METHOD AND APPARATUS FOR THERVMAL TREATMENT O F

SEM CONDUCTOR WORKPI ECES [ 0001] Field [0002] The
wW@e@9em763 nventi on rel ates to an apparat us andPGI/GN2100/d70582

for thermal treatnent of sem conductor workpieces.

More specifically, the apparatus includes two

C ONMETHEIDt AN P PRRATRNE ORI E RIAA La TREATNENE OF

door between them The apparatus and nmethod all ow t he

sem conduct or &EMHCEND e TIOR VORKPIE&IES from

doubl e sides by nultiple heat transfer nechani sns at

two different tenperature settings. [0003] Background

[ 0004 .the production of sem conductor workpieces,
ﬁ%?é)dsﬁ@gerl als layers are deposited on a substrate
ice fabrjcatio sited er.s
haf@@?f%ﬁeme%ﬁe | fRredlipaneiateS §8ran AR Btisqand a method

forr P Blody EPRRDENAT seififduBlor JifkeiEen  Morg specitically,

thc% %@r@%@tpgnﬁ ‘fu8 s"RU S RiGhfe i ‘tlﬁéirng{P'{P@ﬂr%eﬂt chambers and

rea pr ocess Is require 0 reduce or

a Rtratey 8 886?‘5‘0 h“tﬁe‘?ﬁfqﬂéagfﬁ h§nd method allow the
nsferr e

sem con UCtOI‘ Wor Kpl eces are tra tothenx

seﬁﬁ@bh‘éﬁ‘ldt@ﬁ WHFR |é5é1$rb§|9cﬁ@$h’?eﬂﬁl Py gtesd Wr’rﬂ%ﬁ%@le sides by
thermal treat ment process to i nprove their physical

multiglelhedtrraakfor precharismsat texaifferémetdrinperature settings.
deposited copper filns in copper interconnect process

need an anneal process to reduce their resistivity and

stabilize grain structures before the subsequent

chE@3) Bm&qgamuml pol i shing step. Conventi onal

thermal treatment is realized with a single

coEQQM] Ve, t&%rﬁf&dw@@rméﬁmmmt%w@ﬁw numerous

si ngl.e side thernal trgginent often lLeads to ? ..
mqtﬁr ﬁl'af/@ﬁ%eﬁr@t depasitaf ARt 2aPURstALE dHripEn §¥'Qﬁ abrication.

sen.co ?uctor mor ece

Th& ﬁ@@ﬂsé DR @Lﬁ% ¥eidi §e£%Pf$%%rm§J&¥%?”S'°” coefficients
antCEBRtA S nehAThSRts, EI%?SHEG Mihlesired microstructures, which

all have negative effects on the semiconductor workpiece quality.
Commonly a thermal treatment process is required to reduce or
eliminate these negative effects before the semiconductor workpieces
are transferred to the next fabrication step. Other deposited layers may
need a thermal treatment process to improve their physical and
electrical properties. For example freshly deposited copper films in
copper interconnect process need an anneal process to reduce their
resistivity and stabilize grain structures before the subsequent chemical
mechanical polishing step. Conventional thermal treatment is realized
with a single conductive, convective or radiant heat source. The single
side thermal treatment often leads to a large initial temperature gradient

along the thickness of the semiconductor workpiece in the direction



difference in thermal expansion coefficients anong the
| ayers, result in stress msmatch and deforns the
W@ e900iTact or wor kpi ece, conmmonly known as " bpti/ay2007/070582
Severe bow ng can cause device failure and yield | oss.
In practice the sem conductor workpiece is usually
peppendézuled tboits ayréaced Safch iavte mgieratutdgradeemipltogether with
treatment at the desired tenperature to reduce bow ng.
differendeie theemalrexpanshen moefficierts ainsoggetite yayers, result in
i ncreased and the process throughput is limted,
streisgi misMmatckngnisly dedermsgthe semigonddetan wiarkpiece, commonly
process thrqughput. An apparatus and a nethod for )
KnpMet @ EP%E\ h-n%%ferﬁ AL BB CRYSpAsyéce failire and yield
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to Y @Cﬁém)'iHﬂF Wh%F%Q tRE! ?i'ﬁgédpﬁgg{ﬁéﬁﬁﬁ rerg‘t%tr?'eé‘;s'tg is greatly

chanber s, each containing a firs

incrR'4s aéﬁdatﬁéc%%c‘ae'ﬁ“i‘ﬂrohg?@d"fe% ﬁgﬁ@?/&a ShRilBWY lengthy

thermal treatnent ch rs ar epar at e

cobfihgasteddlcarfiapso IIMRAOHe broeassetMedighplit. AM&pparatus and a

appar at us conprises a heating chanber "and a cool'ing

methatéor beenaay erdatpathy ofrsemgedn duttorworkpistadlweith smaller
door between them The retractable door has a heating

ternperatarel gaadmrt agd! rgher éficiegcy drieedesiret: eat nent
process, the retractable door noves in to separate the
heati ng and cooling chanbers. For a heating process,
the heating | ayer of the retractabl e door provides an
adifIQ02hauUmMBanyng source for heating the front side

el G0f Thie ceSpetrialierbion REoBs ararparates and a method
ror SPRERICUA, ALY S50 o eV COREHGh s "B PBificonductor
workpReESL iRt b8 closely arranged thermal treatment chambers, each
containing a first thermal treatment source and a second thermal
treatment source, the two thermal treatment chambers are separated by
a retractable door.

[0007] In one embodiment, the apparatus comprises a heating
chamber and a cooling chamber being vertically arranged with a
retractable door between them. The retractable door has a heating layer
and a cooling layer. During a thermal treatment process, the retractable
door moves in to separate the heating and cooling chambers. For a
heating process, the heating layer of the retractable door provides an
additional heating source for heating the front side of semiconductor
workpiece, in addition to a fixed heating source for heating the back

side of the semiconductor workpiece. The semiconductor workpiece is



mechani smfor a cooling process after the heating
process is conpleted. During a cooling process the
WO eaovaed7edbl e door noves in between the heati ngP@NEN2007/070582
cool i ng chanbers. The cooling |layer of the retractable
door al so provides an additional cooling source for
tracportedt lietd r tme  sodding  thansiser chyduzt eerticak ptrecsportation
in addition to the fixed cooling source for cooling
medcieabiseh for de coblingspsecessrafter the weading qrocessos| completed.
In one enbodi nent, the sem conductor workpiece is
Dwr%eat@@ohmgwpb@@ﬁssrm retiagiable slaes menes ia between the

heati ng process recoal ed fron1b th fraont and back
he s ahet 6581 RGERA r@oJEla@scoch AYER Gribe retractable door

alSEh pTovides |t SAaRBE oo lingr s ot TRbrcoaita e Tront side of
th%%%?ﬁ@a%@ﬁfb WoBkBfireeln ATRILGhIRCHTR f el Bopying, gource for
coBflﬂg B%c?fsﬂdlcéhofrgﬁ% %‘%{’rﬂ@d@ﬂ?éﬁﬁ]ﬁﬂ&b&?ﬁﬁ & provi ded

eatlng rst heati ng

So (68 ofn hesid n%rﬁB%d%@hﬁ' @ﬁe"fsér'?n‘?céﬁﬂhé%‘rd“w&kplece is

pi € The retractabl oor noves in between t

pré‘ﬁéété@ fl’f’é‘ﬁ'l Both iffen € B BaEkIsidayd befbrald Real r‘%?ﬁécess and
he sem conductor workpiece is transported into t

pr@@@bldd}fr@rﬁrﬁ@trh front dred ibek sldés defons tzatooling process.
mechani smfor a cooling process after the heating

pr [3G33] ils copl erdsbdimmsertotbecappargatasucoenpases a heating
cooling the front side of the sem conductor workpiece
chagnpepaingea ¢cooling chramber kamparrangedduortizontalty @djacent to
first cooling source for cooling the back side of the
ea§@npé|6ﬂ6u<\!\ﬂﬂ? w.ezpa@t@éolemgorebea@esm theabr Amseeondh heating
bet we he heatl ng nd, caol in hanber s dur| ng the

SOHEG® | oe i sideg ot Egenductor workpiece is
pray i ﬁhiﬁsﬁﬂo eraﬁﬁd%ﬁ%ﬁ{ﬁ iifyaes tiaghie anfisst Beating source for

heating the back side of the semiconductor workpiece. The retractable
door moves in between the heating and cooling chambers during a
heating process. The semiconductor workpiece is transported into the
cooling chamber by a horizontal transportation mechanism for a cooling
process after the heating process is completed. A second cooling
source for cooling the front side of the semiconductor workpiece is
provided in the cooling chamber, in addition to a first cooling source for
cooling the back side of the semiconductor workpiece. The retractable
door moves in between the heating and cooling chambers during the
cooling process.

[0010] In one embodiment, the heating chamber and cooling
chamber work simultaneously and a plurality of semiconductor

workpieces can be proceeded continuously.



wor kpi eces can be proceeded continuously.[001 1] In
one enbodi nent, the sem conductor workpiece is
w@e@beatrexl from both front and back sides bef oOPEI/@N2007/070582
heati ng process starts and precooled from both front
and back sides before a cooling process. [0012] In one
enfdQi tentn tdre r embotablentdodher esemésondacteat wiorkpiece s
t he heating chanber when the cooling process is
preeeatedetionm bath dooht nrendhbhaickr side® 1beforen arfeeating process
enbodi nent, both conductive heat transfer nmechani sm
stafite @06dveERcaelatkifom: Besh cironscaadi kackrsidas lbefese a cooling
for double-side thermal treatnment of the sem conductor
Pro@e@&pi ece. [0014] In one enbodi ment, a nethod for

AL F A A E L S HaclBHE G50 b Froves the heat
fmih‘éﬂ%”ﬁ'ﬁ‘%ﬁ@%?ﬁéﬁ%@gwﬂﬁﬁ TheLEBallgoPESERs ¥ Perttmed in the

eparate the chanbers. Myving the
COB[I a%lﬁ%mtgeﬁoor i n between the heating chanber and

pf@]CCWﬁ”bSHean@rﬁbéaﬁﬁ%tt' NG GthS € EoRRUEL Rl heat transfer

e Into the heating chanber; starting heati

MEEIPERRIARS andD\HoH ddtf/e %éé@ttﬁﬁhgfé#o%eéhbnb@ﬁ/\@% tl,hﬁized for
heati ng chanber and cool i ng chanber and transporting

douhde-ssitecttretiralofreadmiaritesfetHer eentic® ntRadton avorigiieee.

into the cooling chanber when the heating process

cofg0 M4 kdn rane ngnhedimeenictaabinetdoadr fon treermah treatment of

heati ng chanber and cooling chanber and starting
sepuebnaly giob cwoskpieaaanispprovicgd. héfr@erproaaascu@rsultable for a

morkﬁlece out of the cooling chamber. [001 5] In on
thevmpattraatment mna;ratwérwﬂhevaﬂlcal%éta@mdcheatmg and cooling

senm conduct or e | s provide proce
ch3TTh g ARe,a STRAREIS Aobit reRio\dges: Kt SERATERS the chambers.

\%'gzqtﬂt alrI raaétr%nge%o%eratlhn%eafween the heating chamber and
cooling chamber and transporting a semiconductor workpiece into the
heating chamber; starting heating processes; moving the retractable
door out between the heating chamber and cooling chamber and
transporting the semiconductor workpiece from the heating chamber
into the cooling chamber when the heating process completes; moving
the retractable door in between the heating chamber and cooling
chamber and starting cooling processes; transporting the semiconductor
workpiece out of the cooling chamber.

[0015] In one embodiment, a method for thermal treatment of
semiconductor workpiece is provided. The process is suitable for a
thermal treatment apparatus with horizontally arranged heating and
cooling chambers, and a retractable door is provided to separate the

chambers. Moving the retractable door out between the heating



cool i ng chanbers, and a retractabl e door is provided
to separate the chanbers. Mwving the retractabl e door
woeivz7eken t he heati ngchanber and the cool i nECTYANRAGY2070582
and transporting a first sem conductor workpiece into
t he heating chanber and a second sem conduct or
chamlker ecandnt théhe coodinghg ctremifesr; rand notreheporting a  first
retractabl e door in between the heating chanber and
senuobnay atbanimorkpneicet antd nipeneheatigganchaodiemegand a second
processes; transporting the second sem conduct or )
selwerpideedobutworkpigeec ottengththaesling + @hambegoomaying the
process conpl etes; noving the retractabl e door out,
retracizrlle F’ﬁ@rh'é‘agﬁﬁ‘{;{e@{h grh@atingoshampenanstcogling chamber

transaorti t sem conduct or vvorE%iéece

.he fi f
anth STAENG nRCakBGaNd GISIHG BrRtesEesndrrsparing the second

selRb M PR R 18t SHELEBRIA yRellbt dter the cooling
or A AR S SFIPNE 1180 4L BEHASRL! B3 BRAS e neating

ch?ﬂ%éf‘%rﬁ)g&?ﬂngﬁ :ch{ﬁ%?i A9d 1P&n8 BYﬁngtﬁ@firépg%%icond uctor

n one e sem conduct or workpl ece 1S

watkpiees o Retfe hédenfeshambel MBSthe IdIm@thamber after the
precool ed before the Cooling process starts.” [0017] In

heatitige Mprdicesst . dorhplatesductrane postihgt r @1sftRird  semiconductor
mechani sm and convecti ve heat transfer nechani smare

warkplieeedintor théeheatiige-ctiata berer mdvinge theeretractalble door in
wor kpi ece. [001 8] The adapted doubl e-side thermal _

betwesmthe haatingiahamberane cadlngichanbetyanrastarting heating
uniformty of the thermal treatnent and reduces

angdhepalng Rrosessa s maraating thenkeviardess. wor kpi ece

e Bl B8 o oGS T Lo B Srorkgiece. s
préaﬁggpetélgoeesfoorfe h?ée heating process starts and precooled before the
cooling process starts.

[0017] In one embodiment, both conductive heat transfer
mechanism and convective heat transfer mechanism are utilized for the
double-side thermal treatment on the workpiece.

[0018] The adapted double-side thermal treatment mechanism
increases the efficiency and uniformity of the thermal treatment and
reduces thermal stress mismatch and semiconductor workpiece

deformation.

[0019] Brief description of drawings
[0020] The above or other features, natures or advantages of the
present invention will be more obvious to the skilled person in the art by

the following descriptions of the embodiments accompanying with the



present invention will be nore obvious to the skilled

person in the art by the follow ng descriptions of the
W@ pinosizarent s acconpanyi ng with thedraw ngs, thRCEHENEI07/070582

sign reference indicates the identical features

t hroughout the description, and wherein: [0021] Fig. 1
drawingsr athes samieevsigh aefesaisseniheitatber the tidenaticahtfeatures

apparatus with a heating chanmber and a cool i ng chamber
thnoergheut the desangpdibveandoaheyei:th a retractabl e door

t her ebet ween; EOOZZ! Fig. 2 illustrates a side view o

a [H2hkFig rtesl usinatesp gavigwofnat disassarmbleshithermal treatment

aptpgﬁstgzt. o4 belebhr 40808 e Chamber vertaly

o el Wbty S bRt ey
&I@]aFE%ar glt“féif#ﬁﬁ é %ggewte? @'ﬁgﬁpqﬁﬁg@h%ﬁpéjattrﬁgnt apparatus

W|tH ng\lzy ?ttrp%'srﬁﬁglh'e{g Iﬁﬁg{éc 3 nﬂ%%r%%}/éﬁ‘i’cgl‘?gt 'Manged with a

retrébt‘c%lbaél%rttﬁ@ré‘ﬁéfwgehhat a retractabl e door with

two separate parts noves into and retracts out of the

Chﬁ)ﬁ%]s FigO®2MLishidtes’ thé ! Hdthaldesn afdiioR' tHetRAfactable door

that a retractable door with two separate parts noves

move intedanelt reteastoout of theeckhandsertsys; [0028] Fig. 8
illustrates a side view of another thermal treatnent

ap[x024 LB igudth aanch &aq) i419 ikbsirbée thedsametric mopdtapheew of the
vertically arranged; [0029] Fig. 9 illustrates a view

retoactallesdeoenbl ed thernmal treatment apparatus with two
thernal treatnment chanbers positioned horizontally

wi (3025} kig actlusiteai@sonnt isorastiqedaw pbestixed @eatog member

i I I lﬁtrates an [sonetric view of a sem conductor
in the heating chamber;

[0026] Fig.6 illustrates the method that a retractable door with two
separate parts moves into and retracts out of the chambers;

[0027] Fig.7 illustrates another method that a retractable door with
two separate parts moves into and retracts out of the apparatus;

[0028] Fig.8 illustrates a side view of another thermal treatment
apparatus with a heating chamber and a cooling chamber vertically
arranged;

[0029] Fig.9 illustrates a view of a disassembled thermal treatment
apparatus with two thermal treatment chambers positioned horizontally
with a retractable door therebetween;

[0030] Fig.10 illustrates an isometric view of a semiconductor
workpiece transportation device.

