde akdthee rpareof il hardkiag cChamberp(1)

exanple, are 'éﬂ'.gﬁgngﬁlgyshut rebmbei Ngecapablg f beiygrppenegdsgand ghased,
or the I|ike, ere the atnosphere in the handling chanmber 1 is separated

for the carri cPrjer®Rttorpapireated hapdihpg) FPace\RRYs the, LR sFide
124. Accordi nghy11i htlsersdfnNomnE@nt is readily applicable to a required
treatment nethod using, for_exanple, ,on e interior of .the fers_,
handl i ng space 124 in %h S¥RBYUBHe MR i3t Ja]#stfﬂef?rg?&,sc 3y 9ing t‘},\g%ﬁrr\ g2y
gas. In this chsfectdd W rthdy ahind pletnldiramit (ddb)lsnd reachimigt the5
are closed, and_the wafers dli j u Le i I gas
by supply and ¥&EisTIIRS %ﬂg%c t}:g}%véq&%ﬁ'gé%%féor ht%h%glg lzrfegtf m%glg : ﬁ?ﬁhlti Eébheat
treat nent devickhambeorflhg to the first enbodi nent, the air draw ng

“* [ L " ] *



port ~131 and the exhaust port 141 of the clean air 20 Ci MGH§ gkngrﬁmchlmwd
125 of the carriers handling space 123 are provided in to top

handl i ng chanber 1, and the air drawi ng port 147 of the clean m
circulation unit 126 of the wafers handling space 124; and th

145 are di sposed on the rear of the handngg chanber 1. 25 Accordlngly
even in a case that a plurality of the hear~treatnent devices are

j uxt aposed with each other, drawi.-ng and exhaust of clean air into/fromthe
handl i ng chamber 1 can be conducted wi t ABETRAEBuUbl es. The present invention
s not limted to the ol ¢aS%reatiidnt! 468l QBURAUNG! d10Hd 'Stesent

enbodi nent and covers other variations and nodificationS in the _scope of
the present i nd@VENHEON-FOBRELSRS, § H‘Q%lﬂ‘gspwbﬁ?e th) r dnolagling ra

units 127, 128 cakd4edis t bBedi rﬁi/cﬁp@oé peRAhg acshVvedar bﬁ&rﬁ.éh:berﬁoléﬂﬁg

ATl o & el shgekgio¥ mwta*fgtt%ﬁoﬁﬁg%ﬁﬁ pardLESARY Narelaal,

t hat cont am natand houstiing actecendatt néawaﬁféatiﬁ\éhy ftmnacéy(Z) fo2dheat
gases can be preven ted st, e al i on

gases can P PAReEtisd el BRabbiS eSO T Rt | BEELER ARG ShEHAI D
air drawi ng por(t9 )14dlgposed|ed.m nthée handl ibg6 . chamipencd 19f ahd aeardrtle ng
por t

carriers feed in/out opening (8) for swinging the carriers
10 near the carriers feed in/out opening (8) of the handling
chamber (1) on a rotational center (X) into a territory of
lower sides of the carriers to change the posture of the
objects to be treated from the vertical position to the
horizontal position; a carriers storage unit (49) disposed
15 above the posture changing device (9) and being capable of
storing a plural number of the carriers (7) whose posture
has been changed; conveyor (51) for conveying the carriers
between the carriers storage unit (49) and the posture
changing device (9), and the side of the heat treatment
20 furnace (2); and transfer device (52) for transferring the
objects-to-be~treated to/from an objects-to-be-treated
holder (5) for loading and unloading into/out of the heat
treatment furnace (2) the carriers conveyed to the side of
the heat treatment furnace (2). The posture changing
25 device (9) changes the'posture of the carriers so that the
carriers (7) are swung down on the rotational center (X) to
a territory of sides of the carriers (7) so that the
objects to be treated (W) have the posture changed from the
vertical position to the horizontal position, whereby the_
30 carriers (7) can have the postures changed along a swing
track of a minimum radius with small bulge amounts and a
minimum moving amount. Accordingly the posture change of
the carriers (7) is_quick, and a small space can allow the
carriers (7) tdmfhéve the postures changed without
35 inferference with the conveyor. A conveying distance and
a conveying time for conveying the posture changed carriers
(7) to the upper storage unit (49) can be reduced, and the



5 ~147, an-air drawi ng port which dlrectly i ntroduces cl eal}ap
out si de at the rear of the handling chanber 1 nay be provi dedmll H“
clean air unit 144 in addition to the air drawi ng port 149

Enmbodi nent] 10 FIG 16 is a vertical side view of one exanple of
the vertical heat treatnent device accordhgg to a second enbodi nent of the
present invention. A heating furnace 201 i5" nbunted on a base plate 210.

