1. THERVAL TREATMENT APPARATUS The present invention relates to apﬁaratus
f or”tfier mal treat ment techni ques for sem conductor 5 mafers;hsuc as

t hgfyra) oxi dation treatment, diffusion treatnment, CVD (Chegdg d'gyap'?;(;;the- .
De ‘tion) treatnent, anneal i ng treatment and the_llkec Accor |n?

present invention, there is provided a thermal treatment appa;a us
conprising: 10 a horizontally %x;endlng furnace Lubg or . ‘

subj ecting wafers to thernal treatnent, sald_furnace__tubeh avi ng anortionch
opening; a carrier extending in horizontal direction and having a p

: i, _ : . for |
movi ng sai d carrier ber nonaal ARENBBIT ASAIRIE T Tl ace tube o &
noving said carrier betwé _ né . i
secong position inside the furnace tube to | ocate the mafer.Jlgs in the ed
furnace tube and to renove them fromsaid 20 tube; control means, couple

to sai d noving neafhe qutmseact tinvenidio M@E@é‘tt&faﬁéﬁeﬁg rf'?e{ bet }Neen :
said first and said second positions in accordance with a plurality o
predeterniné§Qﬁ&i%;§ﬁﬁﬁiﬂﬁﬁt(ﬂéquhiquﬁdfﬁﬂmﬂsemﬁﬂbﬁaUKEbﬂﬁ nmovenent .

3 wafers, such as thermal oxidation treatment,
diffusion treatment, cvb'(Chemical.Vapcur Deposition)
tfeatment, annealing treatment and the like.

According to the present invention, theré is @@
provided a thefmal treatment apparatus compriéing:
10 : a horizontally-extending furnace tube for
subjecting wafers toltherma; treatmént, said furﬁace
tube having an opening; ' | |
@ carrier extending in horizontal.direc;ion :
and having a portion adapted to have a plurality of
15 Qafer jigs thereon; |
moving means for moving said carrier between a

first position outside the furnace tube to a second

A Position inside the furnace tube to locate the wafer ¢
jigs in the furnace tube and to remove them from said
20 tube;

cdntrol means, coupled to said moéing means,
adapted to control movemént of said carrier between
said first and said second positions in accordance
with a plurality of predetermined modes compdsed of

25 different sequehces of movement. -




2. The invention will be further described by way of exanple with reference
to the acconpanying illustrative drawi ngs, in which: 5 Fig. 1is a
perspective view of a thermal treatnment apparatus enbodying the present <
invention; Fig. 2 is a perspective view of a soft |anding |oader for the
apparatus of Fig. 1; Fig. 3 is a perspective view of the wafer jig 10
indicated in Fig. 2; Figs. 4 to Fig. 6(A), ¥ig. 6(B) and Fig. 6(C further
illqg}raie the soft landing |oader; Fig. 7(A) to Fig. 7(G illustrate the
operation of a fork of the soft |anding | oader; 3s. Fig. 8is a
sectional view of a fork of a soft landing |oader in the thermal treatnent
apparatus particularly showing the fork belng inserted into a process t ube;

reatment apparatus; TR 16venson wibT bE Byt PReEORLLOBRE  n oy OO Ty
he o o e S5 LSRR BRCELch B BOCEgh o Dhnihpusgoer i e 0
illustrative drawings, in which:
5 Fig. 1 is a perspective view of a thermal
treatment apparatus embodying the présent invention;
Fig. 2 is a perspective view of a soft landing
v ' loader for the apparatus of Fig. 1l;
Fig. 3 is a perépective view of the wafer jig
10 indicated in Fig. 2; '
_ Figs. 4 to Fig. 6(A), Fig. 6(3) and Fig. 6(C)
further illustrate the éoft landing loader;

Fig. 7(A) to Pig. 7(G) illustrate the

| operation of a fork of the soft landing loader;



the soft landing [oader is in each of three different nodes; Fig. 12.is a
f,r or; iew of a control panel for the soft |anding |oader; and 15

Fig. to Fig. 16 illustrate operation sequences of the soft |anding .
| oader of thernmal treatnent apparatus according to the present invention in
the respective nodes of Fig. 11, Fig. 1 is a perspective view-of a thernal
treatment 20 . apparatus 100 according to the present invention. In the
figure, a reference nuneral 97 designates a thermal treatnent  -furnace mhugp
is enployed as, e.g., a diffusion furnace for the thermal diffusion '
treatnment for a sem conductor wafer, a thernal oxidation furnace for 25
formng a thermal oxidation filmon a semi'tonduct or 4 wafer, a CVD
furnace for forming a CVDfilmon a sem conductor wafer or an annealing
furnace for annealing a sem conductor wafer. The thermal treatnent furnace

has three processpigbeSglqg @:gggﬁ?g' the ypRer i nternmedi ate and

| oner stages respectively. Alsot Ea%é&wéﬁﬁytggaPngﬁfkf8#nécé°§? has a
control panelasdinanliobfer! iike teSNAEd LD Er &l epeof for a contro
systemfor controlTing the thermal treaiﬁgngféigﬁsé ,agﬁﬁtagﬁﬁping cabi net
98 di sposed partieulanlypshbwiher a®e fork being inserted into a

proceés tube;

3 - Fig. 9(a) tO;Fig.‘9=(G)'illustrate~the'operation of

i

the thermal treatment apparatus; ~ ' _ \_j
Fig. 10 (A) to Fig. 10(C) illustrate the positions of
the fork of a soft landing loader in the operation of the
apparatus;
10 Fig. 1llillustrates the operation of -the fork when
the soft:landihg loader is in each of three different
modes;
Fig. 12 is a front view of a control panel for the
soft landing loader; and |
15 Fig. 13 to Fig. 16 illustrate operation sequenées of Sy
the soft landing loader of thermal treatment apparatus
according to the present invention in the respective
modes of Pig. 11.
Fig. 1 is a perspective view of a thermal treatment
20 'apparatus 100 according to the present invention. 1In the
figure, a reference numeral 97 designates a thermal
o treatment futnace which is employed as, e.g., a diffusion
furnace for the thermal diffusion treatment for a
semiconductor wafer, a thermal oxidatidn furnace for

