METHOD AND APPARATUS FOR THERMAL TREATMENT OF SEM CONDUCTOR WORKPI ECES [ 0001]
Field [ 0002] The present invention relates to an apparatus and a net hod
for thermal treatnent of sem conductor workpieces. Mdre specifically, the

appar at us i nclMEFHO® ANDNARRARAEUSIF O ReAHERMALINREATMENA Gt r act abl e
door between them The apparatus and nethod all ow the sem conduct or workpi eces
be thermally treated from3BMIGONDBECHYRWORKPHEGES ransf er nmechani sns at
two different tenperature settings. [0003] Background [0004] In the
production of sem conductor workpieces, nunerous nmaterials |ayers are
deposited on a _substrate during device fabrication. The deposited | ayers may
have differ ent[OQIQér]rf%lle@xpansi on coefficients and contain contam nants,
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[0003] Background
[0004] In the production of semiconductor workpieces, numerous
materials layers are deposited on a substrate during device fabrication.
The deposited layers may have different thermal expansion coefficients
and contain contaminants, defects or undesired 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



perpendicular to its surface. Such a tenperature gradient, together with
difference in thermal expansion coefficients anong the layers, result in
stress m smatch and deforns the sem conduct or workpi ece, commonly known as
"bowi ng". FEnErEdicotanto dansaaise. dBuicheafteinpeeature gradientossgethmempmnath i ce

t he sem conduct or workpiece is usually pre-heated for a period of tinme before
t he t her ndiffiereaceein thermiad eleansidn copffiatants amorggidbe kewensg.reshoiddr af or e
the time of thermal process is ?reatl i ncreased and the process throughput is
linmited. Sthesarmysmatghrgndodeiargnsitee semigonsuataer twerepiBCces e3eMimMeBlghput .
An apparatus and a nmethod for thernml treatnment of sem conductor workpieces
with smal IKﬂOWBrrﬁér ahQM@Qgr-a@ﬁ&ﬁfeahﬂ“%mgh%ane‘ﬁlil%ee‘ﬁ@\j'c@r taideks ){'@b’bS]
Sunmary [ 0006] The present. i nvention provides. an apparat us and nmet hod
For rani d 1958 Homspelbe e AeMsoNCustoR b K e GeriscunaaLY o SrDEReddeE 3 n two
closely arranged i hermal treatne cha [ each aiLning a, first _thernmal
reatment. Rapaeob ME heldRatdR dheiil Eetrwiitoaf Pt A rle s mhB Ak
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cool ing chambers. F heati ng process, the heatTng | ayer e retractable
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sem conduct or workpiece, in addition to a fixed heating source for heating the

back si de teimpéeratiesi gradieot @ndvbidgipeeetficiEncysane desiced or wor kpi ece is

[0005] Summary

[0006] The present invention provides an apparatus and a method
for rapid and double-side thermal treatment of semiconductor
workpieces in two 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



transported into the cooling chanber by a vertical transportation nmechani sm
for a cooling process after the heating process is conpleted. During a cooling
process the retractabl e door noves in between the heating and cooling
chanbers. tfansrooﬂe'mgidtayehheof cboingetchratddre bipoa averigalovrarspentation

addi tional cooling source for cooling the front side of the sem conductor

wor kpi ece, mechaddsm for accobkn§ixetassobitey theuheating pcooesadgstdamipdetedi de
of the sem conductor workpiece. [0008] In one enbodi nent, the

seni conduddUfingosk gialing Precsssaitbe retsackable dagi nadveBatk ketweenethg e a

heati ng process and precooled fromboth front and back_sides before a cooling
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sem conductor workpiece is provided in the cooling chanber, 'n addition to a

first coolprecsietckoh?bothdront ahltebhakksidiedebeforieha cwiling proeees. wor kpi ece.
The retractabl e door noves in between the heating and cooling chanbers during

the cooling prf00€8y. In onE0&EMpodimed, et®dapparatusecherdrises caatieatirand
cool ing chanmber work sinultaneously and a plurality of sem conductor

wor kpi ecechamber andceadaling ehiambesibeing arfad@eld harizonrtadiybadjageant ta he
sem conduct or wor kpi ece is preheated fromboth front and back sides before a
heati ng preReRsothel; twithn@ petressable rdean hetweaennthemd Aagkcendebegdng e a
cool i ng process.

C001 119, PLESES: sorohbOli e thim e TSP i Wil BESERL Sudgen heTRYes,
cooling Chﬁr@%ﬁcrl'ed in the heating chamber, in addition to a first heating 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.



[ 0013] In one enbodi nent, both conductive heat transfer mechani sm and
convective heat transfer nmechanismare utilized for doubl e-side thernmnal
treatment of the sem conductor workpiece. [0014] In one enbodi nent, a

met hod for thq00dl1]t rieat onet emisedincentiucthe werhiporrhsctos pwovkpiete The
process is suitable for a thermal treatnent apparatus with vertically stacked
heat i ng arprehexrtedy fodwenieoth, front @andtback asidesddwefore ar tneiatety tprocess at e
t he chanbers. Myving the retractable door in between the heating chanber and
cool i ng clatapts andl presegbed: fregn sbethifeent @b bawk Igidesebefrre eneatdig ng
chanber; starting heating processes; noving the retractable door out between
t he heati RfOQREfHer and cool i ng chanber and transporting the seni conductor
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enbodi nment : r. thermal treatnment of sem conductor workpiece is
cpdinG stadober

provi ded. ess 1s'suitable for a thermal treatnent apparatus with
hori zontal Iy ediheydidg @b ' o er iJal € t ris
provided to sgggﬁ?@e ![ eq%:r?lé;nber S. v?ﬁg tEgﬁ?et?%%taggFlgedohEa%gu?GE@tsﬁggn t he

heating chpglerarash tded ceshi/ativeamait athdferNAReEhan®Em hrésutifeauycepguct or
wor kpi ece into the heating chanber and a second sem conductor workpi ece into

the cool i fpebrIrBRIe thermzd ttdetmeht aftthbl sedpedndachet weskpidee heat i ng
chanber and cooling chanber and starting heating and cool i ng processes;

transporting t[01€4cdmdoser emibdadi mentweak phetirodufonfthermalodreagmehanbér
after the cooling process conpletes; noving the retractable door out between

t he heati rggmicomductord workpiegeshisttovadedt rBnepprocegst ise siitahle for a

sem conduct or wor kpi ece fromthe heating chanber into the cooling chanber
after the theamalgtreasneyy apppratus with aespeallynstackead heating asidigoaling

wor kpi ece into the heating chamber; noving the rgtractable d?or in between the
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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



[ 0018] The adapted doubl e-side thermal treatnent nechani smincreases the
efficiency and uniformty of the thermal treatnent and reduces thernal stress
m smat ch and sem conduct or wor kpi ece deformation. [0019] Brief description of
drawi ngs cham®@10] afie alteve coolhfer chamhbees, analt utesnsportitygnt agesirsf t he
present invention will be nore obvious to the skilled person in the art by the
f ol | owi ng sEmecopductar oivorkeienedoditoerthe dveatmpgnywhambierhand dr ssocogs] t he
sane sign reference indicates the identical features throughout the

descri pt i ggmigenduetasi nworkpigcoe2intei ¢dhe i coodngat ebamberw wrowdng the

di sassenbl ed thermal treatnent apparatus with a heating chanber and a cooling

chanber verﬁtrat%tﬂweaﬁie%gaobﬁweeeath@ heating hamharaBng aeelinghenapbapen:
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ther ebet Weiconductor 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; moving the retractable door in
between the heating chamber and cooling chamber and starting heating
and cooling processes; repeating the above steps.

[0016] In one embodiment, the semiconductor workpiece is
preheated before the 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



[0023] Fig.3 illustrates the nethod in which the retractable door noves into
and retracts out of the chanbers; [0024] Fig.4A and Fig.4B illustrate the
isonetric and top view of the retractabl e door; [0025] Fig.5 illustrates
an i soret rdrawingg,othe fsamd éghi ngfereruy indicatedettie nglerticdlerfeatured 0026]
Fig.6 illustrates the nethod that a retractable door with two separate parts
moves i nt dhaadghewutdbesdescriptionhe d avtherein: [0027] Fig.7 illustrates
anot her nethod that a retractable door with two separate E;lerts noves into and
retracts out dP02id Righarilustrates a|\demspfr glisgassemlesat diernal decatimeanbf
anot her thernmal treatnent apparatus with a heating chanber and a cooli n?
chanber veRRPBEALUS yyvitAngeheating chamber and a Cooling chamber vertically
arranged vertically with a retractable door therebetween;

[0022] Fig.2 illustrates a side view of a thermal treatment apparatus
with two thermal treatment chambers vertically arranged with a
retractable door therebetween:;

[0023] Fig.3 illustrates the method in which the retractable door
moves into and retracts out of the chambers;

[0024] Fig.4A and Fig.4B illustrate the isometric and top view of the
retractable door;

[0025] Fig.5 illustrates an isometric view of a fixed heating member
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



[0029] Fig.9 illustrates a view of a disassenbled thermal treatnent apparatus
with two thermal treatnent chanbers positioned horizontally with a retractable
door therebetween; [0030] Fig.10 illustrates an isonetric view of a

sem condudiorizontddpy adth ar etspotdbiei doodevershetweeh0031] Fig. 11 illustrates a
vi ew of anot her disassenbl ed thermal treatnent apparatus with two thernal

treat ment charfP@3L]pbey tibnkdstrates oat wiewy of tdnathest disassembiedr thermal

t her ebet ween. [0032] Fig.12 illustrates a view of another disassenbl ed
thermal trteaatmentapppesats with two thermal trestmenit cbaanbpers pesitionatkd
horizontally with a retractabl e door therebetween. [0033] Fig.13

illustrat émm@ntﬁ;l{mwth R W@irastable ¢eat ?M@r%"r\"&?n t he cool i ng chanber and
the tranSport%O%%]nﬁ h?gl ‘?Irtrjsst%teesa{ﬁéanrﬂeghod in which the heating chamber,

the cooling chamber and the transportation mechanisms are arranged.
[0034] Fig.14 illustrates the comparison of throughput of apparatus

with two transfer devices and that with one transfer device.
[0035] Detailed description of the embodiments

[0036] First Embodiment of the Apparatus

[0037] According to one aspect of the present invention, providing
an apparatus comprising a heating chamber and a cooling chamber
vertically arranged, each containing a fixed heating or cooling source,
which is a fixed heating 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



[0034] Fig.14 illustrates the conparison of throughput of apparatus with two
transfer devices and that with one transfer device. [0035] Detail ed
description of the enmbodi nents [0036] First Enbodi nent of the Apparatus

[0037] Acawalimg teentisemsfmctcoblinge theesfronti syeat iofn,ther oseriiognaactor
apparatus conprising a heating chanber and a cooling chanber vertically
arranged, wackpieoet adandngvidhf itked additionalorcammg ngoswaecdor wieiootings the i xed
heating or cooling nenber. the heating and cooling chanbers are separated by a
ret ract ablkackide ghthe semmnendectpsovonisRiesa.n bet ween the heating and

cool ing chanbers during a heating or cooling process. The retractabhl e door
provi des an ad8P3&In&s nER@WRy iBoliige oA NEEW Rf thediS@sSEINBIRE ofh&dNRpi ece.
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menber fOrFigoo] | ngel h?eéﬁﬁgt cHafibelr UtR$ery condiined Wahkiereggeardolid) t he

addi tional cCooling source Tor cooling the backside of the sem conductor

wor kpi ece.chambel03RAs THieoWe atingi 6hamiser i KOR@f anddtis@sseshhgdchhetivar
treatnment apparatus with a heating chanber and a cooling chanber vertically

arranged a@Rb ard sepiabted dopra rétrachableeemori $08l |AiISixed ékatirig mbenivar
apparatus 100 conprises vertically arranged heating chanber 102a and cooli ng
chanber 10D®6 i sete adntheli base ofiotire i heatiggl chambiesawhighc ienkept 1@t i s
posi tioned under the cooling chanber 102b. The heating chanber 102a and the
cool i ng cHamstantotemperaddfRr £ ewibgdow rtl1Qats a3t Qdothaosidenvall xefi theat i ng
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and positioning the sem conductor workpiece. However, for the present _
i nventi on,melchzhism 1oy é@ﬁgﬂ‘t’lﬁélé_éf Pﬁfgrélh? o, Qit 1883t @ Nfo fiah ¥eid i cal
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transportati on nechani sm 10 he semiconductor workpi ece fromthe
heating chpoditionlOfee i Blemidondwoiornowohipiewse. 10Pheafverttiddie theas pogtaticrtess

is conpleted. In one enbodi nent, the actuator 108 nmay be a step notor, a

server notroecthrarasnylifidids. cansiledl by radovadio@atos 10dVicdetramspdréing @ewhl | of

t he cool i ng chanber ] ]
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 for the sem conductor workpiece to be transferred out of the cooling
chanber. A top piece 101, which conprises a fluid distribution system and
provides required fluid into the cooling chanber, is shown at the top of the
cool i ng cht@Rer f{d0Zhe Beamictndgtitr evodgiete3 tos ber itvemsferred actuef othel04 to
nove into the chanbers and retract out of the chanbers. In one enbodi nent, the
act uat or Ileoloay dreamiggrenfertogd pigca t§1] mdech conyhoses ddluidt dista btuienn
according to the present invention, the retractable door 103 will only nove in
bet ween t HeysiRamend pravides requireg fust o the gosding ahaprlbersis skRower abr ned.