[0031] Fig.11 illustrates a view of another disassembled thermal

treatment apparatus with two thermal treatment chambers positioned



wor kpi ece transportation device. [0031] Fig. 11
illustrates a view of another disassenbl ed thernal

W@ e@aneEss apparatus with two thermal treat meneCT/CN2007/070582
chanbers positionedhorizontally with a retractable
door therebetween. [0032] Fig. 12 illustrates a view

hooizomatlpevithi s astractabte toerrthierebetiveem. appar at us
with two thermal treatnent chanbers positioned
holQG32} &igy1 illusiratesr acvaewe oficanotter ebhsaseembled thermal
[0033] Fig. 13 illustrates the nethod in which the -
trepdme My agppansdus with dve ithgroralnbr@ataent khambers positioned
t_ranspﬁrta_t' on rrechan!afrrs are arranged. [0034] Fig. 14
horizamdalywidhiasetiasbable 8Rosrthere GgW&@tn-of appar at us

T R LU A p—
ind 35385l SELHETERS (Bind RS ERBRLHenARRHL e arranges.

0 (POSAE G RS SPGB GIAADY apparatus
wigpp&é't?éﬂgfét HEYRED SR ﬂ%to\ivri@%hé”tgaﬁgfér?éevl’&é chis

xed heating or cool'l ng nenber the heating and
cool i ng chanbers are separated by a retractabl e door.
The retractabl e door noves in between the heating and

co03%] Dietatletsddsciiption bEthé rInbbdémeritsy process.
The retractabl e door provides an additional heating

source for heating the sem conductor workpi ece. The
heati ng chanber realizes the doubl e-side heating of
t hiD E st londodiorent et heiApparatusi xed heati ng
nmenber_for heating the backside of the sem conductor o
wokdb3 ek Acarding &Ot pBEcaagPrech il the fresgnddnventiqi, providing
heati ng,the front side qf the segi@conductor wor kpi .ece.

[

t
ansARRAALYS AAMRIESAL Sl %%906 mbeheand: faePRHNG chamber

velliGaE A7aRRER £ Pa GRS 3redEalingafr iihlin source,

whi@R! 9% $¥¢FSeating or cooling member. the heating and cooling
chambers are separated by a retractable door. The retractable door
moves in between the heating and cooling chambers during a heating or
cooling process. The retractable door provides an additional heating
source for heating the semiconductor workpiece. The heating chamber
realizes the double-side heating of the semiconductor workpiece with
the fixed heating member for heating the backside of the semiconductor
workpiece and with the additional heating source for heating the front
side of the semiconductor workpiece. Similarly, during a cooling process,
the retractable door also moves in between the heating and cooling
chambers. The retractable door provides an additional cooling source
for cooling the semiconductor workpiece. The cooling chamber realize

the double-side heating of the semiconductor workpiece with the fixed



for cooling the sem conductor workpiece. The cooling
chanber realize the doubl e-side heating of the

W@ 09poiTéict or wor kpi ece with the fixedcool i ngPeEAN2007/070582
for cooling the front side of the sem conductor
wor kpi ece and with the additional cooling source for

cootingi nmeirhbebaderi deoding hthe efitartndsicieor ofvothei seeniconductor
[0038] As shown in Fig 1, a view of a disassenbl ed

warkpiece @nsht witht Hypaaddiktonat hcaolngt isaurdeantosr coaling the
a cooling chanber vertically arranged and a

bac&sr@n&%h@ YBYCORdHEtRE Wagkpiegei | | ustrated. The

t her mal apparatus 100 conprises vertically arran
he&iq:ﬁ%] d‘ggnﬁ PWI2H aR@ cbold nYi€WhaRhed MS‘P%%]I%' thermal

oSN AR W £ RS SRTL il ramoor
oD AR S5 SRR G A9, st
ThEETRImiA0 aprafandt 106 Nohdlsed CyBRRtAND. SAINGE heating
ch'thﬁnﬁéF 1924 cﬁb%%wacﬁfarﬁﬂér heggth Neh ‘Eﬁé'@ﬁfdbd'dqﬁ?eﬁﬁéhown in

e sem conductor workpiece to be transferred 1nto t

F@eﬁt, | frie Ché@?i‘ﬁg hahber oA byt E)@@iﬂi’é‘lﬁédl%dér ah%o cooling
provided in the heating chanber 102a to provide

chaesivéer etD2buiThauheatinghehzeabeng10pacessl theveviolitng) chamber
transportati on nechani sm 107 is shown at the bottom of

102heahe s8¢ paratearbyra rétractabié chbot NS parfieeddmeating member
mechani sm 107 conprises a plurality of pins, at |east

108 st set raindper basal glodhei hreatirg sehabweluowbich is kept at a
wor kpi ece. The vertical transportati on nechani sm 107

constanhitesnpetatyyeanfadvingtlay 109 fisr setanbpdhei sidewall of the

posi tioning the 1 conduct or wor kpi ece. However, for
hegfiaigr E0@MIbERYcHIZ 8N, 101t e meemm cdVORkpIadR to be

oA RS o KRBT Aohald ARG o 19 i o
proVRISE T S HIHIRRS APAR0EN 9094 15991 dIdeCPEGRfEd fluid during
the heating process. A vertical transportation mechanism 107 is shown
at the bottom of the heating chamber. The vertical transportation
mechanism 107 comprises a plurality of pins, at least 3, to transport and
position the semiconductor workpiece. The vertical transportation
mechanism 107 is controlled by an actuator 108 for transporting and
positioning the semiconductor workpiece. However, for the present
invention, it is mainly concerned that the actuator 108 controls the
vertical transportation mechanism 107 to |lift the semiconductor
workpiece from the heating chamber 102a into the cooling chamber
102b after the heating process is completed. In one embodiment, the
actuator 108 may be a step motor, a server motor or a cylinder. A

second window 109 is provided on the sidewall of the cooling chamber



102b after the heating process is conpleted. In one
enbodi nent, the actuator 108 may be a step notor, a
W@ 20002676t or or a cylinder. A second wi ndow 1BOI/{¥2007/070582
provided on the sidewall of the cooling chanber102b
for the sem conductor workpiece to be transferred out

102b tfoe thl semicoadibetor Avookpi@cetol bd, tranistérred out of the
conprises a fluid distribution system and provi des

coolingi chaniber.dAi top pikeecdOMi, nghudtadeam prisess Roflaichidistribution
the top of the cooling chanber 102b. The retractabl e

sygtamn and provides aeasiiresh f%duat@rth@mpwlmmmbm i:ehown at
chanbers and retract out of the_chanbers.

th%ﬁlﬁ_@o?n{hﬁ qu{mg}l prlmziéaﬂ-h rWaPé%l%lﬂ g@%y1 @3 is driven
bypHBsBRiUAiRTeADRot VS BhicEhsurB h GRS G refragi put of the
chghiSete. b HEOmishanT Sk, 40fa o £3% dth B fifiple Mented by

a %@g?@élsoltpél‘i’éfbﬁf%eaﬂo%%@d 11paRkh JAetl| tBOtLHeC%réani’rlnventlon,

onal ~ coo0 I Ng source so as to re

thé’%'?r‘a‘%:tabﬁe? dd6r 18l3 Wlﬁ%ﬁ&”hdvdé’?ﬁséeﬂ/\%éﬁeche 8hambers when

sem conduct or wor kpi eces ccordi ng to one enbo

a heating«¢tokesti be Feed6lingNpidCedeat perffiaidgr Tiee retractable

heating coils or other heatlng nmeans, and additi onal

doopol 0Bgalseupeevides: appedditioneil Ihe\atuhgasoorzt@randbeamgaddutuonal
circul ated through the cooling coil to renove heat out

cobling sbercesccasdicctealizerk gicedde-§id@3tieMrbktraatnent process
Fig 2, which illustrates a side view of a thernal

to ttheatsemicanguctaruwarkpiece seficerrdingnteronadembodiment, the
cool i n% chanber vertically arranged with a retractable

flxadohea ieige pRe ke, imdheehgatino ghataber isbhepsing p@lls or other

2 are used for heat, exchange neans.in the wa
he@ﬁ' ENRaRsH r@@h%ﬁaEPOQ@ZQOQH@Q SAUECHi 12 &OQ'HEQ CO" with a
chamber,_10 The at _exghange
coffit Plirter g Halated thesdh TR R IE8 i 1§ agindVE Hea out from
¢ o referring to Fig 2 , the

the SERAIR Forgr NRBkR1ERRE [

[0039] Referring to Fig 2, which illustrates a side view of a thermal
treatment apparatus with a heating chamber and a cooling chamber
vertically arranged with a retractable door therebetween. Tunnels 211a
and 211b shown in Fig 2 are used for a heat exchange means in the
wall of the heating chamber 102a and in the wall of the cooling chamber
102b. The heat exchange is by means of circulating water or other fluids
at a fixed temperature.

[0040] Also referring to Fig 2, the fixed heating member 106 is
shown at the bottom of the heating chamber 102a. The semiconductor
workpiece can be transported by the vertical transportation mechanism
107, put on the fixed heating member 106, and heated from the back

side by the fixed heating member with a conductive heat transfer



shown at the bottom of the heating chanber 102a. The
sem conduct or wor kpi ece can be transported by the
W@ 200002Ebs t r ansport ati on nechani sm 107, put onP€TIEN2007/070582
fi xed heating nmenber 106, and heated from the back
side by the fixed heating nenber with a conductive
mécizanismn¥ecoreingnic mneA@mbadidignent, dhe &ixeddheating chamber
the fixed heating chanber 106 in the heating chanber
1060math & hiesdinghghashber di02a e heating cgilseansther hieadihg means.
cool i ng nenber 201 is shown at the top of the cooling

A tikagpeoolingonemben Bhivw&hmmn, at the topeel Hveigarjing chamber
1006 151 A€ e0TaOATREN el o6 (GRPRGrSBPMIDRT 286l 45 mrsembled
on fim O T SHitAGs Qs 8 SapRfacst d th-uf Ho BXeHecppling member
203 5o th B SRUBNALE S LD SRR, FoCBEH e pb8 transter
mEEhA B S 05, B Bieihg MoRE S ERIC e workpiecs

. f .
thr‘g@rﬁ%ﬁlﬁﬁbt ePBEr dﬂgﬂt iﬁﬁ’ c%ﬁﬁrﬁ,gt ﬁngflé’!fB&ad h&4ing member

odi nent, I Xe ool i ng nenbe is a co

106l 4he fixeld ic@éﬂiin‘gg nBaflse 20 1 Ribdd Het t5@eh [thel Bémiconductor

cool fluid distribution neans is selected froma group
workpigcs iitselat Theafikedatooliveg tmedsben 20 Kioare bef impismented as

gases or a mxture of inert gases and reductive gases,
a perfariatedhplatali Acdording tmnpnesiemyb&dirhedotbie ifneed cooling
gases and 0-1 0% of reductive gases. And the inert _
mejabey 204 iscaeccoelfluiddiatrg wipn cngansiang dnelfeeisk used in the
argon, hel ium nitrogen or other inert gases, and the
copkfiudd distrifpilianinneanseist salagtes Hogr augrevpmamphigiag at least:
Ieastt: hydr ogen, or other reductive gases. OOAHgA?
an Rt PRY FBVEtUEs Of KieTh3aee Aos MduLs Qfhnert gases and
resent invention alsg provides an _additional at ing ,
re8iGHE antesn Wik nofd ik PR ls Feb e g, 3000% of inert
t] 0Q|ci ferri t. | a
g2Eg 48 FRTaR R SRR Hs <Y Abi Mk R Bgtes™ae selected
fronGtd Yoty Boipfisidd'@t least: argon, helium, nitrogen or other inert
gases, and the reductive gases is selected from a group comprising at
least: hydrogen or other reductive gases.

[0041] As mentioned above, the retractable door 103 of the present
invention also provides an additional heating source and an additional
cooling source during the heating and cooling process. Referring to Fig
4A and Fig 4B, which illustrate the structures of the retractable door, the
retractable door connects to the actuator 104 through a connector 401.
The retractable door has a plurality of slots 405 to fit the vertical
transportation mechanism 107. For example, the vertical transportation
mechanism 107 has a plurality of pins for supporting the semiconductor

workpiece, and the slots 405 are used to fit the pins when the
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retractabl e door connects to the actuator 104 through

a connector 401 . The retractable door has a plurality
wW@Rooghai7es 405 to fit the vertical transport atiBCI/CN2007/070582

mechani sm 107. For exanple, the vertical

transportati on nmechani sm 107 has a plurality of pins

refractabigpdodr NP3 heogesiintmduaedractsrépt of the whmbers.
slots 405 are used to fit the pins when theretractabl e

dod0423 Bamke $0 i nigo4év anek Figt4B ptihhe afetractatianteos. 103 shown
~ [0042] Back to Fig 4A and Fig 4B, the retractable door
in 1bss |rokediman SoMmpUgEsetivOc Ayelissed €aplingy&ayer #02 at the

cool i, | ayer 402 at the upper side of the retractabl
UPR&srSidRIOh theatethactatler da6 #nd ihhaasing 13Vae 443 @ethe lower

S5 5 Pir a5 40Br 5L Y Sy PR Sid g heating taver
O3 AR B one S 8B S e hins 404 as
sy PR SRR 1, B A0 AP i, @ gap i

shh%r?ﬁ’%?ﬁ*@ acBdt §§t\ﬁ8%|nih%h@é@fng&%ﬁﬂggggﬁgitﬁ%ooling layer

eat 1 ng urce 4 Int eatin

4090 A d i ] (’ft;%‘ﬁﬁ?‘%d@%é@%ci@@%&!déﬂrihptih%C@ooﬁng layer 402
depression slightTy larger than the sem conduct or

andoalipiitoral hezting dsuroe YT uppide hlya‘t'&? lafet €03 for cooling
cooling layer for containing the sem conductor

andohkpaitiexe thénsemicentlodtoe workpgieceddh tdepsdssioal shghtly larger
source 406 and the additional heating source 407 can

thare thensemicainductosl wagkpieaseis iprgvidedi ds the upper surface of
t hrough. I n one enbodi nent, the coaling |ayer 402 .

the srppliRgslayaroten sprdsining theasepvrcamdusdprgvorkpiece. In one

eriodehahE: S S c 250y  Bbebd) Be Sanlpine aaitiona

neBHNG PN R A G0 e Ra e aTe sotich: ceeingcefBrafas fis to flow

. ) ol ) _
nfgFL i B BptehEs e hdind 1EyBRAd2 Bolitfsetd cooiing
co%’@gﬂz é‘%olﬁbt 'ﬂéﬁgéﬁ%i"f‘eglﬁﬁgl fHroddif tHOUAANthG HIPES act as the

S positione ove
additional cooling source 406, the coolant being circulated through the

cooling coil also removes heat out from the semiconductor workpiece.
[0043] It should be noticed that, the position of the cooling layer
and the heating layer is reversible. According to the embodiment of Fig
4A and Fig 4B, the cooling chamber 102b is positioned above the
heating chamber 102a, and the retractable door 103 is positioned in
between the two chambers Thus, the fixed heating member is at the
bottom of the heating chamber, that is, under the retractable door, and
the fixed cooling member is at the top of the cooling chamber, that is,
over the retractable door. The cooling layer should be set at the side

facing the fixed cooling member and the heating layer should be set at
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heati ng chanber 102a, and the retractable door 103 is
positioned in between the two chanbers Thus, the fixed

woeavioagesrenber is at the bottom of the heati NBCT/CN2007/070582
chanber, that is, under the retractable door, and the
fixed cooling nmenber is at the top of the cooling

the sidbdacingdhei fsxed\rezatimg metmnlaet.abbe cdmoof thkeordinary skilled
cooling layer should be set at the side facing the

in theartcdoshogldrbebebviius that Heatpnesandyiavesition shiadl cover the
set at - i i -the side facing the fixed heating

ram@eisdi . For one of the ordinary skilled in the art, it

d obvi ous that t he present inpvention, shal
ﬁi %F@@aﬁa [eod@@]" I?%arélﬂeémg. )éeeg)@ngdgogltloned at

thé*ssa@fae;e@ayqﬁég 43 LA S 8 480 chamoer.
onf, 5% 1476y A B R PRE .41 S HREACRRE 19 o rceo

coi) mb ﬁ]érﬁb(e?‘ib&\ﬂ'eecﬁfiﬂhgh@ﬁ Aot (o ﬁ‘éﬁé r}‘éfé'&h':}ﬁl@ door has a

ayers than s |g 4A and

miHLfeye éraé(t%cﬁh’feu 18 18Rk tharr Rl s Xgﬂga@Afé’hH% 4B), the

St outer SUI‘ ace acing tot cool I n

muTEDRsler StRyctapei 8Hallaper conyiridRd s followys Sli'héa?ﬁost outer
facing to the fixed heating nenber is a heating |ayer,

sutflaeec facing to ahey fixed covlimpmembbeayés a cowling layer; and the
directly touched, a gap or additional |ayers shall be

M Cesett obt&mserfat:leaefamh@Ot@Slhé\cfomloegattrrg nhemdbdros agmeating layer,
shown in Fig 4A and Fig 4B, during a cooling process,

the ieoqling dayablandithe meatisgi layest isepat tdm@ecttgattwghadd a gap or
cool i ng chanmbers., The additional cooling source 406

ad@hﬂ@@aglﬁyﬁf&ﬁ@aﬂ&ﬁ Se§ hefpgemdhenvt only provides an

addj ti cool.i ng source he se conduct .
noldd Sl Aedarding 3o R mmbadiBrerthondi fHeicdd iang Fig 48,
d chanber . 'Il'hus t he sem gonduct \ﬁﬁrkﬁl ece_can be bet th
UERG & G9INY dMAGFESSolne §§r£ﬁ anlg fher MRYEHeA between the
heblidy 854S YdIMy chambers. The additional cooling source 406

embedded in the cooling layer 402 not only provides an additional

cooling source to the semiconductor workpiece, but also removes the
heat from the heating chamber. Thus the semiconductor workpiece can
be cooled efficiently. For example, in the embodiment that the cooling
layer 402 comprises a cooling coil with a coolant being circulated
through the cooling coil to act as the additional cooling source 406, the
coolant being circulated through the cooling coil also removes heat out
from the semiconductor workpiece.