25 forming a thermal oxidation film on a semiconductor



4 . )
reover, a reference nuneral 101 denotes a soft |anding |oader,
;gd.thfee ggft | andi ng | oaders are di sposed in the upper, |nterneglat and.
| ower stages in correspondence with the three process tubes 102 of ths
thermal treatment furnace 97. A reference nuneral ‘| A A 15 deS|gn?t
-control panel for controlling the soft |anding | oaders. The thernma

; ' ' ' ] | bed her ei nunder
treatment technique using this apparatus will be descri
thraﬁgh a detailgd description of one of the soft !andlng_loaders 101. 20
Fig. 2 is a perspective viewillustrating, in detail, the soft |anding

[ - ding to the present
| oader 101 in the thernal treatnment apparatus 100 accor :
i nvention. The soft |anding |oader 101 is di%posed adjacent to the openlrg
side of one of the process tubes 25 102, nmade of quartz, of the therna
treatment furnate 97, 5. not shown in detail, and is adapted to be

bl f | oadj VpagubRheadisag o £na 04 roi the objects to
ggp?re:tgd, nnuﬁ?%ﬁﬂfﬁﬁg$ignn%nt on a ma?g% J|d}IBSCﬁgdg}gglaﬂgrhz,lzhgg?
in Fig. 10, togsmifondddtr wéb@r“@?e%d'éﬁﬁgﬁﬁin%h€u§géée-ﬁgfhggpga 1pgy t
101 has a base 105 and a rear wall 106 vertically dispos | e rar P

of the base. The seicomdbcddf Wased.PairhedeHUMIRL1 2PFe L ONER e 0¥ 98521 LS

107 extending in the axial
three process tubes 102 disposed in the upper,
5 intermediate and lower stages'respéctively. Also the
v thermal treatment furnace 97 has a control panel 97A and
the like disposed on a side thereof for a control systen
for controlling the thermal treatment furnaﬁe, and a
doping cabinet 98 disposed in the rear part thereof.
10 Moréove;, a reference numeral 101 denotes a soft
'landing loader, and thfee soft landing loaders are
' disposed in the upper, intermediate and lowet-stages in
correspondence with the three process-tubes 102 of the
thermal treatment furnace 97. A reference numeral 10l1a
15 desigrnates a control panel for controlling the soft
landing loaders.

The thermal treatment technique using this apparatus
will be described hereinunder through a detailed
description of one of Ehe-soft landing ioaders”lOl.

20 - Fig. 2 is a perspective view illustrating, in
éetail, the soft landing loader 101 in tﬁe thermal
o treatment apparatus 100 according to the present -
invention. The soft.lénding loader 101 is disposed
aéjacent to the opening side of oﬁe of the précess tubes

25 102, rade of quartz, of the thermal treatment furnace 97,



direction (referred to as "longitudinal direction", 10 herei nafter) of
+the/gUartz process tube 102. . The guide rails 107 are slidably fitted with
' and | ower support plates 109, 110, respectively, integrally connected *
dns of a pair of guide rods 108 extending vertically, as shown in Fig.
4... A feed shaft 112 15 supported by - the rear wall 106 so as to be
parallel with the guide rails 107 fitted through a block 111 integrally .
formed with the | ower support plate 110. As shown in Fig. 2, the feed shagt
112 has both ends rotatably supported by bearings 113 and has a pulley 114,
secured 20 to one end thereof, connected to an output pulley 116 of a

| ongi tudi nal novenment notor 115 through ® belt 117 so that the feed shaft
is rotated by the notor 115. In addition, the block 111 incorporates a
mechani sm for axially (longitudinally) nnving the bl ock in co-operation 25

with the fegfhe f‘%f&wrlzm 3@@51&“&:@3@.5'3@5 pteéal $af>§dca8ag!e

t .
mechani sm the block 111, thus the upper and [ ower port g?ate 109,
110,, can bgdd’&fﬂq 2hd YweRYedsi antlmdﬁiwlda%ﬂs aj o4l res&mﬂ?' @h@ccordance
with the sense of the feed shaft rotation. projection 119 of a
subst anti al Igbjecdmipes Bevebeatedst molhtds iﬂtéFﬂ;ﬂﬂeﬂ‘ECBnOE iBeegui de
rods 108 provi ded between the upper and | ower support plates 109, 110 so
that the novil @Q8 ahadd 18fcqnavest,i chidwh yveFig. 10, together with

5 the wafer jig 103. The soft landing loader 101 has a
base 105 aﬁd a rear wall 106 verticélly disposed in the J
rear part of the base. -The rear wall 106 has a pair of
upper and lower guide rails 107 extending in the axial
di:ecfion (referred to és "longitudinal direction”,

10 hereinafter) of the quartz process tube 102. The guide
rails 107 are slidably fitted with upper and lower
support plates 109, 110, respectively, integrally
connected by means of a pair of guide rods 108 extenaing
vertically, as shown in Fig. 4.. A feed shaft 112

-

15 supportgd.by the rear wall 106 so as to be parallel with J
the guide rails 107 fitted through a block 111 integrally ~
formed with the lower support plate 110. As shown in
Fig. 2, the feed shaft 112 has both ends rotatably
supported by bearings 113 and has a pulley 114, secured

20 to one end theredf, connected to an output pulley'116'of

| a longitudinal movement motor 115 through a belt 117 so
. that the feed shaft is rotated by the motor 115. 1In
addition, the block 111 incorporates a mechanism for
axially (longitudinally) moving the block.in co-operation