The retractabl e door 103 al so Er ovi des an additional heating source and an
addi t i onalth€otdp @f teuceelisg ehamberd G2k hhaJ@iractabie doer 183 s atvatht
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211b shown are used for a exchange neans in the
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exchange is by neans of circulating Wwater or other fluids at a fixe

t enper at urdoor 103 @146] prdvideseaar adaitidwaFheating s Urceedniiean addieohar 106
is showmn at the bottom of the heating chanber 102a. The sem conduct or

wor kpi ece ceolihg souncepsotasl toyradizer ar double-sidestherhwli veatmaErdtnpooddy, put
on the fixed heating nmenber 106, and heated fromthe back side by the fixed
heat i ng ndebéhewsemigondnmior i workpigcas. aAscording Hanicre exmbadiment, othme
enbodi nent, the fixed heating chanber 106 in the heating chanber 102a is

heati ng cdixed dieatingrmesabehgmiheheatingxedastedi iy heatieg Coils iay oHven at
the top of the coolin charaber (ﬁga. In one enbodi ment, the fixed.coqling
menber 201¢3tRGSBIRARS &R PNGth GRPHRGeSBHI¢R St 8pCRPHRE €01l W & xed
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th h i t to the fixed heati nb 106, th
fi ;gggcogﬁﬁﬁbgﬁgﬂggﬁgﬁ'&@%%@mﬁeégﬁih t(r)le sgrri Léﬁductegrl \r)\gr rkrgi ega itself. ©
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selected froma group conprising at astY an i1nert gas, a mxture of Inert

gases or agftidiiyeadian twRRASE Sretrdctz@fle cd b e thapebetwbenhei TuhReld U1l
m xture conprising 90-100% of inert gases and 0-10% of reductive gases. And

the inert grade31 dbeshohecirdrig Cmasegused formar heatgxathdregetmeamnin thad i um
nitrogen or other inert gases, and the reductive gases is selected froma
group conprvaHliofgthee hieedstg chadnbger G2a ancein tleduwwallvaf thesesoling chaoaldgr As
menti oned above, the retractable door 103 of the present invention also

provi des alldlddilhieoheat iedxhange ésitye meanarofaiacuiading waleriorgothenr uidiiri ng
t he heati ngtt and cooling process. Referring to Fig 4A and Fig 4B, which

i |l ustrat @taddad eMpesatdret he retract abl e door, the retractabl e door

connects to t uat or 104 through_a connectar 401. The retractabl e door has
O pluranity oflOGANISANE FIOrTing, B G 4canc: kRGp A MATaRER: 406167 For
exanple, the vertjcal transportatiqn nmechani sm,107 lurali.t f pins for
suppor | ne s BhitBEREREE Yol TRaling e o 4D2%, oERs EEmuittinBycor™ e
pins when kAR siece 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



retractabl e door 103 noves into or retracts out of the chanbers. [ 0042]
Back to Fig 4A and Fig 4B, the retractable door 103 shown in this enbodi nent
conprises two |ayers, a cooling |ayer 402 at the upper side of the retractable
door and ameehamgni.apecotfihqttot bael envodirdentf thdefixed rlreatihgecHamibet he
cooling layer 402 and the heating | ayer 403 are connected by connectors, for
exanpl e, al @b undhiet geatingi cisantzeras 02aosnhéeatifiggcadids ardothier WdatiAgsmesn shown
in Fig 4A and 4B, a gap is shown being placed between the heating |ayer 403
and the cddlfixed icopdmgiozembrs 20dnie sbewn & theutae ofdba soehngdabamber he
cooling layer 402 and additional heating source 407 in the heating | ayer 403
for coolintPdRdInene gMmbedinent dheuixed aepkpdegremieiedPdsis assemblad y

%ol 50 BT SR SRS R T TR A AT er
B
one oo R SO0 ORING P SHES e BSeR bl P,
source 406chrBU§HCEBBﬁHpOPﬁéHﬂ)é7r' Ded! al.trFQ;otH‘lFé’é’tgF%gtﬁ%] Fi?kt%'d's ﬁ%#@do AbRPH&FTOVES

heat out from tthe sem Conductor worKkpi ece. ou e not1ced

that, the nosi ‘tlﬁé“fii@éd?@@oﬁﬁgl h¥mbyrepoandoklenbeabiueh tR¥esehfichfueictbP! €.
According to the enbodi mrent of Fig 4A and Fig 4B, the cooling chanmber 102b is

posi ti onedvehiqyiedehitsbfatThg fb&m’@@om@memﬁéﬁ be 1r eanalsé dbhslethoentddad s
S

positioned in between the two chanber hus, the fixed heating nenber is at
t he bott ora opetfloeatescit plegechActerdingao ione uedwodineentt tlhet fikkd dowlingind
the fixed cooling nenber is at the top of the cooling chanber, that is, over
the retraonavhkeda1 it comifiuigl digteibwiouineaassandatha filkiidiweed dai the t he
fixed COOlcinS{% menber and the heating | ayer should be set at the side facing
the fixed tfiluigl istobuticromeansds selectedifrmyagiauregomprisngat least:
shoul d be obvi ous that the {)r esent. i nvention shall cover }he range

[0044] Theah dPEhkGas, @ doXIUigsOh IRBhk BRA$aSaPEr aDAAIXKIBoSf tiNEREE OSI ;@d

e ! SR B S W R S TG S O AT o

cool 19, STRBEL ¥ 0-dookfl LEHURFBRBLET AR R THbhIGAEHE o UGk (e

CaeL el oft o BEO ANt IFIAE R S ST "L EIRRIrITobER P MsFaRGLES

heat oS, B, SR el RO d T WELOE SoTaeyer
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



[ 0045] According to the enbodi ment shown in Fig 4A and Fig 4B, during a
cooling process, the retractable door noves in between the heating and cooling
chanbers. The additional cooling source 406 enbedded in the cooling |ayer 402

not only petractedlerdcoldil 0Boamalvexmtongr setracts owuttdfetheeshaomiders.or wor kpi ece,
but al so renoves the heat fromthe heating chanber. Thus the sem conductor

wor kpi ece can [p@4&jdBadketich Fed) ebhl gnd Hoig dBanthies retnactables domti A3t shoatn t he
cooling | ayer 402 conprises a cooling coil with a cool ant being circul ated

t hrough tHB Hvisl engbedimend eemprisesdweldayiesfala eaoling leyerc4020at the

cool ant being circulated through the cooling coil also remgves heat out from
the seni coHpRE SidaRikiedetractable gtew) arsk ar heagingolayer 403nat dhei lawet r at es

e ey W Tl
pins of IS o 9;55{1 kﬁf%@ibaogpgﬂeﬂo&r&%g r?gg&%(fﬁm; %ﬁ?ﬁﬁ% gﬁa{%@? o
?h\éa?iu‘rjsr,nt %@@m ! éacuﬁ#ﬁ hu kf‘ f As‘e;n ggn%u?%r moﬁﬂgpi ece. I‘rﬁg pogﬁbl oni (r)]fs
and usual I%/W&?Hgé?ﬁi{)%%g lg%%\ﬁ%n E@Fe@égﬁﬁealr%ge}r&%??ﬂ?h%mgﬁg%q%fe?he ,
fixed heatimp mﬂ?ﬁbnaﬁc@)%:l]’irn‘g%bﬁi‘céu(%'%Sér’PBbgj%fed haRh o sIemg 18 Per oY

wor kpi ece 1's provided on the upper surface of the fixed heating nehber to

cont ai ni naarideag@itioridiebdhgveokipcec407 in th€OK&htihigyldyed YO fat eddlitRy
nmethod in which the retractabl e door nmoves into and retracts out of the

chanbers. amd thheatngothersemsdavauciorFvpripiete. Pedepressien clightbp langses
into or retracts out of the chanbers through a door port 303. The retractable
door 301 Hhan blessemieonducter werkgseceaeisr provictexblan dber uppewrsumasego#iA and
Fig 4B. There are slots 302 on the retractabl e door 301 for the pins 305 of
the verti dale coaligybraxer forneentainingt theycsemicRiA UGEHRIh WORKKRIBEE. 30 Offes.
Nuneral 304 dengtes th i

retractabl iment, gﬁlélgi%dqjﬂggtéﬁngogﬁrﬁb@g@?dﬁ%@t ghaﬁﬁg)’ﬁgi g?e%t ’Qdmﬁoﬁ?b 7,

parte movdieling SR AP1cEandir HNnes BTG reatino; 19 wds B BBW ™ ™ ©

anot her vabrb1Bh, o' GhESEHAANERE, e BobigPRRAALBL B ARYE S idhfy
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.

[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



[ 0049] According to Fig 6, the retractable door has two parts 603a and 603b.
They nmay be driven by two actuators (not shown) to nove into or out of the
chanbers. The control principle of the two actuators are the sane as the one

actuator ¢ selg facieq tho¥iked heatihgphembearn Horaonessi thedrdmaheshilledan
carry out this enbodi nent based on the descriptions here wthout doubt. Back
to Fig 6, inaihe pat,tit Shdaldroe @dBhoos that thet paesant envdentiohashallvcmiart the05.

