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THERMAL _ TREATMENT APPARATUS AND METHOD The Fresent_Lgxgﬂiigp 3§£€?§E52§th
i treatnent techni ques for sem : ,

T san oxi et op! i ion treatnent, CVD (Chenical Vapour .
r nal; idation treatnment, diffusion tre , _ (

?2 LQK£E§%)O?reatnent, anneal ing, 5 ‘treatnment and the kaef Accg;gizg

topthe present invention, there is prlavided a therna] treatnenf apptO t

havi ng a horizontally extending furnace tube for subjecting wafers

_ : i 10 an openi ng, a |oader
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i ng $Weh Aherhearmh Dasti e Rén {Hife d @hidn 2N £, T {Emaly

ﬁgPng;{QP direction, said first means havi ng second’nea!g%?ﬁ Ak

| i i ' Prfor 0 EddbrldidAGhIdg ANd havi ng
verti cal |y iR (R apice ¥ drapaux EWZJfﬁﬁ év{n{t hca?_ieséé‘te:ict o0 said

thirdgneans,_for adjusting a gra
hori zont al I%/ree%&“ﬁdﬁ s &qﬁgéhmbe. 2.

According to the present invention, there

is provided a thermal_treatment apparatus having a
horizontally extending furnace tube for subjecting
wafers to a therma1 treatment,.said furnace tube having
10 an.opeﬁing, a loader disposed on the erning side
| of said furnace for carrying a plurality of wafer
jigs from outside of said furnace tube to inside of
said furnace tube, wherein said loader includes a
fork ektending'in the horizontal direction and having
;5 two end portions, with one end portion adapted to
have said-piurality of wafer jigs placed.thereén,
first means for supporting the other end portion of
U the fork and for moving the fork in the horizontal
direction, said first means having second means for
20 vertically moving said fork with_respeét to said furnace
tube and having third means for adjusting a gradient
of said férk with respect to said hgrizontally extending

furnace tube.
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The invention wili be further described 'by way of exanple with reference to

Figs. 1-to 16 of the acconmpanying illustrative draw ngs, in which: 1

i€ a perspective view of a thermal 5 . treat ment apparat us acco' to
the present invention, Fig 2 is a perspectlve view of a soft |and Qader
for the apparatus of Fig. 1.; Fig. 3 is a perspective view of the mafer jig
indicated in Fig. 2,7 10 . Figs. 4 to Fig. 6(A), Fig. 6(B) and

Fig~6(C) further |IIustrate the soft Iandlmg | oader; Fig. 7(A) to Fig. 7(Q -
illustrate the operation of a thermal treatnent apparat us ‘according to the -

present invention. 15 3 Fig. 8 is a sectional viewof a fork of a soft
| andi ng | oader in the thernmal treatnent apparatus particularly show ng the
fork being inserted into a process tube; 5 . Fig. 9 (A to Fig. 9 (9

illustrate the operati-on of t her mal _treatment apparatus according to the
invention; Fig. 10 (A) to Fi Z’e overFipp witlabe %th%lQ@Stﬁ‘Elhﬁdthe fork

of a soft Iandi ng BPIES de" e‘iééﬁp?g%‘"i‘tho tfere:tx]ge aggaprlagtsu.s 1 to 16
) of the accompanylng illustrative draw1ngs, in which:

' Flg. 1 is a perspective view of a thermal
-treatment apparatus accordlng to the present 1nventlou,'
| | Fig 2 is a perspectlve v1ew of a soft landlng
‘loader for the apparatus of Fig. 1.;

Flg. 3 1s a perspectlve view of the wafer o
j1g 1nd1cated in Fig. 2, _
10' | "'_ Flgs. 4 to Fig. G(A), Fig. G(B) and - Flg 6(C)
further 111ustrate the soft landing loader;-
| | Fig. 7(A) to Fig. 7(G) illustrate the .
operation of a thermal treatment apparatus aceording
. to the present invention. |
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10. . . ﬁig. 11 illustrates the operation of-the fork when the soft -
I'andi ng Ioader'is in each of three different nodes; Fig. 12 is a front view : .

of a 04 panel for the soft |anding |oader; and 15 Fig. 13 to s
Fig.- Iustrate operation.sequences of the sof t l'andi ng l.oader of:" : :
t her eat ment apparatus -according to the present invention-in the.

'5respect|ve nodes of Fig. 11 Fig. ‘1 is a perspective view of a thermal o
treatnent 20  apparatus 100 according to the present invention. [|n the ‘=
figure, a reference nuneral 97 deS|ggates a thermal treatnment furnace which
“is enployed as, e.g., a diffusion furnace for the thernal-diffusion
~treatnent for a seniconductor wafer, a thermal oxidation furnace for 25
-fornihg a thermal oxidation filmon a sen1conductor 4 wafer, a. CVD

furnace for fog gsa Q/gféé&%h%al ogflugTﬁ&%vaéf:r og A anneal i ng
or

furnace for annealing ‘a senm con r mal reatnent furnace .

© has thr ee; g@eRe 16488 HH21U SASHRI n:ééetmerapéa:awﬁ ernedi ate and

lower ‘stages-respectively. “Also the thermal treatment furnace 97 has a
.‘control ppacti&rYarly shewindetkd sfocedo@ing Shser té@r dofo fHr a control

system for. controlling the thernal treatnent furnace and. a
: process. tube; R _ |
5 F1g. 9 (A) to Fig. 9 (G) iliustrate the-operation ef
B " a thermal treatment apparatus according to the 1nvent1on?
Fig. 1Q(A) to Fig. 10 (c) illustrate the pos;tions.of_
‘the fork of a soft iandiné loader in the_operation of the .
apparatus; | . . o
100 Fig. 11 illustrates the operation of -the fdrk_when-"
| ‘the soft iandingilcader;isfin each of}three different
modes, | - _ | |
Fxg. 12 is a. front v1ew of a control panel for the_:'
.soft landlng loader- and _ . _ |
15 Fig. 13 to Fig.16 111ustrate operatlon seguences of
 the soft landing loadet of  thermal treatment apparatus_ ) : 'g;)
-according to the present invention in the respectxve
.modes of Fig. 1L . | | |
Fig.'l is a persnective'view of a thermal treatnent-
_ 20_a apparatus lbd_accoréingtto the present invention. In the
'figure; a reference numeral 97 designates a thermal
treatment furnace which is employed as, e.g., a dxffus1on
furnace for the thermal diffusion treatment for a
semzconductor wafer, a thermal oxidation furnace for