The heating furnace 201 incl udes a heater 212 di sposed = on t he

i nsi de 15 cheatinfieartmieaait sdeviee 62)acheatbe nsmabléngsiagdr anpgdl havesuch
a manner as to d n which will be explained |ater.

A doubl e struct&?ibgggcp?gﬁg?%%ha 8%???1%8% ided in the heating furnace
201. The doubl e structure reaction tube 202 conprises an outer tube 221
of , 20 e.g., quart having the upper end closed, and an inner tube 222
of, e.g., quartz disposed conically with the outer reaction tube 221, and
is for formng an atnosphere to be treated. The outer tube 221 and the

i nner tube 222 are 25 supported at the respective |lower ends by a
tubul ar manifold 231 of stainless steel or others. A cap 203 is provided in
t he open | ower end of the manifold 231 for openably sealing the open end
air-tightly. Arotary shaft 232 which can rotate in an air-tight state by,
e.g., a 30 magneti c seal is passed through the central part of the cap
203. The rotary shaft 232 has the | ower end connected to




a rotary lift mechani sm (not shown) of a boat el evator 203 and Been Repracea
upper end fixed to a turntable 233. A wafer boat 205 which is a [lm! I”””,If"l
objects to 35 be treated is nounted on the turntable through

i nsul ating cylinder 206 which is an internedi ate menber. The wafer boat 205
can accommodate, e.g., 100 sheets of - 25 - sem conductor wafers Wlaid
one on another at a certain interval. The heat insulating cylinder

206 is for thermally sealing a heat treatnent region in the reaction tube
202 fromthe outside to keep the heat treatnent region 5 heat ed and for
protecting a | ower part of the reaction tube 2 from heat of the heat
treatnent region. A processing gas feed pipe for introducing a processing
gas, e.g., nonosilane gas into the reaction tube 202 is inserted horizontal
in the reaction tube at a | ower 10 side of the manifold 231. The
processing gas feed pipe 261 is connected to a gas supply source. An
exhaust pipe 262 connected to a vacuum punmp 273 |s connected to an upper

side of the manifold 231 %f di scharging a Egpc gap
bet ween the outer tube 22 nd the iAher tu ZZZ 10| B3t abfi sh a
required | ower pressure at I@B Aot ﬁ»@/-keé{:t on] t ube ZIOZ @v\h I n
FIG 17, beside a |ower Q 9L‘qiﬁp of [\ | '
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the reaction tube 202 there are prOV|ded a mount for the wafér boat which =
has been unl oaded out of the reaction tube 20 to be pl acednﬁsrsheez @?eexallﬁmd
cylinder 206 and the nount 207. Then a process of the t reat nent

according to 25 the second enbodi mrent using the above- descrlbed

is lifted by the boat elevator 204 to |oad the wafers Winto the reaction

tube 201 as shown in 30 FIG 16. At this tinme, a tenperate of the

e.g., 650[err]C, and a processing gas, e.g., nonosilane gas is introduced

into the reaction tube 35 201 through the processing gas feed pipe 261.

waf er boat nount 207, and transfer neans 208 which is anabIe
directions for transferring the wafer boat 205 between the hea

heat treatnment device will be expl ai ned. The waf er boat 205 hol di ng,

e.g., totally 100 sheets of wafers Wto be treated including dummy wafers
interior of the reaction tube 201 is set, e.g., about 400[err]C Then t he
interior of the reaction tube 201 is heated up to a required tenperature,

At the sanme tinme, the interior of the re +on tube 201 is evacuated by the
vacuum punp 263 through an exhaust pi 262 to pmintaing4® - 26 - the

interior of the reaction tuble\201 at~a requingﬂ.;’ g{e. And CVD
processing is conducted on the’ ers W The ‘@ el evapgp204 is
lowered to | ower the . 5

W
5
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6
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waf er boat 205 so as to unload the treated wafers Wout of 5 t he _
reaction tube 201, and the wafer boat 205 on the boat el evat oThi£XhdetHss Been Replaced
transferred fromthe heat insulating cylinder 206 to the nount

transfer nmeans 208. As shown in FIG 18, the heat insulating c

t he wafer boat 205 disnounted is |oaded into the reaction tube

lifting the boat el evator 204. 1In the wafer boat 205 placed on the nount

207, the treated wafers Ware cooled dowmn to, e.g., about 100[err]C and
then take off the wafer boat 205 by wafer transfer nmeans 209. Then wafers W

to be treated are transferred to the wafer boat 205. 15 . On the
ot her hand, in the reaction tube 202, the interior of t reacyion tube 201
is heated by the heater 202 up to a tenperatgref—e—g,— ar#] C hi gher
than a processing tenperature, so that adsor hel: t)lare el i m nated
fromthe heat insulating cylinder 206 with t er koat 205

