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1 COQLI'NG SYSTEM AND METHOD FOR EPI TAXI AL BARREL REACTOR Backgroynd of the
| nvention“This invention relates igenerally to epitaxial barrel fg g?égqﬂ,zL_
nmore specifically to a cooling systemand 5 nethod for a barrel reac
which inhibits netals contam nation. Barrel reactors of the type to which
the present invention generally relates are used for deposition of
epi taxial layers on sem conductor wafers. Epltaxy Is an 10 I mpor t ant
process in the sem conductor naterial: i ndd stry for achieving the necessary
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waf ers froflt heimportant process in the semiconductor material industry
for achieving the necessary electrical properties of the
semiconductor material. For example, a lightly doped
epitaxial layer grown over a heavily doped substrate
permits a CMOS device to be optimized for latch up
i5 immunity as a result of low resistance of the substrate.
Other advantages, such as precise control of the dopant
concentration profile and freedom from oxygen are also
achieved.
Gas carrying the material (e.g., silicon) to be
20 deposited on the wafers is injected into a reaction
chamber vessel of the barrel reactor where the deposition
of the silicon onto the wafers is accomplished. The
process is carried out &t elevated temperatures necessary
to achieve deposition of silicon from a vapor entrained’
25 in the gas onto the wafers. Multiple wafers are held in
a generally vertical orientation on walls of a susceptor
so that one face of the wafer is exposed for deposition
of silicon. The reaction chamber vessel is typically
made of quartz. A stainless steel seal plate closes the
30 reaction chamber, but can be moved to open the chamber
for inserting or removing semiconductor wafers from the
chamber. A gas ring between the seal plate and reaction
chamber is also made of stainless steel.
. It is imbortant that the layer of silicon deposited
35 on the wafers not be contaminated with metals, such as



chanber » A gas ring between the seal plate and reaction chanber is also
made of stainless steel. It is inmportant that the layer of silicon
deposited 35 on the wafers not be contaminated with netals, such as 2
iron (Fe), nickel (Ni) and nol ybdenum (M), which can deleterlously af f ect
the minority carrier lifetime of the epitaxial |ayer. The quartz reaction
~chanber vessel will not be a source of netals contam nation, but the 5
stainless steel in the seal plate and ga ring does provide a source for
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steel comes into contact with water vapor in the ambient
air. Corrosive agents such as HCl may also be present in
the chamber as a result of its use to etch back deposits
of silicon from the susceptor. Corrosion products from
15 the stainless steel may be transported into the reaction
chamber and become entrained with the reactant gas and
gsilicon deposited on the wafers.
To avoid contamination from the seal plate and gas
ring, the barrel reactor is constructed to divert the
20 flow of reactant gas'away from the seal plate and gas
ring by baffles and by a flow of purge gas over the areas
of the seal plate and gas ring exposed to the reactant
gas. The barrel reactor, including specifically its seal
plate and gas ring, is water cooled. Cooling the seal
25 plate prevents warpage of the seal plate. In addition,
removing heat from the metallic surfaces of the seal
plate and gas ring which are exposed to the reaction
chamber during operation of the barrel reactor retards
the rate of undesirable chemical reaction-causing the
30 release of atomic Fe from the stainless steel. However,
when the barrel reactor is not operating and the seal
plate is moved to open the reaction chamber vessel, the
relatively cool temperatures of the stainless steel seal
plate and gas ring result in adsorption of water
35 molecules on the stainless steel. In addition, by-
products of the deposition process, including solid
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25 . plate prevents warpage of the seal plate. In addition, renoving heat
fromthe<netal lic surfaces of the seal plate and gas ring which are exposed
to the reaction chanber during operation of the barrel reactor retards the
rate of undesirable chem cal reaction causing the 30 release of atomc Fe
fromthe stainless steel. However, when the barrel reactor is not
operating and the seal plate is aned to_open the reaction chanber vessel,
the relatively cool tenperatures of the 3tainless steel seal pl ate and gas
ring result |n sorﬁt on on_t he talnl s steel
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operation of the barrel reactor retards the rate of
reaction and therefore the rate of release of atomic Fe,
the extent of the reaction is so significarmnt that
measurable amounts of atomic Fe are still released.

15 It is known that the amount of adsorption of water
from the ambient air by the stainless steel is highly
dependent upon the temperature of the steel. Attempts
have been made to reduce the amount of adsorption by'
increasing the temperature of the stainless steel

20 surfaces. Water at a higher temperature is circulated
through the seal plate and gas ring by a cooling system.
However, there is an upper limit for the cooling water
temperature (about 75°F). At temperatures above the
upper limit damage to the barrel reactor would occur

25 because of insufficient heat removal by the cooling
system during operation of the barrel reactor. As a
practical matter, a sensor within the barrel reactor
would detect temperatures exceeding a limit and shut down
the reactor before damage occurred. Thus, the benefit of

30 employing elevated cooling water temperatures to reduce
water adsorption is limited in the prior art by the upper
limit which is placed on the temperature of the cooling
water neceésary to cool the barrel reactor during
operation.

35 Operation of the cooling system at higher
temperatures has another drawback. The elevated
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dependent upon the tenperature of the steel. Attenpts have been nade to
reduce trhe anopunt of adsorption by increasing the tenperature of the

stainl ess steel 20 surfaces. Water at a higher tenperature is circul ated
through the seal plate and gas ring by a cooling system However, there is
an upper limt for the cooling water tenperature (about 75[err]F). At

t enperatures above the upper |imt damage to the barrel reactor would occur
25 because of insufficient heat rennvé# by the cooling systen1dur|ng
operation of the barrel reactor. ractical matter, sensor_w thin the
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Summary of the Inventibn
Among the several objects and features of the

present invention may be noted the provision of a barrel

15 reactor and method of operation which substantially
inhibit metals contamination of semiconductor wafers
processed in the barrel reactor; the provision of such a
barrel reactor and method which reduce the rate of those
chemical reactions on metallic surfaces of the barrel

20 reactor during operation which release metals into the
barrel reaction chamber; the provision of such a barrel
reactor and method which reduces the amount of water
adsorbed by the wmetallic surfaces of the barrel reactor
when it is not operating and the surfaces are exposed to

25 room air; the provision of such a barrel reactor and
method which do not require a trade off between reducing
the chemical reaction rate during operation and reducing
water adsorption when the barrel reactor is not
operating; the provision of such a barrel reactor and

30 method which extend the range of functional temperatures
of a cooling svstem of the barrel reactor; and the
provision of such a barrel reactor and method which are
cost efficient to use.