25 'formxng a thermal ox1dat1on film on a semxconductor



bi net” 98 drs osed in the rear part t hereof. 10 Mor eover, a
?gfepgngg nuner al 101pdenotes a soft | anding | oader, ‘and three sott;Landtng
Ipaders-are'drsposed in the upper, ‘i ntermedi ate and | ower stages_rf N
6orrespondEnce'mrth the.three process tubes 102 of the thernal tr-é@éﬁ t
furnace 97. A reference nuneral | QA 15 desrgnates a control psaelfor
control ling the soft |anding |oaders. The thermal treatnent technique using:
t ks apparatus wi ||l be described. hereinunder through a detailed -
description of one of the soft I|anding | oader,s 101. 20 _ - Fig. 2 is. a
per spect:i ve vremrrllustratrng, in detail, the soft |anding |oader 101 in
the thermal treatnent apparatus 100 according to the present invention. .
The soft |anding toader 101 i s di sposed adjacent to the opening side of one

' f hermal treat nent
of the process t £ made.- oftrf%da{ ~Of the t |
5 B EV fddmc 99l e of -
rgégﬁﬁg' 2Z wel | ° ﬁ@s’hmom&a d’i;i %3,4,“ “Hd%?pt heté)’l?:l ects too ge tratiat gd
‘mounted in alrgnnent on a warer gig 103 nag&wl oy apngalip

base 105 and a- rear wal |- 106 vertical I’y dispose
base. The rear wiideel@zokessa tudes Q02 disposed in.the upper,

(oget ot 6 th 5 a Wamadehuchdk Yk TP i 1L HEEE 1010088 e
5 intermediatefand lower stages respectively. .Also'the
| .thermal treatment furnace 97 has a control panel 97A and
the 11ke disposed on a side ‘thereof for-a control system
for controll;ng the thermal treatment furnace,_and_a
o doping'cabinet.98'disposed'in the rear'part thereof.
10 . Moreover, a reference numeral 101 denotes a soft
| 1and1ng loader, and three soft landing loaders are
disposed in the upper, 1ntermediate and lower stages An
correspondence with the three process tubes 102 of the
" thermal treatment furnace 97. A reference numeral 101a
15 'des1gnates a control panel for controlllng the soft
_ k;/ r. L landxng loaders. | | :
.The thermal treatment technrque uszng thls apparatus'.
will be. descrlbed hereinunder through a detalled |
_descr1pt10n of one of the soft 1and1ng loaders 101.
20 _ Fig. 2 1s a perspect1ve view. 111ustrat1ng, in
' detall, the soft. land1ng 1oader 101 in the thermal
treatment apparatus 100 accordrng to the present
1nvent10n. The soft landrng loader 101 is dzsposed
adjacent to the openlng srde of one of the process tubes

25 102, made of .quartz, of the thermal treatment_furnace-S?,



. to as /

‘upper and | owner guide rails 107 extending in the axial direction (referred
' oRngi tudi nal "direction", 10 - hereinafter) of the quartz process:
t ube / The guide rails 107 are slidably fitted with upper and | ower
suppor¥—gl ates 109, 110, respectlvely,'lntegrally connect ed by neans of a
- pair ‘of guide rods 108 extending vertically, as shown in Fig. 4.. Afeed .
Shaft 112 15  supported by the rear wall 106 so as to be paraIIeI wth the
-guide rails 107 fltted through a block 111 integrally . formed with the | oY
support .plate 110. . As shown in Fig. 2; the feed shaft 112 has both ends
rot at.ably supported by .bearings 113 ﬁnd has a pulley 114, secured 20 . to .
one end thereof, connected to an output pulley 116 of a Iongltudlnal
novenent not or . 115 through a belt 117 so that the feed shaft is rotated by

- the notor 115: In addition, the block 1l incorporates-a nmechanismfor.

axially (nehgsbeunn&n|99tﬁ61yngn€hé5baéented te- pecapabhezef' ‘with the:

"feed shaf - When .t f eed haf is rotated by the mechani sm the
bl ock 1lli°%§ﬁ“$hﬁ§ YﬁgfuiﬁeP“ ﬂd}BﬂeYagﬁbﬁo?P4pl596”109 thep, can be

o BTG, L AOSAA i PR CER SISEeRL S o
b, TRSobbs Aok codhes L AR APHSS! 11l e PO e
5 the wafer jig 103. The soft landing loader’ 101 has a ' : '
base 105 and a rear- wall 106 vert1ca11y dzsposed in the ' | \d)l
. rear part of the base. The rear wall 106 ‘has a pair of | -
- upper and lower gu1de'ra11s-107-extending'ln the axial.
directioh'(refetred to as"longitudinal'direction';
-_-ld-' hetelnafter) of . the quartz process tube 102. The guide
| rails 107 are. slidably fitted with upper and lower
'suppo:t plates 109, 110, respectivelyr integrally u
connected by means of a pair7of gﬁiae rods 108 extendihg
'-,vertically,-as'Shouh in Fig. 4 . A feed shatt 112'. |
-15.' supported'by-the'rear wall'lOG'so.as to be parallel uith
the gulde rails 107 fltted through a block 111 1ntegra11y | 'Sc/
formed w1th the lower support plate 110. As shown in | | |
_Flg.lz, the feed shaft 112 has both ends rotatably
| lsupported by bear1ngs 113 and has a pulley 114, secured _
207 _to one end thereof, connected to’ an output pulley 116 of
a longitudlnal_movement motor 1l5_through a belt 117 so
that the feed shaft is rotated by the motor'llSt. In
addition;"the7block'lll'incorporates a mechanism for
'axiallyt(longitudinally{ moviqg the'block'ln:co-opefation

25 ~ with the feed shaft 12. When the feed shaft is rotated



109, 110 SO'that the anabIe plate 118 .can vertically nove with respect to

t he support ﬁTates 109, 110. Moreover, a 10 - block plate 120 projects
froma-substantially central portion of the rear surface of the novabl e
plate 118 and engages the thread of a wormrod 121 vertically and rotagéégg
suppoirted between the support plates 109, 110 so that the novable plat N
can-be vertically noved 15 wth respect to the support plates 109, 110 by
‘thd.rotation of the wormrod 121. ~ The worA?rod 121 has a pulley 122
provided integrally with the Iomer end thereof, and a belt 125 connects .
the pul'ley 122 to a puIIey 124 of a notor 123 secured to the support plate-

7 el oo br e A o %Fog’&we?@ﬁwg%g?{)t §8%né, dppge End” 2 °
i ion, herei | h t

o ope 196 prﬁﬂ.ehf%‘é‘e@%?gf? iatd doo | G100 caf e £HLAGHS %e,g&;g@m%!hg i
on the 7 hOflEK&“IHndiﬁﬁdﬂﬂaﬂi@grﬁetibheiﬂ|%E%ordgnceTWftﬁ tﬁ%ﬁﬁhﬁ&éﬂ‘?