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



&

with respect to the suppo rt plates 109, 110. Mreover, a 10 bl ock plate
120 projects froma substantially central portion of the rear surface of
t he novabl e plate 118 and engages the thread of a wormrod 121 verticall Sy
and rotatably supported between the support plates 109, 110 so that thgzggf
novabl e plate 118 can be vertically. noved 15 wth respect to the su
plates 109, 110 by the rotation of the wormrod 121. The wormrod 121 has a
pul I.ey 122 provided integrally with the | guwer end thereof, and a belt 125
connects the pulley 122 to a pulley 124 of a notor 123 secured to the
support plate 20 110, thereby driving the wormrod. On the other hand, a
sliding plate 127, capable of noving in the direction (referred to as
"lateral direuyithe mechanism; ethepblpekdilddi,arand thus | thei uppenaknd
direction along steps 126 .provided at the 25 front and the rear
respectivel y,lawemmunrer brelate 109, B30z eamibegaintegrahdynwouseipl ate
118. The sliding plate 127 has_a vertical nenber 128 integrally fornmed at
one end of tHdapRNgLindirel ( @éFestionhdny aqqardanesbet thoghessenpeaded
with a lateral regulation bolt 130 5 rotatably supported by a fixed
vertical menth DD I#REnShALYeFPEREAPR di sposed at the I eft end of the

novabl e pl ate 118 so as,to face t he verti cal r 128 T
% ' A project{on 138 o? a su stang?gq§§ L-shapegemovable

piate 118 is fitted on each of the Qpide rods 108
i : provided between the upper and lower supporﬁ plates
109,110 so that the movable plate 118 can vertically move
with respect to the.suppott plates 109, 110. Moreover, a
10 block plate 120 projects from a substantially central
portion of the rear surface of the mqvable plate 118 aéa
engages the thread cf a worm rod 121 vertically and
rotatably supported between the support piates 109, 110
so that the movable plate 118 can be vertically moved
15 with respect to the support plates 109,110 by the
rotation of ﬁhe worm rod 121. The worm rod 121 has a
~/ pulley 122 provided.integrally with the lower end
thereof, and a belt 125 connects tﬁe puliey 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 sliding plate 127, capable of
moving in the direction (referred to as "lateral
direction®™, hereinafter) perpendicular to thg

longitudinal direction along steps 126 provided at the

25 front and the rear respectively, is mounted on the

‘s



bolt 130 is adapted to nove the sliding plate 127 laterally, thereby to
: ohate the position of the 10 sliding plate 127 with respect to the
zﬁh-e plate 118. The bolt 130 has a knob 131 disposed at its end. .
ual/ly rotating the knob 131 permts the bolt 130 to revolve on its axis,
th y allowing the sliding plate 127 to nove laterally on the novable
plate 118. On the sliding plate 127, a vertically swi nging plate 132
adapted to support a fork, described hergienafter in detail, is supportedgy
bearings 133 and a shaft (not shown) at one end 132a thereof. Mbreover, an.
eccentric cam 134 in the formof a short cylinder is 20 hori zontal |y
di sposed at a position corresponding to a substantjally central portion of
the verticabpyisapkailnpafitatet 18be amavabisoridtr oyl ar i T8 §38diRgt hat the

vertically sw nging_plate 132 cap rotate_in the vertical_direction. In
addi ti on, tEéaéﬁcéﬁﬂﬂhfﬁxﬂnYﬁﬁthcaérWﬁﬂ?er\ék&ﬂlﬁﬁﬁﬁ%%%hye§°FBeGnétend

o notTgEeY‘éws?’?ﬁE'é{flﬁfp%@sévriaséﬁé:%i%f%%%hsﬂ“{ L33V Rl
134 ' i 3 hal 9

havi ng a SuBSPRRE 3PEVAsh MASBEE 2w, 1° AT HeqinafibnoprlEarr?

Swinging Pl 8beatdp1yy STpHbY €daaphoh! £14%a e AL & RERLEPN128CLR9EN and

is vertically disposed at the left end of the movable

plate 118 so as to face to the_vettical member'lzs. The j
bolt 130 is adapted to move the sliding plate i27 NS
- laterally, thereby to regulate thé position of the
i0 sliding plate 127 with respect to the movable plate 118.
The boit 130 has a knob 131 disposed at its end.
Manually rotating the knob,i31 permits tﬂe bolt 130 to
revolve on its axis, thereby allowipg the sliding plate
- 127 to move laterally on the movable plate 118,
15 On the sliding plate 127, a vertically swinging
plate 132 adapted to support a fork, described
hereinafter in detail, is supported by bearings 133 and a i.f
shaft (not shown) at one end 132a thereof. ﬁofeover, an
eccentric cam 134 in the form of a short cylinder is
20  horizontally disposed at a position corresponding to a
suPstantially central portion of the vertically swinging
plate 132 and supported by bearings 135 so that the
vertically swinging plate 132 can rotate in the vertical

direction. 1In addition, the eccentric cam has a worm

25 wheel 136 secured to one end thereof. The worm wheel 136

£



the_holder 139 a fork 141 is substantially horizontally supported in the -
| ongi tudi nal direction by neans of two belts 142. The fork 141 s fokfgééb
inmto a tubular shape 10 using quartz material, and an upper end por
141a thereof is formed by cutting away the upper part of the tube, 50 as to
be able to mount a plurality of wafer jigs 103 in a row, as shown in Fig. 2
. Accordingly, as shown in Fig. 5., since t®e,central part of the
vertiieal ly 15  swinging plate 132 is supported by the circunferential
surface of the eccentric cam 134, the end 141a of the fork 141, together
with the vertical swinging plate 132 and the fork hol der 139, can be swung
vertically when ificergagedrwitbam r8tatsingtwoen 238sbfva Byinbambtbirnag7of
20 the figure, Mreover, when the bolt 140 is |oosened, the fork end - »
141a can be swurges¢wredeconotheosiidling qlate U27esobi thati ther espeatrtie t he
~vertically swinging plate 132. Further, an inner cap 143 and an outer cap
144 can 25 be &¥% f%i'aénahq 5eveilyed an sitst anisabyytbenmpaibr 13forti on
of the fork 141 respectively, as shown in Fig. 5 (A, Fig. 6(B) and Fig.
6 (C). These caps 148 famk haides ddd having amsubstanbislzVgshepednd t he
I nsi des fillgd W th guartz wool -and are provided with handles 5 143a,
144a and air> verffSc YD, 15498CPEEHetO W] verhicahhyr svapging piater ABd as

a short cylinder,and can b
y by meahns o? a bolt 140, at an end portion thereof, and on

the holder 139 a fork 141 is substantially horizontally
\;- supported in the longitudiﬁal direction by means of two
belts 142. The fork 141 is formed into a tubular shape
10 “using quartz material, and aﬁ upper end.poriion 141a
thereof is formed by gutting away the upper part of the
tube, so as to be able to mount a plurality of wafer jigs
103 in a row, as shown in Fig.2 . Accordingly, as shown
in Fig. 5., since the central part of thé vertically
15 swinging plate 132 is supgorted by the circumferential
ﬁurface of the_ecéenfric cam 134, the end l4la of the
§ fork 141, together with the vertical swinging plate 132
and the.fork holder 139, can be swung vertically when the
eccentrié_cam 134 is rotated as shown by chain lines of
20 the figure. Moreover, wheﬁ the boit 140 is 1oosened, the
fork end 141la can be swung in the horizontally lateral
direction with-fespéct to the vertically swinging plate
_ 132, . _
Furﬁhér, én iﬁne; ;é§'143 and.én outer cap 1@4 can