[0046] Referring to Fig 5, which illustrates an isometric view of a
fixed heating member in the heating chamber. The fixed heating
member has a circular plate with a first type of holes 501 and a second

type of holes 502 on it. The first type of holes 501 is used for the pins of
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| ayer 402 conprises a cooling coil with a cool ant
being circul ated through the cooling coil to act as
w0 b@aeidss i onal cooling source 406, the cool anPCHENIY7/070582
circul ated through the cooling coil also renoves heat
out fromthe sem conductor workpiece. [0046] Referring

the o/dttigad trambpohtatidnisheghesnism i19dtdrgo threwghf amd transport
fi xed heating nmenber in the heating chanber. The fi xed

theénese migondoptor vesrkpiececuhnd phatscodnd type reft holes 502 are
of holes 501 and a second type of holes 502 on it. The

connestedype af vasuem seysiemuseid aguume quiucd< ¢t semiconductor

vertical transportation hani sm 107 to go throug )
Woq Q'QQ%-nsigbﬁc PRSI QM &i‘nEdh of'r%rk\{fl’%c@ E@Ies 501 is
connected to

CORRERRNGIER 18 P asiiRn oo The: B, A Calall HE first type of
the JFoBS5 8007 ApS lgtafet Bt tnbYB0aR of JRgi 83 fating member. A
delpréSiion SRtk (o g E%%?%n'ﬁ%niﬁn%égﬂo@“@é%?@? i provided
nslthshgggel 25 0face e e AREUCABANFICPERRB! 6° cotaining the

rovi on t € upper sur ace o eat

seﬁﬁ&‘@ﬁ@mopw@mméag_ t he sem conduct or workpi ece.
[0047] Fig 3 illustrates the nmethod in which the

re[O(M:I]ach? gofllustraiess itheonsethodtinagiichuthefraéthectable door
chanbers n the enbodi mrent shown in Fig 3 , the

maowes actakbing detracs® butookthé mhamberst 1adhe embaodinmeéat shown
chanbers through a door port 303. The retractabl e door

in F0ig [astheerefraciablesdogst 30d deovee o aut aetracaso@ut of the
shown in Fig 4A and Fig 4B. There are slots 302 on_th

chagibers éBrQUGBoﬁ QOQrfI@th 593p ‘hBespstractable @aar 39I1 has the
trans ortatlon chani smt o .t hroygh when 00

sl altastline fe e 64 AHAR e cdofE SHowh o AigugA 2nd Fig 4B.

THEFRGAE sigiss S020BRefexdpliastilTe sfog S5 Taker B8 pinS 305 of the
veMiEa L A fortbition HEEARRTsi'S0 go through when the door 301
moves. Numeral 304 denotes the fixed heating member. In this
embodiment, the retractable door is a single piece.

[0048] Referring to Fig 6 and Fig 7, wherein Fig.6 illustrates the
method that a retractable door with two separate parts moves into and
retracts out of the chambers and Fig.7 illustrates another way that a
retractable door with two separate parts moves into and retracts out of
the apparatus.

[0049] According to Fig 6, the retractable door has two parts 603a
and 603b. They may be driven by two actuators (not shown) to move
into or out of the chambers. The control principle of the two actuators

are the same as the one actuator 104 mentioned above, so one of the

ordinary skilled in the art can carry out this embodiment based on the

_13_



met hod that a retractable door with two separate parts
noves into and retracts out of the chanbers and Fig. 7
WO k009924763 es anot her way that a retractabl e doRCT/@N2I97/070582
two separate parts noves into and retracts out of the
apparatus. [0049] According to Fig 6 , the retractable
dedaoiptivas heve paitheub@ulinBHOBHO Hige§, sachbpatr 608a and 603b
by two actuators (not shown) to nove into or out of
of tthe wetnabtakle UoorcbasrtwopsloteiGde. dacheoft e slots 605 fits a
~actuators are the sane as the one actuator 104
singdgt peh&DZvhen e slaonomeves dnie reir pud kel the ¢hamkers. The
art can carr out this e odlnent based on

tWPhEéé’@cﬁO@t nthecrairactai)e: degupmovRe kinte ey ghambers from
orpiste] Birectiens BonE NWRIePEROTEOBI s a i ngl e pin

T 48 Rl Y IRERr RS B st St o Mg BRERHRBle door. As
shblf IHEEH 7 0{%%@%&?&? | GopF 14 vd HAT 7987498 by two
acfiafdig gﬁﬂ@ﬁéﬁm)etdjﬁ%ve"i‘ﬁtér&v‘ggt Bf fRthe Zgan%‘érs Each of the

retract e door 'has two part iven

pafe 78RoRas(HRly shens)ott POPBRVENH Mo Qforféévé’é 70 to fit the pins
chanbers. Each of the parts 702 has only one slot 702a

708nA¢ whawnciavEsg 702hhed thé ddwer pioved ObwoAsinshain chn through
Fig 7 , when the door noves, two pins will go throug

the l[sdotd F0Rararal Hmel dtherdl\mearpmwdl be encloded dncltbeecbncaves
by the concaves fromthe two parts 703 w t hout

fromdhm o paTES, 7 Ghwithowt tewchingonthues ondy ityier snall concaves,

g ger. than the half of the cross section of the pins,
sllgh yriggar han bethwlf nf the zoessrsagtionefrthespinsaare needed

Fig 6 703 of the retractgble door
onafhe; t\%&v@@ffﬁ@?{ ﬁéqgﬁa oF s Simy ro%%ﬁgté 9 449 iats 703 of
t hr ou d or po 704 00 ccordln

the nERHRRARIE (008 halSe) MANES neNP dBBacitbbses: S ppPosite
dirkl ?.%%ast{H}%LPd}FtW eG88t Pt 7RSS before a

[0051] According to one embodiment, the thermal treatment
apparatus performs a preheating and precooling process before a
heating or cooling process starts. For the preheating process, when the
semiconductor is transported into the heating chamber, it will be kept
between the fixed heating member and the heating layer for a moment.
The fixed heating member and the heating layer heat the front side and
the back side of the semiconductor workpiece simultaneously during the
preheating process, both through the convective heat transfer
mechanism. Similarly, the semiconductor workpiece will be precooled
before the cooling process. However, in one embodiment, the
precooling process is performed in a matter similar to the preheating

process, and in another embodiment, the precooling process can be
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heating or cooling process starts. For the preheating
process, when the sem conductor is transported into

w0 b@jzeasi ng chanber, it will be kept between PEECN2002070582
heati ng menber and the heating | ayer for a nonment. The
fi xed heating nenber and the heating | ayer heat the

pefformedi wheandhéehsehscbnsiudtopfwonkpieea ¢ontdansported from the
wor kpi ece simul taneously during the preheating
heptimgeshanioeh intor theycoohagcohaathérne heat transfer
mechanism Simlarly, the sem conductor workpiece wll
be precool ed before the cooling process. However, in

o fRdter SecanhEmBotHa G Hohd APRAGEUSs and in
P8l FaRenbrsk aeRHTRERBLI S L iR kpneabes in the vertically
arl BB EAERR S 26 O R TIARES abfl g, JBvERghenber is a
he ﬁg ]ec%r#aﬁ‘rp; .fiﬁsénsmdé’rdié'ﬁjyodimgnf‘p@ﬁé & rcrﬂoe{hber is a
y arranged chanpbers is @ cool i charnoer

he?ﬁi@%%érﬂ%r shamese | aﬁ{)r@f‘éhﬂfbr‘:'@@e&oom agﬁémer. Now

i ment, the upper c er 1s a heating c

refetingower Fi§aTberhich allgeaites ahaiegasseletehgeéw &F another
to Fig. 8 , which illustrates a di sassenbl ed vi ew of

thermaherebtraem! appeabtest waghpad aheatingt lchrarmbalri aed a cooling
chanber and a cooling chanber vertically arranged.

chaotibdi vastichbyarranged.8 , the thermal apparatus 800
conprises vertically arranged heati ng chanber 800a and

cof109%] Amrarowa00n. Fiigh &, hthe rihedmainappearatus n880gcemprises

, .the heating chanber 800a is positioned above the
veewlilm@rﬁa]a%drh@ebagwhanﬁaeregﬂga apdecaebpgchawder 800b. In
the KENbaei e HERBEr TORIG 1. ber BEAting GhasHenE00a 1S positioned
abgi fIF coiaing, chiesnber &4008 wah 2 ket@sibin dladt,peiieen them.
A YREEPEEEfing member 804 is set at the base of the cooling chamber
which is kept at a constant temperature. A first window 801 is set on the
sidewall of the cooling chamber 800b for the semiconductor workpiece
to be transferred out of the cooling chamber. A fluid distribution part 802
is also provided in the cooling chamber 800b to provide required fluid
during the cooling process. A vertical transportation mechanism 803 is
shown at the bottom of the cooling chamber. The vertical transportation
mechanism 803 comprises a plurality of pins 805, at least 3 pins to
transport and position the semiconductor workpiece. The vertical
transportation mechanism 806 is controlled by an actuator (not shown,
but work as the same principle of the actuator 108 mentioned above) for
transporting and positioning the semiconductor workpiece. The actuator

controls the vertical transportation mechanism 803 to lift down the
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to be transferred out of the cooling chanber. A fluid
distribution part 802 is also provided in the cooling
W@ b@aozi76800b to provide required fluid duri ngP€TEN2007/070582
cool ing process. A vertical transportation nmechani sm
803 is shown at the bottom of the cooling chanber. The
sewdconchkictor angpépietce ofromciihei sredtd¥g cemambes 800a into the
plurality of pins 805, at least 3 pins to transport
coalidgpchianber 1320k eafteorithec heating kpicasss Thecorpléetad. In one
transportati on nechanism 806 is controlled by an
emkedument, the astiaioromawwdigk asstepe raatay, pai serygre agtor or a
the actuator 108 nenti oned ahove) fo ransporting an
CyBREeti dhi AGCPRE é/émc@%ﬂdé&%rlsmmw ' Omhéhgcsidewall of the
c?.ntrol thﬁ vemé al ran?%rtation r&c anism 803. to
hegling 4GRAMRES e QRS or for BEBIEONTYH heWREKPIGES to  Dbe
r a.l nto cQol | cha r.. b t 1 he .
trefSR 81 HRSULE Hdtfo ST A BRE RSB B infE comprises
. . e p t r . -Qr - .
a 5l RskisRetCs fairall Bbov RS raGhE! Shuiflicfo the heating

chéhﬂ@é@'ddo@é ishenhBGA idigtrfé‘bftggebf%ﬂ%ah%%rtiﬁq“%hamﬁgr 800a. The

sem conduct or wor kpl ece transferreddnto t

refraetame 68arBU6 i drieiRCan8a8iudtdrad FIUT isRSte chambers
fluid distribution system™and provides required fluid

andntetrabe dugadbf nbecbhahese 800 iohes lepmbodimient, tthe attuator can
t he heating chanber 800a. The retractable door 806 is

bedmplmbnted B tauaybndeo. Hosieould bet hetickantimtsaacdrding to the
retract out of the chanbers. In one enbodi ment, the

presenttioventionydhemnsetnantabte oer 806 widr only rsbvel in between
be noticed that according to the present invention,

the gharabessvuber abeatsus piPCeESsPY angreling pecrssnis performed.

The RIeRFiAbIE do0h S T TSR DM as in BOETaPEE! peatin §ource and
an 2GR R SR Mo RN, BRBle 08k Reating or
copfBbfPg e FaRab s el BRP VR RpigBer ecs,
"9[51?55]8%355 referring to Fig 8, the fixed cooling member 804 is
shown at the bottom of the cooling chamber 800b. The semiconductor
workpiece can be transported by the vertical transportation mechanism
803, put on the fixed cooling member 804 and cooled by the fixed
cooling member through a conductive heat transfer mechanism. Also, a
fixed heating member 807 is shown at the top of the heating chamber
800a. In one embodiment, the fixed heating member 807 is assembled
on the bottom surface of the top piece 808. The fixed heating member
807 heats the semiconductor workpiece through a convective heat
transfer mechanism by flowing hot fluid to the front side of the

semiconductor workpiece.

[0056] Since the position of the heating chamber and the cooling
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shown at the bottom of the cooling chanber 800b. The
sem conduct or wor kpi ece can be transported by the
W@ 2000/026bs t r ansport ati on nechani sm 803, put onPETIEN2007/070582
fi xed cooling nmenber 804 and cool ed by the fixed
cool i ng nmenber through a conductive heat transfer
chaetbaniisndifféent i fiheed domtd ngmirodiene 80 Avith Hrawof the first
at the top of the heating chanber 800a. In one
entnddinenht the Isdrictuce okthe fixeieating membesard ¢de cooling
on the bottom surface of the top piece 808. The fixed
merelErndn nthdesegondheinbodimeidniacen@le® oa Wik kpffesent. In the

t hrough a convective hea nsfer nmechanis
SeEPH %m@tﬂlmen.’cuth% *@éf%ﬁtng.@@mbefne the coolmg chamber

e 'conduator

s RRBVRGLCOTS A aisiTeafinohmeats g ibeax8iheatig Tember in

thd’ peGiER stz &g heatiha Blstiblidddnetng By heat gas

cool i ng nenber in the second enbodi nent
d'%ﬁémzosrgﬂgeéns different. In the second enbodi nent,

gFSd\sC hotEkS’n ’E’@évé”tﬁé‘%?%tb%@e WSPQ &f the present

col er cool i ng neans,

in\hﬁ'ﬂ‘id)lﬁ‘galm%vidéé ah %%Riltlﬁﬁa‘ﬂf?é@ﬁlﬁ '§o§ré@5§ncﬂ Ia}m tdditional

di stribution neans, or heat gas dlstrlbutlon neans.

cobﬂﬂ§7boﬁ$c€Edurm@edh@bh)aatlnghenrdebb%mr@olmod:@@s 8Q§ mfentioned
the present invention also provides an additional

abbeat | nhenuthee podition adfli theonlheatiogl iclambercantlrihg cooling
the heating and cooling process. As nentioned above,

chameber rehangesi dheostructure0f thecretraetakleddoes also changes
cool i ng chanber changes, the structure of the

corr@m@ﬂmgédedvead@élgjha@fgébec@reéeﬁbrﬂ@w@@tgﬁn T$eould be: the

of , t he present |nven i on shoul d be:

rehrapiaﬂi]l@aaoeord@@fs deatiag: | W Z&%P%Q%’“%@F’t Pbrfge surface
at the. s to.a f.ix eat rint

fadlbg: 15" Hkefbeafahe Bbdr ingfie.fem bl cFa86rr: BRELS cooling

. 9 !

layir b8 PHEEnEACL thd %u?fééé(?gcﬁ'f)d)ltb PHTRAPE  oliRg member in

the cooling chamber. A gap is also provided between the cooling layer

and the heating layer. If the retractable door has a multi-layer structure,

the multi-layer structure shall be constructed as follows: the most outer

surface facing to the fixed cooling member is a cooling layer; and the

most outer surface facing to the fixed heating member is a heating layer.