Each of the slots 605 fits a single pin 602 when the door noves into or out of
t he chanbd@hgeTpPE& two parts 603 of the retractable door noves into the

chanbers from o%posi te directions through two door Ports 604. ... [0050] Fig
7 illustrates [Q04i4lf Ehenettreiaiie doehdasearheatipgelaysyr being sasiiongdray 7,

e Tt SR SR B SRl T D B PR 1.
{ i ] ins.. 705, in Fig.7

o SR o o B U P 4 5o

ercl oo, e SHBRRNER KB LTSI bRe 3 ORISR g £,

ptns, are rﬂ?ﬁ‘?‘—?&y@l" s‘tﬂ?cth\é?e(lﬁg%i;é Ig}?éré)fthéﬁesr%\%- itrﬁlg@'ﬂ( driy lI_='i§ @B%tm’e two

parts 703 of the'retracta or also noves into hanbers from Gpposite

directi Onsmh'l‘trl-%?érth@ﬂWe HAIP H@%construdt885ak AeROWA: Nehé o outer
enbodi ment, the thermal treatnment apparatus perforns a preheating and

precool i n%mﬁacesmdiagome thehfirédngoolingoaiembepr iz @ssosdliagt faydorantethe
preheati ng process, en the sem conductor is transported into the heating

chanber, imostldutee suapacedacasy tohtbef fixed heatinggmeamber iaral hidatingdayeg

| ayer for a nonent. The fixed heating nenber and the heating |ayer heat the
front si ddhendoohagbkjersand tfte heatsrgrlapadustnot dvekpiyetouched) aagapusr y
during the preheating process, both through the convective heat transfer
mechani smadglitianalilayersshalhbecsefiubebrerdr ig8Mece will be precool ed before the

N R W e AU T Mg R TS
embod m?ntdurtqus rgggﬂlnign I E:ggg,ss(h%a?epr%ctable door moves in between the
heating and cooling 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



performed when the sem conductor workpiece is transported fromthe heating
chanber into the cooling chanber. [0052] Second Enbodi nent of the Apparatus
[0053] In the first enbodi nent, the upper chanber in the vertically arranged
chanber s itheaveeotitahtrarispdeationdnmdechanigan t0Znfeeigo theolghtand whaspert | n
anot her enbodi nent, the upper chanber is a heating chanber and the | ower
chanber i ¢he seshiconductaveworkipvecef &nd rifhe seand, typie of holest5G2 earen

di sassenbl ed view of another thermal treatnent apparatus with a heati nc};
charmber argprneel®d g éhamruumesyséiam yfodr vasyem chuckoob4semycendweton Fig
8, the thermal apparatus 800 conprises vertically arranged heating chanber
800a and cMerkpi§cenanbBe F00%itiom ohe tBepdiistentyPeno®h theri Bokes t 88 hel i ng

e JF o iy
coel 16, NI B v B8l L AT T b B 0" 1
I A U ik ko dic L

fluid duri %{é& j esf- ' R AN i [ is
shown at the bot tlggg%l; %@éggoﬁfn’(g& c\rfggrgodeﬁ?éﬁgﬁverti carlt?(? aﬁ@@){o@p :’iit on
mechani sm R icOMBLEESSwWarRbie@ ity of pins 805, at least 3 pins to transport
and position the sem conductor workpiece. The vertical transportation

nmechani sm 806 [09474NFi®! 3 atlubiragsatieianethodoin shbveh thiet retdctablé hdospne
principle of the actuator 108 nenti oned above) for transporting and

posi ti oni ngpovies FHOI anddetractswouk pfeibe chbenkbersialrothe embadimdmret skhowrcal

transportation nmechanism 803 to |lift down the semnm conductor workpiece from

the heating Eh@gnBerth&odetiantabihedoonl 30y o ring00or afeteactsheouteafi tie

process is conpleted. In one enbodi nent, the actuator nmay be a steﬁ notor, a
|

server npth”rambefnghnw&h.a;d@,@tbcnm_tvﬁthaowmgeitéa@a&}ed@aoars%e dtal | of
Bt KRR e R
distributi d prgvid ired fluid i he, heat i 800
L 's_sérh'owgt i arg,s G, R0 e the, Feltar i Bogr 0L IR S d G i s
o ven O Qe e gl hibSne B R GO SRR AR W Bodl B 1,
shoul d be Agtjeced \hate arcal ngehBrbbe (RECSRALY | R ON mbhbEe! TACLAN ©

y nhove I n between the c anbers when a theat| Nng process or a

cool i ng pré’rﬁ%ﬂih?erﬂ“tﬁ@r@?actﬁlﬂe&d&?éﬁfé éPéi@gi’??fieé@@ al so provides an

addi tional heating source and an additiona i'ng source so as to realize a
doubl e-si de hqapu®] ReféAdhyNtb FigCBSAN Ri§e7sarhepsituFigre iRl KaiaeEssthe

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



[ 0055] Also referring to Fig 8, the fixed cooling nmenber 804 is shown at the
bott om of the cooling chanber 800b. The sem conductor workpi ece can be
transported by the vertical transportati on nechani sm 803, put on the fixed
cool i ng neddscriplidnariteolitto by dbobdtf Beak todlig @) emchqart 808w lared 6@3hicti ve
heat transfer nmechanism Also, a fixed heating nenber 807 is shown at the top
of the heatfi the aedrdetabdeodoor has dwanistaisetS. Ehehf ok dthehsbatisn§O0defibera 807
is assenbl ed on the bottom surface of the top piece 808. The fixed heating
menber 80BIRGH Pinhe02ewihamhdbet dporomipias: éntonosugut of cibve, etxambereatl he
transfer mechani sm bﬁgﬂ owing hot fluid to the front side of the sem conductor

wor kpi ece. tWa@ts PHBe Of Hb ey detradabie dper Hagvesy irteatber chadnbges d68M ng
chanber is_di ffi?r eci]t iﬁ thg secoHd_ enbpdi ment %Rbt hat of the first

_errboﬂl rrent‘?p%ﬂ%' St¢llfcttiPas hrﬁ)rlg fii"%%_ qga?fﬁ& er arp]d t he cool H;gd_rrerrber
! TS5 CooBIRLETLY M ALR8.A - ShLiBE00h o FeaREARR BT
Fruta" i ooy B FIBRA, 8 rRfabaRIE R ne MG Ratls Mo BSR4V g
rent | oned #igiford ot YHARhRRbIARRY ifPoploutier BiEmikEN Edn dbsthe

provi des an additiona eat 1 hg source and an addi ti onal cool 1 ng source

the heati nghA8Y G2 HAH DY OEKE SlofY (A N e 0rBBYEavERen 0DRCtP Fitithieopird t he
heati ng chanber and the cooling chanber changes, the structure of the

retract ablzZ08ogrs ghawrt harkigs7cavtien nbreddoarymoles, desd pinefwilhgopttaeerih
i nvention should be: the retractabl e door has a heating | ayer being positioned

at the surthacsldtacr0atand thiexethéedwiongimemadrbe rentloskehbynthe lcarzavesind a
cool i ng Igyer being positioned at the surface facing to a fixed cooling nenber
in the codronythédwieeparts gag withaiutdomahinged s, werly twe sralliegntayes, and
the heating layer. If the retractable door has a multi-|layer structure, the
mul ti - | ayeslighthubigger $han the: hedhof thet ewsss sesticowel thaepinsstareuneedad f ace

Sur face 1 &7 Get BOHEARS, a3 HRAth® AoRASTIIaT dorEl BngTEapuP. PARS 2041 Sho
o 700 S BTkl B8 oVRRL B UL el bl
Fro a5 w19rsertosdratbn G R batRLd%, [ 71 on of the door 806.  Howsver. it
Fhout ¢, e noLiegs W AordMnRErtd L8RPl el GRHRD RCthePRel "EEELLEP,
the descrifdhgnstus" 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



this enbodinent. In the enbodi nent of Fig 8, the cooling chanber 800b is put
under the heating chanber 800a, and the retractable door 806 is positioned
bet ween the two chanbers. Thus, the fixed heating nenber is at the top of the

heati ng chzeifermeichathén, tredaemidendeattarcivadikpidoeris arahspertédxfrdmotiie ng
menber is at the bottom of the cooling chanber, that is, under the retractable
door. The healingchaydrersindaltiebeoskngathamdesi de facing the fixed cooling
menber and the heating |ayer should be set at the side facing the fixed
heating nmenber. Simlar to the structure as Fig 4A and Fig 4B, the retractable

door 806 may have the follow ng structure; the door 806 conprises two |ayers,
a cool i ng | aydP0&2 ]t%@CPB%EmQﬂlmﬁntﬁétthAH%BtlLﬁ door and a heati ng | ayer

t th t table d th | dt t
Myerar o coniobBal Yh%ifﬁ@&?e%ni diglent the ﬁp%%‘?pr'pﬁ‘ﬁ GYSn 2R, yerticaty ' "
Addi ti onal

ot vy s BB Bt o ol o) ke 4
S S P,y ORI R SRR R

retract ab'r?eéifjﬁgl ?ﬁgﬁ‘iﬁ% ér?dtﬁfe Gpinett %‘hatrﬂbéf'glg 3 ‘E:QiBT Qhafber Bybast abl e

door has a p slots to fit the vertical transportation nechanism

For exanpl@fefrie VPMF?"S tMﬂéﬁoilhfétréfémhéfﬁﬁé}ﬁblé’dpl/lé\ﬁ' bFYafbtheps for
supporting the s m conduct or workpi ece, and the slots are used to fit the pins

when the ripleratdlabteatdoont @yparatus withr et tasdtinguthamibée ahdnbercdolin
[ 0060] During a cooling process, the retractable door noves in between the

heati ng ardla;mbjemmltﬂwl‘geasran'@edaddl tional cooling source enbedded in the
cooling layer not only provides an additional cooling source to the

sem conduct or [A00Ki Ase shiown dns&igefipitbe thermiadaappacatushdHeaomprisesier .
Thus the sem conduct or wor kpi ece can be cooled efficiently. Such features are
al so si ni |\erticaliyharmgnge @ hgating @hamber 800a and cooling chamber 800b. In

the embodiment shown in Fig 8, the heating chamber 800a is positioned
above the cooling chamber 800b with a retractable door between them.
A fixed cooling 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



[ 0061] For the second enbodi ment, the retractable door 806 can al so has a
plurality of forns. For exanple, one of the fornms is shown by Fig 3. The
retractabl e door 301 noves into or retracts out of the chanbers through a door

port 303. sémwicordackirtwoBipicve tfrem etheichalitivgloohadiert .800& tihtd pthess 305
of the vertical transportation nmechani smwhen the door 301 noves. Nuneral 304
denot es t feodlingdcheatbery 8ddlibeften dthehheatimgogiroeess isheomepletedablre odmor i s
a single piece. [ 0062] A second formof the retractable door 806 is shown
in Fig 6, emdadiment afie arivateagnayobgaa step3metod, @ Ierveienatay ok alri ven

by two act uat ors (not shown) to nove into or out of the chanbers. The control
princi pl e @At Mo %@QQ&@OM@"QP&V t3@9s isePravidest Qp the sidewal uaf othelos

embod| nenEALEH oD qesbh%@f’rg' £ e SeTiancustet - e Pieser b obeach”
eed ?81?{6%%%%5%3 sonCafing EhahiBel Auhet Plags 0B "l Goiintisene °
Goor port < OH AP S/¥ie T T Al eBRcRRERrES, ﬂBI@qhéoﬁﬁgo@re%!

in Fg 7, dhendifr 8pharis nnas th&onE)c(E;&réisg@%@?tiﬁﬁgcﬁérﬁﬁ‘esm (?:é;it Q*hﬁ(”m

shown) to nove |nto or out the C parts y one

slot 702a rahehdted|E AEEY 8@679923nfv%rn b?eaﬁ"d@cuh@oﬂ?otrﬁbQéglfhto/’the’SBﬁ%béré:' g 7,
when the door noves, two pins wll go through the slots 702a and the other two

pins will éwder@@i'a@tedub}bﬂﬂfeftﬂmbﬁsmﬁbohéoéhm@dmnﬁathé adtueot can
touchi ng. Thus, only two snmall concaves, slightly bigger than the half of the

cross secthenmmyleneniachby areylmaeiedt @hduld bemgiiced the$ adcdrdengdorthe
Simlar to Fig 6, the two parts 703 of the retractable door al so noves into
t he chambepresandniromtsdn e ther eetraotablen dowgh80Gowdlb cdnlyomaeve o, betwedgro064]
The second enbodi nent of the apparatus al so perforns a preheating and

pr ecool i ngdhgr @ham;b@@r when ahbeating proeess iaiga masdixg pseaess. ispeerformed.
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performed in er sim ehea |ng process, i n-ano
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wor kpi ece I's transporte omthe heati cha er into e coo g cha

[0065] It \GBpkibiédee cant béeﬂafn rté@ By the eaRfshMeahspattatien Sﬁ@@;’ﬁfbnlsm

enbodi ment are only exanples of the thermal treatnent apparatus with
vertical | y8G8 ) gngedréenti fixezhtasling nerhbepe8o4 Bord assoleld the thedifixad/

skilled in the art, the fol | ow ng range can be obtained fromthe present

descri pti (nomhmganendoebtthrdﬁhglnea @ondudtev@tessntransienneahahém. nlisohea

limted to the enbodi nent, but along with the scope of the clains.
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