25 be set inside and outside the substantially central



| oaded in the fork 141, while the outer cap 144 is forned into a thick

- crgscent -shaped disc having a sem - elliptical reentrant portion 144c and
ca%?ée nount ed on 10 t he upper part of the fork. Wen the fork 141 thus *
fittéd with the inner and outer caps 143, 144 is entered into the process

tube 102 made of quartz, as described hereinafter, these caps 143, 144 can

close off the entry end of the quartz process tube 102. 15 The _
function of the soft |anding | oader having &4 he above-nenti oned arrangenenig
wi |l be described hereinunder. Fig. 7 illustrates a process for setting

the wafer jigs 103 in the quartz process tube 102. On the end 141la 20 of
the fork 141 prepared as shown in Fig.. 7 (A, a plurality of wafer jigs 103
are nount ed 2erdtiem of th.f9thiﬁllﬁﬂﬂﬂQ¢ﬁ%¥ﬁi;sin%es pwnf dnk Fdgd i s
downwar-dl y defornmed by the weight of .the wafer jigs, the vertical novenent
motor 123 is @r{Aden E¥9r ot @fB) t RBOWER.r 0d ¥ON. 25These gaREr 143 nddd
upwardly the novable plate 118, thereb 10 to ve u rdly .t he whol e of
the fork 141bayes FrF¥§b9957mP§f.A%Mﬁqﬁﬁﬁﬁ,g ﬁ%svéggfﬁgF dRsigefot or

137 is driven.tq rpotate the_eccentri.c _cam 134, thereby al L N he fork
end 1312 to S EvEry 9SaEEENARRY A7E G TS ROV IIRN cHALR: P Rale
'p03|tyon§ﬁ th%Jf”f%f?daAé g?Er%SE%g 143b, 144b respectively. The

| inner cap 143 iS foimed as a short cyiinder and can be

loaded ‘in the fork 141, while the outer cap 144 is formed -

into a thick crescent-shaped disc having a semi- ~
elliptical reentfant pértion l44c and can be mounted on

10 the upper:part of the fork. wWhen the fork 141 thus
fitted with'ﬁhe'inner and outer ééps 143, 144 is entered
-.into the process tﬁbe.IOZ ﬁade of quartz, as déscribed
hereinaftér, these caps.143,-144 can élose off the entry
end of the Qdarti process.tube 102.

15 The function of the soft lahding loader having the
above-mentioned arrangement will be described .
hereinunder. | _ v

Fig. 7'illuétraté$ é process for setting the wafer
'jigs 103 in the quartz érbcess tube 102, .On the end 1l4la
20 of the fork i41uprépaféd'as shown in Fig. 7 (A), a
pPlurality of wafef jigs 103 are mounted as shown in Eig.
7 {B). In this éase, sincé the fork end is downwardly
déformed by the weight of the wafer jigs, the vertical

movement motor 123 is driven to rotate the worm rod 121

[ 8
w

in order to move upﬁardly the movable plate 118, thereby



: ' [ [ hen, when
he Tongi tudi nal movenent motor 115 i o driven to rotate {he feed shaft 112,
' I nal novenent notor hatt o
tﬂe Lfgthggiantuates t he support plates 109, 110 to_ﬁ?ga?ﬁg aag?tz _
Ehg right of the figure, so that the fork 141 enters

[ It hown by solid lines in
stops at a given position as s S
E{gceis(éyb?ké?zuggg reeersing the vertical novenent notor .123 perm

in |ines
thewhol e of the fork 141 to m)vg.dgwflnwat hred\ll\é]f(g? jSithé\Mlgé ;Ee b?gﬁéﬂt into
L Ei | ower ends 02 at a
inFig. 7 (E), and the f the quartz process tube 1 _
; ttom surface o € q -
09“2§0L021§P0Lh§f'PgﬁérPﬁg. In this connection, a larger scale illustration
giv

- i when the '
of the position FRaeeee Pg‘?'shdmryei/ﬁehrdszgg:?% %eﬁggggg%kagﬁ?hgsf ShewSndn141a

i cal venment. notor 137 is = L, in waf er
Gounvaral " e Yo 36} ot amar, < ol cneeth EopUBGELL 09, 145 1
jigs 103 as shown .in F F) ,

ig. 7 ) i | ow t he
. R | $heneccenarietdm 29, OEPLLL0A 1410
| ongi t udi nal noV&rtet n's ?E:E?gﬁisorhen Cho (oA T, BhePe F?g ing

quart process. (e TR 7 ad 4 po toamwingrupudrarprdd clophveep g TOLOr
123 i the fork 141 upwardly, .

123 i s rotateed fo ve et X )

its initial Sﬁos??’f’%%%% BYe sBPsiitipnes 5 theorfotas et 4 o £P4L £l

lines of the Figgq ag(gb'be substantially horizontal as shown in Figq.
"1 s 7 }D).' Then,'when the longitudihal movement motor 115 is
~ driven to rotate the feed shaft 112, the block 111
éctuates the support plates 109,'110 to advance towards
10 the right of the figure, so that the fork 141 enters into
the quartz process tube 102 and stops at a given pPosition
as shown by so0lid lines in fig. 7 (E). Heréupoﬁ,,
reversing the vertical movement motor 123 permits the
whole of the fork 141 to move downwardly as shown by
15 chain lines in Fig. 7 (E), and the ioﬁer ends of the
wafer jigs 103 are brought into contact with the inner
N bottom surface of the quartz process tube 102 at a given
position of lowering. In this connection, a larger scale
illustration of the position reached is shown in Fig. g .
20 Thereafter, when the vertical movement motor 137 is
reversed in order to swing the‘fork end 14ia ddwnwardly,
the.downwardly moved end is released.from suppbrting the
- . wafer jigs 103 as shown in Fig, 7 F). Accordingly, when

the longitudinal movement motor 115 jis then reversed in-

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

2



According to the process descri bed above, the wafer jigs 103 can be ent er ed

L P the quartz process tube 102 w thout the | oader contacti
i t hereof and gently nounted inside the process tube. 1
9 Aistrates a process for unloading the wafer jigs fromth

process tube, when their wafers have conpleted a thermal tre

fork 141 is advanced fromthe position of readi ness shown in
into the quartz process tube 102 by operating the 15 | ongi
movenent notor 115, and the fork end 14la i s advanced under