127 has a vertical nmenber 128 integrally forned at one end e upper-
surface thereof.of Tire \fudd afapterbeatidh.i s threaded with a | ateral

regul ation bolt 130 5 rotatably supported by a fixed vertical nenber 129
whi ch | s verdically & gregectdon 139 offt aesdbstﬁntlhalhpvhﬁleaped movable
'~ plate 118 is fitted on each of the guide rods 108
_ provided between the upper_and lower support plates
Kf{ 109,110 so that the'mOVablerplate 118 can vertically move
‘with respectito the support plates l09, 110. Moreover, a
10 eblock_plate'lzo ”projecta'from'a sabstahtially'central |
| portion”bf the rear Surface of-theimovable plate 118 and
',engages-the“thread of a worm rod 121 vertically-and.
‘rotatably supported between the support plates 109, 110
' so that the movable plate 118 can be Vertically-moved
15 with respect to”the'support plates-l09,llo by thef
rotation of the worm rod 121. :rhe worm rod 121 has a
jpulley-122‘prOVided integrally with the 1ower end
thereof} and.a'belt 125'connects the-pulley 122 to'a
pulley 124 of a motor 123 secured to the support plate
20'-_110, thereby driving the worm rod. '

' On the other hand, a slid1ng plate 127, capable of
moving ih the direetion (referred to as "lateral
directibh',’hereinafter) perpendicular-to'the s
longitudinalzdirection-alongfetepé_126'provided'at~the

25 front and the rear respectively, is mounted on the
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plate-118 so as to face to the vertical nenber 128. The bolt 130 is

adapted-to nove the sliding plate. 127 laterally, thereby to regulate the ..
posiftidyy of the 10 sliding plate 127 with respect to the movable plate
118. ¢. bol-t 130 has a knob. 131 di sposed-at its end. Manual-ly rotating.the.
knob 31 permts . the bolt 130 to revolve on its axis, thereby allow ng the

' slldlng plate 127 to nove laterally Qanthe movabl e plate 118. 15 On-'. -
the sliding plate 127, a vertically sWnging plate 132 adapted to support tﬁ_
fork, described herelnafter in detail,, is supported. by bearings 133 and a

shaft (not “shown) at one end 132a thereof.. Mreover, an eccentric cam 134
in the foymof a_short gy n T¥¥d 2018 Al I-medlss_ﬂas_ag at a
position BFFégﬂSﬂg OLE -Su *éﬁﬁ%a.l%'central portion of the vertlcally E

SW ngi ng’ | hgkg ﬁg ﬁQQ aUpepti sl bieliser i 128 lidfegualilatformedvatt i cal | y _
SW ngi ng ate can rotate in the vertical direction.  In addition, the .

eccentri ¢ gpaMefids o - vheMupper. sueﬁace3ﬁhekznﬁcxiThﬂ(ﬁﬂ¥§%ﬁ?¥:hereof The

wor m wheel 136 8 is engaged with a rotatin 138 of notor
137 'secur gémbert I:lQSslisdthgepﬂadeWiQtI éolﬂﬁfa (P%% can be -

revolved on its axis by the nmotor 137. (A fo

e
.subst&htldotatshduean9p°r§§étPUnal§1§€€uY%ﬂ fﬁa e%%%f?% Iy smﬁnglng
_plate 13213 vertically disposed at the left end. of the movable

plate 118 sa ‘as to face to the vertical member 128. ~The -
‘bolt 130 is. adapted to move the sliding plate 127 '_°_ | .S‘J
| laterally, thereby to. regulate the position of the _ | '

10. sliding plate 127 with respect to the movable plate 118.

| The bolt 130 has- a knob l3l disposed-at its end. _
uanually rotating the knob 131 permits the bolt 130 to
"_revolve onyits,axis,-thereby allowing the_sliding.plate

127 to movejlaterally on the movable plate 118.

15 | on the-slidin'g" pla'te 127, a ve,rtically_ s_vninging
plate 132 adapted to. support a fork, described
.hereinafter in detail, 18 supported by bearings 133 and a

'fshaft (not shown) at one end 132a thereof. Horeover, an
: eccentric cam,l34 in the form of a short cylinder 1s
"20 .horizontally disposed at a posrtion corresponding to a
-:.substantially central portion of . the vertically sw1nging
| plate 132.and supported by. bearings 135 so that the |
vertically sw1ng1ng plate 132 can rotate in the vertical
.direction.; In addition, the eccentric ‘cam has a worm

i 25 wheel-l36.secured to one end thereof. The ‘worm wheel 136

Y



by nmeans of a ‘bol t 140, at an end portion thereof, and on the hol der 139 a
fork 141 i.s substantially horizontally supported in-the |ongitudinal . .
di rection by neans of two belts 142. The fork 141 is forned into a tu arj
shape ‘10 * using quartz material, -and an upper .end portion 14la there

formed by cutting away the upper part of the tube, so as to be able tO

nmount a plurality of wafer jIgS 103°in a row,8as shown in Fig. 2.
Ac@grdlngly, as shown in Fig. 5, since the central part of the vertically
15 swi nging plate 132 is supported by the circunferenti‘al surface of the

o e e ol are 132, Mpoita' MO HHEARIRY b 3eCRC) : Xs% CBPEE AL
the eccentric camgl34 ley QQFQﬁﬁds?jsihgwplg¥ecﬁgbnthe ? h%pefg%n@rxc

figure. ‘Moreover, when the bolt ooseneée end a can be

swung in the hori 2 iy dadl Pedlredbol 06hI BR Wikh ahGSPRY the Wetorenshcal ly
SMAnglng plate 132. Further, an inner cap 143 and an olUter cap 144 can 25

-be set inside and outsmdefot:htehouhetanasahhyuﬁgntar 8ubsta®taant vaghapesihe
fork 141 respectively, as shown in Fig. 6 (A), Fig. 6 (B) and Fig. 6 (O.
These caps ‘143 14ection dst secazednge thdevettdeally ghaag1agdpubee|m32des
filled with quartz wool . and are provided with handl es
by means of a bolt 140, at an end port1on thereof, and on
the holder 139 a fork 141 1s substantrally horzzontally
1;/”_ _ ”. supported 1n the longltudinal directron by means of two
belts 142 The fork 141 is formed 1nto a tubular shape
10 u51ng quartz materlal, ‘and an upper end portion l41la
.'-thereof 1s formed by cuttlng away the upper part of the
'-tube, S0 as to be able to mount a plura11ty of wafer jigs
103 in a row, as shown in Flg.-Z.' Accord1ngly, as shown
in.Fig; 5’, 51nce the central part of the vertxcally |
15 sw1nging plate 132 is supported by the circumferential
utrface of the eccentric cam 134, the end l4la of the
fork 141, together with”the-vertioal swlnging plate 132
‘and the fork holder 139, can be swung vertlcally when the
eccentrrc cam 134 is rotated as shown by cha1n lines of
20 ¢the flgure. Moreover, when the bolt 140 is loosened, the
fork end l4la can be swung in the horlzontally lateral
dlrectlon klth respect to the vertzcally swlnolng plate
132 o | | _
| .Further, an_inhef7¢sp 143 and'an.outer'eap 144 can

25 be set inside and outside the Substantially central



el l'ipti

.5 143a, 144a and air vents 143b, 144b respectlvely The inner cap 143 is
fornmed as a short cylinder and can be | oaded in the fork 141, while the

out er . 622?144 is forned into a thick crescent-shaped disc haV|ng a sem -
Feentrant portion.144c and can be nounted: on 10 t he upper part
- of the fork. Wen the fork 141 thus fitted with the inner- and outer caps

- 143, ‘144 is entered into the process tube 102 made .of quartz, as described. .
her ei nafter, these caps 143, 144 can 8 ese off the entry end of the quartz
process tube 102. 15. - The function of the soft |anding | ocader having -
the above-mentioned arrangement will be'described hereinunder. Fig. 7

illustrates a process for _settjing the mafer ' n.the uartz rocess
‘tube. 102. Pertiom efgtheifosl. i‘ﬂﬂ?me%me b L] ‘b?e%%?‘éﬂ i h%\'/vn |ﬁ Fi g.