[ 0066] Based on the descriptions of the first and second enbodi nents, the
apparatus of invention may be concluded as conprising: vertically arranged
heati ng and cooling chanbers, a transportation nmechanismfor transporting a
sem conduatlambvark s ediéfdrenteien theeskeahidnembaadiere retndvithhethaboof rthec fimsber
with a retractabl e door between them The retractable door at |east noves in
bet ween t remivexdiment; Haebstruaidre lod theofixeg beatingy niember andette epgingess
and provi des an additional heating source during the heating process. The
retract ablreeidbEr hids thehareand | apavodienagt paks t alseed abitt Aefergmtack fg ng to
a fixed heating nmenber in the heating chanber, the fixed heating nenber

provi des aSQ(FQ(fé@ %&Qﬁg‘%@hrﬁ@ pre Cpl%l_ﬂﬂameﬁ!})ﬂaybrthﬁr g9Pling gbagmber
Z?S:o_t ovesS| PR d‘°‘°f’s[ e otber %ﬂy@gﬁ}%ﬁﬁé‘%rgﬁa"ﬁoﬁﬁéEB@TcﬂS]e[aﬁh{é’)‘%%gﬁiﬁﬁﬁfé
rocess. " HE Taatlie DERENTEE: .2 Hesollfle, PRyUPILBR G EaEE, | Shelrs: T

surface fad:',{%Q?b fof rgl'e?éeh% cool ing nenber in the cooling chanmber, the fixed
%r8vi '

cooling ne es da fixed cooling source while the cooling |ayer

provi des an aﬂgbgu'gg%é rheRtioMe & AW e, did PotrhBealRelbBy 886 Wsthe presehP06 7]

The retractab r can nove translatiionally or rotate into the chanbers. For

the transliplofitin BNGBBvidEslaR abhtionan dekitig fdice biel B addtishdral ity

of inplenentation. For the rotational novenent, is not illustrated by

figures; haysueg sdurce Q_ﬂﬁ‘i’n%otmﬁ hewtengtaed Eoolmghproesssi s aneabioredy one
of the ordinary skilled in the art. That neans, the a rotational noving
mechani smaleove) swhes ubed pasitionveft Hher dteattngbthadober i andndheutcdodingsen

t he heating chanber and the cooling chanber [ 0068] According to the
present i relenmiber, changas)ethwrstigctwe ofathe retedciabie ctiaar salsandhianges

convective heat transfer nechanismare utilized and a doubl e-si de ther nal

treat ment GTaspPEMAgIY.0069 drfEIgNhefnthe tpwrasrihinypptioa: shsdd Be: aiflf i ed

Stack of URUAGEAONE. G0PT ohABaE AEANN dBYEri ReUlG: PUSTNaR 4 tBEnBUBIRR or

¢ er oonngeling o § Y it b BEr 't HEABha RS S PSS obiing
layer being positioned at the surface facing to a fixed cooling 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



[ 0070] Ther nal

chambers

may performa thermal treatnment process as foll ows: [0072] providing a
heati ng chaiwembodimetdoln nbecerriduadinbentof Higdkethey evlitg) thamber BOUS]

[0071] For the first and second enbodi nents nenti oned above,

providing a retractable door for separating the heating chanber and the
cool i ng chanpet under e h&atprgwhdmbea 80Qad amshthagemadiablatddort 806 o« t he

heati ng chanber,

door ;
chanber,

pesitiones bataiasn dhei twed chwmbejsndhus, the fogedheaatng doeneer

and a cooling |ayer at the upper surface of the retractabl e door;

Is at the top of the heating chamber, that Is, above the retractable door,
and the fixed cooling member is at the bottom of the cooling chamber,
that is, under 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 the side facing the fixed heating member. Similar to the structure
as Fig 4A and Fig 4B, the retractable door 806 may have the following
structure: the door 806 comprises two layers, a cooling layer at the
lower side of the retractable door and a heating layer at the upper side
of the retractable door, the cooling layer and the heating layer are
connected by connectors, for example, a plurality of pins. Additional
cooling source is embedded in the cooling layer and additional heating
source in the heating layer for double-side cooling and heating the
semiconductor workpiece.

[0059] Other structure of the retractable door 806 is similar 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

treatnment process of vertically arranged heating and cooling

t hey

and a heating |ayer at the | ower surface of the retractable



[ 0075] noving the retractable door in between the heating chanber and cooling
chanber and transporting a sem conduct or workpi ece into the heating chanber;
[0076] starting heating processes; [0077] noving the retractable door out
bet ween t heedietomatheh heizdin gricth aember NJ husa tive rsemicdmanstmr Worgpidee can

sem conduct or wor kpi ece fromthe heating chanber into the cooling chanber when
t he heati riae pcocded czfficienty; BuTrs] feaiireg tawre r alsacsimilarddor the bfisteen

t he heating chanber and cooling chanber and starting cooling processes;
[0079] traapediment he senm conduct or wor kpi ece out of the cooling chanber.

[0061] For the second embodiment, the retractable door 806 can
also has a plurality of forms. For example, one of the forms is shown by
Fig 3. The retractable door 301 moves into or retracts out of the
chambers through a door port 303. There are slots 305 on the
retractable door 301 to fit the pins 305 of the vertical transportation
mechanism when the door 301 moves. Numeral 304 denotes the fixed
heating member. In this embodiment, the retractable door is a single
piece.

[0062] A second form of the retractable door 806 is shown in 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 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



[ 0080] An enbodi nent of the process of the thermal treatnment of sem conduct or
wor kpi eces will be outlined under the circunstance when the structure of the
first enmbodi nent is used. [0081] The fluid distribution part 105 turns on
and the rdiggerathan doerhd®dfintheeerosshstgien dththdgrahsparehasbdedaod thee
cooling chanber. The first w ndow 110 opens and the sem conduct or workpiece is
t r ansf er r dava rparts héOBeaf ithg dioarbesimidan tby Fig nechiheai tvad paciss g0 afi thre
nmeans. The sem conductor workpiece is first |ocated at the exchange position
by the nediedraciable rdegpalsatimoneseto. thenehgimbess ftom oppositg directions
transportati on nechanj sm 107 raise and carry the sem conductor workpiece to
the recei NAQUEBSIW® SiPorTReRSt AB4mechani cal “transportati on means retracts out

f the heati 102a. The fluid distributi 105 k but at
Ceduced 11 ow ASDB Aol NRgSEAPBT,EsRBSYIm RS o 18ecRPpREalks lssl PBIAREHOMA at i on

gg%i:? i Lﬁ.mﬁr%iﬁ] o A 55T prOfsSRabBEbre R ReslBid R oqlifo ?@"Sﬂrﬁ%ea: "
. . . |

(xed neati R Sronal 108 o uriertlar PEChor ML r SRPacTal °ﬁ§3?*%_8“§s2 to

heat i ng. sty feP B TEF e REHBhe, SHARERERGR WL 537 IGRE FPtel IR on

part 105 sidafinafrmper dtid the! RbatigdRaper 1N ARIMEARITHE FixeRs Koty st ays

at the pre-heating position for a period of tinme while both the fixed heating

nmenber 106mamdbéhari®ahenbebtiviey |dfertt heateheaticitl sidépandl ®Re Neatk tdide of

sem conduct or wor kpi ece by convective heat transfer nechanism Then the pins
of the verthiecademieosdactert i workpideai simlitaneowesidowluramg phecereheating

sem conduct or wor kpi ece on the surface of the fixed heating nenber 106. Vacuum
syst em t urproags g, dafthuthraugh theicamective heatkipaastesmedhanisn. GaokkErte i s
in contact with the fixed heating nenber. The sem conductor workpiece is then
heat ed on thee sedeORdHEIRy WerkiecEewilbr bg jreceeled deferepihengaaiing
period of tinme, the sem conductor workpiece is h?ated by the fixed heating
menber t hrJ@APSS:comay&MSie HeaPNer aﬁn‘%‘%@a'mtani B& s G aPOGERe thd by
the heating l.ayer pf the rgtractaple door 103 through a convecti.ve heat
transtor HRRHGHIGH 11 GhiRABer AIIAY, 5 v el G R ioks S RS SNBEABK et ed,
t he vacuu | S .of n ] C r rkpLece. | - d.. . The
e e BmBin S kn8)hreiS i tﬁﬁgﬁﬁ%ge%‘l Bk e irdlEs” WL R s a1 o
door 103 r: e/ e oling
chanber be S DiraRuGtorWRrkEPERE S, iR ted 3r oD b At SRR ARt iafd e
rai se and tﬁ%réﬁoﬁﬁg ! uct or workpiece into the cooling chanber 102b. The
retractabl e door 103 noves i nto the chanbers again and | ocates bel ow the

sem conduct or [pRBEE] ¢CesHulledd Aotieed rhal’ i€ sfirstTRambodihetitstanduthieon
part 105 turns off.” When the pins of the vertical transportation nmechani sm 107
rai se, thesescondortnbbaimentpraeoobaty Erasplys egbotheretherman adshthmentl

precool process can be perforned when the sem conductor workpiece is
t ranspor t eappatatushavitiooleénigcatlyadveanged hgadidz] aftte doolaty ccivdiimtgersenfber 201,
which is a fluid distribution neans, keeps on when the sem conductor workpiece
is lifted ome®ftthe otdinaty skikeddn thezart, thesfalfowing r@ngewan heaabpaimed i on
mechani sm 107 npve down and pl ace the sem conduct or wor kpi ece on the upper
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



surface of the retractable door 103 so that the back side of the sem conductor
wor kpi ece is in contact with the cooling |ayer of the retractable door. The
fixed cooling menmber 201 still keeps on to cool the front side of the

sem condudransporigii@cenkexharisny ot i tranbpatrtingaas semicetitaurctem workpgdedi s
process. At the sane tinme the sem conductor workpiece is cooled fromthe
backsi de dretweenppbe shetiting othahebeet anct athe dwmling3chambeondvithi \vee heat
transfer mechanismfor a period of time. And during the cooling process, the
flui d di stretrastabhe iaas betweergbesn. The rpuwpbigﬂm@loqmetdeastrmoye@cuss is
over, pins of the vertical transportation nmechanism 107 raise _and carry the
sem condu&%”%ﬂﬂb%ﬁ@ailﬂg ﬁBaGXQﬂ&ﬁ@éi H&iQQQiWQaﬁbamb%&‘HH@Q\ﬂ A&ALND 9

. Th hanj cal will [ h ' d
or Kpi eco RIAPERSy Gt PIOMIES ARcAGBBIaE BRANG SET6S AUHN ADEDERE

charber WO A0ST W TN BLanA Ui Kot bcleat L TRV SRR, FRSBAED 47
vor ko1 eo¢ 4 LERLETBEA 1h0g' HEehefbecrEhel M thRCpouble calgier
noti ced ”lﬁe Fhed *}f‘éé"ﬁ‘hgt hfEHREH nggﬁﬁe}sté}'ﬁi&‘j ﬁ@%‘(iﬁlql%dilﬂcé %i?ég%u' e of

the thernal treatnment process prov he present ifvention. of
the ordi naﬁé’aﬁﬁ?' I &get nﬁ?é’\ﬁd@st .a$ hanf Additond| " ARSI MPANsBaredt aurpfy ftHam t he

present descriplion wthout doubt. Therefore, the present inventionshall not

be |im tedcéatihge probedsneMhe hitradtemde Wwddort Hsecenevet tine betwigsn the
heating chamber and the cooling chamber during a cooling process and
provides an additional cooling source during the cooling process. The
retractable door 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 while the cooling layer
provides an additional 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