103 as shown in Fig. 9 (B). Then, the varid cal novenent noto

operated in order to nove the whole of the fork vertically,

allowing the fork end to scoop up the wafer jigs 103 as 20

9 (©. Ondoing.this, the end 141a is downwardly defornmed by

the wafer jit§e FAFurghand oytthapars: frem Hd& FY2Eh? BEPAES

permts the fork end to be swing u rdly, so that the fork
Bt or i go. APeh Sthdhenpaln: LLlRet SHE Ma5F a1 THovEBERE anos

ng with the
0 Fi g.
e quartz
atment. The

Fig. 9 (A ,
t udi nal ‘.t
the wafer jigs
r 123 is
t her eby

shown in Fig..
t he mei%ht-of
fotybe1dfe

suppqeLts the .
Qrsﬁgﬁnlﬁn Fig.

9 D. Th f T ' : | it udi em 115
per 15 1 ho FPBAL B0 ST oo VBt PR SFH (D b HReaEs Hine C18 E98 ke Adun by

R e

.
5 or dash and two-dogted lines of the Fig. 7 (G).

According to the process described above, the wafer jigs | -

103 can be entered into the quartz process tube
without the loader contacting with the inside t
gently mounted inside the process'tube.

10 | Fig. 9 illustrates a proceés for unloadin

1588 14gkt! cal

102

hereof and

g the

wafer jigs from the quartz process tube, when their

wafers have completed a thermal treatment. The

is advanced from the position of readiness show

fork 141

n in Fig.

9 (a) into thg quartz proceSs tube 102 by operating thé

15 longitudinal moveﬁent motor 115, and the fork end 141z is

ig. 9'(3). d

Then, the vertical movement motor 123 is operated in

advanced under the wafer jigs 103 as shown in F

order to move the whole of the fork vertically,

thereby

allowing the fork end to scoop up the wafer jigs 103 as

20 éhown_in Fig. 9 {(C). On doing this, the end 1l4la is

downwardly deformed by the weight of the wafer

jigs 103.

Therefore, operating the vertical swing motor 137 permits

the fork end to be swung upwardly, so that the fork

surports the wafer jigé with the end kept substantially -

25 horizontal as shown in Fig. ¢ (D). Thereafter,

reversing

L]

5



figure, and noreover the vertical swing notor 137 is driven in order to
swing the fork end 14la downwardly to its initial state-as shown in Fig. .=

9(F). Accordingly, when the operator renoves the wafer 10 jigs 103 fro
the fork under this state, the fork is returned to its initial state as
shown in Fig. 9 (G. The wafer jigs 103 are thus al so unl oaded w thout the

5 to nove the whole of the fork domhmardly as shown by chain lines of the

s

fork;pontacting the quartz process tube in the wafer jig unloading process.
15 - Therefore, there is no possibility of generation of dust
particles due to wear between the wafer jigg.103 and the inner surface of
the quartz process tube 102, since the wafer jigs 103 are noved al ong the
guartz process tube 102 without cantacting with the inner surface 20

t her eof whe
processes.

nt
Mor

hr fer jigs are | oaded and unl oaded in the above-nentioned
oAongiifu

indl iRRvenantcantest 145 pernit s/ ertie cBotly wmd

| ongi tudinal ly but also swing the end 141a vertically, even when the fork
SELeRfe Oh G

i s deforned du&

in a substantigkhéghQEizont state, .so that 13 there is little chance

that the wafer i

PeSt 95 Fi%ey t REE) 0RRI akn spist anddial Ihethe isame so
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' the fork and the
the advantage EQEE,e¥§Q W@%Qfgyifﬁg&éﬁgngn%g ogowggaggxgrivé;-in order
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to move the whole of the fork downwardly as shown by
chain lines of the figure, and moreover.the vertical
swing motor 137 is driven in ordef to swing the fork end
l4la downwardly to its initial state as shown in Fig. |
9(F). Aécordingly, when the operator removes the wafer
jigs 103 from the fork under this state, the fork is
returned to its initial state as_shown in Fig. ¢ (G).

The wafer jigs 103 are thus also unloaded without the
fork contacting the quartz process tube in the wafer jig
unloading process.

iherefore, theré is no_possibilify of generation of

dust particles due to wear between the wafer jigs 103 and
the inner surface of the quartz process tube 102, since
the wafer jigs 103 are moved along the quarti process
tube 102 without contacting with the inner surface
thereof when the wafer jigs are'loaded and unloaded in
the abovefﬁentioned processes. Moreéver, since the fork
141 can not only move vertically and longitudinally but
also swing the end l4la vertically, even when the fork is
Geformed due to the weight of the wafer jigs, it can

support them in a substantially horizontal state, .so that



quartz process tube will not foul each other, because if 5 the fork end
+is deformed downwardly, this is corrected upwardly. An exanple of the use

of soft landing | oader with the above-nentioned basic functions will “
be Cribed hereinunder. First, in this thermal treatnent 10 appar at us,
the™e€l ative positions of the fork with respect to the quartz process tube