The cooling layer and the heating layer is not directly touched, a gap or

additional layers shall be set between them.

[0058] For the structure of the retractable door 806, it is similar to
the retractable door 103, so Fig 4A and Fig 4B will be used to illustrate
the description of the door 806. However, it should be noticed that, the
position of the cooling layer and the heating layer are changed, so the

numerals in Fig 4A and Fig 4B are not suitable for the descriptions in
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the cooling chanber. A gap is also provided between
the cooling layer and the heating layer. If the
W0 iopmd7edbl e door has a multi-layer structure, PETIEN2007/070582
mul ti-layer structure shall be constructed as foll ows:
the nost outer surface facing to the fixed cooling
thisesmdrodiment. dal theg enalyedimand afhleigr8sthewaolisg cdheraber 800b
facing to the fixed heating nenber is a heating | ayer.
is Pud wuder tiyel gatingnchamber800ay arg dhel retmactable door 806 is
directly touched, a gap or additional |ayers shall be
pos#ioned ketweasnthg bassthasibere Thuscthedixedtmeating member

is rag%gitf@%blog5ﬁg?léegﬁggnéﬁa;’rgbérlgn:n:a?{lsggl&pgfgj!ce%rr%%}aac%%le door,
angh 1 sl 50 wijgeiﬁé' -1 Bitethio botam of toRetGalihprghamber,

A0 R B L B g o
P SEEIAY AR ChBIT S BcRPHhFLie, B M TRAENEF By shouia be
sel gt eser betagﬁﬁﬁgg@mﬂé%'@@;fr%%@ﬁ*es%ﬂsrf%sw

ashER} Urg aRIPRE 4B, ahet RArhemsle §b6r Bms imaychavethe following
that is, aboveé the retractable door, and the fixed

str@@@hr@gthentiebrl 808t cobnephsesotyof Ia)@rscoal tooling layer at the
chanber, that is, under the retractable door. The

loweplsicg dfapres rebadtdbbe dweor andt behsatiagf kEnjiergat tiee upper side
fi xed cooling nenber and the heating |ayer should be

of stive aetractableedoat; fhet woaling:dayedt angl rt’eﬁbéneatmg layer are
Simlar to the structure as Fig 4Aand Fig 4B, the

copgeciet abyeCapmeBObs miQr HRX@MIHe, | PIsWa Rty afr om@r Additional

copliBal BAUFCR 1 BbadREd dir s PN Rvanad Aekiingal heating
sol B 0 . B8 iR et e
se&ﬁggﬁ%&%(gﬂﬁpﬁée our ceal Fle g:rgleldzj)édolf nplt RZ cool i ng

YISO A R 0 ORI oLlR, 400t Similr as the
retractable door 103 as shown in Fig 4A and Fig 4B. The retractable
door connects to the actuator through a connector. The retractable door
has a plurality of slots to fit the vertical transportation mechanism. For
example, the vertical transportation mechanism has a plurality of pins
for supporting the semiconductor workpiece, and the slots are used to fit
the pins when the retractable door moves into or retracts out of the
chambers.

[0060] During a cooling process, the retractable door moves in
between the heating and cooling chambers. The additional cooling

source embedded in the cooling layer not only provides an additional

cooling source to the semiconductor workpiece, but also removes the
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sem conduct or wor kpi ece. [0059] Other structure of the
retractable door 806 is simlar as the retractabl e

W@lowe/02008 as shown in Fig 4A and Fig 4B. The PCT/CN2007/070582
retractabl e door connects to the actuator through a
connector. The retractable door has a plurality of

heslt dront thé iheateg vehiamdsr. tThus thet senticonmeutdor workpiece can
For exanple, the vertical transportation nechani sm has

bea edoled i efficienpiyns Swech sdppbutesgareée aleoi ccimilan oto the fist
wor kpi ece, and the slots are used to fit the pins when

embediaenict abl e door noves into or retracts out of the

chanbers._ [0060] During a cooling, process, th
- ofU0R1 hiier Homrseeaed emhREITRERL Hee Hedtasigbiaadoor 806 can

2l Dsud PILTAT e OF S8 Tisg 1o BRAOR o )e R GEa s is shown by
Fiopicp] BBorefiattaPl AR vabl, mifER Il o dHiagis put of the
chEBTFEE iRl F, TR PPHE 8032 THerEr areCiyioR, 3p5 on the
et BT, oL PRl DS TR, Psponaon

mé &h aBis Ol hera e edo N s oof rﬁB@efsQ_rN'ﬁrT‘iéraﬁFW dn&tes 3he fixed
The retractabl e door 301 noves into or retracts out

heé&ir@mehﬁb@ﬁrm tthi®ughbadiemntpotie 38&actable doer is a single
slots 305 on the retractable door 301 to fit the pins

piedts of the vertical transportation mechani smwhen the
door 301 noves. Nuneral 304 denotes the fixed heating

mel362] Anseaopsdetaroniafeting retiactaipleadoa 80G@asrshawa in Fig 6,
single piece. [0062] A second formof the retractable _
th%@?resziebi% doinhasntwp arts 80darand 03kl d hrpmaysbe driven
by RGLESROANOh SHWED oV LcoPr R Bf TiReEhambers. The
coﬁ?r%qbgﬁﬁ'cipTlgeof the two actuators are the same as that of the one
actuator 104 mentioned above, so one of the ordinary skilled in the art
can carry out this embodiment based on the descriptions here without
doubt. Back to Fig 6, each part 603 of the retractable door has two slots
605. Each of the slots 605 is used to fit a single pin 602 when the door
moves. The two parts 603 of the retractable door move into the

chambers from opposite directions through two door ports 604.

[0063] A third form of the retractable door 806 is shown in Fig 7, the
retractable door has two parts 703 driven by two actuators (not shown)
to move into or out of the chambers. Each of the parts 703 has only one
slot 702a and two concaves 702b for the pins to go through. As shown
in Fig 7, when the door moves, two pins will go through the slots 702a
and the other two pins will be enclosed by the concaves 702b from the

two parts without touching. Thus, only two small concaves, slightly
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control principle of the two actuators are the same as
that of the one actuator 104 nentioned above, so one
wW@toovkzs768 di nary skilled in the art can carry BUE/CNRI03/070582
enbodi ment based on the descriptions here w thout
doubt. Back to Fig 6 , each part 603 of the
bigger dranlthe Halir ohdketowsd sestioPbof Ehehpivls, tanee slegtded on the
605 is used to fit a single pin 602 when the door
twaopasts 7108 wofothmrdeo60Similarhto rfeagr ctthie dwaopartovaD3 of the
into the chanbers from opposite directions through two
retgactalyer doogcalsol nuBags A &nthﬂ ghambsirst iiem anmslé@d;rectlons
door 806 is shown in Fig , the retractabl e door has

thranghiwesd ¢@Bp&rt%g@%y tvvo actuators (not shown) to
or out of th anbers ach of the pa
Tolaed! JiiS saotd @ Bl e AeRrieTis08 ey performs

préfgat] h@@ba ﬁﬁgéﬁéﬁﬁgmpr%%"%*g ér; tfﬁ%gtgng“@%?l‘%g process
stf¢ t?%rogtgﬁ) #)Y’Qh@ qmwglroeé §nC| hout bqﬁeth emiconductor s

concaves TOWI ouc

traﬁ%‘b%rt?&'%té%es'l’i@dtl %ershf Qih ! st gﬂ\g@ém?he fixed

€ cross section O t he prns, are nee

heblfig WeRddrsana3tifd Hdtikly geﬁ'f@Y'a?‘fmbmé:rhig TPhe fixed heating
two parts 703 of the retracta | e door al so noves into

mémderhantettre frreanr%nayetm@btr éed ifpoat Sidouand tthe Beek side of
ports 704. [0064] e second enbodi nent of the

theppenacosn dalctor pavdriipisce wiwhdtanegualyd gueangoltheg preheating
process before a heating or cooling process starts.

preeess hboph éheawghdher copyectivecheahtranafec snecbamisims Similarly,
transported into the heating chanmber, it will be kept

theyes@BYEONERIGIDK e WATKRI €Y N\@Hbéqe aPEECOR legk o efrye aW@r cooling

for a ment. The fixed heat menber and the heatin
PrOGYSS. NIAMEYRY | Bn(oNS denRimENbadbe BEEGTolng. Process is

peFRERiSH Hg? grattesing @?ﬁ?ﬁ?‘ﬂ&hﬁﬁgﬁ tifighiERFPsS. Ragt in another
e S3ARHEDL I bERo LAY BiotesS CARTHELBHRne when  the
semiconductor workpiece is transported from the heating chamber into
the cooling chamber.

[0065] It should be noticed that the first embodiment and the
second embodiment are only examples of the thermal treatment
apparatus with vertically arranged heating and cooling chambers. For
one of the ordinary skilled in the art, the following range can be obtained
from the present description without doubt. Therefore, the present
invention shall not be limited to the embodiment, but along with the
scope of the claims.

[0066] Based on the descriptions of the first and second
embodiments, the apparatus of invention may be concluded as

comprising: vertically arranged heating and cooling chambers, a
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process. However, in one enbodi nent, the precooling
process is perfornmed in a matter simlar to the
wWee@beat7shig process, and in another enbodi nentPCT/N2007/070582
precool i ng process can be perfornmed when the
sem conduct or workpiece is transported fromthe
tramsqaortationamechamisot for  trari spwrtoigprebesemid®bdlictar workpiece
shoul d be noticed that the first enbodi mrent and the
betweemd thwodieating achambgrexaml dheofcodkngheshmmber with a
treat nent apparatus with vertically arranged heatin _
retsagtatdle degrchatmwees. them. ohleofetraetadhrigi dapy atkleasgdmoves in

e el oS PR HATRE SER6R5 A al i neating
or G855 Sl B FREh 33 HacRon2E NadAS%s 8rid Sng.the neating

PrageEn T aat bipbe (FISE Is & hetid Tkt batl paitioned at
th UFrddeSRInG P S48 NEAiA S AlamBEF AAOREL 1584AG chamber,

ing c ers, ranspot tatt on nmechan

th%rﬁ*\é@ohbiﬁgm rﬁ@%&&?ﬂﬂd@ig{leé’oékﬂkéﬂe h@étﬂﬁ@gséﬁﬁce while the

eating c ran I'ng chanber wt

heb@ffrfgaclb@/@re Q#@Qldé’@t geerri haaditidiealr %é@ﬁﬁgb@m‘@@r ddring the
| east ndves in between the heating chanber "and the

heatiolg ggrozt@smerﬂwr regastdisiat i dgopr alkes smavePripvilseisveen the
an additional heating source during the heating
heatiogeshaniber eetd Hre adodinipahdmbean deangrae doolierg process and
bei ng positioned at the surface facing to a fixed
provigtesn@madshtional tgeolheatsogreshghréng thiee cooliey process. The
heati ng nmenber provides a fixed heating source while
retrastafele: depn has Hrepolirg Byeain baiagt Pesiionedt phgthe surface
source durjng the heatin rocess, The retractable .
faciBgr 1) 8o FSHe CQ0ING MEIRDER ol htlier RO GrtchamRen nthe fixed
coal i ng chanber durin cQol | rocess and, pr.ovi des..
cogifgyRTemdRL Praitlesyd dxrd Earliag pquics. Byie 4he codiing layer
préVi¥ES8n d86itional cooling source during the cooling process.

[0067] The retractable door can move translationally or rotate into
the chambers. For the translational movement, Fig 3, Fig 6 and Fig7
have illustrated a plurality of implementation. For the rotational
movement, it is not illustrated by figures; however it is easy to be
understood from the description above by one of the ordinary skilled in
the art. That means, the a rotational moving mechanism can also be
used to drive the retractable door in and out between the heating
chamber and the cooling chamber

[0068] According to the present invention, both the conductive heat
transfer mechanism and the convective heat transfer mechanism are
utilized and a double-side thermal treatment is achieved.

[0069] The thermal treatment apparatus can be applied in the
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retractabl e door has a cooling |ayer being positioned
at the surface facing to a fixed cooling nenber in the
w@owbegethanber, the fixed cooling nmenber proRCTHEN27/070582
fixed cooling source while the cooling | ayer provides
an additional cooling source during the cooling
followires @ pplEEdnFhfor ekanepkeh| lkedb@nd @oolv¢hin film or a stack
translationally or rotate into the chanbers. For the
of tthansfitmspnat amveakmetsilig ®r, i yasivendilmsyinhaesiconductor
~illustrated a plurality of inplenentation. For the )
inteseanneskl ofokeftewt thetseldatoton Iquret eadéar yake githegpolymeric
however it is easy to be understood fromthe
cogliggsi pti on above by one of the ordinary skilled in
the art. That neans, the a rotational noving nechani sm
can also be used to drive the retractable door in and

AT ateaf EAERRl PR BFOREs R B oRErflb Fisanged neating

anB°68oﬁH§ &pﬂ&?tg i.ve heat transfer mechani sm and the

convectrve ransfer nechanismare utilized and a

QOB PIFtSr tHE Rt 'diRd! SBEONUS B8N ANt ORfHtidHEd above,
plied In

thermal” treat nent apparatus can be appli

théyehay | suoEma@Rhiceaid| aRsatrhent reeelse aggatloan! cool

athinfilmor a stack of thin filns; or annea
nef@07 2L providiagl at heating shambeeratdrdusdoling chamber being
i nterconnect; or reflow the solder; or cure and/or
stdched testipallyperi ¢ coatings. [0070] Thermal treatnent
process of vertically arranged heating and cooling _
chiibe3l powidingoa tretradtapie adoosedfondsepnoatingnttbe heating
nmenti oned above, they may performa thernmal treatnent
chgpyees angsthe cogllg chemepr ovi di ng a heating chanber

e g A e e PP S et ot bl 7Y heating
chg?naéiep,gand a heating layer at the lower surface of the retractable
door;

[0074] providing a fixed cooling member at top of the cooling
chamber, and a cooling layer at the upper surface of the retractable
door;

[0075] moving the retractable door in between the heating chamber
and cooling chamber and transporting a semiconductor workpiece into
the heating chamber;

[0076] starting heating processes;

[0077] moving the retractable door out between the heating
chamber and cooling chamber and transporting the semiconductor
workpiece from the heating chamber into the cooling chamber when the
heating process completes;

[0078] moving the retractable door in between the heating chamber

_22_



chanber and the cooling chanber; [0073] providing a

fi xed heating nenber at bottom of the heating chanber,
wapea2dient i ng | ayer at the | ower surface of tPEI/CN2007/070582

retractabl e door; [0074] providing a fixed cooling

menber at top of the cooling chanber, and a cooling

andageoling ¢hemingreand wstaatingadooliveg procesisals e door
[0075] noving the retractable door in between the
hef10A9] tiaangportingl the semicendubtor warkpiees putt ohghe cooling
sem conduct or workpi ece into the heating chanber;

chpowy@l. starting heating processes; [0077] moving the

ol def drammBposimariarb b PRaCERS Qbtheciiaal Teatment of
se”aﬁisfé%‘gﬁ&ia&W%"nﬁs&%ﬁ‘wBpﬁ%@ﬂﬁweé%hﬁo&r%&?i EHsfStance when
tnd B3R Bl R ShthidehliSERE Ry cooring

ol SET st ARAH el RAABERRIT St 1B P hGoHE] S the retractable
do®fPadi3EAbVs {iRe UtRREST ﬂf?tﬂéaiihgr BHa rb‘%#t%% #e cooling

sem conduct or wor kpl eces w e ouflined under the

chahils&ersTRECRrsthRThdd\® $1OUSHEns adtthe §éffi€onductor workpiece
enbodi nent is used. [0081] The fluid distribution part

is 1@ansfenedninted the rhesatied aldramber 1082a0veg ian mechanical
bet ween the heating chanber and the cooling chamber.