[ 0086] Based on the descriptions of the enbodi nents of the apparatus and the
process enbodi nent, the nmethod for thermal treatnent process of a

sem conduct or wor kpi ece may be concl uded as conprising at |east: providing a
heati ng clfaitbevingndpplicationiy fonaakampiei et ankedogk et thual fikh o avsthclg a
retractabl e door for separating the heating chanber and the cooling chanber;
provi di ng of thiedilhesit iorg ameveadr naetadoc t om ioksulatvaefitmsgin haebecondudtar
heating | ayer at the |lower surface of the retractabl e door; providing a fixed
cool i ng nentefcannec) or reflow dbie spldeanesr cusedandidolbiake Ithge pody MEtic upper
surface of the retractable door; noving the retractable door in between the
heating cH#@®éRI8nd cool i ng chanber and transporting a seni conductor workpi ece
into the heating chanber; starting heating processes; noving the retractable
door out between the heating chanber and cooling chanber and transporting the

R e R SSRAC RS, R A ST
S e
00871 The r bR OFRICR fi% Snieddcind HEAS NN ERRAES b0,

heating maRe’ MY PYePRIM d tHEMBLHddthSRLPFECESS LOMSIGIsYe heating of the
back side of "t he "'sem conductor workpiece while the heating |ayer provides as

an addi ti onal [peFu]ngreading 4 testnyechamtbéealnidia eodling hamhbsirdsenfg t he
sem conduct or wor kpi ece during the heating process. The retractabl e door al so
has a coolstagklealyeertbealhg positioned at the surface facing to a fixed cooling
menber in the cooling chanber, the fixed cooling nmenber provides a fixed

cool i ng sour c400d3]c powidinge aovtlragtalplet hdoor ofar separsdtinghethemheatingt or
wor kpi ece while the cooling |ayer provides an additional cooling source for
conduct i vechamibeiand theecealirgi¢lameamne seni conduct or wor kpi ece during the

cool i ng process. 0088] According to the esent inventign, both the
conducti ve heif)ot7r3ﬂne'f(£\f'dﬁér%rﬁ>@ﬁ?ah§aft”ﬂg b@tri 3k battgm, Pgﬁbﬁe?‘eﬁé%ni sm
are utili zeﬁ:l and a double:side thermal treatment to seni cog&Hct or, Wor, kBl ece i s

real i zed. CNaMIeANGnd PREMNY 1AYELi3etiC iAWt SUfabe Apghrcedetradtagle

foll ow ng w(g#l cation, for exanple: heat and cool a thin filmor a stack of
thin fil ns; " annealing netallic or insulative filnms in sem conductor

| nterconnect; (87 pPYVIdIAGSY bled *EoblhG HREMTEEP4E (e HOHHERKidbling
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



[ 0090] Third Enbodi ment of the Apparatus [ 0091] According to another
aspect of the present invention, providing an apparatus conprising a heating
chanber and a cooling chanber be arranged horizontally adjacent to each other,
w th a retanrdicgdlmnglehanbenestd swrthﬁ‘ﬁbbm;in@prooesws; chanmbers. The
retractabl e door noves in between the heating and cooling chanbers during a
heating proced074] taddspootiag thensiengy conduwetor owohipaitiosy out eofstire coadung or
wor kpi ece is provided in the heating chanber. Thus, the sem conductor

wor kpi ece ¢hamé&@red from doubl e sides by a fixed heatl ng source and an

addi ti onal heating._source. The apparatus al so conprises a horizont al
sem conduct or [Q/@ﬁ%d Apcembedieenifhihe sFPﬁQQ?SﬁJﬂfome dhermaingeafment of

The hor 2HRBICQRARERANY qu?&é?;ﬁ@&é’"hﬁﬂg Ungendherreuyane when

I f devige. Fig.10 ill

| Somet 1 ¢ dmaﬁ BRege %@ﬁfﬁmﬁ i EsHReAn o m 1001 connected to- an h
Cem conduct or 19PN Log IR KASF ”W LT it o R oyt egBle’ the
cont rol | eqybyr afigaciyayes fr‘Prbéﬂhébh”Qh%”qké/ﬂ’J‘\%Céha'mHéf‘E d the IRt

conprises two notors, each to control one noti on o the transfer

devi ce. | rbf?é\?ﬁb@quq'\é“m&t wi A8l 0% 1P PaNPIKPIRGRIdSRIGERIT %?Rﬁféc?én
conprises one transfer device, and i n another enbodi nent, the sem conductor

wor kpi ece gr angheferredhaimte M@ pheating Wehanabef erf 0y WS aeagledranical
controll ed by an actuator respectively. [ 0092] According to one

enbodi menttranspoaiation meanse Thepsestsoddugipprwonkpicosyés Sirsandcattedaay! e
between the line across the rotating axis of one transfer device and the
center of thiee eeedrange ppasiiemddy hthe imecharisal tthenspoatation axiearns. (lle ot her
transfer device and the center of the heating plate is 120 . In another
enbodi mentRinshef tth&nyeétlcab\traiésp@ﬁpilmbgnacgapm iRy raisge@nd garryntheaingl e
bet ween the |i ne écross thg 1rotat|n?l axi s of one transf_l_i{ d VI ce and the
center of Y9BIGRALURIPHVAKPISRE tAdNE FRCQIVING PAHEONt §><’|’n§c$\‘aﬂ'ﬁ€| ot her

éﬁﬁﬂﬁfﬁém%?%ﬁo AT drealis uetiagts, P 0%?5&"“ HGting dragie’ DAt theng e
conter of g FBAPHESH baf ARG kRERs T bk %ﬁée A Aok FES O HE o e
Lranst o REGRAHENDIFENEIng" yohfdI b aien! Medfanist of iy

enbodi ment’, r ansf devi Ce conprises I ngers, and t e angl e

bet ween t 'H‘%\lvh”ﬁnacéﬁﬁgl tHe s;éi’g%c?]ﬁ‘@ﬁjé?ﬁrsvv%frkgﬂé’c rté”éfgﬁ‘rre H%‘é‘tﬁfb pRsifi

center of e heating ate I ne acro e rotating axis of t e ot her

transfer deweqsr eahéattmuq PRI §O6NOShHHIRY b@at1)ngb@lv@t metﬁxJe'@ heating [RefRdbeBack

to the thermal treat apparatus. As shown in Fig.9, which |IIustrates an
i sonetric M@wdthe bhdek wide tofettarsemivorad dttos wbtkpiedeeebnnge ghatrber trend a
cool i ng chanber positioned horizontally with a retractabl e door therebetween.
The t her ndixed dwtatimg ragpabet OB @0 beolgters23 undentheyeathactadie ddoar 4B a
cool i ng chanber 900b positioned adjacent to each other horizontally. A first
heati ng nesthdo, the feomesidepipthe s@micondustar utorkipieoaseantbe Heeated iy
chanber 900a, V\/m ch is kept at a constant tenperature. The heati n? gl ate 902
may conpri the a ﬁlété@nﬂbh@ﬁtlng AOMr€§tPEQ)ddEﬁ’ngetﬂP&afetraﬁ%blﬂadﬂQﬂg 9 atld®03,
is set at th t he heati chamber 900b, which is, kept at a t ant
{erper at urflicrSEARNIIG et 196s Pa) KRpS <o Q%M.Hysccnrpcem.r e

wi ndow 907_is.set on, the si evval 901 oLahhe heat chanb 900a f or I

sem conductIN GO APPIe MAKBLEES SHays RLANFRPEST tﬁ"?ﬁg‘ CA Besiod A

or ovi de + Suftise PrfFcboly fg' P Hidlifly SRinber' 1o 5 A% RERERY é%’%fé‘vf ces

904 and 9Q5 ahe pﬁe‘??’é %Iéoo%ﬂ’rpg{ ?Zgéaisi‘ﬁﬁf %rerﬁfr?olgfcgu &?”%Flﬂfne\&&%ece

bet ween the heati cool’i ng own | numner d 905
denot e th%drﬁ\?é'étf\‘?é ﬁ%‘étc?rdfiﬁfb? AEERahisthl Tpeot anel gﬂn%urefforther hegtieh t he
transfer device. Two transfer devices 904 and 905 are controlled by two
actuators, one of which is 906 for transporting and positioning the
seniconductor wor kpi ece. According to ong,enbodi nent, the transfer device 904
and 905 can rotate and vertically nove. en the cooling process is conpleted,
t he sem conduct or workpiece is transported out of the cooling chanber by the
transport deV|ces t hrough a second wi ndow 908 on the sidewall 901 of the



[ 0094] The heating chanber 900a and the cooling chanber 900b have a top piece
910, which conprises fluid distribution parts 912a and 912b in the | ower
surface of the workpiece. The heating fluid distribution part 912a provides

hot requi rtean§porthtion hhechaaismg10amioare 800en @md Phece ahkei sgnficonductor
distribution part 912b provides cool required fluid to the cooling chanber

900b. The weskpiegef lan dhei surface i ah tihar fixedd heladi ng ahiemgbér L1 @6 di\dacubot i on
part are utilized as additional heating and cooling sources during a heating
or cool i ngyatesesturmeheOmotk ghueki e semigendugtar dverkpiggee osopthak itsl2a
and 912b is simlar to the fluid distribution parts in the first and second
embodi mentP@gksige t her il CosdaRENtWHPpathe usfixadd heatindii dnemaber.s Jd& is

also simlar to tge ?bove nbodi nents. téf%‘8095] The retractabl e door 909
roves ' n RN dHe e WarhpiSie Botiengeatshan tmeﬁxs:h g @Ggﬁéﬁror a
. NN . 00981 A . : .
Fig :9,”9t PTEIPr 1 R Sons: Britd e Nisdrenigdc bR ssﬁsﬁsr'%ﬁn'c&ﬁﬁbc?of’z“ .
the heat  NOLRBIEE i TREteE, nR (el FkeRERRRRER Bl RSfuh S RoRuie '
transferr iy %‘%tr‘a*h%fef‘?nébﬁ%ﬁfi&h h Ghel eagkesia%%hagby hcﬂ@bﬁéaii@:g Pay‘é}oiaf ng

process, e sane tine a second sem conduct or wor kp ece can transferred

into the heg! FéWaehmsieedodpt %Qh?olﬂpheété@ﬂvééﬂqésﬁ’eﬁt’ ISR miechR{iS

device. The retractabl e door 909 w only retract when the sem conduct or

wor kpi ece frenbehadronesiier\dsehehveesating srondsy $s camipriteanithet etute,
the retractabl e door 909 noves in between the two chanbers. According to an

enbodi mentchudie is eoff canadlthe deonicoPRluctier avbelapiemec s e cervkecenbhediidid n and
removes the heat fromthe heating chanber to keep its tenperature equal to the

t enper at urdistribgtianbaeans 291 on the tme piegectVd titugns on hadethm detractable Fi g
9, in both heating chanber 900a and cool i ng chanber 900b, the heating plate
902 and t HO@bdGhmeves ©wosf dppishambaisuia Makedae beatistechasthahiand t o
i st but 1O ORI AMBEEoBF| GaNNRGBdaFans! Srifeh VRsHAG! AFNSPAMESiNEct i ve
Ther ef or 6. MESAATESE] Dt Hap RalaiBPCAR AR N & QLB R TAATIA N ORBBIGHb LB <
Ceal 2o P RERP AT RS T Yol R loB B Bl M e
process. SATH e e o PLBbAPkg sy Pely, e ESREEbIE e WEERPIGHY to
di stributigeqifPangoBRhGOPBGeSONTRE FIVifd AdtribuAOAT Sart ™t OB2RURE 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