102 are separately shown in Fig. 10(A), Fig. 10 (B) and Fig. 10 (G, and
the respective positions are referred to below as P1, P2 and P3: at [err].a
the fork 141 is conpletely withdrawmn fromthe 15 quartz process tube 102,
at [err] the fork end 141a is positiongg in a soaking part 102a of the
quartz process tube 102, namely the wafer ‘jigs are positioned within the
soaking part 102a; and at [err] although having-been wthdrawn fromthe
soaki ng part- 102a of the quartz 20 process tube 102, ‘the fork end 14l1la i s
still withibhehe dsarliizykecessnéebeha@? taad i5idd NPy h oye-

menti oned i nner and outer caps 143, 144 arg fft%]tg fe’hédg or?uf%ef?q%gr‘{gom
process tubthehépektheyrc|tdsis ofdsé hetRatey i@PANidH- ¢+ t hese
positions, P1,P2 and P3, are set, _be 14- in?grégtﬁh\% arr%%an%t%g vél{eanéthe
furnace coneven whénemhendatie ianevedoBbwdwa®BIveM SRIVEIE Ansqd ol is
per f or med

quartz piocess tube Wili not foul each dther, because if
5 the fork end'is'deformed'downwardly, this is correéted
upwardly. T ' ' | T
An example Of.the use of thisisofﬁ landing ldader

with the above-mentioned basic functions will be
described hereinunder. First, in this thermal treatment

10 apparatus, the relative positions of the fork. with
respect to the quartz process tube 102 are separately
shown in Fig. 10(A),'Fig. 10 (B) and Fig.16 (C), and the
respective positions are referred to belbw as Pl, P, and
P3: at Pl' the fork 141 is completely withdrawn froﬁ the

15 quartz process tube 102, at P,, the fork end 14la is -
positioned in a soaking part 102a of the quartz process \Jf
tube 102, namely the wafer jigs are'positionea within the
soaking ‘part 102a; and at P3; although having'been

"withdrawn from the soaking part 102a of the quaffz

20 process tube 102, the fork end 14la is still within the.

guartz process tube 102 and at this'time, the.abbve-

rentioned inner and outer caps 143, 144 ére at the.end of

the guartz process tube where they close off the entry

opening. |

25 After these positions, Pi,Pz and P,, ére'set, by
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in nodes .such as shown in Fig. 1 A), Fig. 11 (B) and Fig. 11(C), thereby
to nake it possible to effect control 5 correspondi ng to. various .
trieatments. Nanely, MODE A and MODE B shown in Fig. 11 are enpl oyed whem,
treatment tenperatures.are relatively high, e.g., in case of diffusion/¢
treatment, therial oxidation treatnment or CVD treatnent for wafers. !
MODE A, after the fork is noved 10 to P2 in order to set the wafer jigs
mﬁtth the soaking part in-a step [err] shown in Fig. 11, the fork is
retreated to P3 in a step S2. Then, with the quartz process tube cl osed by
means of the inner and outer caps, a thernglgéreatnment such as diffusion

t hermal oxidation, CVD, 15 anneal ing or the like i s conducted. Since the
fork end is near the end of the quartz process tube at this tinme, it is
hardly affecte h_in ther treatments it nmay be possible

N ., Alth I
that the quart%ﬁgg{ggg*§§ %ﬁggngFﬁWﬁﬁ?zghﬁt§#%ﬁ%@%$@3¥?b@ﬁd§¥5$9mtﬁgd
20 . h tact itions ower ends) thereof, an
hahor 6 1o the iSHodHes cEoBfRbRC syaten Lﬁyé&:ﬁ et by LhoRn carnas
3 in whi | ccqrding, a r control, ;
gt ﬁgrswolrgs, Ib;C/qu’t Lntﬁoe{)%;éf%%nggfrsgg‘%%ntai& &rat"lg'ti-’n]e?’})‘t {Tgt)r-'kl aﬁQ/aﬁEQSFQS°_
to [err] from [¢f(d) .attﬁé%égg' f.ﬁi ﬁ%ﬁrVQtZ’%ﬁ)%ﬁe Fo dfFell Kontcdy €0 1S

I
upwar dly swung and position ere tor _
5 corresponding to various treatments. Namely, MODE A and

MODE B shown in Fig. 11 are employed when treatment
/ temperatures éré relatively high, e.g., in'case of
diffusion treatment, thermal oxidation treatment or CVD
treatment for wafers. 1In MODE A, after the fork is moved
10 to Pé in ofder to set the wafer jigs within the soaking
.part in a step s1 shown in Fig. 11, the fork is retreated
to P3 in a step Sé. Then, with the quartz process tube
closed by means of the inner and outer caps, a thermal
treatment such as diffusion, thermal oxidation, CVD,
15 anﬁealing or the like is conducted. Since the fork end
\_ is near the énd éf the quartz process tube at this time,
it is hardly affected by heat. Although in thermal
treatments it may be possible that the guartz wafer jigs
fuse with the quartz process tube due to the treatment
20 hgat ahd the contact positions (lower ends) thereof, and
| adhere to the inner su:face of the tube, this is
prévehged by means of a step Sy in which the fork is
operated according to a timer control. 1In other words, .
by thé operatioh of an iﬁterval timer, the fork advances

25 . to P2 from P3 at suitable intervals, and at Pz, the fork



' reby, the wafer jigs are lifted during that period, so that
'?ﬁQIOd e lggaraged fromthe {nger surface of the quartz process tube Tot .
pr themfromfusing 5 with the inner surface thereof. On conpletion
of'va operation, the fork returns to [err] again. The operat[on |eb| t
repeated at suitable intervals during the treatment to make it pOESI A?t ?
reliably prevent the fusing of the wafer jigs with the process tu e.h er.
the thermal 10 treatment is conpleted, the fork end enters under t ﬁ e
wafer jigs again in a step S4, and the wafer jigs are unloaded fromthe
gquartz process tube at a step S5. Accor%rmﬂy, even in high-tenperature

It ' f the wafer jigs as well
treatnents, it is possible to prevent tHe fusing o
15 as the thermal deformation of the fork, .so that satisfactory thernal

' i |l ustrated
treatments c¢an be conpleted. In MODE B. as shomn by steps [err] i
in Fig. 11,endtis vheandily swumy ard %@i@ﬂohahoth@%eq%ﬁtzat P?frP& S t“gﬁt
the fork is retreated to [err] i.e., the fork 20 i's conple rawn

of the quarRef indecesTheakby arthe vafer thbg&nhre! 2AERRA dut m@}ﬁgf

letion of the thermal treatnent, the fork is inserted an
again in SR qé 130t hadkehey oSS idE ot 66| fRdmt ke eVainde g | iy 44N t he

quartz process tube. The MODE B is 25 appropriate for thernmal treatnents
at extreneﬁflﬁqﬁ1quaqu process tube to prevent them from fusing
5 with the inner surface thereof. On.completlon of the
operation, the fork returns to P3 agein. The operation. ;;j
is repeated at suitable intervale'during the treatment to
make it possible to reliably prevent the fu51ng of the
wafer jigs with the process tube. After the thermal

10 treatment is completed, the fork'end enters under the
wafer jigs again in a step S,» and the wafer jigs are
unloaded from the quartz process tube at a step'ss.