(o0l o B uthL) K8t foKET  bbflse 140 B oL redad i b7 0, 1 ()
the wafer plbog. oﬁ@@rvgaéiﬁ&s HRAEBE! oR 13 gi2ds| Endrineniheigepate the

wormrod 1 to nove upward e -novabl e. pl ate 118, thereby
10 to novegiipyas dbyehhguibekewsblt Braf ek éé&vi\aeahﬂ\amnaﬁageﬂ (0.
.. Moreover, the vertical "swing:notor 137 .is driven to rotate the eccentric
- cam 134, thessbylﬂhomagau vents 143b, l44b respectlvely. The
| ' 1nner cap. 143 1s formed as a short cylinder and can be -

loaded in the fork 141, whlle the outer cap 144 1s formed

1nto a th1ck crescent-shaped disc hav1ng.a sem1~_ | _\*J
elllpt1ca1 reentrant portlonﬂl44c andlcan'be mounted on

-lb _ the upper part of the fork. When the.fork 141.thus

. fltted w1th the lnner and outer caps 143, 144 is entered '.
1nto the process tube 102 made of quartz, as descrzbed |
herelnafter, these caps 143, 144 can close off the entry

_ .end of the quartz process tube 102 _

15_. The function of the soft landing loader having the
abowe-mentloned arrangement w1ll_be descrlbed
hereinunder. L t . r | - o 3 Q_J

Fig. 7 1llustrates a process for setting the wafer
) 'h31gs 103 in the quartz process tube 102 On the end 14la
h20 .:of the fork 141 prepared as shown 1n Flg. 7(A), a
. plurallty of wafer Jlgs 103 are mounted as shown in Flg.
7 (B). In this case, s1nce the fork end ls downwardly K
deformed by the wexght of the wafer ]1gs, the vert1cal
movement motor 123 1s driven to rotate the worm rod 121

25 in order to move upwardly the movable plate 118, thereby



: K en ; ' ] . [ in Fig. 5... 5 Consequently,
14la'to swing upwardly as shown in

Eﬂe fggrt?gg of the fork end is corrected so as to. be subséaz;:ah%zenent

hoflgontal as shown in Fig. 7 (D). Then, mhegléhetLong:ggkllrl moverent ,
e bl ( ~ o

) . riven to rotate the feed shaft , b ( @ |
Eﬁéogué;grisp?ates-log, 110 to advance towards 10 the ;;ghtugg agg =
figure 'so that the fork.141 -enters |nto|tgelfgartfan?§ uee
ition as shown by soli es
Pt argvgfglﬁgsthe vertical novenent notor 123 pernits the mhole of -

E

rﬁée?gfﬂ 141 to nove downwardly as. shomqogyalg brgngh? :h?gscgthL? mAZh )

' we waf er S

Ehan?nhg(ra lbgtt(r)megf}sqf %f}:oé't 21?& f%&tyar whedes oft the Fo2kal4a Glszgnoggs%l on
e ad

f the
| arger scale illustration o
of "lowering. In thijy connegtion. 2 er yecsicalhewingemsesti ¢3h is
position reached is ?h %ﬁ FI& 8 26 rTibee t-he fork end 141la

Tovmoer v the doamisey $o 2eateOtiEl ok oalt 18 FABrlddppbhereby( atlaaisy
0 )

t he-l ongi tudinal '
103 as shown kheFEdrk énafiel AQSO 1RY Yowdraly ewe iBrRigd15to
Lnanent motor 115 is then reversed ég oﬁaﬂ? 53 aPfofh

move towards tBe Iébnse@uentli,tB?efpggiﬁé3€2?¥”%g? ﬁ%@%fro %gféé%ﬁ;é;eé
process tube 102 agg gé tgeb:agfbstantlally horizontal as shown in Flg.-
7 (D)._ Then, when the 10ng1tud1na1 movement motor 115 is
o~ driven to rotate the feed shaft 112, the block 11

o ' . actuates the support plates 109 110 to advance towards -

10 the rlght of the figure, so that the fork 141 enters 1nto
the quartz process tube 102 and stops at a ‘given pos1t10n
as shown by solld lines in Fig. 7 (E). Hereupon,

' revers1ng the vert1ca1 movement motor 123 perm;ts the
whole of the fork 141 .to move downwardly as. shown by

15 chain lines in Fzg. 7(E), and the lower ends of the

.’wafer jigs 103 are hrought 1nto contact w1th the 1nner'
_&~j f_ : _'bottom surface of the ‘quartz process tube 102 at a glven
| .pos1tlon of lowerxng. In this connectlon, a larger scale
jillustratlon of the p051t10n reached is shown in F1g 8-

20 Thereafter, when' the vert1ca1 movement motor 137 1s_
reversed 1n order to sw1ng the fork end 141a domnwardly,
the downwardly moved end is released from supportlng the
wafer jigs 103 as’ shown in Fig. 7 (F). Accordzngly, vhen
the ‘longitudinal movement motor 115 is then reversed in

25.f order to allow the fork 141 to move towards the left of

L



rotated so as . to nove the fork 141 upwardly, the fork is returned to-its
‘initial position as shown by solid lines 5 or dash and two-dotted lines .
of Ahe Fig. 7 (O According to the process described above, the wafer jigs ‘s
- 103 gAan be entered intothe quartz process tube 102 w thout the | oader S
cantacting with the inside thereof and gently nmounted inside the process . -
- tub€e. 10 Fig. ~9 illustrates a process for unloading the wafer jigs: .
~fromthe quartz process tube, when their wafers have conpleted a thermal ™
treatment. The fork 141 is advanced iron1the posi ti on of -readi ness shown

in Fig. 9 (A into the quartz proces% tube 102 by operating the -15

| ongi tudi nal noverment notor 115, and the fork end 14la is advanced under

- the wafer jigs 103 -as shown. in Fig. 9 (B). Then, the vertical novenent

ot or 123ihé PIUFE &thd widiBravw fEvm the qdwiez oprodess ordbeaxdacally,
~thereby allowng the fork end to scoop up the wafer jigs 103 as 20 - shown  ~
in Fig., #&nd @t tHen shmerctine s, theéeverntli dalll anovementvmotidy 2¥ drsmed by t he
wei ght of the wafér jigs. 103. Therefore, operating the vertical swing -
notor' 1¥otated 180 asetd graverkhe of ek sidhupwardly y, the forktia he fork