[ 0098] Based on the above descriptions of the third enbodi nent, the thermnal
treatnent apparatus with horizontally arranged chanbers nay be concl uded as
conprising at least: horizontally adjacent heating and cooling chanbers; a
transpor t aigtcactaitdaoem Tlee fixexhepalinignoembern 20nhditidl keepsrdpitecsodletheeen

t he heating chanber and the cooling chanber; a retractabl e door between the
heat i ng cHaobtsidadftthe seohicondirctoberorkpieceebyaz tcinectooe heatetrainsféet ween
t he heating chanmber and the cooling chanber during a heating process; and the
heati ng cHagsdanisoyidisingntiigdprooess. Mdathegsame demeuthegsendcasauichor
process; the retractable door_ al so noves in between the heating chanber and

the cool i HHOBKRIRSE IBUEPRIES TOBN | the haeckside Al the URRET RHUEASRDST Hiovi des
an additional cooling sou uring the coolin rocess. 50099] The
heating cHEWRASIARIS JROEetBrdbNea: e eahdransian smeehanshefar @
f i t fi t ti " he h i h t i t, . ti
el felialcbr iR " Al gl e a5hGN B SCRER" thet MidLARADRIAN: ge
f th i i dth d heati b id
S 1 ome I e bR e o e o tomti e o "Tha frent e te or the

i duct i i : i he.: 14 h
Setomacact r JoRE SRcH thed caling TbraEeRS ORE el I hIRSY I e YEMEaf S an

menber in t?ﬁﬁsﬁ@?ﬂdtﬂﬂh Cheadieanidhe 107 Strafeo! bhe NEARGT tRlOVEERficantiuctdr
cool ing source for conductive cooling of the back sidé of the sem conductor

wor kpi ece workpieeestsand exohangenpobitiopand dee secandiwimiml 09! opensour ce

for convective cooling of the front side of the sem conductor workpiece during
t he cool i nphena@enechanicalOtradispentatibe me@arsatvill reesive lihe sémieonductonpri se
a heating chanber w ndow and a cool i ng chanber w ndow which are facing to the

same di r eswwbokpitoe @nd asuesss nikaost ofh theotdeslingrichihmber, 10D dispan athes may

conprise a heating chanber wi ndow facing to one direction for one access neans
and a coolqotylrwafammbernmwdme: d hevtpias eppbs verticakdranspesatigvt her

access neans, and the |jne across the centers of the two wi ndows is not

paral | el tHech@nsaL16¢ m@/%ﬁl;%mattestheage@ﬂé\whﬁrfﬂ?gr-11. | n anot her
directon tor 1IREA-BolsrtR SEMcanBBPR SvonthigEE i teaneietien gt 4. nor
o "the tudStinB e BaF Fofcfnd AGRBICRATE A Teaticlt BT i wmaE 7 5
;sLngln:N: F:‘ﬁfé’%#%%aﬁﬁtibffﬁ%‘? ’eai%\g&'ga?rgeagtr Fre enbodi ment ?Ltﬁgﬁuigg‘_’gbgsgfs
enb)c/)di ments i ggpﬁgﬁggg i@bﬁgﬂ?@%ﬁt@ﬁﬂﬁgm‘? thb?hf%i{gﬁ?ﬁk%;bm o“? eed

present i Wﬁé%,oﬁl@eaﬁoégbmmbdéf thertielrnidicReatment prodedd) provideddict i ve

heat transfer nmechani'sm and the convective heat transfer nechanismis realized
to the sentheoptesent wventi@ee Fam oree afirbledi ordinarg skélehtinngher apt; ehao! i ng

process is also included, and during the preheating and precooling process,
bot h t he ffollswiagd rargendanhderabtairead nisom nidveb @resam| geacophivec iwitieotibar
transfer mechani sm ] ] o
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



[0102] The apparatus with horizontally arranged chanbers is adapted to: heat
and cool a thin filmor a stack of thin filnms; or annealing netallic or
insulative filnms in sem conductor interconnect; or reflow the solder; or cure
and/ or bakeeatiegpchgmber amet imgscooling [Odadibdhepravidingaanfinedpheatisgy of
hori zontal Iy arranged heating and cooling chanbers [ 0104] For the thermal
t reat nent mpgpaber &t bhottorhoof tbat héaingr chagelder,hanmoleasheahiaglaygesati the bit
different with the apparatus with vertically arranged chanbers. For the

appar at us lawer surfieiceapf \ther retigetalkleadbers previdingna foxed canling anewsP&pi ece
can be treated in the apparatus for one tinme, but for the apparatus with

hor i zont alatyteR Rfrihel coplinge camberhant Acceangdayanat the srnenguciaamer

can Lreat, gpre.{ hap one, el Sonductor ek Spee LY 4SREUS L con B0°)
B
5 CSAESRAUED, RESRREY oo TIGRUNR. ORISR e Do
ranst o e HEvAgO RERTRRFACBIIE SOcieColl BeRFREPNHE! Reatfro! ecc

A in the abhoy@aSHAP! cBBling chaMyerl ahd Sed (PP thedT K@hRE8nBuictor
transferred to a pre-heating position by transfer device A and pre-heated, as

wor kpi Bce A T Goubl o ol Ge Dre-Iea e by borh the TIXeq heat ng. mober nd 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.

[0087] The retractable door has a heating layer being positioned at
the surface facing to a fixed heating member in the heating chamber,
the fixed heating member provides 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



addi tional heating nenmber with a convective heating nechanism During this
step, the retractable door keeps in between the heating chanber and the

cool i ng chanber. [0108] 3) When the pre-heating process is conpleted,
sem conduaitflizedr kpne@cea A desublexsider riteromalo tieatheani ndopl semiConduetanyl e,
the heating plate 902 in Fig 9) and doubl e-si de heated. The sem conduct or

wor kpi ece workpiesienis realizeidby the heating plate (fixed heating source) with a
conductive heating mechani smand by the heating fluid distribution part

(addi ti onal hd&0i sidie céhermeah fresiment i met i @gnnéhaAppied in the
simul taneously. During step 3), the retractabl e door keeps_in between the
heat i ng cHahsuringnarpHeaties, ifﬁg etnpée:. heat 5[@1@9}3'45) thipefilrorer ﬁe%ﬁactlngf
process is, conpleted, a fluid distribution part 912b_jn the cool.ing chanber
Purns on dhi T RETSoraanprelingomealis 80 amlaRee hlhses, SSRECABSEERG, and
cool ing chapbers. are.connected S0 th t he sem con t or rkpiece,can be
Cranst or r d PN S Qb aTEubriorstinEbe 04 FUTE randrar bakd dRenBRLRt S
chanber bycééﬁﬁ@%er device A. Now t he heating chanber is free, so

si mul t aneousTy Sem conduct or workpiece Bis transferred into the heating

chanber by another transfer device B. During step 4), the retractable door
keeps out of the chanbers. In one enbodi nent, the sem conductor workpiece is

precool ed durirpgggleT Rir@EgfhddiméEnt bRIREOAHPErafuyN the heating chamber into
t he cool i ng chanber. [0110] 5) The retractabl e door noves in between the

heating and cqobiong Aechelingada nandverseaspestiuef othewpkesene Mmventiont he
cool i ng chanber and sem conductor workpiece Bis in the heating chanber, they
can be trgatcaddsigndn aagpasdius Bumpeainggapheatisg tdhembem anddactomoling

wor kpi ece B undergoes is the sanme as that nentioned above and will not be
repeat ed. Ghamiter duw| antanyededorizentadyni adjanantortoneaeh eother urwidhgaes,
transfer device A put sem conductor workpiece A on the cooling plate g_for
exanpl e, tMedragiabileagdaclt oeveeen thg Jyeatvagi @rduepetingordpaders.i J he
doubl e- si de  cool by the coolin late (fjxed coolin ourc W th

conduct i véeémtaige n%‘éﬁéﬂﬂ%"%&%ﬁéi he g}ﬁﬁtﬂ% %Bél q;ggﬁ%gupéam%ers
distribution.system (additional cqaling,.sour .th a convective cooljn
mechant smGIRteA HEALNG: BESCoRe: Ahebtinionapheaing, Sa0&e Tohdcatig i) o
door keeps.in: C . . the. i t [ S. | er

t han t he c%%’ﬁ'%ﬁ&ﬁﬁg‘?r Q@%@iﬁ%é?cﬁ&%&ébl'@@é%@@%g%ﬁd% ﬁ%cess
first and - A f : i i { Ng
tims i o oraaree AR WEEKRreER is Medtel figth iR Bl RE RS pY 2 TR RSETIY bai ng

Lot oo, "R BARCHR, MRS REBh SolfSSETR BB puct e coppins
keeps in hetyegpopbaATBeMiconductor 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



[0112] 7) Wen sem conductor workpiece B finishes heating, the retractable
door noves out of chanbers for transferring sem conductor workpiece Binto the
cool i ng chanber, sinmultaneously sem conductor workpiece Cis transferred into
t he heati ntganbfarbadevice. r ¢geionsd émmbodinsént, dbe csemicdhduttdd owbmbﬂmcm:edure
is the sane as described above. [0113] In order to ensure that the two
transfer deanster doechanismerc@mengas eaeh tramsfierdaewiget hendr amsaoother on of
sem conduct or wor kpi eces, the two transfer devices are positioned in a certain
conf i gur atéabagimenly bthelessgrugorduectar f f woskpiaasgt tiansfer showehanisny 13,
P1 denotes the center of the heating plate and P2 denotes the center of the

cool i ng pI%@Prt‘ﬁfsanWV@ztrﬁrth?ﬁedéM'%e%,r g wit ceontielled: pyrap @ctuasar
rotate. The angl.e tiet ween 01P1 and 01P2 and that between 02P1 and 02P2 rel at es
to the nuf6SPERIMEYgers on the transfer device. And for exanple, if the

heati ng charbdPOSIEREERIIRG (chaRsoeriheRiieht  AMtafoal feltbthulitisrs L
bot h 90, aERSMG Ry "alich g MhalE Belliedl e ar ERots e o faen
of Lhe apReial 4 ol idlfereF QB9 < BRGHINE MantER! 6r HhEMORnacBIAETAHa te

wor kpi eces could be thermally treated sinmultaneously in theapparatus wth two

transfer qme GRFosShie trbﬁat‘irﬁ'{;%bﬁépéf thé SthRA {ranisfeF ARAceoamarp@é tentdpt of
the apparatus with only one tfTansfer device. For a given recipe, the tinme for

thermal trefathenheztireg fpraei 00 920’he mindrotieér temdaiintem, cthelutbersfer
wor kpi eces is shown in Fig. 14 for both apparatus. The throughput i nproves

73. 6 per catevicer capparisess4 veuppartingfaigersjeandethe eanglecdetweehatheiilinte one
transfer device. [0116] It should be noticed that the thermal treatnent
process f@Achoss itbat edtating raxigedf dnetisanshentdeied andvihescenter afi theanpl e
of the thermal treatnent process provided by the present invention. For one of
the ordi ndi§atirgl pledei andhheuline egeoss| thewratatinggxisef tee aiharmransiem t he
e mi t eiRCEr@nd s sREtRr Obthe fieakpiRiate i Afondnat thiré emiaiment, "
the transfer device comprises 5 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 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



[0116] Based on the descriptions of the enbodi nents of the apparatus and the
process enbodi nent, the nmethod for thermal treatnent process of sem conductor
wor kpi eces may be concluded as conprising at |east: providing a heating
chanber arpbsitionad zgljabenbdo eaght otined hiooizortatigl | A fagitdeeatingpremtberg a
retractable door for separating the heating chanber and the cooling chanber;
provi di ng ds eshelading piatec MO, dsasetbat then base ref tremthieatingattambear@i08acond
heati ng nmenbers at toi) of heating chanber; providing first cooling nenbers at
bot t om of Whichdat kept @tambeonsdant derpperaiue: njheehsatingiplaty I02heay ng
chanber; noving the retractabl e dgor out between the heating chanpber and the
cool i ng cHRPHSN 1SEha h?éﬁ'@ﬁb?@l'né\ first coplingnMeyndSst &s anhﬂﬁtlégepiaiﬁoggﬁe