trafspdriagsonwnebnvs .1 Thesamicond uborsedrkpneice tisr first located at
wor kpi ece is transferred into the heating chanber 102a
theyexchanpenipaditionabypdheameschasioal . tramsportation means. The
pinssen(;fcfhned u\?etr?{ca\?ntrrgﬂis%%?tai\t?ogir%SetchlaonCig%e% 6’1% raise and carry the
semiconductor workpiece to the receiving position. Then the mechanical
transportation means retracts out of the heating chamber 102a. The
fluid distribution part 105 keeps on but at a reduced flow rate during this
process. The pins of the vertical transportation mechanism 107 move
down and carry the semiconductor workpiece to a pre-heating position.
The pre-heating position should be: 1) above the fixed heating member
106 so the back side of the semiconductor workpiece can be put on the
fixed heating member 106 a bit later; 2) under the retractable door 103
so to the front side of the semiconductor workpiece can be heated by
the additional heating source provided by the retractable door 103. The
fluid distribution part 105 still keeps on during this process. The
semiconductor workpiece stays at the pre-heating position for a period
of time while both the fixed heating member 106 and the heating layer
of the retractable door 103 heat the semiconductor workpiece by

convective heat transfer mechanism. Then the pins of the vertical

_23_



t he exchange position by the nmechanical transportation

nmeans. The pins of the vertical transportation
wore@bari’ein 107 rai se and carry the sem conductRBECT/CN2007/070582

wor kpi ece to the receiving position. Then the

mechani cal transportation nmeans retracts out of the

tramsqaortationamesharigm 10renidve dalvatandyilace tree sediconductor
keeps on but at a reduced flowrate during this
wqrkpoess . ofhthepi sigfatet bé ther fixesd heatisgomemiber 106. Vacuum
mechani sm 107 nove down and carry the sem conduct or )
syatsmRpitetes t onatpr shuekt ithg sesnicanduates prerkpiacengo that its
A R i S
sefieondUBonHRHRIRES & therabeetopi1 i d5xaq heating member
108, 3% ° bR, o s AP EH Y, pR P ol Bl sgymiconductor
woBBigce 8 heds S thethed ffatiiy dpBiribsl 3HFGEnPA Conductive

he8® TR CHrICHEN ISPy gﬁgrpsﬂ?é/%a\?% FLU’%?; :E)ﬁ:fde%‘%eec?ting layer of

position for a perio time

thégatidtdaprRIRIorl 90 3affkoutth ReebnVectiRkehedlt trdAsfer mechanism
retractabl e door 103 heat™ the sem conductor workpi ece

fropy thenfreeat isig¢e hgdhehr thes heatimy baocess isheomiphetad nhe vacuum
of the verticaltransportati on nechani sm 107 nove down

chack igl effeahidetrse rderamched octoroniqrkececernist de-chudcleed. The fluid
~of the fixed heating nmenber 106. Vacuum systemturns

distnbudicohoigana 2 tErc theldopopiens: kpiletensoon rand ithe retractable
backside is in contact with the fixed heating nenber.

doorel @2 meyesuetb of ibekghambers tadnakeathal haatimg chamber and

ind S AR o0 Lt BitL 5, e\ Fical B portatin
MGy ASRER FalsE 2ndrEatan o $7BIF PHE Ustek warkpiecs into
GRS EnHREO N AN iFabEECIRl <1837 TndfEs imo the
ch%%%rﬁi &§ainsid t e8! If¥lol AheS SdmicHiBl ElGd wdiiece to
begin a cooling process. The fluid distribution part 105 turns off. When
the pins of the vertical transportation mechanism 107 raise, the
semiconductor is precooled. In other embodiments, an additional
precool process can be performed when the semiconductor workpiece is
transported into the cooling chamber.

[0082] The fixed cooling member 201, which is a fluid distribution
means, keeps on when the semiconductor workpiece is lifted into the
cooling chamber 102b. Pins of the vertical transportation mechanism
107 move down and place the semiconductor workpiece on the upper
surface of the retractable door 103 so that the back side of the

semiconductor workpiece is in contact with the cooling layer of the
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chuck is off and the sem conductor workpiece is
de-chucked. The fluid distribution nmeans 201 on the

wWo oppeee 10 1 turns on and the retractabl e dBCF/CHOB7/070582
noves out of the chanbers to nmake the heating chanber
and the cooling chanber be connected. Pins of the

retvactalolal dooans per fiixed aoolavd anesmha 02 0thstill kaieges andto cool the
carry the sem conduct or workpiece into the cooling
fromisitder ofLti2e . seécorduataranorkpoece 1B ancoryective heat transfer
chanbers again and | ocates bel ow the sem conductor
megh&pissaedubingedhis Presessng brtbeesamentinie (he semiconductor
stribution part 105 turng)ﬁgkfﬁ When t he pins of

wqersp_t%% ist calger fiamothrebARKSIdE 107 ms_@pp@ﬁesutr@\%e of the
RSO RRS! B LSR8 e BRI s s for o
oe} B LTS BRHEE 5B, PRI WhsE S Spishgistroution

mé@ﬁglﬁdf’k%ef subﬂ di stri buti on nmeans, keeps on when the
sem conductor workpiece is lifted into the cooling

crAIBESL Affen P BBl (AR k1 sher i S0 the verical

trafgat866nOmeka Ao/ 307f agRsef die carfacia®! eefaonductor
103 so that the back side of the sem conduct or

womkpietete e exchamges oditiontdedcite segonaydindbw 109 opens.
theretractabl e door. The fixed cooling nmenber 201

Then Bl mesdenical trarspdrtabien meansiwid éceie the semiconductor
sem conduct or wor kpi ece by a convective heat transfer

warkpiece sandunmaygeshits optooésthe Acoolrgsahambee 162b from the
sem conduct or wor kpi ece is_cooled fromthe backsi de on )

coplagugpamier raidew {1 RS. r EeacPis ofdthe verdiaal fansportation

QN ol SR BT RS PSR arkel o]

O BI0487 5905080 ST BB rerre into he
he?ii?r\@z%@}%ﬁnf&e‘fﬂgnh%rﬂbjrgzsi%i $HeARd CRESYNIdIft for the same
process as introduced above.

[0085] It should be noticed that the thermal treatment process listed
above is only an example of the thermal treatment process provided by
the present invention. For one of the ordinary skilled in the art, the
following range can be obtained from the present description without
doubt. Therefore, the present invention shall not be limited to the
embodiment, but along with the scope of the claims.

[0086] Based on the descriptions of the embodiments of the
apparatus and the process embodiment, the method for thermal
treatment process of a semiconductor workpiece may be concluded as
comprising at least: providing a heating chamber and a cooling chamber

being stacked vertically; providing a retractable door for separating the
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wor kpi ece to the exchange position and the second
w ndow 109 opens. Then a nechani cal transportation
wore@n®26m3 | recei ve the sem conduct or wor kpi ecRCEAN2007/070582
noves it out of the cooling chanber 102b fromthe
cool i ng chanber wi ndow 109. Then pins of the verti cal
hetatiags wirarmbiernanelc e sovlifg cheendewn providiegheaffixeyl heating
chanber. [0084] Sequential sem conductor workpiece is
memdrest at lattom of tthe heating) citamiber, fand tehdeating layer at the
doubl e-side thermal treatnent for the sane process as
lowart sedtres efothe refreggable Wagrowreviding e Hx¥ad: eaelingemember
thermal treatpent process |isted above is only an
at éQﬁn%nhh%fCQCH#ﬁg RISy &t P%?'G@e@’?fr atitaequpper surface
the pr qt invention. For onpe of .the %ﬂdigar sk
G

of & e tiHata R aParT JAPHENY ol edFciatiG: 0Rta rosfieen the

neBeEnt CRANIRT ont Bl ie g crafRbar! o A fransBorting 2

seRRBHTEAL TPl ! P ChESER Rehafst naffiting heating

pr(?@és@ﬁg,ar ﬁfd&ﬁngndtﬁé“eré’trr%?agélee”@%k Rt HdéTWé@ﬁ hede heating
or thermal tré&atnent process of a sem conduct or

chamiser _eéﬁd”%b(ﬂﬁjgioﬁﬁbw&ér aéngorﬂaéh@bﬁﬂiﬁ’g ki¥@ssemiconductor
provi di ng a heating chanber and a cool i ng CThanber

wdrkbigces tfeokethe drdatieg lchambeyiidtodhe cedlingtehambowhen the
for separating theheating chanber and the cooling

healbiag processviaimpdetes;i mal/ihgath engetradiablatddon iromediveen the
the heating chanber, and a heating |ayer at the | ower

heatinigachathbenandtcerlingl chavrer pnsl stattng dadlg processes;
cool i ng nenber at top of the cooling chanber, and a

tragsarigg the seani ugpsrwetkpigse out ohidhectoalingmhamber.
e S aS el T e o pgsisioned
g RO Tborty SRS A P Sc P chamber
th& #¥e PHE R FEENEY: PESViLRY a fixed heating source for conductive
heating of the back side of the semiconductor workpiece while the
heating layer provides as an additional heating source for convective
heating of the front side of the semiconductor workpiece during the
heating process. The retractable door also has a cooling layer being
positioned at the surface facing to a fixed cooling member in the cooling
chamber, the fixed cooling member provides a fixed cooling source for
convective cooling of the front side of the semiconductor workpiece
while the cooling layer provides an additional cooling source for
conductive cooling of the backside of the semiconductor workpiece
during the cooling process.
[0088] According to the present invention, both the conductive heat

transfer mechanism and the convective heat transfer mechanism are
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chanber and cooling chanber and transporting the
sem conduct or wor kpi ece fromthe heating chanber into

W@ b@9o0b3 ng chanber when the heating process PCT/CN2007/070582
conpl etes; noving the retractable door in between the
heati ng chanber and cooling chanber and starting

utitizedi ngnpr oaesdesiblérsidepothenpal hdrsetmendutt osemiconductor
wor kpi ece out of the cooling chanber. [0087] The

warkpiece ablreatiaed. has a heating | ayer being positioned
at _the surface facing to a fixed heating nenber in the
hel1G&9] chhebdhermal ftreatmesit imgthedbeanrbei @rplied in the

i xed heatjn%_sou e for conductive heati

f th
following ARpIISEtioTe. S pxamAle: SeaicRREicee ARNITe Albor a stack of
thiflofiigy B A0BBRLRE, (B eEAlIEneT InsHIStivge Toms nY Semiconductor

. ] ctor kpiece i n eat | S .
int3FEbABRRLC oL ARBE T SBMRE o dTuR /ey AEE e polymeric
Coaﬂﬁi%ioned at the surface facing to a fixed cooling
nenﬁ%f in the cooling chanber, the fixed cooling
menber provides a fixed cooling source for convective
cooling of the front side of the sem conductor

Word@d GLE hivi EpnbBairmertisiaheApparaysdes an
addi tional cooling source for conductive cooling of

t hﬁ)ﬂ@tkSAdeoacﬂiﬁ%et@eahmhémcmpe\w kafi ¢he qerasemtt liavention,
cool i ng process. [0088] According to the present

prowvicengi an, apparaths contpresinge ehdeatimgnshamberc zard san cooling
and the convective heat transfer nechanismareutilized

chambar dbeblazranged heeriabntalbut adjacent stoni easbucather, with a
wor kpi ece is realized. [0089] The thermal treatnent

refigetdec Goee Rppveed ithe neepbindowrng £anlingt cbambers. The

heat and athinfilmor a tacﬁ

f | e: |
retrREtAR IR RPOToMaysRAN REWEER e Bealingueld oo
duti?ﬁgi%r %%gfgg:porrggkgtsfagﬁ%%h{gqo% b%%iﬁvégtgg%régl Poerrheating the

semiconductor workpiece is provided in the heating chamber. Thus, the

'qr](i:]fTé:hambers

semiconductor workpiece is heated from double sides by a fixed heating
source and an additional heating source. The apparatus also comprises
a horizontal semiconductor workpiece transfer mechanism to support
and transfer semiconductor workpiece between the heating chamber
and the cooling chamber. The horizontal semiconductor workpiece
transfer mechanism may comprise at least one semiconductor
workpiece transfer device. Fig.10 illustrates an isometric view of a
transfer device, which has an arm 1001 connected to an actuator and a
support ring 1002 with a plurality of fingers 1003 to hold the
semiconductor workpiece on the transfer device. The transfer device is
controlled by an actuator for rotating and vertical movement. The

actuator comprises two motors, each to control one kind of motion of the
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[0090] Third Enbodi ment of the Apparatus [0091]
Accordi ng to anot her aspect of the present invention,
wW@e@viozli7eg) an apparat us conpri sing a heati ng cPErRiN2007/070582
and a cooling chanber be arranged horizontally
adj acent to each other, with a retractable door
tramsfeeedeviee hdat | oige aminbodimentc htinwesemiCoamductor workpiece
retractabl e door noves in between the heating and
transder nonedtamiens dompiisesheame rigapsteresdeviae, and in another
addi tional heating source for heating the )
emodiraaatict dhewosigsnssndycioroy wikpiacenhe tigngaferg mechanism
chanber.  Thus, thF sem conduct or wqr kpi ece ‘s hgated
compiis@subve drampsfesy devicgss gashi g semtralleghabynan actuator
addi tiopal heating source. The apparatus al so
resREEHYEWs a hori zontal semi conduct or wor kpi ece

AR RSP g BB AR By gy pomories
su%@%&ﬁH ﬁﬂg@rggfaﬂ@'mgrana@ BN SR e $iHE %I%'Fgggtﬂfe rotating
rKpl €ce ransfer nechanrsm may conprise at eas one

axre B COMEUPAREFCHERIGS &arid aRsf §§nf5@r"b?ech#{b% é%\fbcglate and the

I'llustrates an isonetric view of a trans

Iin%ééfbsf@%héWtﬂéﬂthﬁk@@‘Mﬁ@ eth &P thdh sfelr Udé Pice2BAdethe center
support ring 1002 with a plurality of fingers 1003 to

of hivled Hidatingmptatedust d20mor kpheegathetr henibadishent, the transfer
device. The transfer device is controlled by an

dezteaompfises dt aupporing fingersabntbtieeeangleThetween the line
actuator conprises two notors, each to control one

ackossl thie wotatbng oaxishefr anef tiankfer cdevioe @rgl the center of the
enbodi nent, the sem conductor workpiece transfer

hepitigapiata endhihedinemrcrossntherogatingeaxigngfithe other transfer

deVfamanst e ARiTES it iR Eeback Riser are or - Mba tid embodiment,
SRV S SRS S g BT HAUBHY $3°Fhe angle
befERH fES 1S YRPBEL G, [ORIRT A0 b Bife WEhErGUERRE and the
center of the heating plate and the line across the rotating axis of the
other transfer device and the center of the heating plate is 144° . In a
fourth embodiment, the transfer device comprises 6 supporting fingers,
and the angle between the line across the rotating axis of one transfer
device and the center of the heating plate and the line across the
rotating axis of the other transfer device and the center of the heating
plate is 120° .

[0093] Back to the thermal treatment apparatus. As shown in Fig.9,
which illustrates an isometric view of a thermal treatment apparatus with
a heating chamber and a cooling chamber positioned horizontally with a
retractable door therebetween. The thermal treatment apparatus 900

comprises a heating chamber 900a and a cooling chamber 900b
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axis of one transfer device and the center of the
heating plate and the |ine across the rotating axis of
w0 b@oedies transfer device and the center of tPEI/CN2007/070582
heating plate is 120 . In another enbodi nent, the
transfer device conprises 4 supporting fingers, and
positeored| &djzewteto arch iotheadiogzontally.ofafirsig haatmgpimember,
one transfer device and the center of the heating
asph dreatang plate 1902, kcsetattthe baiset ohdgheaxheatingt tlkamber 900a,
other transfer device and the center _of the heati ngi
whicht is ikepdoat a rcenstantdtemiparatere. Thee heating eplate 902 may
devi.ce conprises 5 supporti q fingers, and the angle
COH&%@@&?@"F”%@OAH Jﬁrsﬁﬁéxftﬂga ﬁgﬂ%&" A% ,e@tmg plate 903,

o SRl BASE, bl BT R Bt BB B et at o
co R oA RN Al 50T B 4 conin

coflOR! PSP MirRIBROG' 95" SBICB, 1R8Y S JEwRMOI PR heating

e line across 't rans

chdfYHEE Tk Lfop ﬂ?é‘ts'émﬂfoﬁé‘ﬁcﬂﬁawa‘g(p%ﬁéé 'E)‘éttgéansferred into

I ne across the rotating axis of t r trans

thé’%\éaim%%érﬁﬁe‘?%@é af fltlhfd'l'\sﬂﬂbd’tﬂ)rli"pﬁir? 912d ¥ also provided
[0093] Back to the thermal treatnent apparatus. As

in stheveatingichaMber®008 td provida esqaitedsiort ducing ehe heating
of a thermal treatnent apparatus with a heating

protesberA agdoapcobdl iranst@andevicessi904naddh@0% catenl povided to
W th a retractabl e door therebetween. The thernal _
suppeat g trgnsfestthe semicomgiuatos workpieicegbehweiesr the heating
900a and a cool i ng chamnber 900bp05|t|oned adj acent to
angaepobingeplaiesi Mﬁapwn in Frigr 8t nwwaeralg9@énded 9@8 denote the
heati n | ate , IS set base of the heatin
rami edelisiss, W ecmqr@e;cab?éaﬁ JeRcissathe: sMpaost uFiBg of the
heat i.n 2 nmay conpr e
trafyfef SBiFend Vi s STelodavian PR Sndrdosore fontrehed by two
ac@éa@sm@agn@fmmgﬁaﬁrg.@% FaF Ean 2R Y e qkfRning the
sefBBHdRRI0R BPkpRR&e. According to one embodiment, the transfer
device 904 and 905 can rotate and vertically move. When the cooling
process is completed, the semiconductor workpiece is transported out of
the cooling chamber by the transport devices through a second window
908 on the sidewall 901 of the cooling chamber.