Generally, a barrel reactor of the present invention
35 comprises a vessel having an open top for receiving
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chem cal- reactions which rel ease netals, and the 10 avoi dance of water
ads'orption by nmetallic surfaces in the barrel reactor. Summary of the

I nventi on Anong the several objects and features of the present invention
may be noted the provision of a barrel 15 reactor. and net hod of operation
whi ch substantially inhibit netals contam nation of sem conductor wafers
processed in the barrel reactor; the provision of such a barrel reactor and
met hod which reduce the rate of those cHenical reactions on nmetallic
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and net hod which are cost efficient to use. Generally,_a barrel reactor of
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i0 least one of the gas ring and the seal plate have a .
metallic surface exposed to the reaction chamber when the
‘seal plate sealingly closes the open top of the vessel.
A cooling system for circulating a coolant fluid to
transfer heat between at least one of the gas ring and
is5 seal plate and the coolant fluid comprises means for
transferring heat between the coolant £luid and another
heat transfer medium. A coolant loop in heat exchange
relation with the heat transfer means and the metallic
surface of the barrel reactor extends from the heat
20 transfer means to at least one of the seal plate and gas
ring and back to the heat transfer means for delivering
coolant fluid from the heat transfer means and returning
coolant fluid from the barrel reactor to the heat
transfer means. A sensor detects whether the barrel
25 reactor is in a condition of operating or not operating
and generates a signal corresponding to the detected
operational condition of the barrel reactor. A
controller for controlling the amount of heat transferred
at the heat transfer means between the coolant fluid and
30 the other heat transfer medium is configured to control
the heat transfer means to transfer heat between the
coolant fluid and the other medium to achieve a first
setpoint temperature of the coolant fluid selected to
retard chemical reaction rates on the metallic surface
35 exposed to the reaction chamber when the seal plate '
sealingly closes the open top of the vessel, and
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a heater for heating the reaction chanber to achieve conditions in the
reacti orf chanber in which the material froma gas deposits on wafers. A gas
ring disposed 5 generally around the open top of the vessel is constructed
for delivery of the gas including the material to be deposited on the
wafers into the reaction chanber. A seal plate is nmounted for selectively
opening and sealingly closing the open top of the vessel. At 10 | east one’
of the gas ring and the seal plate have® netallic surface exposed to the
reacti on chamber en the seal plate sealingly closes the open top, of the
Vessel A ool LS o SRR IS B e IR (TR 6 AR Reat
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barrel reactor inhibits metals contamination in

semiconductor wafers processed in the barrel reactor
15 caused by chemical reactions with metallic surfaces of
the barrel reactor. Generally, the method comprises the
step of opening the barrel reactor to place semiconductor
wafers on which material is to be deposited by chemical
vapor deposition into a reaction chamber of the barrel
20 reactor. The reaction.chamber is sealed and the barrel
reactor activated to deliver gas including the material
to be deposited on the wafers into the reaction chamber.
Heat transferred when the barrel reactor is activated
between the metallic surfaces of the barrel reactor which
25 are exposed to the reaction chamber when the reaction
chamber is sealed and a coolant f£luid is controlled to
maintain the metallic surfaces at a first temperature
selected to retard chemical reéctions on the metallic
- surfaces. The barrel reactor is de-activated and opened
30 to expose wafers in the reaction chamber for removal from
the barrel reactor. Heat transferred when the barrel
reactor is de-activated between the metallic surfaces of
the barrel reactor which are exposed to the reaction
chamber when the reaction chamber is sealed and the
35 coolant fluid is controlled to maintain the metallic
surfaces at a second temperature greater than the first
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retard chem cal reaction rates on the netallic surface 35 exposed to the
reacti onts chanber when the seal plate sealingly closes the open top of the
vessel, and . 6 configured to control the heat transfer neans to achieve a
second setpoint tenperature of the coolant fluid higher than the first
setpoint tenperature selected to inhibit adsorption of water on the
nmetallic surface when the seal 5 'plate is opened. The controller is in
communi cation with the sensor for receivfng the signal to control the heat
transfer neans to achieve the first s§t50|nt t enperature_of the cool ant
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neans to achi exetapd dfsorpedondofewvpoent ohether abuaklot shefaeekawhifikui d
when the barre od of the present invention
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: 10 FIG 3 is an enlarged, fragmentary cross sectlonal

view of a seal plate, gas ring and reaction chamber
vessel showing internal passages in the seal plate and
gas ring for circulation of cooling fluid.
Corresponding reference characters indicate
15 corresponding parts throughout the several views of the.
drawings. '

Detailed Description of the Preferred Embodiment
Referring now to the drawings and in particular to

Figs. 1-3, barrel reactor apparatus, for use in chemical
20 vapor deposition of a layer of material (e.g., silicon)
on one face of wafers made of semiconductor material, is
generally indicated at 10. The barrel reactor apparatus
comprises a barrel reactor 11 including a reaction
chamber vessel 12 in the fofm of an inverted quartz bell
25 jar. A gas ring, generally indicated at 18, at least
partially houses a first nozzle 20 and a second nozzle 21
for introduction into the reaction chamber vessel 12 of a
gas composed of a reactant vapor which is to be
decomposed for deposition on the wafers, and a carrier.
30 The gas ring 18 is located at the top of the reaction
chamber vessel 12 and sealed therewith by an O-ring 22.
The reaction chamber vessel 12 is formed with an exhaust
port (not shown) in its bottom through which spent gas is
exhausted. A housing indicated generally at 24 contains
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chanber is sealed and a coolant fluid is controlled to maintain the.

metal lictsurfaces at a first tenperature selected to retard chenical
reactions on the netallic surfaces. The barrel reactor is de-activated and
opened 30 to expose wafers in the reaction chanber for renmoval fromthe
barrel reactor. Heat transferred when the barrel reactor is de-activated
between the netallic surfaces of the barrel reactor which are exposed to

t he reaction chamber when the reaction chanber is sealed and the 35

coolant fluid js controlled ho mai ntain the metal lic surfaces at a second
tenperature grEBEeFSRRRACPhERRTPSE Vesselelper andr 81sPnxadaaphdheatper at ure
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Enbodi ment lowering the susceptor into the reaction chamber vessel

10 12 and raising it out of the reaction chamber vessel
through its open top 35. In the illustrated embodiment,
the susceptor 30 has five generally vertical walls, but
the number of walls may be other than five without
departing from the scope of the present invention. The

15 susceptor 30 has vertically arranged recesses {(not shown)
in each wall, each of which is sized and shaped to hold a
semiconductor wafer of a particular diameter. The walls
of the susceptor slope back slightly toward the top of
the susceptor for holding the wafers in the recesses.

20 The 1lift assembly 34 includes a cap 36 supporting a
seal plate 37 sealingly engageable with the gas ring 18
for sealing the reaction chamber 29, and lift arms 38
connected to the cap for raising and lowering the cap. A
drive assembly 42 fof rotating the susceptor 30 about its

25 longitudinal axis is located on top of the cap 36. A
barrel reactor controller 44 (Fig. 1) controls the
operation of the drive assembly 42 and other functions of
the barrel reactor 11. Various purge gas lines deliver
purge gas into the barrel reactor 11 to keep the injected

30 gas away from metallic surfaces and other parts exposed
to the reaction chamber 29 during operation of the barrel
reactor. For example, purge gas lines 46 connected
through the cap 36 deliver purge gas generally through
the center of the susceptor 30. The construction of the

35 barrel reactor apparatus 10, with the exception of a
cooling system (described hereinafter) for cooling the
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Referring now to the drawings and in particular to Figs. 1-3, barrel
redct or fapparatus, for use in chem cal 20 vapor deposition of a |layer of
material (e.g., silicon) on one face of wafers made of sem conductor

material, is generally indicated at 10. The barrel.reactor apparatus
conprises a barrel reactor 11 including a reaction chanber vessel 12 in the
formof an inverted quartz bell 25 jar. A gas ring, generally indicated