Tovi ng t hder 86 at 48Pc0ASS: Of nHeL He nghﬁﬂ%ﬁb“&)@ﬁbm@ FefhdSc kBB g Gharmber
cem concuctaAaraBE fifeor THrCEaBaRBBiatkL A0RF Hial hpil%%%%”%@oamess
ool ﬁ;eihadn“éé'ﬁgf#t A S A ﬁo?ﬁ""“ otiReRRERIR
heat i ng C*l?l’f@ﬁf Otah?oFctﬂg 8gnfi ctBFt\l%rl’q.'%tc%e ' B8 ﬂ"a &freP RIS es:

transportl ng a t sem conduct or workpi ece I nto eati ng C anber novi ng

the retr th@bhéaﬁﬁg}' chanﬂﬁ‘éﬂ‘@@@é h& fhﬁatdl'égrlﬁhﬁﬁhe{)aﬂnm290||s' éEsch?ﬁVi%fedind
starting heating and cooling processes; repeating the above steps. [0117]

The heatirig tHeaheeatintpehampedigotmad great deqea?nt@d fldiarderagrire haaterj i ng
[

fluid or fluid distribution systemfacing to a xed heating nmenber in the
heati ng chendomss.t e driowgsl dfedramgferedearicesodOdesarad f 9Q6d aneatproyider tee
whil e the additional heating nmenber provides as an additional heating source
during t hesuppoitngndriveaster The sewicogdubtmbeorkpicee ketweenrtae heating
menber, for exanple, a cooling fluid or_fluid distribution gﬁéemfam ng to a

fixed coolam@ Gaatng ﬂ'ﬁtQ9f\eA§o$Jﬂ®W@ th&i® <&, numenralh el el hevi des
it onaltreBs ern@“év‘iéeﬁ”&'vmﬁ"@f Agnieal E193{‘1""r@éﬁ%szgﬁﬁépgiﬁﬁrﬁsaﬁcm. g
to the present entlo oubl_e- sj eth nt wt oth t
conduct i v rﬂ@ﬁfertaﬁﬁkqee W@c é’rﬂsiﬁf '?ﬁ@ %mﬁéﬁthrﬁtéﬂﬂﬁgrb)‘rg%m sm
I's reali Zeﬁlcth%tbpg, %‘?{3 C8f1qHﬁ |‘§Drdf)% “for transportlng and positioning the
semiconductor workpiece. 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



[0119] In one enbodi nent, the sem conductor workpiece is preheated before the
heating process starts, and the sem conduct or workpi ece is precool ed before
the cooling process starts. [0120] The cooling time in cooling chanber is
T1, the hesgumed dueing shéaating dracobetinigs ptd@cessd TiHe Wb prirepal iofethed
transport the first sem conductor workpiece into heating chanber will be set
at | east Tuit2distributidrapartsedt2atandspd2b tsheimdaortd teeniftwidddistoibutirkpi ece
into cooling chanber; if 11<12, then time to transport the first sem conductor
wor kpi ece paits Heathendirsiaaber s@congeesthodimestsof itherthesamaletreatanent ne to
transport the second sem conductor worKkpi ece into cooling chanber. [0121]
The doubl caRPAEAUSer A tthentfhwitk thatnisd ¥sedbis lsia &dnilan ke tbel ahaus
application, for. exanple: heat and cool a thin filmor a stack of thin fil ns;
or anneal i?@h?é['ﬁ]?'&s-or insulative films in sem conductor interconnect; or

R e R AT A R
et eases gk EREEGHEICH YRRt bRy B Slobig! peELs e

deformati qgitiated [0123] The previous description of the disclosed enbodi nents
is provided to enable any person skilled in the art to make or use the present

o Shones i FTCGER| PUCDLOTIG ES(1E el aRen Sy W Fighs, tiethicbirgyer o
chamber 900a and the cooling chamber 900b can work simultaneously.
For example, a first semiconductor workpiece can be heated in the
heating chamber first, and then the first semiconductor workpiece is
transferred by the one transfer device to the cooling chamber for a
cooling process, at the same time a second semiconductor workpiece
can be transferred into the heating chamber and begin a heating
process by another transfer device. The retractable door 909 will only
retract when the semiconductor workpiece is being transferred 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



defined herein may be applied to other enbodi nents w thout departing fromthe
spirit or scope of the invention. Thus, the present invention is not intended
to be limted to the enbodi mrents shown herein but is to be accorded the w dest

scope consehérdnadutton honkpiece pMTérer@fdraodelutfieadidecthealimal dseatnhention

VWhat is clainmed is: 1. An apparatus for thermal treatnent of

seni condudher senmikpneuetor aonkpiscags realizechin podhrthegkdatiegt process arubl i ng
chambers; a transportati on mechanismfor transporting a sem conductor
wor kpi ece thet ggelingheraness.ig enerd@mbagiment theosemjcondrséer workpirce is

preheated and precooled before a heating or cooling process starts.
During the preheating or precooling process, both the heating/cooling
plates and the heating/cooling fluid distribution means perform a
convective heat transfer mechanism.

[0098] Based on the above descriptions of the third embodiment,
the thermal treatment apparatus with horizontally arranged chambers
may be concluded as comprising at least: horizontally adjacent heating
and cooling chambers; a transportation mechanism for transporting a
semiconductor workpiece between the heating chamber and the cooling
chamber; a retractable door between the heating chamber and the
cooling chamber; the retractable door moves in between the heating
chamber and the cooling chamber during a heating process; and the
heating chamber provides an 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



a retractabl e door for separating the heating chanber and the cooling chanber;
wherein the retractabl e door noves in between the heating chanber and the

cool i ng chanmber when a heating process or a cooling process starts; and the
retract ablthedeoblingmehizsnberatheafirstgcobeliag amsimberoptovigidsayefirst coolihg The
apparatus of claim1, wherein said heating chanber conprising a fixed heating
menber beisguossifor ob@ddactivet comlinigd®fothe headkasidey afhéindesemiaoddedor ng

| ayer on the retractabl e door being positioned at a surface facing to said
fixed heatwatkpieeserand the isepand) caativgr. membes. prodaspaant asldiiosahi m 2,
wherein the fixed beating, nenber conprising heating COI I s or other heating
means, an(PQCPlH‘glea&qLHQ?Q afRarr 6ANVEEtive: r 6ePHPABe @botheorfhenti ﬁgdﬂezﬂl nthQ:m I's

th heat 4. T t f cl 2, wh the fixed
et ng mRBISORARCRWTKBIRRRALFIN G SAF (OB BFORERRan Sm and the heat | ng

layer performyod oHiNE8E G dsiardtla"abRerBRd UBSVE I '3t BrideL! ALy ess:

chamber window and a cooling chamber window which are facing to the
same direction for one access means. In another embodiment, the
apparatus may comprise a heating chamber window facing to one
direction for one access means and a cooling chamber window facing to
another opposite direction for another access means, and the line
across the centers of the two windows is not parallel to the side of the
apparatus, as shown in Fig 11. In another embodiment, the apparatus
may comprise a heating chamber window facing to one direction for one
access means and a cooling chamber window facing to another
opposite direction for another access means, and 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



5 . The apparatus of claim2, wherein the sem conductor workpiece is preheated
before a heating process starts. 6. The apparatus of claimb5, wherein

the fixed heating nmenber and the heating | ayer performa convective heat
transfer reshatiagrsfehenethanssm.conduct or wor kpi ece i s preheat ed.

7. The

apparatus of claim1, wherein said cooling chanber conprising a fixed cooling
menber bei ng J04i02]onktke aapparatude witht heoriaomhially camainged actasabdrsods i ng

| ayer on the retractabl e door being positioned at a surface facing to said

fi xed coolad@gptachber heatand codl ianthiaHampar a stack & thindilapaenansesling ai m

7, wherein the fixed cooling menber conprising a ¢ool fluid distribution

means.  MetallicTs Iaﬁpbatav@.g‘llms an émcom@pm intesconmestySEdrefiownde ool

flurd dist{hady! 8P (e andiorBaRE (e pofymer

roup,.conprising at |east:
cohtings 9

[0103] Thermal treatment process of horizontally arranged heating

and cooling chambers

[0104] For the thermal treatment apparatus with horizontally

arranged chambers, the process is a bit different with the apparatus with

vertically arranged chambers. For the apparatus with vertically arranged

chambers, only one semiconductor workpiece can be treated in the

apparatus for one time, but for the apparatus with horizontally arranged

chambers, the heating chamber and the cooling chamber can treat more

than one semiconductor workpieces simultaneously.

[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



an inert gas, a mxture of inert gases or a mxture of inert gases and
reductive gases, wherein the fluid m xture conprising 90-100% of inert gases

and 0-10% of reductive gases. 10. The apparatus of claim9, wherein the
i nert gaseayddhimﬁleﬁ@iirﬁ?onneanUpmmpai oy edtiveadieatargomedieanism.
nitrogen or other inert fluids, and t he reductive gases is selected from

a group cdopring rpisatstepasthe hdractabler doonekeepsudn i betwasas the heatingl. The

apparatus of claimb5, the fixed cooling nenber perforns a convective heat

transfer reftabiermanddheneocbngichamdes: perforns a conductive heat transfer

mechant sm [0108] 3) When the pre-heating process is completed,
semiconductor workpiece A is transferred onto the heating plate (for
example, the heating plate 902 in Fig 9) and double-side heated. The
semiconductor workpiece A is being heated by the heating plate (fixed
heating source) with a conductive heating mechanism and by the
heating fluid distribution part (additional heating source) with a
convective heating mechanism simultaneously. During step 3), the
retractable door keeps in between the heating chamber and the cooling
chamber.

[0109] 4) When the heating process is completed, a fluid
distribution part 912b in the cooling chamber turns on and the
retractable door moves out of the chambers. The heating and cooling
chambers are connected 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



12. The apparatus of claim5, wherein the sem conductor workpiece is precool ed
before a cooling process starts. 13. The apparatus of claim 12, wherein
the fixed cooling nmenber and the cooling | ayer performa convective heat
transfer nesoeei samovhenillt heos elviec orelpeated WoFlopi ¢he i soplingooprstess thaf4.
The apparatus of claim7, wherein the cooling layer conprising cooling coil,
wherei n a semicondbetory evorkpieted Hhr angtergaesoottiansfeoi | devicenthe paht out

fromthe sem conduct or workpi ece. 15. The apparatus of claim 1, wherein
t he retracﬁ@mn@ordductorurwaékple@qorAS@sl dhgacanding pl@teec(fcmretemmnmau dtheeat i ng
| ayer and sai d cooling | ayer. The apparatus of claim1, wherein the

appar at us G@olir@Plage B3 aN; ﬁ@ a%d e68icrRgduatar werkpiese A is dlauble-side

filns. cooled by the cooling plate (fixed cooling source) with a conductive

cooling mechanism on the backside and the cooling fluid distribution
system (additional cooling source) with a convective cooling mechanism
on the front side simultaneously. During step 5), the retractable door
keeps in between chambers.

[0111] 6) If the heating time is longer than the cooling time,
semiconductor workpiece A finishes the cooling process first and then is
transferred out of the cooling chamber. Since the heating time is longer
than the cooling time, semiconductor workpiece B is still being heated
when semiconductor workpiece A is transferred out of the cooling
chamber. And cooling chamber is free. During step 6), 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



17. The apparatus of claim1, wherein the apparatus is used for: annealing
metallic or insulative filnms in sem conductor interconnect. 18. The
apparatus of claim1l1l, wherein the apparatus is used for: reflow ng the

sol der. trandfer Hevicppacibts. Jhelamgrelbetivercti IO 1PRd appRIG1 P2 anditkdt f or:
curing and/ or baking the polyneric coatings. 20. The apparatus of claim

1, wher ei rhbetvecert G2PablandioO2R2ir telate s otgpr ihe ngumnbemeafr figensg orecthei sm

to drive the retractable door in and out between the heating chanber and the

cool i ng cHaansefer device. And for example, if the transfer devices comprise 4
fingers, Fig 13 illustrates a way in which the heating chamber, the
cooling chamber and the transportation mechanism are arranged. The
angle between O1P1 and O1P2 and that between O2P1 and O2P2 are
both 90 degree.