. Thien the heat
#1204t o be unl oaded
‘it—FQHsf erred onto

> 2071 by|lthe transfer

e boa¥”ellevator 204 to
r el ati onghi ps bet ween

af ¢ all, of the heat
Egﬂhmfer

di snrounted, and the inside wall of the rka

the heat insulating cylinder 206 fromthe 25,
means 208. Then the wafer boat 205 is |liftep
| oad the wafers Winto the reaction tube 201}l |
this process, and water adsorption amounts of
30 insul ating cylinder and of the wafers
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boat will be explained with reference to FIG 19. Water adso
of the wafer boat, etc. after CVD is conducted on the vvafers
reaction tube are small (Step 1), but when the wafers Ware un

the 35 reaction tube, the wafer boat, the heat insulating cyli nder and
the wafers Wcontact with air and adsorb water in the air. Their water
adsorption anounts increase (Step 2). - 27 - Then, the wafer boat is

transferred fromthe heat insulating cylinder to the nmount. The wafers W
are cooled there on the nount and transferred, and the heat insulating

cylinder is |oaded into the reaction tube. Wiile the 5 wafers Ware
bei ng cool ed and transferred, the wafer boat and wafers are placed in air,
and absorb water in the air (Steps 3 and 4). But the heat insulating
cylinder is returned into the reaction tvi)e and does not contact with air.

| ncrease of an anount of water adsorbed t he heat 10 I nsul ati ng
cylinder is suppres t i nteri ot of th I s heated,
wat er brought into the rga%(':tl‘v’? jt’%be adsor bed on hea? ms%tl ng

cylinder when the¢ edt | TSt afgor | CyI nder 1S Ioade and unl oaded TS
deconposed by this hE\a].:-r-l-rﬂ-l-G( —ya;r—egeﬂ—gas-rana—e*yg ga5- 1911 and %8
£t

| i m nated dre S0y WNirhErg 3, | gs=cartmn, §
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n—nc laccu‘ .
the heat insulating cylinder are also elimnated. In FIG 1
line indicates a total water adsorption amunt by a conventl rtﬂl
conparison with the 20 conventional heat treatnent nethod
wafers re cooled and transferred on the heat insulating cyllnder a total
wat er adsorption amount of the wafer boat, dummy wafers and heat insulating
cylinder is decreased by a decrease anobunt of a water adsorption anmount of
t he heat 25 insulating cylinder (Step 5). Then, when the heat
insulating cylinder is unloaded to transfer the wafer boat onto the heat
insul ating cylinder, and wafers Ware | oaded into the reaction tube, water
adsorbed on the wafer boat and the wafers is elimnated by raising a
t enperature of 30 the interior of the reaction tube, and water
adsorption anounts are decrg@ed (Step 6) Wln the seco® enbodi nent of the
present invention, while tregted wafers arg unl oaded out{ of the reaction

tube, and wafers to be tr are | oa t he readqth tube, 35 t he
heat insul ating cylinder h| t he er boat dismqunted |F | oaded in the
reacti on tube for baking, e “the _heat_insul at lyN nder contacts
with air for a shorter ting) - 28 - and nounts of t ef—ahd ot her
inpurities to be adsorbed ay t\heat i nsul ati ng cyu’n ef}y by contact with
air can be \ /
N \ (
| I
| I
|
| |
| |
| |
[ 119
140 20 35 40 |
| |
21 /ZI 46

37«’;‘?;"‘5; 1 a1 (
TN 7 _:
34 /I PN s
39 U™ T-42
' \

A S— S— S— — A —— —

FIG. 7

w~LJ[

44 45 .35

\\iﬂ

FIG. 8



decreased. Wth a result water anounts to be brought into
when a heat treatnent is.conducted can be 5 reduced.