Accordingly, even in high~temperature treatments, it is

possible to preuent the fusing of the wafer jigs as well

15 as the thermal deformation of the fork, so that

-

satisfactory thermal treatments can be completed.
In MODE B, as shown by steps Sgs Sq illustrated in
Fig. 11, after the wafer jlgs are entered into the quartz
process tube the fork is retreated to P, i.e., the fork
20 is completely draﬁn_out of the'quartz process tube, and
then a thermal treatment'is conoucted. On completion of
the thermal treatment, the fork is inserted.and withdrawn
again in steps 58' Sg to make it poss1b1e to unload the
wafer jigs from the quartz process tube. The MODE B is

25 appropriate for thermal treatments at extremely'high
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tenperatures, and it is nore effective if an automatic cap for the quartz
process tube is used at the sane tine. MODE Cis appropriate for treatnents

att relatively | ow tenperatures, such as annealing treatnment. In the 5 s
MODE Cin a step [err] shown in Fig. 11, the fork is advance to P2 in OTg§§g>
to enter the wafer jigs within the soaking part of the quartz process tu

and with thits condition maintained, a thermal treatnent is conducted. On
complegtion of the thermal treatnent, the wafer jigs 10 are unl oaded from
the quartz process tube in a step [err] Singg the treatnent tenperature is

| ow, needl ess to say, there is no possibility of any thermal deformation of
the fork. It suffices that the above-nenti oned nodes are 15 previously
programmed and fcd to a microconputer so that a desired npde can be

obt ai ned by deprtesmpenatarss ccandniswiscmorien effertifvelr i Ngh NSutbRatic
“apparatus so as to be an all-purpose nmachine, the arrangenent is such that
the fork can becapnfgirl \thepequartiz progcesst tabef iiccuded 20c tive r 496 t1ige.
switch panel of the control panel |01A such as shown in Fig. 12 . In such

an apparatus, an opeM@DE0€ S\@ tappyepupatesfon itredtmentpaat pélibivebype

for controlling_the operation of the fork can be used in sem automatic and
manual nodes. LAY k& PRULRRie, skeh as anngal iing direattmenonl yInhthe a

§mntch of tge QEBBE bsin a step S10 shown in Fig. 11, the fork is
advance to P2 in order to enter the wafef jigé within the
_soaking_part of the quartz process tube, and with‘this
condition maintained, a thermal treatment is conducted.
On completion of the thermal treatment, the wafer jigs
10 are unloaded from the gquartz process tube in a step 511'
Since the treatment temperatuge is low, néedless to say,
there is no possibility of any thermal deformation of the
fork. |
- It suffices that the above-mentioﬁed mﬁdes are
15 previously programmed and fcd to a microcomputer so that
N a desired mode can be obtained by depressing a selection
switch.. In case of arranging the apparatus so as to be an
all-pﬁrpose'machine, the arrangement is such that the
| fork can be manﬁally operated, e.g., it suffices to
20 arrange the switch pane1 of the control panel 101A such
as shown in Fig. 12 . In such an apparatus, an operation
switch group 145 in the lower part of the panel for
controlling the operation of the fork can be used in
seriautomatic and manual modes. 1In the manual mode, th;

_25 fork is operated only while a switch 6f_the group is



.17 being depressed, while in the seniautomatic node, once the switch is
depressed the fork is aut-omatically noved and stopped at the subsequent

In addition, the above-nenti oned nodes A, B and C, are mmade

L]

t hr ough selectlon of switches 146 corresponding to A, B and

octively. The function of each of swtches of the control panel shown
12 is as follows. Depressing the PONER switch permts all power 10

sources of the soft | andi ng | oader to be turned ON. Wien- MANUAL is turnag

ON, the man
effective,

that switch
145 are mad
soft | andin
correspondi
LOCAL MODE.
| oader can

soft | andin

ual node is obtained, and eagh of switches 145 are nade
so that while each is ON, the operatlon node corresponding to

is actuated. When SEM AUTO i s turned ON, each of 15 sSwW t ches

g effective such that when each is depressed (turned ON), the
gbebadedepuessed caliilamimsthe s6miaukoR@tany el tidfkd N the

ng direction. Wien LOCAL is turned ON, the node I s changed into

Wheswirch is depressad e fork WB! aakorfatita 139/ tndwlli Ng
be teggorarlly stopped. Figs. 13 to 16 show t he sequences of t

PPda

Fig. 14 shows_the sequence in the MODE A 25 shown in Fig.ll ; F|g

15shows. .t he
5

10

15

20

25

§gﬁﬂ%n@§nphopﬁg modes A, B and C, are made available
through selection of switches 146 correspondzng to A, B
‘and C respectively.

The function of each of switches éf the control
panel shown in Fig. 12 is as follows.

Depressing the POWER switch permits all power
sources of the soft landing loader to be turned ON. When
MANUAL is turned ON,_the"manualzmode is obtained, and
each of switches 145 are made effective, so0 that while
each is ON, the operation mode corresponding to that
switch is actuated. When SEMIAUTO is turned ON, each of
switches 145 are made effective such that when éach is
depressed (turned ON), ‘the soft landing loader
automatically moves to the subsequent position in the
corresponding direction. When LOCAL is turned ON, the
mode is changed into LOCAL MODE. When STOP is turned ON,
the motion of the soft landing loader can be temporarily
stopped.