[0094] The heating chamber 900a and the cooling chamber 900b
have a top piece 910, which comprises fluid distribution parts 912a and
912b in the lower surface of the workpiece. The heating fluid distribution
part 912a provides hot required fluid to the heating chamber 900a and
the cooling fluid distribution part 912b provides cool required fluid to the
cooling chamber 900b. The heating fluid distribution part and the cooling

fluid distribution part are utilized as additional heating and cooling
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coil. Afirst window 907 is set on the sidewall 901 of
t he heating chanber 900a for the sem conduct or
WOwmrRp2EeE to be transferred into the heating BPCEAN2007/070582
900a. A fluid distribution part 912a is al so provided
in the heating chanber 900a to provide required fluid
sodncesgumrghaadteatingr ocassoling gprogesst. Thenwbek principal of the
devi ces 904 and 905 are provided to support and
fluid ahstrdvution gartscOidacaod @dﬂhouis@énﬁtarv\ie:erthehﬂuid distribution
heati ng and cooling plates. As shown in Fig
paﬁtmnagh@ofu r&hcaryﬂmsa@ﬂade amqun mes”ftelofdélw ctahawmale treatment

nuneral 9 notes . t port rlng f the Iransfer
apgayates. métﬂm Ieudd §"068dkiia gisp asnilar to the above

ontroII d by two actuators one of which is 906 for
embaduREPS.ng” and positi oni ng the sem conduct or

defﬁi@%%ibégﬁéﬁégkgﬁ'&893’?9?@&3%\@3”{'1 Bt Y6 Heating and
cog\nﬁ tc'?% RBErs N L PCES i dati @@P@é?& 6Pt ofopling process is

or wor kKpi ecCe 1S por
|n|ﬁ8?édn9 chanber by the transport devices through a
second wi ndow 908 on the sidewall 901 of the cooling

ChED’G%} Adk8Hdindhe hpat eRth6aaBAt SWOFnand Fi@eQ the heating
cool i ng chanber 900b have a top piece 9 10 , which

chaeniper 9904 landl thle staoling i chvamdiers900BacandvBitRsimultaneously.
the | ower surface of the workpiece. The heating fluid

Fodi exantple, oa fisst sERAcgmductrs wartkpieqei cad Heliteated in the
the heatin%|e chanmber 900a and the cooling fluid
heatistg iahamoerpfirst, cand theni the fiksd seauabn@wq’comwwbplece is
t he cooling chanber 900b. The heating fluid
tramséerreslithbihgaranaddansterc sigvigg 1o uthe Gteelinguehamber for a
rt are utili as addi{.ional heating and
cobfipgi RiRGErEes dt?ﬁ ﬁ@raehﬁm ) SHCQUDISET GRREUSor workpiece
i nc the fluid dlstrlbutlon rts
cagbe ran8ieB el totd: e heatind reRAGREN e bBegin @ heating

orBESS 0 A Houfid 6008, ERBTIATAL et Bor 909 wil oy

rett38H WiteA'the SEMikbBhdURtbPvEHGY 8 cEMROBEIRY tFansferred between
the chambers, and at any other time, the retractable door 909 moves in
between the two chambers. According to an embodiment, the
retractable door 909 has a heat exchange means embedded in and
removes the heat from the heating chamber to keep its temperature
equal to the temperature of chamber walls.

[0097] According to the embodiment of Fig 9, in both heating
chamber 900a and cooling chamber 900b, the heating plate 902 and the
cooling plate 903 apply a conductive heat transfer mechanism to the
back side of the semiconductor workpiece, while the heating fluid
distribution means and the cooling fluid distribution means apply a

convective heat transfer mechanism to the front side of the
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[ 0095] The retractabl e door 909 noves in between the
heating and cooling chanbers when a heating process or
W@2@90L4708) process is initiated. [0096] Accor dP@CN2007/070582
t he enbodi nent shown in Fig 9 , the heating chanber

900a and the cooling chanmber 900b can work

semigohidarctonsvgrkieceexXbinprefore, fdagsihlessides dhdugtairtreatment on
wor kpi ece can be heated in the heating chanmber first,

theuise o dunetolri wetk giediec tentieali ¢ d in ridaine thee ineating process and
transferred by the one transfer device to the cooling

the koedinlg peecassobn iong prvkedineat, the seapsanducter workpirce is

second seni conduct or pi ece can, be transferred into
prelﬂ@amtang @ﬁ%%@ﬁ%ﬁeéé i @ hedting g’ &QQJHAQ; process starts.

DG e PeEheatng wrepeanpolngubroreas: BstBe s o eeling/cooling
plqtea ol e, Me ol B8 GoBid, RSt Bkafis, perform a
Coh C‘E.%”ﬁ?é?a agfgfggghﬁghb% enbodi nent, the

ract ab as a t exchange neans

chg%er]to bR e TV d@@ér {i8 ﬁhtB\etﬁéaleP@ embodiment,

eep its tenperature equa

thé et'ﬁéﬁ‘h?él“'tt%éﬁnéﬁﬂ'ﬁ{%aﬁﬁblssWlffﬁ)%ﬂlzéﬁt‘&l)ﬂ'd}@ah etch%hambers
enbodi nent of Fig 9 in both heating chanber 900a and

mapde @@rrdhadédraﬁ%lbmﬁrmmeat legsh! lnodz8Atalnchdjhaeent heating
cooling plate 903 apply a conductive heat transfer

ancecoatingnchambersack teanigpoftation seechamisict dor transporting a
wor kpi ece, while the heating fluid distribution nmeans

searigoniklcton Workfiesedoetweentike beatnghshampbgrand the cooling
convective heat transfer pnechanismto the front side

Ch@mbﬂﬁsé\ﬁr%rr&m@m d@pmpb@éweerheth@r d’l%@t”'dgwh@f@b@é and the

erma t on the sem conductor workpi ece
coplgi £6am es,gﬁﬁet r@trﬁgﬁa CB5eYas oM e e ripe heating
one odi sem condu

chRgiRe! e [\ FORAE b&reﬁasnn&daomﬂm PIRSSY and the
he%&.n‘§°°éﬁ£ﬁmﬂoér°°&%§/iaé§r ati additional heating source during the

heating process; the retractable door also moves in between the heating
chamber and the cooling chamber during a cooling process; and the
cooling chamber provides an additional cooling source during the
cooling process.

[0099] The heating chamber has an second heating member being
positioned at the side facing to a first heating member in the heating
chamber, the first heating member provides a first heating source for
conductive heating of the back side of the semiconductor workpiece and
the second heating member provides an additional heating source for
convective heating of the front side of the semiconductor workpiece
during the heating process. The cooling chamber has an second cooling

member being positioned at the side facing to a first cooling member in
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During the preheating or precooling process, both the
heati ng/ cooling plates and the heating/cooling fluid
waele@vodses i on neans perform a convective heat PCHANR®I/070582
mechani sm [0098] Based on the above descriptions of
the third enbodi nent, the thermal treatnent apparatus
theviadolivg i croatrddary thre fingecodiardenemibgr proviaes valefirst cooling
as conprising at least: horizontally adjacent heating
soance ciarl comdirctiee raqoling rahdper batckoside cobhrthemsiesniconductor
transporting a sem conductor workpi ece between the -
WOHKRIGCR) an@ﬁﬁ@:e SRCORd cowlling siember; piovidesicaabladditional
door between the heating. chanber and the coolin _
CO@ﬁHGbe?‘?Uf% et r FAREIVRocarling of Hé‘ﬁmh'@r&hes'de of the

hanber and the .cooql i anber during a

S RUGPPRGIEPEISkPTaRE 44k e AGOUABNRCTADY, dos an
e 10T Rariie' BPHRES drtulel BoBNEL P AR g neating

chﬁmreﬁlviﬂg‘ég& %&F%%{)fﬂﬁnﬁ(%@nﬁ{b@r%\}iﬁ‘&g% #ARERWre facing to the

Process, cool I ng er provides an

saﬁﬁ%&)@ir@%ﬁ?rﬁ%“ BAeS U IYhiedhd Nen Cégbitlﬁ‘ér Pégf’c?c?&iment, the

eati ng chanber has an second heatin

apfRiFafls PRidY coFigriswed Hedtlity stBanisét Ngindow faERig to one
eating nenber in the heating Cchanber, the first

direetiomfomenkteacoesyireans Andsa dutdirigrehaenbee Wieddow facing to
conductive heating of the back side of the

anséhecoopposie wiréglienefandanotheraccesearieanserdred the line
provi des an additional heating source for convective

achess ithg oenters of dhe twaewoidows iseniot panaltadrto the side of the

wor kpi ece during the_heating process. The cooling

ap@ﬁaa&ﬁ, A&sShaW NI ddI. i g anstber emibedipwent ithee@pparatus

at the side facing tq a first. cooli .menber inthe .
MabGAMBTISRANS ARG ChaMBEr WHIGOY TREIBEI0,PBE| igsction for one
irst cooling squrce fohacon ucti.ve cool i(g\?{dc%f t he

ac%ggQ JNgans: #Rd SnPLBHAGC IraNRal, Wind gfing to another
opPoEHA RS R BABLREPUAESs & MBARS ' 8R! the line across the

centers of the two windows is parallel to the side of the apparatus, as
shown in Fig 12. It should be noticed that, since the other structures of
the embodiments shown in Fig 11 and Fig 12 are the same as the
embodiment introduced above, they will be not described again here.
The difference between these embodiments is the positions of the
windows.

[0101] According to the present invention, the double-side thermal
treatment with both the conductive heat transfer mechanism and the
convective heat transfer mechanism is realized to the semiconductor
workpiece. In one embodiment, a preheating or precooling process is
also included, and during the preheating and precooling process, both

the first and second thermal treatment members apply a convective
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cool ing source for convective cooling of the front

side of the sem conductor workpiece during the cooling
w@e@eesEss [ 0100] For the apparatus descri bed abGI/E€N2G07/070582

conprise a heating chanber wi ndow and a cool i ng

chanber wi ndow which are facing to the sane direction
hetortramsfercnechargsns. | n anot her enbodi nent, the

apparatus may conprise a heating chanber w ndow facing

t ol @H@2Hi Thet i appacatusnewiitic sorizoanallynnareangedi ahambers is

chanmber wi ndow facing to another opposite direction _
adeptedrer heataasdeoaeadbin il ona staek atthissfitme; or annealing

ceqters of the th wi ndows i S no arallel to the side
Ml G Oraisatative, IB@sslﬁbﬁﬁmlﬁomBchtpr intergRimRet; or reflow the

odi nent, the apparatus conprise. a heating
SOl Culie BN PELALS I ALY HS He CORINGS - one access
nmeans and a cool i ng chanber w ndow facing to anot her
opposite direction for another access neans, and the

o s means, |

I CHESLTaRrh e, R Chracest B NRFIRAIg 35EAQEY heating
Kotiged that, si h h f
A NS wn i n Fio 11 and Fig 12 are the |

sS4 @45]tF@rerihéd!ﬂmfnélntlfrééﬁ'ﬁ%tab@ﬁﬁaréﬁu%y WiitH h@rizontally
not described again here. The difference between these

aremypst ohrabess! tite prdiceisenis afbit differerstowsth {HE @blparatus with
According to the present invention, the double-side
vettiealplartaegedechambdrshdidr the appanatusweitheaertically arranged
transfer mechani sm and the convective heat transfer _
chautihars,sonly obel isesaiconduetosewarkpirce ocanobiepitegated in the
In one enbodi nent, a preheating or precaooling.process
apparatys fon@naiéime apat dforithe aﬁ@aﬁaﬂl@wmdﬁ%ﬂontally arranged

chBHSSE0h % BHSEr ap ribat B g ol SPaMeb I heat more
tha:rpe %ééﬁiﬁ%&toﬂﬁoﬁ? |%rc%tsu§c’irr%ftgng%ruisﬁm ally

[0105] For example the process instructed below is based on the
assumption that the time for heating is longer than that of cooling. A
typical thermal treatment process is:

[0106] 1) a fluid distribution means 912a in the heating chamber
turns on and a retractable door moves in between the heating chamber
and the cooling chamber. Heating chamber window opens and
workpiece A is transferred into the heating chamber and received by a
semiconductor workpiece transfer device A (either transfer device 904
or 905 could be transfer device A in the above description).

[0107] 2) Semiconductor workpiece A is transferred to a
pre-heating position by transfer device A and pre-heated, as mentioned
above, according to the present invention, the semiconductor workpiece

A is double-side pre-heated by both the fixed heating member and the
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adapted to: heat and cool a thin filmor a stack of
thin filnms; or annealing netallic or insulative filns
WO poogpi7eonduct or i nterconnect; or reflow the BCI/GN2007/070582
or cure and/or bake the polyneric coatings. [0103]
Thermal treatnment process of horizontally arranged
adoettdnab hedtingol membeanwtls [E0168hveativehenedtengalmechanism.
treat ment apparatus with horizontally arranged
Duwrirsgrbtlis, steée phecestractablebidoalt fieepsmtinnibgiwegen the heating
apparatus with vertically arranged chanbers. For the
chappheaans the gopding eBRNYOEF.r anged chanbers, only one

SoERELAET WIRER! S hreohb b ek wien completes
sefigoraliclon WREKEIER A Bad ANSEr TSR STt dReoReating plate (for
exafE e, b J0RE 02 R F§ Phdnd desiE8ide hated. The
soffEBPRIARE MAHKb RE ) AR % HeERRY Ly BRORE AR plate (e
he'ﬁziin 0dOGic \ﬁitﬁ"édc@ﬁéh&’g@ét irféhtwgggm@éﬁéniémt Rfhd by the

ath ng charber turns on and a retra e door noves

hebfinket NBRD (striv@iong Faameiddfienae mamingd s_ource& with a
chammber. Heating chanber w ndow opens and wor kpi ece

cohvetctigesfesadgi mechhaismatsintuithnsbeasipndDuriog \stép 3), the
by a sem conduct or workpi ece transfer device A (either
retraatesthler ddevikee 994n dret®dée ndled heatingpohizenbde ek the cooling
in the above description). [0107] 2) Sem conduct or
chaonlx@r.ece A is transferred to a pre-heating position
by transfer device A and pre-heated, as nentioned )
abt09%hcddr WVhen othee heating: pragess ois ©wmpleted, a fluid
. sem conduct o rkpiece A is double-sid re- heat ed by
disfPNtaN PARESRER: | Ry therbEPOIRG (FRaRRE: GRS on and the
heat i menber with a convectiye heating, nechani sm ,
reBEia S ooTemayes it of 1 ShRBgt: HEEa§aHNg and cooling
chSRBERD driecBRAYAEd so that the semiconductor workpiece can be
transferred. Then semiconductor workpiece A is transferred to the
cooling chamber by transfer device A. Now the heating chamber is free,
so simultaneously semiconductor workpiece B is transferred into the
heating chamber by another transfer device B. During step 4), the
retractable door keeps out of the chambers. In one embodiment, the
semiconductor workpiece is precooled during the process it is
transported from the heating chamber into the cooling chamber.

[0110] 5) The retractable door moves in between the heating and
cooling chambers again. Now semiconductor workpiece A is in the
cooling chamber and semiconductor workpiece B is in the heating
chamber, they can be treated simultaneously. The heating process that

semiconductor workpiece B undergoes is the same as that mentioned
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chanber and the cooling chanber. [0108] 3) When the
pre-heating process is conpleted, sem conductor
WaowimrpEee A is transferred onto the heating pPEI/ENEGTGO70582
exanpl e, the heating plate 902 in Fig 9) and
doubl e- si de heated. The sem conductor workpiece Ais
abbeengahdat will bndthebéeatpeatpdat &dif | #esl loeatling process that
source) with a conductive heating nechani smand by the
sehdabnay dtoni dwvdrkpiadsut iAn padergaedi t itoansfdreatdauwice A put
source) with a convective heating nechani sm
Senisn eusmprkpigeagAstap e caelingt mdatexn(ferdexample, the

copfiaBnelater B0GoIn 4)iovAn SEMBIARURG HAGEEBEGS A i double-side
coBBRA |y Hiesier i Rlsten (Bec; ReBflag Sotised wifh a conductive
coffliaretngbistebe HE backAlfe FR0 Mk HRig Y distribution
sy bR RIBRARA ooy SoRire) with & S EoBling mechanism
ont fﬁ@fﬁr@ht ds%@%irﬁu.lﬂéﬁi’é(jdmﬁ’ﬁgh%hh?\g g@gHgS?,sitﬁeff&?actséble door

si mul t aneously sem conduct or wor ki

kebpgqﬁfgéf\ﬁéehn@pam,lggati ng chanber by anot her
transfer device B. During step 4), the retractable

dofg1 kepr®) diit tieé heatiehpntiers . isl nongeretiradi tikat codlig time,
sem conduct or wor kpi ece I's precool ed during the

sepricoaski dtor iveotkpespoAtfatishesnhe eolodiaitg ppockastiast and then is
into the cooling chanber. [01 10] 5) The retractable

tramsfernesl esitiof the weslingehaeabengSimce dbel hegtinigatibee 4s longer
agai n. Now sem conductor workpiece Ajs in the cooling

tham dhige EORHNGs HiM e o SIIRICON duss oy weskpigae iBh isrtill being heated
heati ng .chanber, they can be treated sinmultanepus]y. .