at 18, at least partially houses a first? nozzle 20 and a second nozzle 21

for introduction into the reactiop chanber vessel 12 of aﬁgas conposed of a
react ant vaporddmhicH s18 AP &R e 10r %‘%‘go@?i%‘ﬁs‘é tRE #278FE, and
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37 has a central opening 48 through which the susceptor
30 is attached by the hanger 32 to the drive assembly 42.
The seal plate 37 has an annular surface which overlies a
corresponding surface of the gas ring 18 when the seal
15 plate is in its closed position. A pair concentric
annular channels (designated 50A and 50B, respectively)
in the seal plate 37 contain O-rings 52 which engage the
gas ring 18 in the closed position for sealing with the.
gas ring and isolating the reaction chamber 29 from the
20 surrounding environment.
A quartz baffle plate indicated generally at 60 has
a lip 62 which rests on tabs 64 on the seal plate 37.
The baffle plate 60 substantially covers the underside of
the stainless steel seal plate 37 and minimizes exposure
25 of the stainless steel to the gases in reaction chamber
29. An annular outer baffle 66 depends from the baffle
plate 60 at a location inward of the perimeter of the
baffle plate, and an annular inner baffle 68 depends from
the baffle plate around a central opening 70 generally in
30 registration with the central opéning 48 of the seal
plate 37. The inner baffle 68 helps to protect the
hanger 32 connecting the susceptor 30 to the drive
assembly 42 (Fig. 1). The radially inner face of the
gas ring 18 is covered by a quartz ring 72. The baffle
35 plate 60 and the quartz ring 72 have openings (not shown)
through which reactant gas is injected into the reaction
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t he susceptor 30 has five generally vertical walls, but the nunber of walls
may be other than five without departing fromthe scope of the present

i nvention. The 15 susceptor 30 has vertically arranged recesses (not
shown) in each wall, each of which is sized and shaped to hold a

sem conductor wafer of a particular dianmeter. The walls of the susceptor-

sl ope back sllghtly toward the top of the susceptor for holding the wafers
in the recesses. The I|ft asséfbly 34 includes a cap 36

supporting a s ate 37 seal.ing engageable wth the gas ring 18 for
seal ing the ré§EW#§ﬁr n%% nghe $?f§n§f%%°%ﬁﬂcEﬂﬁ%k?% o 2he cap for

rai sing and | aithaggh h@h@abafﬂélélﬁl@ &$Sed$|p(rdw21dé)l’s1ﬁ}@é@émtﬂﬂal he _
susceptor 30 abo%: its 25 q%$ tudlnf axls Ii | ocat ed on tqg of the cap
36. A barrel ¥4 §r l%%n??’él‘f G 5 15E QoM PR LATHR Qb G i%RF of the
drive assenbl yi4®y daril amdaeseallrplabeﬂs:%'bf they bdo redt rexici el t lprafeemntous
purge gas J | Ngshlel | MEFeRUEGCEHER A1AG | BEpDBLs Lo ! PR Gl Idehle kopP Lhe

injected 30 gas amay ron1ne 1T¢ s 25 and- parts exposed to
the reaction &iemserinof mxdngowmam@fwxm) blelre elntemiewrof e

exanpl e, purg&%iéﬁ%&%@fﬂﬁ@%@ht@w%i 260 SO Pl MPrcIELe gas
generally throygh the center 96 haﬁsusceptor The construction_of the

35 barrel r AP PRIt 32 tFER el & ceRRTRET o‘fe%ts%o’r? RPdyiskem
(described hengifirdl eréaéwrcppli@gawfvate@ JaGasedgidSladithgeal plate 37
and the Syscentor 30 en1congu ct or terjal rgdu0|ng

|
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metals still come into contact with the stainless steel

(

surfaces. The purge gas is also not entirely effective
in preventing the gas from coming into contact with the
stainless steel surfaces.

15 Referring now to Fig. 1, a cooling system 74 of the
present”invention for cooling the gas ring 18 and seal
plate 37 is shown to comprise a heat exchanger 76 and a
first cooling loop 78 extending from the heat exchanger
to the barrel reactor 11, and back to the heat exchanger

20 in a closed circuit. At the barrel reactor 11 the first
cooling loop 78 has multiple branches, one of which
extends through the gas ring 18 and seal plate 37 and
another of which extends to the heat exchangers 28 (Fig.
2) . Heated coolant fluid from all of the branches

25 returns to the heat éxchanger 76 through the same pipe of
the first cooling loop 78. A pumﬁ 80 in the first
cooling loop 78 circulates chilled coolant fluid (e.gq.,
water) to the barrel reactor 11 and returns heated
coolant fluid béck to the heat exchanger 76 to withdraw

30 heat from the metallic surfaces of the gas ring 18 and
seal plate 37. The subsequent discussion of the first
loop 78 herein will be confined to the loop including
that branch which extends to the gas ring 18 and seal
plate 37. As shown in Fig. 3, the seal piate has an

35 internal annular passage 82 through which coolant £luid
is circulated to cool the seal plate. A similar passage
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their features and operation are given herein. 5 The seal plate 37,
gas rrng 18 and fragmentary portion of the reaction chanber vessel 12 are
shown in cross sectionin Fig. 3 with the seal plate in its closed
position. Al other conponents of the barrel reactor 11, including the lift
assenbly 34, hanger 32 and susceptor 10 30 have been renoved. It may be
seen that the seal plate 37 has a central opening 48 through which the
susceptor 30 is attached by the hanger 32 to the drive assenbly 42. The

seal plate 37 s. an_annul.ar._surface whi.ch erl a correspondi ng surface
of the gas rin Elﬁsmﬁgﬁm?ﬂelgegﬁ 1988 ﬁFﬁ?e9¥ fPﬁ b 9P5?85gp82|t|0n
pai r concentricinemikbinghthaekeooldnsi fhatidd S5TReapdss8Besr 62pedti ueky) |n

the seal blat e, cgptand PiLLIJRATiMA SH-B89R08 . DR03S1LLT,1EA 1 [he

cl osed positi sea Ing Wwth s ring an I SO ng the reaction
chanber 29 froempd@iment.surrounding environnent. A quartz baffle plate

i ndi cat ed Qeneral|YAaEeéQnaaéoélthaﬁgoﬁhB@hcbﬁﬁﬁgngﬁetQB%tﬁérOEo psnéea'

plate 37. The baffle plate substanti al i covers t ersid
stai nl ess st edhedEan éP&F@ SYPaRalAvnWAreEs dgpdBubbermal gpmmHpigasinness

steel to the gasel tnereaanaﬁa ﬁmamaeinZQheAmlaaaubablangeuobgfhbelﬁ6

depends fromt 60 on_i t he _perineter of
the baffle p|a€% b@ ﬁgﬁﬁﬁﬂﬁﬁf Henor 8 FﬁaﬁggﬁﬁﬁéﬂdErPPoﬁﬁﬁhgaﬁaff|e
pl ate around arimptlél angesend ﬁmagenaﬂatbytha 80olanegifduddt danthet h t he

cent 1l ope! ngs £8 of obliergeak BLahgrdlroliecl BRer BALLE G8ualBA R

pI’Ot ect the hanger nnec |ng suscepto rrve asse
(Fig. 1). Theeeomd al P9Pi BReinf Sbe beathsxghgngamg7§8 i ¥heoeeceoudby a

quartz 1ing 72odiengaibhp 88 exebAls 80 aNdibBaiBURrbh EhAInZAchave
openings (no gxé%a%ger 76 through a valve 88 to a source (not shown)

of chilled water or other coolant fluid and back to the
15 heat exchanger. 1In the preferred embodiment, the heat
' exchanger 76 and the second cooling loop 86 constitute
"heat transfer means”. The source of chilled water may
be a conventional water chiller employing a vapor
compression refrigeration system or another suitable heat
20 sink. Although the first and second cooling loops 78, 86
are closed loops in the preferred embodiment, the first
loop or the second loop may be open. If the first loop
- were open, the second loop and heat exchanger would not
be present. In that event, the heat transfer means would
25 constitute the source of coolant fluid for the first
loop.