supports the mafer_ii%;hmjth t he end,kg£$"substantially 25 _hori zontal as ..
shown in Fe%prred o itganikial pPositl Rf shqwn by Sobifitinfhal -

m)ve‘r’rfnt_ ohpté)ar-shl_:lghéjetrwngidgoétheed'ff{ri:(est Oo;f the Fig. _j7 (G) .
| 'Adcordihéffo the p¥9§g5§ déséribed above, the wafer jigs
103 can be entéted]ihto;ghe guartz progesé tube 10?
without tﬁé_ldadé: éoni&cting with thg ihsidé_thereof and -
'géﬁtly?moﬁnted iﬁSidé the procesS.Fﬁbef. 
L i Fié.: § iiiuét;a#e§ a pro¢§$é fo£;un1dading the
| ﬁafet'jigs ffém'the qua:tz_pfoéeés tube;,when their
'ﬁafets have.compléted_a thermal.t:eatment.. The fork 141 -
is advancéd ffoh.the positiéﬁlof rgadinéSs shown in Fig;
Q(A).into_the.quértz p;OceSs'tube 102 by operatiné_the
-15 lonéifudinél'mdvément'mdtoi 115, and the fork end 1l4la is .
' ,advanééd uh&er.the.wafer.jjgs-Ioj as shown in Fig. 9 (Bl; . _.g;)
'fhen; fﬁe'vériicai“movemenﬁ_moto:.123 is operated in -
'ordef_to move'thémyhole 6f thé'fofk vertically,_thé:eby
'.alloﬁihg the.fork ehd to_s¢OOQ up the wafer jigs 103 as
20  sh6wn in fig; 9 (C). On doing this,-tﬁefend iﬁié_is
dbﬁnwgrdly d;formgd by the_ﬁeight'of thg-waief jigs 103.
”_Theiefote;'opezaﬁing_ﬁhé verti;él.swing:mthrﬂl37 fermitsﬁ
thé'foik'eﬁdiio_be swuhg upwqrdly,_s6 that the fork
:JSuéporés fhé Qafer_jigs witﬁ the ehd.kept_substantiallylf

25 horizontal as shown in Fig. 9 (D); Thereafter,'réversing.:



: ’ . - ’ ) . : . B f FI g.
t-of the quartz process tube 102 as shown by solid lines o |
_getgﬁagnguat substagtlallypthe sanme tine, the vertical nnvenert not or l23b_
is driven in order 5 to nove the whole of the fork downwardly ai3$ by
chai n lines of the flgure and noreover the vertical sw ng m)tort Iat'e |
driven in order to swing the fork end 14la downwardly to its |n|h|a shate
as -shown in Fig. 9 (F). Accordingly, when the operator rempves t etma
-Jlgg 103 fromthe fork under this state, the fork is returned to its

W jigs 103 are thus al so
nitial state as-shown in Fig. 9 (G. The r jigs 1 > a -
Lnloaded wi-thout the fork contacting the qnﬂifz process tube .in the wafer

- [ [ ibility of
| oadi n rocess. 15 Therefore, there is no possi o
ggﬁergtlon o? Sust'partlcles due to wear between the mafer jIgS 103 andaige
inner surface of tie IprgitudimsPfovemend ORotsd NOS g 1H19,fch %ﬁner
noved al ong the quartz. process tube 102 wit hout contactlng W

surface 20t herk®fregterputheofietiier quagst Arprdmaiedyed 103 %%des‘hdl tb‘#ﬁ o
above- nent i oned processes. Mreover, since the fork 141can not on Y v ]
vertical ly and I diffididiinas phEigd b & rapd et auhsthhtd 2095t ithal lskmeeve

' 25
' [ for d due to the wei ght of the wafer jigs, it can
\ghuggoﬁ Pet Lce)inki InS VALY R imaKamants mater d@3; ist drived in order

5 to move the whole .of the fork downwardly as shown by
| cha1n 11nes of the figure, and moreover: the vertical

-\h/'. swxng motor 137 is driven in order to Swing the fork end

| o 141a downwardly to its 1nit1a1 state as shown in F1g.
‘9(F). Accordingly, when the operator removes the waferl

10 Jlgs 103 from the fork under thxs state, the fork is
: returned to its initial state as shown in F1g. -(G) .-
The wafer jigs 103 are thus also unloaded wlthout the
'fork contactzng the quartz process tube in the wafer jig .
,unloadlng process.

15 _ Therefore, there is no. p0551b111ty of generatron of
dust partlcles due to wear between the wafer Jlgs 103 and
the inner surface of the quartz process tube 102, since
the wafer j1gs 103 are moved along the quartz proceSS--_
tube 102 wlthout contactlng w1th the inner surface o

20_ thereof when the- wafer jigs are loaded and unloaded in
the above-mentroned processes._ Moreover, since the fork-.
'-_141 can not only move vertlcally and long1tudlnally but
',also swlng the end. . l41a vert;cally, even when the fork is
deformed due to the welght of the wafer jigs, it can

25 support them ;n a substantlally.horlzontal state, so that



there-is I|ttIe chance ‘that the wafer jigs. will fall fromthe fork. In

t hi's case,

" -be
up

" ab

kdly, the fork and: the quartz p

if 5 the fork end is defornmed downwardly,

y. An exanple of the use of thi
menti oned basi'c functions wll

‘this thermal .treatnent 10  apparat us,
with respect to the quartz process ffbe 102 are separatel’y shown in Fig.
and the respective positions are
~referred to below as [err] and [err] the fork 141 is conpletely wthdrawn
fromthe 15 - quartz process tube 102,
posi ti onqiherd 3s503KitI% mrathO%aaef thiae vt ?ﬁ&%ﬁ% teaq

the waféer ji.gs are. positi.oned within

al t hough ¢ivavifg kRESTnithid @dRefl,’ eNelrlac iSO v tadddit fe tth@tquartz 20
process tube 102, the fork end {a1a |

10(A),

10

‘15

20

25

-Fig. 10 (B)" and Fig." 10 (O]

-upwardly.

rocess tube will not fou

there is al so the advantage that even when the fork is noved

each ot her

this is :corrected"

Is soft |landing | oader with the

be descri bed herei nunder.