i nsul ating cylinder has a 300 mm hei ght and an accordi ngl
area. Because of this |large surface area,

to the heat insulating cylinder by contact with air. It t

cool the wafers and transfer 10 them and while the he
cylinder is left in air during the cooling and the transf
insulating cylinder adversely adsorbs sone water. Ampunts

adsorbed on the heat insulating cylinder can kg drastical
| adi ng the heat insulating 15 cyl i nder witfrthe wafer
‘Furt hernore, water adsorbed on the heat 0 ind
with air when the wafers are unl oaded
[err] gas and elimnated by heat givg
the heat 20 i nsul ati ng cyl
and the interior of the reaction
etc. can be simlarly elimnated,
can be reduced. Because this eli

25 hi gh tenperatures than heat|treat
at el

FIG. 9
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30 waf ers can be reduced, and formation of natural oxide f f

accordingly suppressed. In the heat treatnent nethod accordi

present enbodi nent, when water adsorbed on the heat insu

is elimnated, the heat insulating 35 cylinder is heated,

advantage that a tinme for stabilizing the reaction tube taken

heat treatnment is conducted on wafers in the reaction tube can - 29 -

shortened can be obtained. To confirmthe above-described effects of the

heat treatnment nmethod according to the present invention, filmdeposition
was conducted by the nethod according to the 5 present invention using

mlaced I_

be

nonocrystal silicon and nonosil ane gas, and epitaxial filns were obtained.

As the processing conditions, a flow rate of nonosilane gas was 1 - 10
SCCM a pressure was 0.01 - Torr, and a heat treatnent tenperature was
650[ err] C The sane filmdeposition was 10 conducted by the
conventional nethod, and polysilicon filnms were obtained. Here, an
epitaxial filmgrows based on the crystal information of nonocrystal
silicon, and when a natural oxide filmis| grred t he nonocryst al

silicon, epitaxial growth cannot be C ngly based on the 15
above-described results, it was confﬁaﬁih . \Ymk
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according to the present invention can reduce inpurities, —such as water, in

the reaction tube, and formation of natural oxide filns canﬂ,gg éup@m laced
By thus suppressing formation of natural oxide 20 filns,

resi stance can be obtained. I n addition, capacitance i IMHM

of [err] filnms (the so-called N-O films) can be realized, an

gromh in batch furnaces can be realized. Thus the nethod accordi ng to t he
second enbodi nent is very effective in 25 fabricating devices of high
integration and m cronized patterns by batch heat treatnent furnaces. But
the present invention is not [imted to CVD and may be applied to oxidation
and di f fusi on. The present invention is also applicable to a device whose
waf er transfer region bel ow 30 the reaction tube is purged with an inert
gas, e.g., [err] gas. In this case, anmounts of water to be brought in by
the inert gas in heat treatnents can be reduced. REPLACEMENT SHEET - 30
- CLAIMS: 1. Atreatnent nethod for _conveying carriers (7) holding plural
sheets of objects to be treated (Vy/ﬁar | 1 el |4?yertical into a vertical

heat treatnent furnace (2) thro a caig;a[ eeﬂ4hn/out opening (8) of a




handl i ng chanber (1) accommodating the vertical heat treat rrent furnace (27
the method conprising the steps of; swinging the carriers Sh#etaiasBa@Re
~carriers feed in/out opening (8) of the handli ng chanber (1

rotational center (X) into a territory of |ower sides of . th m
change the posture of the objects to be treated fromthe vertlca P

to the horizontal position; and conveying the carriers (7) whose posture
has been changed to a carriers storage unit (49) provided in an area above
the carriers feed in/out opening (8). 2. The treatnment nmethod according
to claim1, wherein orientation flat alignnment of the objects to be treated
is conducted by independent orientati o9l at ari{3 ng|3gan |254) prior to
the posture changing step. 3. A heat }!reat ment de rising. a

handl i ng chanmber (1) including a §darriars feefl in/ penl ng (8) for
carriers hol ding plural shexﬁi of {obj ect s e tr pg lelly
vertical, and housing a vert %I ) trea t - f for heat
treating the objects to be treated;}§ I‘UTé’TTa'ﬁgi Vi c%éQ) di sposed in
t he handl i ng chanber (1) and n N\ Ia#-fier; f eqq | ening (8) for
SW nging the carriers near thé " e n/ oy ni nl 8) of the
handl i ng chanber (1) on a rotatio terd (K in rird4ory of | ower
si des of - :
128
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the carriers to change the posture of the objects to be treaTlﬁwhEétﬂaQBdaﬁReﬁced

vertical position to the horizontal REPLACENMENT SHEET -
carriers storage unit (4a) disposed above the posture changln H
and being capable of storing a plural nunber of the carriers

posture has been changed; conveying device (52) for conveying the carriers
between the carriers storage unit (4a) and the posture changing device (9),
and the side of the heat treatnent furnace (2); and transfer device (52)
for transferring the objects-to-be-treated to/from an