Figs. 13 to 16 show the sequences of the soft

~landing loader respectively: Fig. 12 shows the seguence

in LOCAL MODE: Fig.l4 shows the sequence in the MODE g

shown in Fig.ll ; Fig. 15 shows the sequence in the MODE

he

?ppggpé@}t ithe ysubiieguerrt shosdtiba. sequ:emllﬁltheNODE

Jf
Y
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18. B shown in Fig. 11; and Fig.. 16 shows the sequence in the NDDE_C.sgomn
in Fig. 11. The present invention is not limted to the above-nentloEe
pféferred enbodi ment, and in practice 5 . devices for noving the for
longi tudinally and vertically and for sw nging the same vertically.can
many forms. As will be fully under st ood fromthe foregoing desprlptkon,
since in thé thermal apparatus accord|n9159 the present invention the
jigssean be lifted 10 intermttently by putting phe formin and ?u:he
during a therms shawei BOtFid] 15; OSSP, t 05 RGN ttﬁé‘%&%&%ﬂgﬁf o
wafer jigs with the process tube due to heat as we as to prev the &
thermal def or nekn drheofMADE: ¢ ashown hint g f aanpke it possible to conduc
thermal treatments very satisfactorily under high- tenperature conditions. -
Moreover, in the appar at Rhel@mesdrs inverst js it O DEBVEDN £ SRS gt ! O”d
of dust particles by maintaining the inner surfape of the_process.tu S_an
the wafer jigs agaowmqqa@w Ryrefanned: tertdimertth, eanh i hefadwideoadi ng

' or i [ transmtting the wafer
and unl oad ng er jigs, since the fork for
g% e“kﬁgﬁﬁh

t.he ; .
dl ; vi T flozks tl apgrittivskiinal lanandngrtidialalyl y
jigs is a pte%fet&cﬁé & MR andtrzlwafer jigs can be

m)t/'gdr\?zir)teﬂ:alt %f/itdh%g&'hb;yqa&lﬁltﬁ{g? r%e%t@n{egﬁr%%%%ally can take many forms.
As will be fully understood from the foregoing

description, since in the thermal ‘apparatus according.
to the present invention the wafer jigs can be lifted

10 intermittently by putting the form in and out during
a thermal treatment, it is possible to prevent the
fusing of the wafef jigs with the process tube due
to heat as well as to brevent the thermal deformation
of tgé-fork, thereby to make it possible to conduct

15 thermal treatments very satisfactorily under high-
temperature conditions. Moreover, in the apparatus
described it is possible to prevent generation of dust |
particles by maintaining the inner surface of the process
tube and the wafer jigs or the like out of contact

20 with each other in loading and unloading of the wafer
jigs, since the fork for transmitting the wafer jigs
is adapted to be able to move at least vertically and
longitudinally with respect to the thermal treatment

furnace, and the wafer jigs can be moved vertically

.25 by swinging the fork end.



) it us I Si ng: hori zontal |y
19. CLAIMS: 1. A thernal treatne arat us conprising: a _
ext endi ng furnace tube for subjgctlng l " ', ﬂu!ﬂ | treatnent, S?Id _

f drnace tube 5 havi ng an openi ng; s Al 4 ng in horizonta

i i i i irali f wafer jigs \
direction and having a portion adapted to have a plurality of \ gs
t hereon; noving neans for noving said carrier between a 10 first po/

L he’ furnace tube to a second posit?%n i nsi de the furnace tubef(g
?gEZLEetLe wafer jigs in the furnace tube and to renmove them from said
tube; control neans, coupled to said noving means, adapted to control
novenment of sai@rggmgier between said 15 first and said second positions
-in accordance witnm a plurality of predeterm ned nodes conposed ofdQ|ff?rent
sequences of ”DVenent-AZthermaf‘Ehﬁieﬁénéréﬁéé?%@ué“ﬁﬁ%é?#ﬁgﬁggor !ng_do 1
claim1l wherein in one of said npdes said carrier iIs at'e inside o
sai d furnace tube duriagh¢hbzomtallgaéxeendind feddb@NQide ey sai d nodes,
said carrier is located outside of said furnace tube during thernal
treatment. 3. Subjeehingravafensitoenthenpsl ot tsa ey digiid Eurmidd +uWe
claim 2, mhgrein the control neans provides for the 25 carrier an
al ternati ve? postYthg wiR rePeRIRS Larri er tube :

a carrier extending in horizontal direction and
having a portion adapted to have a plurality of wafer

jigs thereon;

o

moving means for moving said carrier between a
10 first position outside the furnace tube to a second
position inside the furﬁace'tube'to locate the wafer jigs
in the furnace tube and to remove them from said tube;
control means, coupled to said moving means,
adapted to control movement of said carrier between.said
15 first and said second positions in accordance with a
Plurality of predetermined modes composed of different

sequencés of movement.

o

W 2. A thermal treatment apparatus according to claim 1
'wherein in one of said modes said carrier is located
20 inside of said furnace. tube during thermal treatment,
while in another of said modes, said carrier is located
outside of said furnace tube during thermal treétment.-
3. A thermal treatment apparatus according to claim 1
or claim 2, wherein the control means provides_for the

25 carrier an alternative position within the carrier tube



20. in which it is held partla Iy retracted iﬂﬂmFsald second position and

cl osi hg neans are m)unt ed on the“““‘m‘““ ﬂ‘ the tube opening in said .
alter t|ve position. 4. At apparatus according to any

one f the precedlng cl ai ms wher‘ei fi sald predet erm ned nodes include
diffe thermal treatnents for the maE 5. A thermal t'reatnent
appar st according to claim4, wherein ald-different thermal treéatnent s—

include treatnents at different tenperatures. 10 6. A ther nal A
treatment apparatus according to any one of clains 1 to 5 wherein said

nodes i ncl ude 0 t h
eid‘u??’n é’ﬂ\t g t%her m:]% fri@n 1l tys aerttz%rcmeh ¢y sa3@sadconlgo the

furnace tube reat men lift the wafer jigs during
sai d thernmal JJ8aliHHtand\her ) dsd niy aeiis falt%l Rbuhted O tthe wakeriel g

during the thermal treatnent.
to close the tube opening in said alternative position.
4, A thermal treatment apparatus-according to any one
5 of the preceding claims wheréin said predetermined modes
.include different thermal ﬁreatments for the wafers.
5. A ﬁhermal_treatment apparatus according to claim
4, wherein said different thermal treatments include
treatments at different temperatures.
10 6. A thermal treatment apparatus according to any one
of claims 1 to 5, wherein said modes include one in which
~ said carrier is intermittently passed into the furnace
tube d&ring the thermal treatment to lift the wafer jigs

during said thermal treatment, whereby to prevent fusing

15 of the wafer jiés during the thermal tréatment;