Flrst |n'w

the relative positions of. the forks—

at P2,. the fork end 14l1la is

t he soaki part 102a; a

s still within the quartz process tube =

102 and &Wehhwhdw the tfloe kaliav movedn dowmaridlig’ thel fottierandphels3, - 144
are at the.end of ‘the quartz process tube where they close off the ‘entry
openlng qmartz procABBemubheydlﬂonptlingl Ehd%Zothtd¥3benamsseuf by

5

L8

the fork end is deformed downwardly, this is corrected

An example of the use of this soft landing loader

'w1th the above-mentloned bas1c functlons will be -

described hereinunder. First,

apparatus, the relative posltlons of the fork wzth

respect to. the quartz process tube 102 are separately

: snown_xn_rig. IO(A),-Fig.-lo(B)sand F1gr10 (C), 'and the

om narel y
at P3, -

in th1s thermal treatment

';e5pective positions are'referred to below-aS'Pl, P, aad

Py: at Py, the fork 141 is completely withdrawn from the

. quartz . process tube'loz, at'Pz,_the'fork'endll4la is

.positioned in a soaking part 102a of ‘the quartz process

" tube 102, namely the wafer jigs are positioned within the

'-_soaking-part 102a; and at'Pj,

although having'seeh

'w1thdrawn from the soaklng part 102a of the quartz

. process. tube 102, the fork end 14la is. Stlll w1th1n the

 quartz process tube 102.and_at this time, thejabove—j:

'mentiohed-inner-and outer caps 143, 144 are at the end of

_the-qﬂartz process tube'where'they*close-off'thefehtry

openxng.

After these positions,

[



s

| . trol system and the | oader
eractlve nmeans between the furnace con
ggn{pgl system sequenti al - contr ol zggpe[LornES {2 ggg:slfuggsgfbfgorg |n
i(A), Fig. 11(B) and Fig. 11 ere
Ei?ecg gohtroIQS.‘ correspondi ng t'o various: treatnents. Namely, MODE A and

MODE tamaauua;me / '
in Fi 11 are enpl oyed when treat nent |
rehat?vzrsmﬂlgh egg in"case of diffusion treatnent, thermal oxidati njéég

trdat ment or CVD treatment for wafers.” In NCDE'AZ.after thE_forkaLf rg e

10 ~to [err] in order to set the maLer J|gf$mn£26ntghfef?? :zgapstep n
shown in Fig.11 , the fork is rettea

?ng [3;{L the quartz grocess t ube cl osed by .neans of the inner ggg o;ger

caps, a thermal treatnent such as diffusion, thermal oxidation;

anneal i ng or the1ﬂﬂ@§&°$10@nduahsdbetﬁbﬁﬁeth@ethh%c@P?oh?égiaEy%ggye”d of
the quartz proces tube at this tine, it is hardly affec t
Al though in therr® ﬂP@SFﬁeﬁpstrplnayshemp@&thhe1hhahohheogu g Sﬁm@ ?me

_ t ube due-to the treatnment 2
jigs fuse with the guartz process { 1adRgy eFig. t DE (Bpngra Spigace
t he cont act pOSIe10ﬁ@ FFOﬁBF eflsp pnpréofﬁlsnd ad[gfrf ?n mhfc fhe foé

s.of a ste
75 ohoratod thl% gXSP%EXEEXCBﬂ goFt PPRsdbher taoeffectycohtr oper ati on

i's operated accord r] fromP3 at. suitable °
of an interval th?Ees%Qﬁdiﬂﬁk 8d¥2928§s2§reakmeL§£.] Namely, MODE A and
‘intervals, and at P2

MODE B shown in F1g. 11 are employed. when treatment
1;/" ."_ ~ temperatures are relatrvely hlgh, e.g., in case of
| diffusion treatment, thermal-oxzdation'treatment or CVD
treatment for wafers. In MODE A, after the fork is’ moved
10 to P2 in order to set the wafer Jigs w1th1n the soaking
part in a step Sl-shown in Fig.11 , the fork is retreated
to P3 in a step sz. Then, wzth the quartz process tube
closed by means of the inner and’ outer caps, a thermal
_treatment such as d;ffusxon, thermal oxzdatlon, CVD, |
15 'anneallng or the like is conducted ‘Since the fork end_
is near the end of the quartzuprocess tube at this.time,
it is hardly affected by heat. - Although in thermal
--treatments it may be poss1b1e that ‘the quartz wafer jigs
-_fuse with the quartz. process tube due to the treatment
20, heat and the contact posxt1ons (lower ends) thereof, and
adhere to the inner surface of the tube, this is
'.prevented by means of a step S3 in ‘which -the fork is. -
operated according to a t1mer control. In other words,
3by the operatlon of an 1nterva1 txmer, the fork advances

25 to P2 from P3 at suztable 1ntervals, and at Pz, the fork_



~.end is upwardly swing and positioned there for a short period. Thereby,
‘the wafer jigs are lifted during that period, so that they are separated
fromthe inner surface of the quartz process tube to prevent themfrom
: 5\ with the inner surface thereof. - On conpletion of: the operati-on,
, eturns to [err]. again. The operation is repeated at suitable =
“inter¥afs during the treatment. to make it possible to reliably prevent the¢;'
fusing of .the wafer jigs-with the process tube. -After the thermal 10 N
treatnent is conpleted, the fork endeenters under the wafer jigs again in a
step 'S4, and the wafer jigs are unloaded fromthe quartz process tube at a

step S5. Accordingly, even in high-tenperature treatnents, it is possible

- -to prevent the fusing of the:wafer jigs as well 15 as the thermal -

. def or mat ieka gl ey Siuridaing PosTIUY ardTior EAURALS can be

conpleted. In B, as shown by steps S6;, S7 illustrated in Fig. 11,

~after thepetvdbd. | imihereby crithe adfiert Jidee areallif tEdahasing khathe fork is -

.~ retreated to.P1, i.e., the fork .20 .is conpletely drawn out of the quartz.
-process fperdodando Hdata tthey rmale tseganaded ify cqorithectisther @urdfamel et i on of
the thermal treatnent, the fork.is inserted and wi thdrawn again in steps = -
[err] toofatde Quadss Rroqess huhed tohPreyent themr frammfiuginguartz process

tube.. The MODE B i propriate for thermal treatnents-at. extrenely .

hi gh 3 with the iﬁ%é%BSugyzgectheteof. On complet1on of the
.operatiéh, the fork returns to P, égain. The operation .
is reﬁeated at suitaﬁle intervals during the treatment té :S"J

_make-it*poésible to reliably pfg#ent Ehe'fusing of the
wafef jigé'wiﬁh gﬁe-prqceSSytﬁbe; After the thermal

10 treatment is cdmﬁleted,'the-fork ena'eﬁters undef-the
wafer jigs again in a.step's4, énd~the'wafgt jigs aﬁe'
unloaded from tbé'éuartz'process tube.gt-a.step Sg.
Acco:dingly, even in'high-temperatﬁre_tieatmehts,!it is

'-possib1e to.prevent_the fusing of the wafer jigs as well

15 ..as the.the:malzdéformation of'the_fork; so that
'satisfactéry'therﬁal treatments can be coﬁpletéd;' o - _ o U
| In MODE B, as shown by steps Ss,;s7 iilﬁstfated in |
Fig. 11, after.the-wafer'jigs'afe énte:éd into'thé qﬁa:t;
.procgss tube the fork is rétréated';b Pl, i}e.,:thé.fofki'

'20 ﬁis cbmpletely-draﬁh out of the quartz-érocéSs.tdbe, and
ﬁhen'a fhermal tréathent”is conduéted;' On éompietibn of
the thermal ttea;mént,lthé forkjis inserted and withdrawn
again iﬂ'$t§PS:Se.'59.£0~maké it poésiblé to unléad £he
~wafer jigs from the quartz pro¢ééé tﬁbé;:,The MODE B is

‘25 appropriate for thermal treatments at extﬁeme1y high



-

16 tenperatures and it is more effective if an autonatlc c?g I?;t;hfor
uartz .process tube is used at the same time. MODE Cis ?pﬁ Preatnent .
?qeatnents at relatively. | ow tenperatures, such as anneal i ng !