WhETD $ERICAGIICHRE Y T BISaR A 8 dtansSTeRs P aEeot the cooling
undergoes js the sane as that, nmentionedabgve d,wi ||

chagibel Aish somlingGharmBer ds fris pPHLELE SR, 61, the retractable

door keeps in between chambers.

[0112] 7) When semiconductor workpiece B finishes heating, the
retractable door moves out of chambers for transferring semiconductor
workpiece B into the cooling chamber, simultaneously semiconductor
workpiece C is transferred into the heating chamber and received by
transfer device A. The following procedure is the same as described
above.

[0113] In order to ensure that the two transfer devices do not
interfere with each other during the transportation of semiconductor
workpieces, the two transfer devices are positioned in a certain
configuration and may be designed with different lengths. As shown in
Fig 13, P1 denotes the center of the heating plate and P2 denotes the

center of the cooling plate. O1 and O2 are the axis around which the
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sem conduct or wor kpi ece A undergoes, transfer device A
put sem conductor workpiece A on the cooling plate

W@ t@p/oxwespl e, the cooling plate 903 in Fig 9)PCT/CN2007/070582
Sem conduct or wor kpi ece A i s doubl e-side cooled by the
cooling plate (fixed cooling source) wth a conductive

tracsder rdevieesanptateonl hdeahghk hieteveen OHE tamdn@1P2 and that
fluid distribution system (additional cooling source)

betwekna @amMlecande Q2821 mglateshdai ¢heonurmbef r ohtfisgedes on the
sinul taneously. During step 5), the retractable door )

trapnséer deviee. waad daandsamplpoiif ithe gransfemeeviegs ngomprise 4

. time is longer. than the cooling tjine, .sem conducto
fm@@fﬁpié‘@e 1A3gfl[|H§§ﬂ?é§St Ae Y| imng&g’téi@ th%tﬂngngﬁamber, the
transferr t of the.cooling chanber.

cobliB8nERAMMGET e e Hasp oA g 7ig. arTanged. The

an3 TR & 185f PR B2 dnd et BEMEe NI (I 02P2 are

{ nmber. And cooling chanber is free. During
bo@??& Q%g‘??%e retractabl e door keeps in between

ChRIPRIE BAN 1gh the WELLrioibARNBR Ghe! tHRUKBhRSGdFnent of the

eati ng, the retractable door noves out

app2rahes aridthe’ pREEEES israbIRIThEMdURbee tHAKIRE §ehiconductor

Into the cooling chanber, sinultaneously sem conduct or
wompketes ecdulids ber tnsfrealtigdreated téienhieaheoasthanbigre apparatus

and received by transfer device A The foll ow ng
withr adwealutraniset heesees. ad hies cthiebetthrabgheut[ (8 gadatly improved
order to ensure that the two transfer devices do not
cohmpardgdite thathokdlcd apparatius with tardyteaastiansien device. For a
~sem conductor workpi eces, the two transfer devices are
givessirerinrdthe time der dherewltirgatmeandrasifuagtiea of the number
designed with different lengths. As shown in Fig 13, P
of J{TgeNBHe AN GOT oW QTP IRERE| 1 SNAND cy 5. 14 for both
ap%%?g{l?ss. tIJP]% throughput improves 73.6 percent for apparatus with 2
transfer devices compared to that with one transfer device.

[0116] It should be noticed that the thermal treatment process for
horizontally arranged chambers mentioned above is only an example of
the thermal treatment process provided by the present invention. For
one of the ordinary skilled in the art, the following range can be obtained
from the present description without doubt. Therefore, the present
invention shall not be limited to the embodiment, but along with the
scope of the claims.

[0116] Based on the descriptions of the embodiments of the
apparatus and the process embodiment, the method for thermal
treatment process of semiconductor workpieces may be concluded as
comprising at least: providing a heating chamber and a cooling chamber

positioned horizontally adjacent; providing a retractable door for
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center of the cooling plate. 0 1 and O 2 are the axis
around whi ch thetransfer devices rotate. The angle
wheiwezited 1P 1 and 0 1P2 and that between O2PRCEHAN2007/070582
2P2 relates to the nunber of fingers on the transfer
device. And for exanple, if the transfer devices
sepanatingethe hieadierg chiéingbéB and tisé racdang ckmmbernwpirotiding first
t he heating chanber, the cooling chanber and the
hegatimgs pre minersnaihbottam of thes heatngyebianTber,aandesecond heating
between 0 1P 1 and O 1P2 and that between O2P1 and
mepbersrat kR rfobeadimge ehanohenspraeisikag dirst zooling members at
descri gs of the third enbodi nent of the apparatus

bogt,spdmcp,egdibé) gngm@m@ﬁ,,a rSECPRE epRling members at top of
negfiRel ERASRRETy Vi (agat et APl t RROVEEN the heating
cndBlEr st T e FORRE A ofkBOrting & first

se[vﬂﬁgﬁfﬁfcitg?VW@Q&ea giﬁ‘t%”.trh%‘:iﬁggﬁiylﬁu%%gé’f and second

erna Freatnent as a function o er o

: . i < , o _

seREYSAASE, Sontisier, (P, G600 coaipipstidtyiel, Hoving the

refPaEesile bebrapPpedieevthée ﬁeéfiﬁ@séﬁénﬁﬁéf R Q:Qimﬁ’f%%hamber
to that wwth one transfer device.” [01 16] It shoul d Dbe

andoistartihd haeating @t nedolingaprecessescasanéporting the second
hori zontal Il y arranged chanbers nenti oned above is only

senricexadter oforkyiecee ol of tleat cealingr chassber aftetethe cooling
by the present invention. For one of the ordinary _

preeess @pmpletes; anovingéheoietactadle daeer odh bedween the heating
obtai ned fromthe present description wthout doubt..

chamber @nd coding edambenand itsanspartingotheréirst semaigonductor

to the enbodinent, but along with the scope of the
warkgiege oD 1es hsathoahanbalilpi the sedlgid chamber after the
enbodi nents of the apparat utf,rﬁand tpe prace

heatingi IRCSSthe ST REISFor TRESHAT '{‘Qea?neﬁﬁirﬂr oSEfaiconductor
wotkpPEda CABUEh QT nYBHHY GGRemBRY: PRERARG' ¥i€9r&Factable door in

between the heating chamber and cooling chamber and starting heating
and cooling processes; repeating the above steps.

[0117] The heating chamber has an additional heating member, for
example, a heating fluid or fluid distribution system facing to a fixed
heating member in the heating chamber, the fixed heating member
provides a fixed heating source while the additional heating member
provides as an additional heating source during the heating process.
The cooling chamber has an additional heating member, for example, a
cooling fluid or fluid distribution system facing to a fixed cooling member
in the cooling chamber, the fixed cooling member provides a fixed
cooling source while the additional cooling member provides an

additional cooling source during the cooling process.
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conprising at |east: providing a heating chanber and a
cool i ng chanber positioned horizontally adjacent;
w@e@viozli7eg) a retractabl e door forseparating thRCTEN2G0MG70582
chanber and the cooling chanber; providing first
heati ng nmenbers at bottom of the heating chanber, and
sef@hti8heedcovglingnteritheatpresendf inveaition, ehadule-side thermal
providing first cooling nmenbers at bottom of the
treidane mig vathantbeth thed corchrativedieal tramsfers mechapissh and the
heati ng chanber; noving the retractabl e door out
copveative heathbransigr onaehanism isheealbeedntp dhensemiconductor
d.transporting a first sem conductor workpiece into
WQrRQ'fﬁ%%-tl ng chanmber and second semi conduct or vvorkpi ece

e O AR e A iicce
Pr?'ﬁ%ﬁé‘e@ Rgﬁﬁ&qﬂsnﬁ%&ctﬁ}é B B3, ot IR Setfigonductor
wefRBRES i< drolleg B C68RRr LS %5% anber

mf%(?]’]d ThE coRMPYY tiAms |¢1 éﬁ’ﬁg %ﬁ‘é’nfﬁ@r fsi1 the heating time

uctor worKprece fromth eating chanber 1 nt

in Wfé%tﬁ@'dh&n%‘éﬁm’%eﬂ?afér@d if Te1FEat tRENPHARES transport the first
conpl e transporting a third sem conduct or

semitbpidestor Workpiechaato meatiwgiotramiveyiwigl beeset at least T1-T2
retractabl e door in between the heating chanber and

lateodthary torhenbertrangdpsirathengekeatd sgmabrautiorgworkpiece into
processes; repeating the above steps. [01 17] The

copbagi @@amﬁei‘oef THasl 2ntheniitinertal traaapioty the st sefnmconductor

exanp a heating fluid or fluid distribution_s
wqu@ie@etlat@ hea@aghéham@ewﬂebeu set id @@e&tuﬁg 1 earller than
chapber the fixed heatl nmber provi des f.i xed
timea n‘ijaﬁ‘émoé |$ee@% aa»&mn UGOL: | lgper into cooling

hﬁ ol\?/l des as an additional heating source during the
Chpoy ‘ra‘[hg process. The cooling chanber has an additi onal

g2, TR Byl KR FraPy BERYIAIR el hoptie in
the following application, for example: heat and cool a thin film or a
stack of thin films; or annealing metallic or insulative films in
semiconductor interconnect; or reflow the solder; or cure and/or bake
the polymeric coatings.

[0122] The adapted double-side thermal treatment mechanism of
the present invention increases the efficiency and throughput and
uniformity of the thermal treatment and reduces thermal stress
mismatch and semiconductor workpiece deformation.

[0123] The previous description of the disclosed embodiments is
provided to enable any person skilled in the art to make or use the
present invention. Various modifications to these embodiments will be

readily apparent to those skilled in the art and the generic principles
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in the cooling chanber, the fixed cooling nenber

provides a fixed cooling source while the additiona
w@owbiomgesrenber provides an additional cool i ngPGDUN2®7/070582

during the cooling process.[01 18] According to the

present invention, a doubl e-side thermal treatnent
defined berein meayodndumpphedhteabthe peshbodimardsi withaut departing

t he convective heat transfer nechanismis realized to
fromethse spiihoncopevafkifiedeveption19Thus, tme present invention is

enbodi nent, the sem conductor workpiece is preheated
nopéntandedndoneatlimiegr s tie enbodiments shewn herein but is to be

sem conduct or. wor kpi ece i s precool ed beLore t he
acggpfiedgt oVigEst ShaRe constente Wbl theg RinEiPigs and novel

cooling chanber is.T 1, the heating tinme in heating
fe%%ﬁﬁeq%spgosl%? h&§f&Mf T 172, then tine to transport

the first sem conductor workpiece into heating chanber

will be set at least T1-T2 later than tine to

transport the second sem conductor workpiece into

cooling chanber; if TKT2, then tinme to transport the

first sem conductor workpi ece into heating chanber

will be set at least T2-T1 earlier than tinme to

transport the second sem conductor workpiece into

cool i ng chanber. [0121] The doubl e-si de therma

treatment nmethod can be applied in the follow ng

application, for exanple: heat and cool a thin filmor

a stack of thin films; or annealing netallic or

insulative filnms in sem conductor interconnect; or

reflow the solder; or cure and/or bake the polyneric

coatings. [0122] The adapted doubl e-si de therna

treatment mechani sm of the present invention increases

the efficiency and throughput and uniformty of the

thermal treatnment and reduces thermal stress m smatch

and sem conduct or wor kpi ece deformati on.
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[0123] The previous description of the disclosed
enbodi nents is provided to enable any person skill ed
WO poovlzs76¥t t o make or use the present inventiRCI/CN2007/070582
Various nodifications to these enbodi nents will be
readi |y apparent to those skilled in the art and the
Whahts claipie@dspl esdefined herein may be applied to
ot her enbodi nents w thout departing fromthe spirit or
scope of the invention. Thus, the present invention is

el o Bbetet s TBe thBLR CahbE T FHrHRERACEERN workpieces,

j nt with the principles and novel features
COQI”QC%@ 3d herein.Wiat is clainmed is: 1. An apparatus

fo aqfﬁg SENH (‘Cgﬂﬂ f-eces,
co?r%t@lﬁg!artéeﬁiécal ?/ﬂé\?r ange g‘g‘{ ?‘hgwgﬁ P!l\(’:’ool i ng
Ché“ﬁ?éﬁispérﬂd‘tﬂiﬁpﬂﬁééhaﬁ%rﬁecﬁb@mt?ﬁhéﬁbrﬁlﬁgnsémfs@nﬁ‘i@:onductor
a sem conduct or wor kpi ece between the heating chanber

workpid e batoldary thbmﬁnﬂ&hm@@dﬁhmoﬁng chamber;
separating the heating chanber and the cooling

chanbetracthklei dooheforeseparaling dber heatesgi chhetbeenand the
t he heating chanber and the cooling chanber when a

copbagi el@aprlegriess or a cooling process starts; and the
retractabl e door conprising a heating | ayer and a )
cowheigimajbe. retractadlapsiocr unaes| # mbetwaerni ethe heating
sai d heatjng chanber conprising a fixed, heating nenber :

chaEgr g6 {iTe RRo k0 sHA'BIES WBSHy 2 REatiBSk PreCess of a cooling
chanber,; saiag}éeati ng | ayer on the retractabl e door

pr%%?ﬁﬁ Sﬁ%&‘ﬁi d at a surface facing to said fixed

i Tl A B O B g e,

menber conprising heating coils or other heating
nmeans, and the heating |ayer

2. The apparatus of claim 1, wherein said heating chamber
comprising a fixed heating member being positioned at bottom side of
the heating chamber; said heating layer on the retractable door being
positioned at a surface facing to said fixed heating member in the

heating chamber.

3. The apparatus of claim 2, wherein the fixed heating member
comprising heating coils or other heating means, and the heating layer

on the retractable door comprising heating coils or other heating means.

4. The apparatus of claim 2, wherein the fixed heating member
performs a conductive heat transfer mechanism and the heating layer
performs a convective heat transfer mechanism during a heating

process.
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on the retractabl e door conprising heating coils or

ot her heating neans. 4 . The apparatus of claim2 ,
wob@pe24163 he fixed heating nenber perforns a cRCHIN2G0V/@70582

heat transfer nechanismand the heating |ayer perforns

a convective heat transfer nechani smduring a heating

process. 5. The apparatus of claim2 , wherein the

sem conduct or wor kpi ece is preheated before a heating

prbcedbesappasates of Blaimppawdtareinfthel s¢misonduictoemrorkpiece
. the fixed heating nenber and the heating | ayer perform
is prebaated ihaforea heeding proaesastAstd. when t he

sem conduct or workpi ece is preheated. 7 . The

apparatus of claim1, wherein said cooling chanber

P B B T8 TEARE I B S RRg nimber anc
ind 65138, 0 SHERELTS Bl Qe HRACHARTEF hkgsm when

' . . f clai ’
ind SR B PP B CLam T
9

fluid distribution neans. The apparatus of claim8
, Wherein the fluid used in the cool fluid

di gt r Tpiel | QppBRafiss | 8f Seldfd ed | f MR feifir WHIIC BBbliRg "Ehamber
at least: an inert gas, a mxture of inert gases or a

comptising ef fixeer toohnes na@mbadbeﬁm%qoagnmwmrmm side of the
the fluid m xture conprising 90-1 00% of inert gases
coalidgochaddbef, andustid camieg.layer dhethappetraictabted door being
claim9 , wherein the inert gases is selected froma _
pogitoamedoaprasshgfane Ifening to gsaid Hetedingcoalingogeanmdeer in the
ot.her inert fluids, and the reductive gases is
coglingcehantheym a group conprising at |east: hydrogen or
ot her reductive gases.1l1l. The apparatus of claim5 ,
the fixed cooling nmenber perforns a

8. The apparatus of claim 7, wherein the fixed cooling member

comprising a cool fluid distribution means.