The valve 88 is a selectively variable position
valve controlled by a PID cooling system controller 90 to
regulate the flow of coolant fluid in the second cooling

30 loop 86 and thereby the amount of heat which is
transferred from the coolant fluid in the first cooling
loop 78. The controller 90 is connected to a temperature
sensor 92 sensing the temperature of the coolant fluid in
the first cooling loop 78 as it leaves the heat exchanger

35 76. The controller 90 modulates the valve 88 in response
to the sensed temperature to maintain the coolant fluid
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t hr.ough .whi ch reactant gas is injected into the reaction 10 chanber 29
fromthe first and second nozzles 20, 21. Although the baffles 60, 72 do
provi de substantial protection for the stainless steel surfaces of the gas
ring 18 and seal plate 37, they do not entirely prevent 5 these surfaces
from bei ng exposed to (in the sense of being in fluid comunication wth)
the interior of the reaction chanber 29 when the seal plate sealingly

cl oses the open top 35 of the reaction &Ranber vessel 12 and the barrel

reactor 11 is activated. Gases including 1 C onents reactive with
water to el eadd iRt LATAG FAGPTA AR SrFPTEEERY PRUBOLBR: SEFPRFERUFRe

st ai nl ess st ealoseir §peesfidadlpyr ghe gasntBoblep 90t peovidesyaekigakiveni n
preventing th ) L Nng_i Lo _gonta ; he siginless_stee
(5" R8-S S0, e 1 6RO 854 MAD L0 BLOLBLERSREE

surf aces. erring now to g Sys
present inventlessfopotbodi af the gaslanhgflgidnis seeduprede 83 as shown to

conpri se he anger a.f) 04} P, ngi.ng fromthe
heat exchgzge?é%%¥§ﬁg %gr?%?ségg%t%éhgi%tgﬁdb%gg?i§g ?é@vﬁggg gbghanger 20
in a closed cigexyent aigpad barfcPnevuatde sigpad ofrbetvesni Agardop578

has nmul tipl e bpgnghesTheneadle Wb Copexhe88SihNFOgbnEEeL8a8hei PHebRatRE
seal plate 37 and ot her ,of _whi ch ext ends go t he, heat exchangers 28 (Fig.
2) . Fbated(ﬂﬂﬁ%ﬁﬁgflH?BeFVSﬁ1EPImBVethEsﬁ} ntRekhosseleetnBOPILLRB - heat

exchanger 76 thtolghtbhbesanm@epipeodf thhe dihetr tepebngf! vapvés. (ndtpunp 80
in the Tifst coobiff, | P8R L8afibi&UhaLERe5B Y ¢51 690080 at %4l Saliry
from an electronic signal, could be used without
departing from the sdope'of the present invention.
To achieve both retardation of chemical reaction on
the stainless steel surfaces of the gas ring 18 and seal
15 plate 37 when the barrel reactor 11 is active, and
prevention of adsorption and condensation of water from
the air onto these stainless steel surfaces when the
barrel reactor is inactive, the controller 90 is
configured to operate the cooling system 74 at two
20° different coolant fluid setpoint temperatures. A sensor
96 detects the operational condition of the barrel
reactor 11 by detecting whether a lamp relay 98 used to
energize and de-energize the heat lamps 26 in the barrel
reactor is opened or closed. The sensor 96, which may be
25 a simple electrical circuit which is either opened or
closed along with the lamp relay 98, is in communication
with the con;roller'sd and signals the operating
condition of the barrel reactor 11 to the controller. It
ig to be understood that a sensor might detect something
30 else besides the energization state of the lamps 26 to
determine the operating condition of the barrel reactor
11 (e.g., whether the seal plate 37 is opened or closed)
-without departing from the scope of the present
invention. Based on the signal received from the sensor
35 96, the controller 90 operates at a different setpoint
for cooling the coolant fluid to the barrel reactor 11.
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wat.er) to the barrel reactor 11 and returns heated coolant fluid back to

t he heat exchanger 76 to w t hdraw 30 heat fromthe netallic surfaces of
.the gas ring 18 and seal plate 37. The subsequent discussion of the first

| oop 78 herein will be confined to the |oop including that branch which
extends to the gas ring 18 and seal plate 37. As shown in Fig. 3, the seal
pl ate has an 35 I nternal annul ar passage 82 t hrough which coolant fluid
is circulated to cool the seal plate imlar passage - 84 is formed in
the gas ring 18 for the ur po of |rc t|n t.he cop | ang _fluid. The
passages 82, 84 are rb%w‘f ?P?ﬁgelfi?itm% ?Fﬁgl%laﬁ) v?% YH %ﬂeé?l?ﬂg r 5P&d
enbodi nent. 5 water td\ aeﬁbnsltcs@tpwmﬂ: doqem@ﬁra:um‘almheg z'mordaeeiveel ant

medi um (al so t I [ . ool ant
fluid in the fslyfir?ﬁco% TS ngeﬁrxoopér}% %h ea exc rﬁﬁ% le &F% &
transferred fﬂnnichegbarrehgrqacamu %baispi@IQpewatbOmhe Eb@lﬁhrStIU|d in

the 10 = 14 I SigdGop;i 8 f)éf‘&éﬁf-érfé é@léé‘@e&%l ng %f&'@hétﬂm&&f second

l'oop 86 in the heat, exchanger .. The second extends in a
circuit from t¥RAHekED e'%%’ﬁ%ﬁg%? W@etmﬁ%b]ﬂl% sarfaces o5 ‘ahgoﬁﬁéer%ﬁﬁt

shown) of chiliedy@tesaDrpDaber 3T ol Eh@lﬁbﬁf@ibﬂséct@rtgg ;i_éd Eeat
an t he

h In th f nbodi t, & heat h
cecond cool | NPT HE conthe  HERt -HEdh EHEnLPES 28 REOVed B POUTEF
chilled wateraMhynhenyycbovheatona&c@atemom@mmémtsenphoyudgng whpogas
gt th ' I Lnk.
COTPr eS| HAgeLETAAR U1 S BE 200t e U FelElofl wnith

result in the release of contamlnant metals such as

atomic Fe. It is this heat which the cooling system 74
operates to remove from the gas ring 18 and seal plate
37. In the preferred embodiment, the temperature of the

15 coolant fluid entering the barrel reactor 11 is
maintained at about 50°F + 2° when the controller 90 is
operating at the first setpoint temperature. However,
lower coolant fluid temperatures may be used. For
example, when the coolant fluid is water, temperatures

20 into the 40°F range have been employed while the barrel
reactor 11 is active. '

When the controller 90 receives a signal from the
sensor 96 that the heat lamps 26 are de-energized, it
switches to operating the cooling system 74 at a seeond

25 setpeint temperature for the coolant fluid entering the
barrel reactor 11. In the preferred embodiment, the
second setpoint temperature of the coolant fluid is 86°F

- 4 2°. It has been found that adsorption of water by the
stainless steel of the gas ring 18 and seal plate 37 is

30 greatly reduced when the coolant fluid is allowed to rise
to this temperature. At the second setpoint temperature,
the controller 90 throttles down the valve 88 so that the
rate of flow of coolant fluid in the second cooling loop
86 is reduced (even to the point of completely shutting

35 off the flow). As a result, less heat is transferred
from the coolant fluid in the first cooling loop 78 and



are closed loops in the preferred enbodiment, the first |oop or the second
| oOp 'ma&y be open. If the first | oop were open, the second | oop and heat
exchanger woul d not be present. In that event, the heat transfer neans
would 25 constitute the source of coolant fluid for the first |oop. The
valve 88 is a selectively variable position valve controlled by a PID
cooling systemcontroller 90 to regulate the flow of coolant fluid in the
second cooling 30 | oop 86 and thereby*4he amount of heat which is