MODE 11, the fork is advance tg~Y\
‘he’ Cin a step [err]  shown in Fig. |
ngr?-in order:to enter the wafer jigs within the soaki ng part of t gZ.

tai ned, a thermal -

ss ‘t-ube, and with this condition main ed,

?Eg;:ﬁeﬁ[ofg conducted. On conpletlon of theighngglI;rgaggggtieﬁresuﬁzgr
| i " are unl oaded fromthé quartz proce |
{hgst}gatngnt tenperature is | ow, needl ess to say, there {ﬁeno p055|b|I|ty |
of any. thernal deformation of the fork. It suffices that

fcd to a
o cemmt o co Thar e B BRI B i suhgracsc
n1croconputer so that a deS|red node ca atius So e
21 s e 7 e S SEUNE AL S 0 8 st

aII-purpose nachlne 't he arrangenent

operated, e.g., it sufmonascasZngrabrﬁ%qug?qaﬁalygtpgg,e%& “2;;85‘5, rnol
panel 101A such as shown in Fig slichhaspandleal3ngt a®mleh ! 2§ th
switch group 145IL?TJﬁi?pﬂz?ﬁﬂiiﬁﬂrlsen1a5tonat|c angﬁkhnua fn
?ﬁirf}é'nﬁ& ot {"?P@Ezg ?'“férﬁtleP Spgr abednodhy Fug.I 5 et szﬁf ikhe 9“’“'0
IS.' _ : advance to P2 in order to enter the wafer Jigs w1th1n the
T : -_' soaklng part of the quartz process tube, and with thls
conditlon malntarned, a thermal treatment is conducted
" On completlon of the thermal treatment, the wafer jigs
:10 ‘are unloaded from the quartz process tube in a step 511'
B Since the treatment temperature is low, needless to say,
there is no possibility -of any ‘thermal deformatzon of the_
fork.. h
It suffices that ‘the above-mentioned ‘modes are
15 -yLEVlOJSIY programmcd angd fcd to a m1crocomputer so that
a desired mode can be obtalned by depre551ng a selectlon
\wf._ . - switch. In case of arranglng the-aqxuatts S0 as to be an'""
- allepurposefmachlne, the arrangement is.such-thatfthe
forkhcan be manually operated,-e 9., it suffices to
20 .arrange the switch panel of the control panel 101A such
| Aas shown in Flg 12, In such an apparatus, an operatlon‘
swztch group 145 in the lower part of the panel for _
_controlllng the operation of the fork can be used in

semzautomat1c and manual modes. ,In the manual mode, the

25 fork is operated only wh11e a switch of the group is



- dépressed

17 be|ng depressed while in the sem automati c nbde, once the switch i-s
he fork is automatically noved and stopped at the subsequent
posi ti on. n addition, the above-nentioned nodes A, B and C, are nade
avai | ablz \ through sel ection of switchés 146 correspondi:ng to A ‘B and
C respeft y. The function of each of switches of the control -panel. shown
in Firg.\ ¥s as fol |l ows. Depressing the POAER switch pern1ts all power. 10—4
sources bf” the soft l.anding | oader to be turned ON. Wien MANUAL is turne
~ ON, the nmanual node is obtained, andrfach of switches 145 are nmade
effective, so that while each is he operation node corresponding to
that switch is actuated. Wien SEM AUTO i s turned ON, each of 15 = switches
145 are made effective such that. when each is depressed (turned C»D the
sof t. | andibeing atepreas edpntwhilé yinrottes. smiMMmmﬂepo@Qe on in the
correspondi ng direction. = When LOCAL is turned ON, the node is changed into.
LOCAL MODEthe \#wst T s depresses (rhe fprk iig. %\‘-?%“-%ﬁauie Bev¥ed | andi.ng

| oader can be tenporarily stopped. Fi 13,tp 16 show" seque ces .of the.
soft | andi #Rfl'| $hREReG At he v@@seﬂﬂgﬁiam%hﬁ\%"t helR tEoRn AL MODE:

Fi.g. 14 shd the sedﬁeqﬁi |nEtheA'N§IE%£\g argdga eiavaifhbfl Flg 5

shows t he _
5 _through selection or switches 146 corresgonding.to A, B
_-and'C"respectively: L | -
‘The function of each of switches of the control
panel shown in Fig. 12 is as follows. B ._-
Depressing the POWER switch permits all power
10 ,sources of the soft landing loader to be turned ON. When :
'-_MANUAL is turned ON, the manual mode is obtained, and
“each of sw1tches 145 are made effective, so that while
each is ON, the operation mode corresponding to that
switch is actuated. When SEMIAUTO is turned ON, each of
15 switches 145 are made effective such that when each is
i | depressed.(turned oNi, the soft 1anding_loader |
 automatically moves to the.subsequent position inithe
corresﬁonding diréction;" when LOCAL is tnrned;ON; the
mode is chanéed into LOCAL MODE. ‘When STOP is turhed ON,
20  the motion of the soft ianding.loader'can'be'temoorarily.d
 stopped. | - | ._ _
L Figs, 13 to'iB show’the sequences of the soft
landing'loader reSpectiveiy. Fig.13. shows the sequence
';in-LOCAL'MODEthig;i4 shows the sequence in the MODE A_i

25 shown in Fig. 11; Fig.15 shows the sequence in the MODE



18 B shown' in F|g 11 ;- and Fig. 16 shows the sequence in the MODE C shown

in Fig. 11 The present invention is not linited to the above- mentioned
preferred enbodi nent, and in practice devices 5 for noving the fork

l'ongi tudinally and vertically and for swi nging the sanme vertically can tak
“many forns. As:swill be fully understood fromthe foregoing descriptibnﬂz‘
thermal treatnment apparatus according to the present invention can preﬁ :
gener ati-on of ‘dust 10 particles by maintaining the inner surface of the
process tube and the wafer jigs. or the. Ilke1 ut of contact with each other
“i'n | oadi ng and unloadlng of the wafer jigs, "'Since the fork for transferring
the wafer jigs is adapted to be able to nove at |east vertically and :
Iongltudlnally 15: th respect to the thermal treatnent furnace, and the
waf er jigs can be nﬁg%U“véPt éﬁbﬂ} byasdnﬁgGHQIGhehéoskthedseqbbﬁeevfﬁ1the '
since the wafer j Eﬁg Fe ll%% |ntern1ttently by putting the fork in .
and out during a | SPPE™ nfi 9l s possible to prevent the fusing 20
of the wafer jigs wt s.tube due o heat_as well as to prevent
t he ther mal defornat|2%ﬂ€$p€%8g$€ kpvfhkf y1§cP%%k%4m¥t®@s§¢btbetabmmmduct
thermal treat mentfieneionéd! bl AGH A4 | dubsiiRind) Uhd IR Plactice Gevices