9. The apparatus of claim 8, wherein the fluid used in the cool fluid
distribution means is selected from a group comprising at least:

an inert gas, a mixture of inert gases or a mixture of inert gases
and reductive gases, wherein the fluid mixture comprising 90-100% of

inert gases and 0-10% of reductive gases.

10. The apparatus of claim 9, wherein the inert gases is selected
from a group comprising at least:

argon, helium, nitrogen or other inert fluids, and

the reductive gases is selected from a group comprising at least:

hydrogen or other reductive gases.
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convective heat transfer nechani smand the cooling
| ayer perforns a conductive heat transfer nechani sm
wa090meemppar atus of claim5 , wherein the  PCI/CN2007/070582
sem conduct or wor kpi ece is precool ed before a cooling
process starts. 13. The apparatus of claim 12, wherein
the fixed cooling nenber and the cooling |ayer perform
a convective heat transfer nechani sm when the
sefiil cdrivai@ppanaduk pdfeckains Sprtbeotiked. caalinghmember performs a
apparatus of claim7 , wherein the cooling |ayer
copyeptivel hgadobrnsiecsnechamése ang dbel aalipgi tyer performs a
circulated throu the cooling coil to renove heat out
condyetivecheafit §Etroe Piece. 15. The apparatus of
claim11l, wherein the retractable door further
conprises a gap being placed between said heating

ci A 1S abBiAtef08 0 G & weireid a8 FERtihHRLtlgr workpiece
is ﬁﬁéejc(SB@d 'B%fé‘ré:é' g?égihg‘lﬁfovtﬁessé QekrtQf thin films. 17.

apparatus o ) €reirn the apparatus is
used for: annealing netallic or insulative filnms in
sem conductor interconnect. 18. The apparatus of claim

1, 18heriee %@Qﬁrmb@tdéirhsm?qﬁhé%irf & ok ad é@@ling member
sol der. 19. The apparatus of claim1l, wherein the

andpplaeatosling wper fpsrfomar engom@ctiveateal tidvesfer mechanism
pol ymeric coatings. 20. The apparatus of claim1,

wharetleé semecord uatdralvoekdiese fsipréeootsxipri si ng a
i near noving nmechanismto drive the retractabl e door
in and out between the heating chanber and the cooling
chanber. 2 1. The apparatus of claim1, wherein the o
r efl #adithd @O RRIAtUS P BERINME dhpheray ihe geglingdayer comprising
ani ng nmechanismto drive the retractabl e door

cooling coil,

wherein a coolant being circulated through the cooling coil to

remove heat out from the semiconductor workpiece.

15. The apparatus of claim 1, wherein the retractable door further
comprises a gap being placed between said heating layer and said

cooling layer.

16. The apparatus of claim 1, wherein the apparatus is used for:

heating and cooling a thin film or a stack of thin films.

17. The apparatus of claim 1, wherein the apparatus is used for:

annealing metallic or insulative films in semiconductor interconnect.

18. The apparatus of claim 1, wherein the apparatus is used for:
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in and out between the heating chanber and the cooling
chanber. 22. The apparatus of claim1, wherein the

W@ e@pOR0ss at i on nechani sm conprising at | east BCF/E€N2007/070582
lift pins through the fixed heating nmenber. 23. An
apparatus for thermal treatnent of sem conductor
worgfpowoeg thewsgldiesi ng: horizontal |y adj acent heating
and cooling chanbers; a transportation nmechani sm for
transporting a sem conductor workpi ece between the
heati ng chanber and the cooling chanber; and a
r efl Padthbppp@saitus &f clajrar bt whgreie theaappgratusniseused for:
and the coalin &hanber erei.n the retractabl e door
no%gngnaﬁéf%gﬁ e theRoI¥§@HERRALIAGS: t he cool i ng
chanber when a heating process or cooling process
starts. 24. The apparatus of claim 23, wherein said

A R S
cofEATD EUFERITRILEITRITA S, BESelIRE Bhagigbe door i

andl 68t @?\ﬂﬁe'e'?ﬁtﬁ@'ﬂ%eétngﬁ B et GﬂHétdd/@hﬁ@g?hamber

trans er ani sm and” t he secon eat| ng
perfornms a convective heat transfer mechani smduring a
heating process. 26. The apparatus of clai m 24,

whgr eiThé hepparatuendédlaimwer kpheasini therebeaitatle door further
before a heating process starts. 27. The apparatus of

conmpriisinzba rdtatiinalt imeovingsmeokenisg rrenteveahe tétractable door
second heating nmenber performa convective heat

in anahetit betweemtkenhaating oh avabier @nid dherconlingichwmiber.

pr eheat ed.

22. The apparatus of claim 1, wherein the transportation
mechanism comprising at least three lift pins through the fixed heating

member.

23. An apparatus for thermal treatment of semiconductor
workpieces, comprising:

horizontally adjacent heating and cooling chambers;

a transportation mechanism for transporting a semiconductor
workpiece between the heating chamber and the cooling chamber; and

a retractable door for separating the heating chamber and the
cooling chamber;

wherein the retractable door moves in between the heating
chamber and the cooling chamber when a heating process or cooling

process starts.
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28. The apparatus of claim 23, wherein the cooling
chanber conprising first cooling nenber positioned on
whoiweri’e the heating chanber and second cool PEIYCN2007/070582
menber positioned on top of heating chanber. 29. The
apparatus of claim 28, wherein the first cooling
megder Ther fapparatusomductaive B8at wheresd esaitech@atingy chamber
and the second cooling nenber perforns a convective
cohwatisingaigsérheatthgnimsemdar pgsitionedi og podtews of sthe heating
The apparatus of claim 28, wherein the _
chasmheb it secmrk feating Imgnebesipesibengdc oa teplofhthe heating
process starts. 3 1. The apparatus of claim 30,
ch@fdb@i-n the first cooling member and the second
cool i ng nenber performa convective heat transfer
nmechani sm when t he sem conductor workpiece is

T aRentie Al RO 2 oo elh Bre, HIEL Mg ‘member

pefﬁ,ﬁh’f&a Egﬂgc %P RRLRLHSn SeChitl iR rg%&éﬂe%&nd heating

nspor antsmconprising two evi ces.

helh t i3 ' e - -
el B HBANS, & (EonTERNTe hep B Srer friethanism during a
heatifgy pfoéd§stwo transfer devices are different. 35.

The "apparatus of claim 23, wherein said transfer

devi ces conprising 3 supporting fingers, and the angle

between the Iine across the rotating axis of one

t ra6sf dhaledpparatdst ref celaiey 284, t vehéesini nthepl semiconductor

and the line across the rotating axis of the other
warkpigteis greheateddoetarecameating procassastargspl ate is

120 . 36. The apparatus of claim 23, wherein said

transfer devices conprising 4 supporting fingers, and

th | e bet the |
57f’mlghee agpg(reae us o cllari]r% %Cé,oﬁv%erein the first heating member

and the second heating member perform a convective heat transfer

mechanism when the semiconductor workpiece is preheated.

28. The apparatus of claim 23, wherein the cooling chamber
comprising first cooling member positioned on bottom of the heating
chamber and second cooling member positioned on top of heating

chamber.

29. The apparatus of claim 28, wherein the first cooling member
performs a conductive heat transfer mechanism and the second cooling
member performs a convective heat transfer mechanism during a

cooling process.

30. The apparatus of claim 28, wherein the semiconductor
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the rotating axis of one transfer device and the

center of the heating plate and the line across the
WO 2108024765 axi s of the other transfer device anBCT/aN2007/070582

center of the heating plate is 90 .37. The apparatus

of claim 23, wherein said transfer devices conprising
warkpigeeii$ iprgcbiolge rseforeda ool peobessestartshe | i ne

across the rotating axis of one transfer device and

the center of the heating plate and the |ine across

the rotating axis of the other transfer device and the

cedferThe appanatus o plaie 3@ whereigstherfasipgreldtasmember

of claim 23, wherein said transfer devices conprisin
ang dhgpsecong GaRJEg ”‘&mb@ﬁepﬁﬁé}@ bt GRBNECHYS ﬁ]@@gt transfer

across the rotating axis of one transfer. device and
MEFRABEM NS rSRONEPRGUSIAT WOKPIERE IS e CRYIEEs

the rotating axis of the other transfer device and the

center of the heating plate is 120 . 39. The apparat us

of 35l a¢ R @pp%g%‘ B{tcﬂﬁirﬂe 5! Whﬁrﬁﬁogéid Liééﬁ?%ort mechanism

conprising '@ W ndow for | oadirhg the sent conductor

' b, ' er further conprising a

comﬂégé\?ﬁfagrlbl@lgg |ng$%eéfggnﬁ\§%mtor wor kpi ece out .

40. The apparatus of claim 23, wherein the apparatus

is used for: heating and cooling a thin filmor a

st 38k The tdppafatuss of £1aimTP8, apherainusaid trdmspoA3mechanism

wherein the apparatus is used for annealing netallic
compiisisy twovteahsfersdewicesr conduct or interconnect. 42.

The apparatus of claim 23, wherein the apparatus is

used for: reflowing the solder. 43. The apparatus of

clai m23, wherein the apparatus is used for: curing )

andftorT hakapgaratusAfy sdine Tdatwhereinathey twe Heanster devices

thermal treatpent of seniconductor rkpi eces, .
haygBITS: A0 SPEvIENGH SaOhdar: AMeHahDar R (EARsisr dguices are

difgehraenr‘ﬂgr bei ng stacked

35. The apparatus of claim 23, wherein said transfer devices
comprising 3 supporting fingers, and the angle between the line across
the rotating axis of one transfer device and the center of the heating
plate and the line across the rotating axis of the other transfer device

and the center of the heating plate is 120° .

36. The apparatus of claim 23, wherein said transfer devices
comprising 4 supporting fingers, and the angle between the line across
the rotating axis of one transfer device and the center of the heating
plate and the line across the rotating axis of the other transfer device

and the center of the heating plate is 90° .

_45_



vertically; providing a retractable door for
separating the heating chanber and the cooling
W@ b@oaoza7ss provi ding a fixed heating nmenber at BPOI/CE2A0GH70582
t he heating chanber, and a heating | ayer at the | ower
surface of the retractable door; providing a fixed
coBVi nfheerdyeparatusofofclaim @l iwlgerdiantszid arahsfer devices
cooling layer at the upper surface of the retractable
coduprisingoi ayppletingt fingeas| andothe ianglet hetweenethe line across
heati ng chanber and cooling chanber and transporti nt% a )
the getatinguaxis ofopre bansfer devieeneqd thecranter of the heating
starting heating Processes nmovi ng .t he retraﬁtable

plajgopnsuthedineciass fatiatgtingamis ofnthe Qifergtransfer device
nb d t h duct k
ang i crotaeel g ralerPIate ¢St ool i ng chamber vhen

the heating process conpletes; noving the retractable
door in between the heating chanber and cooling

ChaBDCTREN LA A0 ORIl PrOCSRRERinl ANAPIANSer devices
e sem COI’] or vvor piece out 'of the coo

4
coRATHMG 8oSupPOTLAE f‘ﬂ@e?ﬁ% e dandy "%’Pﬁe“ i fine across
thé’e{fd?éﬁnghéxi"@fﬁf' BaePteifRsTer sdavice 4nd the &éhf@ld diff the heating

claim4 further conprising: precooling the

platenbaan thistle Ve iayse tiee bestatiegt bxis asfl the gtheselsansfer device
starts. 47. A nethod for thermal treatnent of

anslethec gedtet of therlkgatngsplatensri20 hg:

39. The apparatus of claim 23, wherein the heating chamber further
comprising a window for loading the semiconductor workpiece in, and
cooling chamber further comprising a window for loading the

semiconductor workpiece out.

40. The apparatus of claim 23, wherein the apparatus is used for:

heating and cooling a thin film or a stack of thin films.

41. The apparatus of claim 23, wherein the apparatus is used for

annealing metallic or insulative films in semiconductor interconnect.

42. The apparatus of claim 23, wherein the apparatus is used for:

reflowing the solder.

43. The apparatus of claim 23, wherein the apparatus is used for:

curing and/or baking the polymeric coatings.
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provi ding a heating chanber and a cool i ng chanber
positioned horizontally adjacent; providing a
W0 iopmd7edbl e door for separating the heating cP@EoN2007/070582
and the cooling chanmber; providing first heating
menber at bottom of the heating chanber, and second
heating nmenber at top of heating chanber, providing
first cooling nmenber at bottom of the cooling chanber,
and4seésanethodl fargtimerrhal tegatmendfofceemicgnchuatberworkpieces,
noving the retractabl e door out between the heating
copneii®éd and the cool i ng chanber and transporting a
first sem conductor workpiece into the heatingﬁﬁ anmper
[

anBreWehia & dRatya fhanbrsr &R ed £QoHRA A ing stacked

cha I er; noving the retractable door in between the
VeRUCRHYyg chamber and cool i ng chamber and starting

cchtegRi8 B Fetar iy B 86T 10T s et ARBR] hEhadipd Kifiiber and
thé‘be%rlir{dggp%ﬂ%éPg process conpl etes; noving the

retrac € door’ out between the heating chanber and

ggﬁl’d}\y‘i@éﬁ@%F’ﬂ%daﬁgafihgnﬁ%}ﬁbie?@htt BSttbih I the heating chamber,

condutt or wor kpl ec m the heati ng chanber

andhg HestingdagbpEeheaoviér ENFFdtRAbF ti9e MedERGBble door;
conpl etes; transporting a third sem conduct or

wopkpvieidreg i at fixétecbelihgntnemydreat mop i the cooling chamber,
retractabl e door in between the heating chanber and
andoaldodirng éaper abtkeupper sgrfzse ohdghenetractabig door;
processes; repeating the above steps. 48. The nethod
of mdng Ure rfaira@ta%leodporsnn@etwe@rﬁeéhenbeah@g chamber and
sem conduct or wor kpi ece before the heati n% ) )
cooling chamber and transporting a semiconductor workpiece into the
heating chamber;
starting heating processes;
moving the retractable door out between the heating chamber and
cooling chamber and transporting the semiconductor workpiece from the
heating chamber into the cooling chamber when the heating process
completes;
moving the retractable door in between the heating chamber and
cooling chamber and starting cooling processes;
transporting the semiconductor workpiece out of the cooling

chamber.
45. The method of claim 44, further comprising:

preheating the semiconductor workpiece before the heating

process starts.
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process starts. 49. The nmethod of claim47, further

conprising: precooling the sem conduct or workpi ece
whedoonzs7she cooling process starts. 50. The neR¢DEN2H07/070582

claim47, wherein the cooling tine in cooling chanber

is T 1, the heating tinme in heating chanber is T2, and

i f46. The métod offclamt4fniother coenprisatg:

sem conduct or wor kpi ece into heating chanber will be

seprecodkngtthelsemicanduatoawaertkpiece betoreptire cooding process

second sem conduct or workpi ece into cooling chanber;
staffel. i f TKT2, then time to transport the first

sem conduct or wor kpi ece into heating chanber will be

set at least T2-T1 earlier than tine to transport the

Se&?h%sr%rgtﬁgad%rt ﬂ%e?"rﬁémireegtemieﬂ OofcggHiré n@u%r{g?r\ivorkpieces,

comprising:

providing a heating chamber and a cooling chamber positioned
horizontally adjacent;

providing a retractable door for separating the heating chamber and
the cooling chamber;

providing first heating member at bottom of the heating chamber,
and second heating member at top of heating chamber,

providing first cooling member at bottom of the cooling chamber,
and second cooling member at top of cooling chamber,

moving the retractable door out between the heating chamber and
the cooling chamber and transporting a first semiconductor workpiece
into the heating chamber and second semiconductor workpiece into the
cooling chamber;

moving the retractable door in between the heating chamber and
cooling chamber and starting heating and cooling processes;

transporting the second semiconductor workpiece out of the cooling
chamber after the cooling process completes;

moving the retractable door out between the heating chamber and
cooling chamber and transporting the first semiconductor workpiece
from the heating chamber into the cooling chamber after the heating
process completes;

transporting a third semiconductor workpiece into the heating

chamber;
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moving the retractable door in between the heating chamber and
cooling chamber and starting heating and cooling processes;

repeating the above steps.

48. The method of claim 47, further comprising:
preheating the semiconductor workpiece before the heating

process starts.

49. The method of claim 47, further comprising:
precooling the semiconductor workpiece before the cooling process

starts.

50. The method of claim 47, wherein the cooling time in cooling
chamber is T1, the heating time in heating chamber is T2, and

if T12T2, then time to transport the first semiconductor workpiece
into heating chamber will be set at least T1-T2 later than time to
transport the second semiconductor workpiece into cooling chamber;
and

if T1<T2, then time to transport the first semiconductor workpiece
into heating chamber will be set at least T2-T1 earlier than time to

transport the second semiconductor workpiece into cooling chamber.
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