obj ects-to-be-treated holder (5) for |oading and unl oading i nto/out of the
heat treatnment furnace (2) the carriers conveyed to the side of the heat
treatment furnace (2). 4. The heat treatnment device according to claim3
wherein the posture changing device (9) conprises: a nount (10) for the
carriers to be placed on; support device (11) for supporting the nount (10)
so that the nount (10) is swng on a rotational center (X
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set in aterritory of sides of the carriers (7) placed on the nount (
driving device (12) for sw nging the nount (10) on the rot dhjs H
(X) so that the .nount rises vertical along the inside of the‘ |
in/fout opening (8); and a receiver (22) disposed on the noun
supporting |l ower parts of the carriers (7) whose posture has been changed.
5. The heat treatnent device according to claim3, wherein the nmount (10)
i ncludes aligning device (34) for aligning the objects-to-be-treated held
in the carriers (7) in a set direction with orientation flat portions (20)
REPLACEMENT SHEET -32- thereof. 6. The heat treatnment device according to
claim5, wherein the aligning device (34) conprises a pair of left and
right rotation rollers (37) on a support franme (36), which are rotatably
spaced fromeach other by a wwdth of the orientation flat portions (20) and
have a plurality of annular grogves rting the objects to be
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treated; a nmotor (39) for rotating the rotation rollers (37)1hﬁs asB
dlrectlon by a belt (38), and a pair of wafer guides (40) dqs ““’
sides of the rollers (37). 7. The heat treatnent device acc W”’

claim 3, wherein the nount (10) includes detecting device (35)

detecting directions of the orientation flat portions (20) of the objects

to be treated held in the carriers (7). 8. The heat treatnent device
according to claim7, wherein the detecting device (35) are di sposed

between the rollers (37) of the pair on which the objects to be treated are

aligned with the orientation flat portions (20) supported, and the
detecting device (44, 45) have an endZQ sed to th@Q&2ientation fl at

portions (20) formed in a chaser shape | iyht irradi #ti ng devices (44) and
l'i ght detecting devices (45) being [p Hen A/ YW on opposed wal | s
of the chaser. - 33 - is defineq] : per (1), divides
the carriers handling space (123) f|¢ he handling Ryahper (1), houses a
heat treatment furnace (2), includsg M} obj ects-to-KeRtmeat ed hol der (5)
for | oadi ng and unl oadi ng the obj eqt »t:b be treated \H out of the heat
t r eat ment el | N
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and transfers the objects to be treated between the

furnace (2), _ .
obj ects-to-be-treated hol der (5) and the carriers (7); and clea a B&melm
circulation units (125, 126) which are independent from one an otg m

which introduce to circulate clean air in the carriers handling
and the objects-to-be-treated handling space (124) and dlscharge

air. 10. The heat treatnent device according to claim9, wherein the clean
air circulation unit (125) disposed in the carriers handling space (123)
includes a first clean air unit (127) for injecting clean air introduced

fromthe outside at the top of the handling chanber (1) horizontally to a
part of the interior of the

carriers storage unit (49) provided in an upper
a second clean air unit (128) for draw ng

carriers handling space (123); _
clean air injected fromthe first clean air unit and injecting the clean

air downward along a carriers feed in/out opening (8) disposed in the front
of the handling chanber (1); and an exhaust duct (141) for discharging to
the outside at the top of the handling chanber (1) clean air injected by
the second clean air unit (128) and reaching a |lower part of the handling
11. The heat treatnent device according to claim9, wherein

chanber (1).
)
&
23
-
O
21
<
<
o
= —
0— /, \‘\
m ”
o]
7)) N
m -
< :
i |
= P
g | , |
! C:); C> 5 () f <:> : ()
I T 1 t ;

ra
g & W uw Gg 2
b = Q g 2Zgq b
o = (o) S o)
=] o L o5
o w5
P 14 4
¥ K £
= T
|
S5
D
=

FIG. I9



the clean air circulation unit disposed in the objects-to-bEu anglmmd J'
handl i ng space (124) includes a third clean air unit (144) ffh ﬂudﬂ L _J
clean air introduced - 34 - fromthe outside at the rear i
chanber (1) horizontally from one si de wal | of t he

obj ects-to-be-treated handling space and the other side wall thereof; and
an exhaust unit (145) for discharging clean air injected by the third cl ean

air unit (144) and reaching the other side wall to the outside at the rear
of the handling chamber (1).
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