- 5 for moving the fork 10ng1tudina11y and vert1ca11y and for

swznglng the same vertically can ‘take many forms.
_ _i_/ : ' | As will be fully understood from the foregorno
~description, the thermal treatment apparatus accordlnc to '
the present 1nventxon can prevent generation of dust |
';Q particles by malntainlng the inner surface of the process
- tube and the wafer jigs or the 11ke out of contact with
each other in load1ng and unloadlng of the wafer ngs,
since the fork for transferrzng the wafer ngs is adapted
to be able to move at least vertlcally and longxtudinallyl
15 .w1th respect to the. thermal treatment furnace, . and the
;b;. -wafer J1gs can be moved vertlcally by sulnglng the fork
: end. Moreover, sxnce ‘the wafer ]lg= can be llfted
1nterm1ttent1y by puttzng the fork in and out dur1ng a
| thermal treatment, it is possible to prevent the fusing -
20 of the wafer jigs with the process tube due to heat as
: well as. to prevent the thermal oeformatlon of the fork,

_ thereby to make it poss1b1e to conduct thermal - treatments

very satxsfactorlly under hxgh-temperature cond1t1ons.



- }8a - Attention is drawn to our application No. 84.24276 (2 148 471) L
~ Wwhich has been divided fromthis application. . CLAI M 1. A thermal -
treatment apparatus conprising, a horizontally extending furnace tube for s
Sybj ect i wafers to a thermal treatpent, said furnace tube having an 5 -
- openi ng; | oader - di sposed- on the~o %i.'ng side of said furnace tube, for.

- carrying plurality of wafer jigs' i.n the horizontal directi-on from L~
out si de ‘of said furnace tube to inside of said furnace tube, wherein said W
| oader 10 includes: g,fork.extepd; j igoidaligH necti on and
havi ng two end porti gﬁg’gh\l/é\nl?ﬁ g%eagﬁﬁh;%émpnoi%% ed to have said .
Plurality {86 1(1209 48! BORas fhéén dibwided @romppast i ng the

ot her end E%‘r'%t)zﬁrslé20?'4ga.iagg?o;rwﬁfgnd for nmoving said fork in the

hori zont al aCB 18datddn.sai d first neans having second neans for vertically
noving said fork with respect to said furnace tube and having third neans -
for adjusting a gradient of said R S ' '




3 . | 'y extendj

K_whth respéct to said horizonta ﬂ’im "mm‘mﬂmthl d
iotLg;nafwtreatngnt apparatus accordi'ng to clai | BRRUR
means is POsitioned adjacent. the other Sgd po{;:ﬁyloor S aim e
A thermal treatnent apparatus accordlng end portion to sw

i ird.m i ed to cause said on
32L?|22:{S nean;olz arrang A t her mal treaChﬁhMSapparatus accor di ng

: |
f quartz. 5. A therma |
or 3 wherein sai urnace tube is o fork is

fiEZ?Lént apparatug accordlgg f ?S%ﬁ@ﬁ?ft?ﬁgﬁzsiuf?S:?ﬁg;faggpafatus
of quartz and is OﬁOﬁl?é'Fﬁa(aﬁp}?ec % qﬁigma FURnaRs tabe §9Fd5ﬁbagctmngneaﬁes?a

cording to any one o " A therna
part e {0 e al g el 3R St pechavine ey o

aratus acco

t;?gtggggngpﬁeéhs QPRNiNGy d. means “have " ‘respective nntorahe?éln caid fork
: treatment apparatus according 15 to daim5

ngrgﬁlouter and an inner @adoad&ptddsposeaoaﬁrghg bBeﬁfﬂﬁ'éﬁhéﬁéftégid

- furnace tube, for carrylng a plurallty of wafer jigs’

in the horlzontal dlrectlon from outside of said furnace
tube to 1nsxde of said furnace tube, whereln said loader
lo_lncludes- | _ |
- a fork extendlng in the horlzontal dlrectlon
and havxng two end portlons, w1th one end portion adapted '
to have said p1ura11ty of wafer Jlgs placed thereon,
. first means for supporting the - other end portlon
15 of said fork and for movzng sald fork in the hor1zonta1
dlrectlon,'- |
‘ 'said first means hav1ng second means for vertlcally
mov1ng sa1d fork'w1th respect to sa1d furnace tube and
_hav1ng th1rd means for adjustlng a gradient. of. sa1d
W 20 fork w1th respect to sazd horzzontally extendlng furnace
. - tube» : _. : . | S
2. - A ‘thermal treatment apparatus accordlna to.
claim 1, whereln sa1d third means 1s posrtloned adjacent,
the other end portion of said fork .
25 3. S A thermal treatment apparatus accordlng to
c1a1m 1 or c1a1m 2 wherein said thlrd means is arranged -

to cause said one end portlon to swing vertlcally.-



opening of the furnace'tube sai d outer and of
uartz.
A thermal ‘treat ment appar atus constructed ZO”“mHmmnHﬂleuml ﬂse and

- .aconpanyi

10

9.

i-ng draw ngs. 10.. Azmethod of subjecting wafers to a therm

. substantial ly as descri bed herein with reference 25 -to the

nﬂ dramﬂng%.thermal treatment. apparatus according

-to Claim 1, 2 or 3 where1n said furnace-tube is of

: quartz'. :

‘5. - A thermal'treatment'apparatﬁs,accdrding

to Claim 1, 2 or 3 wherein said fork is of quartz -
and is of a pipe shape.

6. . A thermal treatment apparatus according

. to any one of the precedlng clalms whereln said first

'means'has a part adapted to move along a pair of gulde-

rails.

7. : A'thermal treatment'apparatusfac¢ording-'

_ to any one of the precedlng clalms whereln said second

15

20

means . ‘and thlrd means have’ respectxve motors.'

8. A thermal treatment apparatus accordlngu
to'Claim 5, wherein said fork has an outer and an
inner cap adapted'to cooperate'in’sealing'off the"

dpeming of the furnace tube;.said'outer and inner

~caps belng of quartz.-

9. . - A thermal treatment apnaratus constructed-”'

‘and arr anged for use -and- operatlcn sukstantially ‘as’

described herein with referenee'to the aecompanylng'

. drawings.

' treatment substantlally as described hereln with reference _

25

10.. " A method of sub]ectlng wafers to a thermal

to the acompanying drawings. -
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