‘transferred fromthe coolant flui in the first cpoljng |loop 78. The
control | er 90t?’§ %&W\P@ﬁa‘é—ﬂlrteo ttgﬁpéﬁoﬁqtﬁr@ éﬁ’s‘(ﬁf ’@fég%nsi'ﬂbet he
tenper at ure otetperatoranioff lthed natalld o iswtfaaed i) tloopya8 wing t1d eaves
t he heat exch er 7Q. .contr r. 90 d t hesvalve 88 in
response to t%ggsesr?égdqlg%er3g§?leset'o Orfljé-‘! ﬁtsa%r? {Eﬁeeq‘lcrﬁﬁexgsn &f? ut]“ t tel'i in
the first |oopea8 &raasfeircceanhsathdhe mregmtatimentMor epebdfical |y,
the contrallen;9Q RPaRULAAS, B e i) f'éheﬁ rc%?%%[rﬂf dfﬁ&ﬂa?ﬂn The 2G4 NG
cool ant ul I ab

to whether nore or |ess cdooling of the S required, to

current to préeswr d8 & aahdevsy the el Sateraint kpTreKatitmal to a
pneumati c si ggaknfutbAetRet ihadF-okb thd Gcopthoivalne Besper ates in

response to thevpneunatic signal received to nove itself to the selected
position. It FEVEFtHE™understood that other types of valves (not 10

shown), for exanpl @laarise eedickiRd chpeyaridryl doestityctian &b tehect ronic
si gnal, _ggul dy g, U3ed WML JSRANIAS 41 3B NP s TwiDE 55350
described. The susceptor 30 is loaded with semiconductor
wafers on which a layer of silicon or other material is
to be deposited by chemical vapor deposition. The seal
plate 37 is raised to expose the open top 35 of the

15 reaction chamber vessel 12 and the susceptor 30 is hung
on the hanger 32 attached to the seal plate. The
susceptor 30 is lowered into the reaction chamber vessel
12 of the reactor by the lift assembly 34 which
simultaneously lowers the seal plate 37 into sealing

20 engagement with the gas ring 18 (as shown in Fig. 3) to
geal the interior of the reaction chamber vessel 12. The
environment in the reaction chamber vessel 12 is purged
of oxygen and the heat lamps 26 are activated.

The controller 44 activates the drive assembly 42 to

25 begin rotation of the susceptor 30. As is conventional,
the controller 44 monitors the temperature of the
atmosphere within the barrel reactor 11. If the '
controller 44 detects a temperature in excess of a
maximum operating temperature, the controller de-

30 activates the barrel reactor 11 (and in particular the
lamps 26) to prevent damage to the barrel reactor. 1In
presently existing barrel reactors, the maximum operating
temperature will not be exceeded if the coolant fluid
supplied to the barrel reactor is maintained at or below

35 a maximum coolant fluid temperature. In the case where
water is the coolant fluid, the maximum coolant fluid
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To achieve both retardation of chem cal reaction on the stainless steel
surfacesrof the gas ring 18 and seal 15 pl ate 37 when the barrel reactor
11 is active, and prevention of adsorption and condensation of water from
the air onto these stainless steel surfaces when the barrel reactor is

i nactive, the controller 90 is configured to operate the cooling system 74
at two 20 different coolant fluid setpoint tenperatures. A sensor 96
detects the operational condition of thelBarrel reactor 11 by detecting
whether a lanp relay 98 used to energize and de-energi ze the heat |anps 26
in the barrel r3mERIFarere dueingroperieion vk teaderroel wmpehorallbés2s

a sinple el ectriaht cCysemit which is either opened or closed along with the
|l anp relay 98, is i onmrupi cation with the control]er 90 apd signals the
oper ati ng conditionn%fovh L peedetanefaRer 1An¢ IR ebnd?dl 18r1ntEipkedy pe
under st ood t hats@ tsleais othei fiht stlcind t secnimd mewzBds 2€) s21benidest+B8ms

energi zat i state_ o | s.26 to det.ermne the operatin ndi {i of
t he barrel qgr1eaccg’51§)r‘-:’afti {‘%E%.%%?%%?l?%ecg% e’f)‘l‘é?sés%g {"g opg%ggogggcggged)
Wi t hout departifp¥ rofn ghe suppeted imeo prisearadhnientchanb&asedssalt he
signal receivedigr senso. _ r a

di fferent set'pgjl'ént&&loéf%ébl?%gi?ﬁ%e%%o%]ﬁ}%h?rl‘%ggg%%&%ﬁ%h%gr?g% ?%g%?@% 11.
13 The control |eF s noairbeesirom the vEigst tand recond nareteso28., f RLst

set poi nt tenpergdul fdehefrdyel C4&INY S8he S4QI03L1dd O3 s e 8RNBLEMIERLENAL the
lanps 26 alroe acééﬁlgagendo% hFeic_??ré)el o% e&?é OJ.Eea].'cltJ'l.osn ! c?hac.) ecra?t \Irggéeirhng glr'lcslt
then up the front side. Eventually, the gas exits
through the exhaust port in the bottom of the reaction
chamber vessel 12. The reactant vapor carried by the
carrier gas decomposes into gaseous silicon and by-

15 products in the environment of the reaction chamber
vessel 12. The silicon is then deposited on the exposed
faces of the wafers.

Activation of the lamps 26 (by the closing of relay
98) is detected by sensor 96 which transmits a signal to

20 the cooling system controller 90 that the barrel reactor
11 is activated. Upon receiving the signal that the
barrel reactor is activated, the controller 90 resets to
operate the cooling system 74 at the first setpoint
temperature to transfer heat from the metallic surfaces

25 of the gas ring 18 and seal plate 37 which are exposed to
the interior of the reaction chamber vessel 12 during
operation. The temperature signal from the sensor 92
measuring the temperature of the coolant fluid in the
first cooling loop 78 will ordinarily be higher than the

30. first setpoint temperature (e.g. 50°F + 2°).

Accordingly, the controller 90 sends a signal to the
converter 94 in the form of a electric current in the
range of 4 to 20 mA, which is indicative of the position
of the valve 88 needed to remove more heat from the

35 coolant fluid in the first cooling loop 78. The current

. to pressure converter 94 changes the current signal to a
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5 setpoint tenperature is selected to retard chem cal reaction rates on
the hetal'lic surfaces of the gas ring 18 and seal plate 37 while the barrel
reactor 11 is operating. The heat fromthe |anps 26 provides a source of
energy to heat reactor conponents, including the gas .10 ring 18 and seal
plate 37, and drive reactions which result in the release of contam nant
nmetal s such as atomc Fe. It is this heat which the cooling system 74
operates to renove fromthe gas ring 18 a¥l seal plate 37. In the preferred
enbodi nent, the tengerat re of the 15 coolant flui,d entering the barrel

reactor 11 i s nEPRESPREGHDC, RIS oS3 Signal dfh drF ansan &9 &hego
i's operating atvaleef B8stinsehaoigaicdndeecdtitee 1ddpv@dar, | ower cool ant

fluid tenperatures be_used. Far. n the ¢ oIa fluid
wat er, tenperatures n%e BEEES Woife S &a‘rn}%lll—m?rb%§ Evad aﬁ %ﬁblct?s}’eg(?sv\%}}ee
t he barrel reacwvedvél 88s tacmove t‘dlanmdze opelr @dsdit ieh rsec dihags thes ixgea

fromthe sepsor 26£4Raf 4 tfh%o%?% %%idzgzgﬂ.\gugd% %’e%ﬁ%d n%e%‘@ta s to

operating the coollng system rature for
t he cool'ant fl utbirengdy ithg hﬁa@tbmcéﬂang@atﬂ@r 1111:re|atsets¢e Jihef @lood@nt

enbodi nent, theg3geandnsehROigUcdrRIMex teree&t_:,ltn@e xfémava@fg falaaﬁ o%al

86[err]F + 2[err]. It has been found that adsorption of water
stainl ess st eel PBRtt fEOFashS FPOLgnd 14 im Finst Jeop &%&ﬁ%ﬁlﬂg

reduced when thﬁteoebmpterhltbnxé itd drlopwed AlsO tihes A alnp e Pes denpenat Wee. At

t he second etp |n% ature theﬁﬁpfﬁﬁf Ier 0 thr ttl es.down the valve
88 so that 5M/5F%§ d i ng |oop 86
i s reduced (evenetnpetrheum tf dfhec aoollers:] f]sxlitd mmglﬁB Fiveftf Udop fdagm) .