[0114] Based on the descriptions of the third embodiment of the
apparatus and the process embodiment, more than one semiconductor
workpieces could be thermally treated simultaneously in the apparatus
with two transfer devices. Thus the throughput is greatly improved
compared to that of the apparatus with only one transfer device. For a
given recipe, the time for thermal treatment as a function of the number
of treated semiconductor workpieces is shown in Fig. 14 for both
apparatus. The 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



21. The apparatus of claim1l1l, wherein the retractable door further conprising
a rotational noving nechanismto drive the retractable door in and out between
t he heating chanber and the cooling chanber. 22. The apparatus of claim
1, wherei rseﬂsaratirv%stherheating cieahdrersandothe coohiggathbeasér;t praeadding first ns

t hrough the fixed heating nenber. 23. An apparatus for thermal treatnent
of seni corizating memibees &, batbopr o§ithg: héatingoch aimbe rad) red setcamneh hieedirgnd
cool i ng chanbers; a transportati on mechanismfor transporting a

seni conduonNéMberk @itdep pétheriingehaademndg enading fisati copdingoonempesisaaber

the transport mechani sm conprising two transfer devices, the two transfer

devi ces hRetignuoisthenaeaiing eharmbes: ankk secenbrooling waemherst at tapvPtes

e T ot e s e PLE 21981 Hod Bt Weied Rt Rl
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; moving the retractable 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.



wherein the retractabl e door noves in between the heating chanber and the
cool i ng chanber when a heating process or cooling process starts. 24.
The apparatus of claim 23, wherein said heating chanber conprising first

heati ng menmber[Odds$]t Acceddinyg ot ther pfesdnt iraehtionchanteubiersidectmsrrhaht i ng
menber positioned on top of the heating chanber. 25. The apparatus of

cl ai m 24, tnbatraemtt weithf ibbath teet congdoehiver heatf tramsfar coedinariism revad theansf er
mechani sm and the second heating nmenber perfornms a convective heat transfer
mechani smeRRVeetive heaat dgapsteresgechanismeis mealiggshrtat the osediapndagtor
wherein the sem conductor workpiece is preheated before a heating process
starts. WOrkpieCene apparatus of claim 26, wherein the first heating menber

and the secon i menber rform a, convecti ve. heat transfer, nechanism
Bhan e senr 4003 0P wePes eRBed A coha SenicBrtudior" WaHpiees s

preheated before the heating process starts, and the semiconductor

workpiece is precooled before the cooling process starts.

[0120] 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; 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.

[0121] The double-side thermal treatment method can be applied 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



28. The apparatus of claim23, wherein the cooling chanber conprising first
cool i ng nenber positioned on bottom of the heating chanber and second cooling
menber positioned on top of heating chamnber. 29. The apparatus of claim
28, wher eidefimedfhesgincoray e @ppied tordidrersemisoditnehtsy avitikaut tdiepestierg
mechani sm and the second cooling nenber perforns a convective heat transfer
mechani smfdom tige aspioidl dmgcppec of ¢he3mverdiappdiatysthef pceaent 28yentiereis t he
sem conductor workpi ece is precool ed before a cooling process starts.

31. The appel mtesaded to derisviedrerthienemieodiments shiawg hergiBrbahis tdd&econd
cool i ng nenber rforma convective heat transfer mechani sm when the

seni Conducchﬁor\&d@tr@;émcge r S€dpfonsistent with the principles and novel

features disclosed herein.



32. The apparatus of claim 23, wherein said transfer devices conprising 3
supporting fingers, and the angle between the |ine 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 center of the heating
plate is 120 . 33. The apparatus of claim 23, wherein said transfer

devi ces conprising 4 supporting fingers, and the angle between the |ine 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 tHWhakigtdaigegliate is 90 . 34. The apparatus of claim 23,
wherein said transfer devices conprising 5 supporting fingers, and the angle
between the line across the rotating axis of one transfer device and the
center of the hdatfAngapparatusarfar tthermahdreatmest afhserigandustprayxiskpieceme ot her
transfer devisps Rt he center of the heating plate is 144' . 35. The
apparatus of cl'aim™23, wherein said transfer devices conprising 6 supporting
fingers, and thuedisglhe apengeeheatieg pndeogbingssamhersiot ating axi s of one

transfer deviceapdniiisARmt ﬁ{ec‘ﬂ%gfrsﬂg faﬁ%tdneeomngts SdicoRButiopewékbRze the

rotating axis of the other trans evice and the center of the heating plate

is 120° . betweemihe paiing eharabersanst the egaqingshafiiR@rei n t he heating chanber

further conpri singeiaMANEON6EOkr! 885HAENE NBeS REAGRN Enahder Bk Rh8CEodIfhg and
cool ing chanber further conprising a wi ndow for |oading the sem conductor

wor kpi ece ohamber;
wherein the retractable door moves in between the heating chamber and

the cooling chamber when a heating process or a cooling process starts; and
the retractable door comprising a heating layer and a cooling layer.

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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37. The apparatus of claim 23, wherein the apparatus is used for: heating and

cooling a thin filmor a stack of thin fil ns. 38. The apparatus of claim
23, wherein the apparatus is used for annealing netallic or insulative filns

i n sem conductor interconnect. 39. The apparatus of claim 23, wherein the
apparatus is used for: reflow ng the sol der. 40. The apparatus of claim
23, wherein the apparatus is used for: curing and/or baking the polyneric

coat i ngs. 41. A nethod for thernmal treatnent of sem conductor workpieces,
conpri si ng: provi ding a heating chanber and a cooling chanber being

stacked vertically;
5 . The apparatus of claim 2, wherein the semiconductor workpiece is

preheated before a heating process starts.

6. The apparatus of claim 5, wherein the fixed heating member and the
heating layer perform a convective heat transfer mechanism when the
semiconductor workpiece is preheated.

7. The apparatus of claim 1, wherein said cooling chamber comprising a
fixed cooling member being positioned at top side of the cooling chamber, and
said cooling layer on the retractable door being positioned at a surface facing to
said fixed cooling member in the cooling chamber.

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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providing a retractable door for separating the heating chanber and the

cool i ng chanber; providing a fixed heating nmenber at bottom of the
heati ng chanber, and a heating |layer at the | ower surface of the retractable
door; providing a fixed cooling nmenber at top of the cooling chanber, and
a cooling layer at the upper surface of the retractabl e door; nmovi ng t he

retractabl e door in between the heating chanber and cool i ng chanber and
transporting a sem conductor workpiece into the heating chanber; starting
heati ng processes;

11. The apparatus of claim 5, the fixed cooling member performs a
convective heat transfer mechanism and the cooling layer performs a conductive
heat transfer mechanism.

12. The apparatus of claim 5, wherein the semiconductor workpiece is
precooled before a cooling process starts.

13. The apparatus of claim 12, wherein the fixed cooling member and the
cooling layer perform a convective heat transfer mechanism when the
semiconductor workpiece is precooled.

14. The apparatus of claim 7, wherein the cooling layer comprising 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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nmovi ng the retractabl e door out between the heating chanber and cooling
chanber and transporting the sem conductor workpiece fromthe heating chanber
into the cooling chanber when the heating process conpl etes; novi ng t he
retractabl e door in between the heating chanber and cooling chanber and
starting cooling processes; transporting the sem conductor workpi ece out of
the cooling chanber. 42. The nethod of claim4l, further conprising:
preheati ng the sem conductor workpi ece before the heating process starts. 43.
The nethod of claim4l, further conprising: precooling the sem conduct or

wor kpi ece before the cooling process starts. 44. A nethod for thernma

treatment of HBEAFPLMAUT IR, Wor kpi eces, conpri sing:

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

curing and/or baking the polymeric coatings.

20. The apparatus of claim 1, wherein the retractable door further
comprising a linear moving mechanism to drive the retractable door in and out
between the heating chamber and the cooling chamber.

21. The apparatus of claim 1, wherein the retractable door further
comprising a rotational moving mechanism to drive the retractable door in and
out between the heating chamber and the cooling chamber.

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, the transport
mechanism comprising two transfer devices, the two transfer devices having
arms and the lengths of the arms of the two transfer devices being different; 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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provi ding a heating chanber and a cooling chanber positioned horizontally

adj acent ; providing a retractable door for Separating the heating chanber
and the cooling chanber; providing first heating nmenber at bottom of the
heati ng chanber, and second heating nenber at top of heating chanber,
providing first cooling nmenber at bottom of the cooling chanber, and second
cool ing nenber at top of cooling chanber, novi ng the retractabl e door out
bet ween the heating chanber and the cooling chanber and transporting a first
sem conduct or workpi ece into the heating chanber and second sem conduct or

wor kpi ece into the cooling chanber; noving the retractable door in between the
heati ng chanber and cooli ng

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

25. The apparatus of claim 24, wherein the first heating member performs a
conductive heat transfer mechanism and the second heating member performs a
convective heat transfer mechanism during a heating process.

26. The apparatus of claim 24, wherein the semiconductor workpiece is

preheated before a heating process starts.

27. The apparatus of claim 26, wherein 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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chanber and starting heating and cool i ng processes; transporting the
second sem conduct or wor kpi ece out of the cooling chanber after the cooling
process conpl et es; noving the retractabl e door out between the heating
chanber and cooling chanber and transporting the first sem conductor workpiece
fromthe heating chanber into the cooling chanber after the heating process
conpl etes; transporting a third sem conductor workpiece into the heating
chanber; noving the retractabl e door in between the heating chanber and

cool i ng chanber and starting heating and cooling processes;
workpiece is precooled before a cooling process starts.

31. The apparatus of claim 30, wherein the first cooling member and the
second cooling member perform a convective heat transfer mechanism when the
semiconductor workpiece is precooled.

32. 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° .

33. 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° .

34. The apparatus of claim 23, wherein said transfer devices comprising 5
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
144° .

35. The apparatus of claim 23, wherein said transfer devices comprising 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° .
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repeating the above steps. 45. The nethod of claim44, further conprising:
preheating the sem conductor workpi ece before the heating process starts. 46.
The net hod of claim44, further conprising: precooling the sem conduct or

wor kpi ece before the cooling process starts. 47. The net hod of claim 44,
wherein the cooling time in cooling chanber is T1l, the heating tinme in heating
chanber is T2, and if TThT2, then tinme to transport the first

sem conduct or workpi ece into heating chanber will be set at |east T1-T2 | ater

than time to transport the second sem conductor workpiece into cooling
chanmber; and 36. 1 Therlapimratusenf télam t23,t whrsegior thet heating schareberc dndbet or

wor kpi ece i Im%qltl' Wi j 1 earli ime to
transport t hnée&gecon%%gem con%rc oalrdlin\%ﬁ%%@?c}r‘l&%gﬁ%o\gﬁ(ﬁéecghg]hbag{rd. Eg&fhgt
chamber further comprising a window for loading the semiconductor workpiece

out.

37. The apparatus of claim 23, wherein the apparatus is used for:
heating and cooling a thin film or a stack of thin films.

38. The apparatus of claim 23, wherein the apparatus is used for
annealing metallic or insulative films in semiconductor interconnect.

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

reflowing the solder.

40. The apparatus of claim 23, wherein the apparatus is used for:
curing and/or baking the polymeric coatings.

41. A method for thermal treatment of semiconductor workpieces,
comprising: ' ' ’

providing a heating chamber and a cooling chamber being stacked
vertically;

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

providing a fixed heating member at bottom of the heating chamber, and a
heating layer at the lower surface of the retractable door;

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

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

- 46 -



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.

42. The method of claim 41, further comprising:
preheating the semiconductor workpiece before the heating process starts.

43. The method of claim 41, further comprising:
precooling the semiconductor workpiece before the cooling process starts.

44. A method for thermal treatment of semiconductor workpieces,
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
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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;

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

repeating the above steps.

45. The method of claim 44, further comprising:
preheating the semiconductor workpiece before the heating process starts.

46. The method of claim 44, further comprising:
precooling the semiconductor workpiece before the cooling process starts.

47. The method of claim 44, 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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