As aresult, | ega Roghel tof LABY Pt it G SR ot 1k he 17 st

cool i ng Ioop 78an
valve 88 by the controller 90. Some small modulations

may occur, but eventually the controller 90 settles in on
15 a substantially steady state operating position of the
valve 88. The conventional PID control algorithm
employed'by the controller 90 minimizes the modulations
and speeds the reaction to any substantial changes in
coolant fluid temperature in the first loop 78.
20 At the end of the deposition cycle, the controller
44 trips the heating lamp relay 98 to de-energize the
- lamps 26. The sensor 96 detects the deactivated
condition of the barrel reactor 11 and signals the
cooling system controller 90, causing the controller to
. 25  reset its operating setpoint to the second setpoint
temperature (e.g., 86°F + 2°). The temperature of the
coolant fluid in the first cooling loop 78 detected by
the temperature sensor 92 is substantially below the
second setpoint temperature so that the controller 90 now
30 signals the valve 88 to move to a more (or completely)
closed position, restricting the rate of flow of coolant
fluid around the second cooling loop 86. The coolant
fluid in the second loop 86 flowing at a reduced flow
rate through the heat exchanger 76 transfers less heat
35 from the coolant fluid in the first loop 78 causing its
temperature to rise toward the second setpoint
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14 the tenperature of the coolant fluid rises. The tenperature of the
nmetallrcessurfaces of the gas ring 18 and seal plate 37 rise. It is to be
understood that the heat transfer nmeans of the present invention could 5
alternatively add heat to the coolant fluid in the first loop 78 to achieve
the second setpoint tenperature without departing fromthe scope of the
present invention. Having described the general construction of the 10
barrel reactor apparatus 10, its operati wi |l now be described. The

susceptor 30 is | oaded mﬁth-s&giconductor wafers on which a Ia%gr gf
silicon or otheFeHREERFYUFe; e ECHRBERFLER bYSEhefi BaFefHpsr °debBSi ti on.
The seal plate B&siduadi hedtt ofexhesdetbnengineliohedb dbhmpbe255in chaction

chanber vessel 12 _and the susceptof . A un n_th nger. 32 attached to
t he seal plate.b%ﬁgegugggﬁ?8§ gg Wélggmggegr?ﬁFgeFﬁggrg§cg§8ncgﬁ ﬁﬁgr

vessel 12 of thElukdciorthe fhesti loopsg8nbl HlB8Howupghchhei hektangoo$! yhe

| oners the seal + 37 o] akin 0 e ergn | h KNG 18
(as shown i% Fi%$£§§§%g gggrgfﬁg'%ﬁtg?ﬁo?agfg?ﬁg gga%?ggﬁgg%aﬁ%gﬁévégsgf
12. The envir onre@empPhiched, paseivalrhaRrpEheyvBssEprred) smhoddmenss Skegen

and the heat | sigbvar sppthicudied. ofhRegONt 5QEhehs4Byaat heates thecdrive
assenbly 42 toagg Ee in fotation of the suscepto 38. As 1S e
(FBOWBht Ab| FBF B8aboRREBRESERe b chberHt BPELRTt RBeabRbEHher o

conventi onal ,
within the barrgh thécketond. cbbling teopr 6kl ewodiddalieet £adlt atiphiat the in

excess of fo scope of the present invention.

The first and second nozzles 20, 21 are shut off
when the deposition cycle is completed. After suitable
purging operations are carried out within the reaction
chamber 29, the seal plate 37 is raised to open the
15 barrel reactor 11 and to lift the susceptor 30 at least

partially out of the reaction chamber vessel 12. The

metallic surfaces of the gas ring 18 and seal plate 37

which were exposed to the reaction chamber 29 when the

seal plate closed the reaction chamber are now exposed to
20 room air. The elevated temperatures of the stainless

steel gas ring 18 and seal plate 37 inhibit adsorption of

water by the stainless steel. Thus, the cooling system

74 of the present invention is capable of both optimally

retarding chemical reaction rates when the barrel reactor
25 11 is active, and inhibiting adsorption and preventing

condensation of water onto the gas ring 18 and seal plate

37 when the barrel reactor is inactive. Neither the

effectiveness of the chemical reaction rate retardation

or the effectiveness of the adsorption and condensation
30 prevention is compromised with'the barrel apparatus 10
including the cooling system 74 of the present invention.

Moreover, the temperature of the coolant fluid circulated

to the barrel reactor 11 when it is inactive may exceed

the maximum coolant fluid temperature permissible during
35 operation of the barrel reactor to better inhibit
adsorption of water.



maxi mum.operating tenperature, the controller de- 30 activates the barrel
reactor (11 (and in particular the lanps 26) to prevent damage to the barre
reactor. In presently existing barrel reactors, the maxi mum operating
tenmperature will not be exceeded if the coolant fluid supplied to the
barrel reactor is maintained at or bel ow 35 a maxi mum cool ant fluid
tenperature. |In the case where water is the coolant fluid, the maxi num
coolant fluid 15 tenperature during &@eration of the barrel reactor 11
is about 75[err]F. Flow of reactant vapor and carrier gas is initiated so
that the first and $8c¥AgWnofzkbs abovel &éhi wisilrbansesn tbatgsbeinto the
reaction Chanb@évé@éiebb 3ctsAb§Eh€HQh1h9€nH.8¥i’ aiegaéhaabaat adgl gttﬁﬁ,&he
reaction chanber, vessel 12 is cg i_.s generally understoo at the
streans of gas2eHWRREBIePMSNTERY F?r@?téﬁﬂeéecond nozzl es 20, 21 collide,

travel down the ba0hssivdelbas &naﬁgésoabhma B8 madaniagenef abbge 2) of the
reaction cganber vessel .12 an thhep gg th froEt Slgs. Event ual_l t he gas
exits throtigh TRBSEXHEEEPRSoNEEIRUE 88 oM tPEaBEPBR Ofaftsr vesse
12. The react abtiveapdoncaiki éd bytehdedathaerajasmdetenposasained daseous

silicon and b 5 0 e.en t chanber
vessel 12. Th§t2%|?ggﬁé.§ggﬁ b81BH o? %h&&ﬂ?ﬁg gggoéggoﬁg giﬂg

waf ers. Acti va@rawisgst phaldnpe 2ete§yreh@dca§snhéugtraénay g8y h@tdemected
by sensor 96 whi thmtEaa nbbgsg S|gnal to 20 the cooling systemcontroller
90 that the barrel reac



11 .is activated. Upon receiving the signal that the barrel reactor is

acti vated, the controller 90 resets to operate the cooling system 74 at the
first setpoint tenperature to transfer heat fromthe netallic surfaces 25
of the gas ring 18 and seal plate 37 which are exposed to the interior of

t he reaction chanber vessel 12 during operation. The tenperature signa
fromthe sensor 92 neasuring the tenperature of the coolant fluid in the
first cooling loop 78 will ordinarily b&%hi gher than the 30 first

set poi nt tenperature (e. g r]F + 2[err]). Accordingly, the controller
90 sends a si gfaRTt &St Rk EUﬁPeFF 94 in the formof a electric current in

the range of 4 to 29, nﬁBaﬂ@éQhreactadlaﬁpaygt@é tbe ghemitad ¢hpbhe val ve
88 needed to ;@gnve gore heat fr cool ant flgld in.the ghrst

ool e oon EEBISIEREE, PEoh PARRFLAL PR aSett fohaugtR KAEe T nEhED! [ en

signal to a bdfredrreapootdi ngmprésinge signal which is transmitted to the

valve 88 in the secgnﬁ gggh Qgggegg §gc11$fn§ressure signal fromthe

converter 94 causes the va nore Open_p(_)SI tion so that
the rate 55 of flow veseedl havinguad apgundophéoseceqelvgng gafand t hrough

the heat exchapges Z6,L96F¢B8CS8hahBELC Qkﬁﬂé f énvégge§econd | oop 86
P i

begi ns renpving addi t]onal heat ron1t cool an uidinthe first |oop 78
causing its tenperatuheatsrdiey. hﬂét#ﬁg Fhepse2et éont Fhawbes §o achégveup

the interior ofoh8gchankelinr eaet peacthBnt eARABELUIR WhikhetREOMARE LY d in
the first Ioop na contln e to,rise resgltlng in further opening of the
a gas deposits on wafers,

10 a gas ring disposed generally around the open top of
the vessel, the gas ring being constructed for delivery
of the gas including the material to be deposited on the
wafers into the reaction chamber,

a seal plate mounted for selectively opening and

15 sealingly closing the open top of the vessel,

at least one of the gas ring and the seal plate
having a metallic surface exposed to the reaction chamber

. when the seal plate sealingly closes the open top of the
vessel; and |

20 a cooling system for circulating a coolant fluid to
transfer heat between at least one of the gas ring and
seal plate and the coolant fluid, the cdoling system
comprising, _

means for transferring heat between the coolant

25 fluid and another heat transfer medium, .

a cooling loop in heat exchange relation w1th said
heat transfer means and the metallic surface of the
barrel reactor, the cooling loop extending from said heat
transfer means to at least one of said seal plate and gas

30 ring and back to said heat transfer means for delivering
coolaﬁt fluid from said heat transfer means and returning
coolant fluid from the barrel reactor to said heat
transfer means, _

a sensor for detecting whether the barrel reactor is

40 in a condition of operating or not operating and

A
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valve 88 by the controller 90. Sone. small nodul ati ons may occur, but
eventualdly the controller 90 settles in on 15 a substantially steady
state operating position of the valve 88. The conventional PID control

al gorithm.enpl oyed by the controller 90 m nimzes the nodul ati ons and
speeds the reaction to any substantial changes in coolant fluid tenperature
in the first [oop 78. 20 At the end of the deposition cycle, the
controller 44 trips the heating lanp rel2® 98 to de-energi ze the | anps 26.
The sensor 96 detects the deactiyvated condition of the barrel reactor 11
and si gnal s t h@eRBERFhEIsHsBeFNRINEPEFREPCDGingakiei Kot Reteskelfol I er to 25

reset its OperépéﬁﬂtiéhananHQt&Bﬁ s€ecend BQEQé&nkeh@EBQrature (e.g.
86[err]F + 2[err])._The rature of the i olank fluid in thgﬁﬁ:rst
cool1ng | oop 78 det BcPOREEGILRE FORpEPREEPLLLBH.bReo2MPLRL BE BeALal | y

bel owI t hehseco?rlaﬁgfanrea nenpadat heatsar‘ahafetlhaealﬁet be:tbveeél%rmwv:&@ ,
S|gnast val ve nmove _t a_Qpre Qr 0] te cl 0S 0S

et oti ng 1 neSPhRae FIREC AR BaTH. Sehil RRER ERRREERE BRAGHRCC e’

| oop 86. The coonanolieUibeﬁngthenﬁégunddlbopceﬁttbawsagdaheatr&damsieklow
rate through tﬁ&aﬂﬁ%ﬁ&ﬁﬁ?@@& §§ ak' BAEHEEA lcﬁéscB‘é%n@%lu&(iora%tdh%ald

coolant fluid causing Its tenperature to rise toward
the second setPbha¥ medl?mtéﬁpépéﬁﬁVé aThersEnperRpant traperatareeoflt of

the residual heré @BolaﬁtdﬁiﬁﬂargéléétQQan|%EE&r&GChEm&Ele%@%%E1%%@CtOr
11 which is transferred igggagarggggde;nogg Egr% elggg 78. Al t hough
t he heatlﬁ% of fafgs on t e meta P ction
chamber when the seal plate sealingly closes the open top
of the vessel, and configured to control said heat
transfer means to achieve a second setpoint temperature
of the coolant fluid higher than the first setpoint
15 temperature selected to inhibit adsorption of water by
the metallic surface when the seal plate is opened,
the controller being in communication with the
sensor for receiving the signal to control said heat
transfer means to achieve the first setpoint temperature
20 of the coolant fluid when the barrel reactor is operating
and to control said heat transfer means to achieve the
second setpoint temperature of the coolant fluid when the
barrel reactor is not operating..

2. Barrel reactor apparatus as set forth in
claim 1 wherein said heat transfer means is constructed
to remove heat from the coolant fluid in the cooling
loop.

3. Barrel reactor apparatus as set forth in
claim 2 wherein the cooling loop of the coolant system
comprises a first cooling loop and wherein said heat

transfer means comprises a second cooling loop containing
5 a coolant fluid, the second coolinglloop being in thermal

communication with the first cooling loop for removing

heat from the coolant fluid in the first cooling loop, a

* ¢ L M § *




5 metallic surfaces of the gas ring 18 and seal plate 37 is acconplished
passivedy in the preferred enbodi nent, the positive application of heat,
such as by a heater (not shown) at the heat exchanger 76 or by heating the
water in the second cooling |oop 86, would also fall within the 10 scope
of the present invention. The first and second nozzles 20, 21. are shut off
when the deposition cycle is conpleted. After suitable purging operations
are carried out within the reaction cha#ber 29, the seal plate 37 is raised
to open the 15 barrel reactor 11 and to_ lift the susceptor. 30 at | east
partial ly out VEVEndT &dta iSrarh Aol gk doop Lormme laqtaively sur f aces of

tEe thsgas r2 ign\%lvh k%n?ﬁd)liqfﬂlg Rillﬂaf[ efl%lzv Wﬂé‘%{bﬁ&%ﬁ'ﬁ: DIR saraqﬁi %bﬁé%éc&ﬁcdimbp 4
Cha er Ssea e .C Se e re I O a alr e W expose
£00500 T oom Eperebindt, dritial 1t Gt St Mt AR IHed A gog
ring 18 and sehle piocatlant’ filnhidiin adeorfirsin cafoluatigerldnp tte tdei nl ess
steel. Thus, t [ i System, 74 of [ i entg,on j of
ot opt 1 ool | FOPARRE I S seditl JUSHY 1NE R VR O
11 is active, ian¢omurbicatrigradeidiptien cand nerldwantandy auruaniskad dy of
water onto th%ﬁx%a%o&it%lgl?exa% SR R lthe3 E MR 4P LAl L8858 e 1 S

“inactive. Neither the effectiveness of the chemcal reaction rate
retardation ofSMPEYSEQS veness of the adsorption and condensation 30
prevention is conpronm sed with the barrel apparatus 10 including the
cooling system 74 of the present .invention. Moreqver, the tenperature of

the cool ant fluid circulat ePFFhEFeFahd FRRAEHYUS AIRSE (1O i Hict i ve
may exceed theimhermaf cdodliad If lad @ twhyreyiat whe pemsasiddteechs i ng 35

operation of {he RALT ¢hnd §AGHYr 4% Whiiffe 'S dcAdROr RIS G sdRL e -
sending the signal to the controller that the barrel
5 reactor is not operating when the heater is inactive and
sending the signal to the controller that the barrel
reactor is operating when the heater is active. -

5. Barrel reactor apparatus as set forth in
claim 1 further comprising a barrel reactor controller
adapted to monitor the interior temperature of the barrel
reactor when the barrel reactor is operating, the barrel

5 reactor controller being configured to cease operation of
the barrel reactor if the monitored temperature exceeds a
maximum operating temperature, the maximum operating
temperature corresponding to a maximum cooling £fluid
temperature, and wherein the second setpoint temperature

10 of the cooling system controller is greater than the
maximum cooling fluid temperature allowed when the barrel
reactor is activated.

6. A method for operating a barrel reactor to
inhibit metals contamination in semiconductor wafers
processed in the barrel reactor caused by chemical
reactions with metallic surfaces of the barrel reactor,

5 the method comprising the steps of:

N
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18 In view of the above, it will be seen that the several objects of the

I nventkon are achi eved and ot her advantageous results attained. As various -
changes coul d be made in the above 5 constructions wthout departing from
the scope of the invention, it is intended that all nmatter contained in the
above description or shown in the acconpanyi ng draw ngs shall be

interpreted as illustrative and not in alimting sense. 19 WHAT IS
CLAIMED I'S: 1. Barrel reactor apparat®2for chenical vapor deposition of a
material on a sem conductor wafer, the barrel reactor conprising: a barrel
reactor including, 5 ©OPenigg, &dgebagxeilngeantopefiot BaF6r recei ving

vaf ers into agspaebhanctbaTharedal bRedhiyvh! harvessel isatbeskenebosibeat i ng
the reaction chagﬁer,to achi eve condi,ti,ons.,in the reaction %ga er i_n which

the material PYofiPER4581d¥pRO: SoBRSILions inte a reactiog,g §XdPEposed
general |y arouvhd bherefewehnenoaf; the vessel, the gas ring being constructed

(07 Jel) vBrY o the 535 cLaglid PRl 0g JBEr BhahBls depoct (o9 o the
openi ng and activating the barrel reactor to deliver gas
' including the material to be deposited on the wafers into
the reaction chamber;
transferring heat, when the barrel reactor is

10 activated, between the metallic surfaces of the barrel
reactor which are exposed to the reaction chamber when
the reaction chamber is sealed and a coolant fluid;

controlling the heat transferred to maintain
the metallic surfaces at a first temperature selected to

15 retard chemical reactions on the metallic surfaces while
the barrel reactor is activated;

~de-activating the barrel reactor;
opening the barrel reactor to expose wafers in
the reaction chamber thereof for removal from the barrel

20 reactor;

transferring heat when the barrel reactor is
de-activated, between the metallic surfaces of the barrel
reactor which are exposed to the reaction chamber when
the reaction chamber is sealed and the coolant f£luid;

25 controlling the heat transferred to maintain
the metallic surfaces at a second temperature greater
than the first temperature'when transferring heat while
the barrel reactor is de-activated, the second _
temperature being selected to retard adsorption of water

35 on the metallic surfaées while the barrel reactor is de-
activated.

7. A method for operating a barrel reactor as
get forth in claim 6 wherein said heat'transférring steps
are accomplished by a cooling system circulating the
coolant fluid, the cooling system including a controller

* c L M § *




15. sealingly closing the open top of the vessel, at |east one of the gas
ring.and the seal plate having a netallic surface exposed to the reaction
chanber when the seal plate sealingly closes the open top of the vessel
and 20 a cooling systemfor circulating a coolant fluid to transfer
heat between at |east one of the gas ring and seal plate and the cool ant
fluid, the cooling systemconprising, neans for transferring heat between
t he cool ant 25 fluid and anot her heat28ransfer nmedium a cooling loop in
heat exchange relation with said heat transfer nmeans and the netal|ic

surface of théRaGRtERLARG theeato| F AP RIS t TR righe reghakt ¥F heat

transfer meanguhrEaried eafid Gilteddisailk Seald Hadte tirdhgesr Frepd i Ng and
back to said heat t.ransfer ans. for delivering coolant fluid fromsaid
heat transfer cmsfn}q%t%}??ﬁ%goﬁbol ant fluid fromthe barrel reactor to
sai d heat transfer neangpersehsprtiorcaretestliew athed Eirsthesdapott rieact or

s 40 iR a It 140 | r ' ' 0. generating a
si gnal co?’r es(f\)"‘g%1 é#gl {ng% h%%%?g)d@o}béﬁatk?%%%%ﬁ%%a% %he barrel
reactor, a cosurfldass fand ceertant fgidcmithatceodliratisysten fwrerndhe

said heat trapghele IMBAC-NSE WeShdt QraLdLE; S0l ant fluid and said ot her
heat transfer nedium the controller being configured to control said heat

transfer means to transfRReFREANHERIRFPIFECLEIRT A% 3 | 88PhEERint

greater than the first setpoint to control the transfer

10 of heat between the metallic surfaces and coolant fluid
in the cooling system when the barrel reactor is de-
activated.

8. A method for operating a barrel reactor as
set forth in claim 7 wherein the cooling system comprises
a first cooling loop extending in a circuit from a heat
exchanger to the metallic surfaces in the barrel reactor;
5 and a second cooling loop in thermal communication with
the first-cooling loop at the heat exchanger, the second
cooling loop containing a cooclant fluid therein, and'
wherein: ' _
the step of operating the controller at a first
10 setpoint comprises permitting coolant fluid in the second
cooling loop to flow generally at a first rate through
the second cooling loop;
the step of operating the controllexr at the
first setpoint comprises permitting coolant fluid in the
15 second cooling loop to flow through the second cooling
loép generally at a second rate less than the first rate.

9. A method as set forth in claim 8 wherein
the steps of operating the controller at the first and
second setpoints further comprise controlling a valve in
the second cooling loop. ”
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other mediumto achieve a first setpoint tenperature of the coolant fluid
selected to retard chenical reaction 10 rates on the netallic surface
exposed to the reaction chanber when the seal plate sealingly closes the
open top of the vessel, and configured to control said heat transfer neans
to achi eve a second setpoint tenperature of the coolant fluid higher than
the first setpoint 15 tenperature selected to inhibit adsorption of water
by the netallic surface when the seal P%te is opened, the controller being
i n conmmunication with the sensor

or. recei Vi t he ,signal, t ontrol said
heat transfer neans to &9hie@emFﬁg°§iP§tsé£;ggFﬁg sz%gP&FU%e%ﬂﬁq@inﬁel

cool ant fl ui dcohprichagbatreelstepacodr: i s operating and to control said heat

transfer nmeans to achieve_t, ond-_set poi t [ of cool ant
fluid when the barrel rggggggrﬁggng eoﬁé%&%ﬁ%ﬁ.%g%%%gﬁﬂﬁ%e Fgégﬁ%ﬁ.
appar at us as berredr rkactosl and Senbetdivatiagd theabapredsmeaatwand § s

const r uct gd  pnEefRKS cheals EEfield®.580 kel Bl ok itlih LRI POP. 3.

Barrel reactor apparatus as se in claim?2 ereln cooli_.ng | oop
of -t he cool anteBpsrafuEenpensgaldyr cosrespendigd §6p 2a MRXAFBNEGPHAH heat

transfer nmeanglgeAPEemPeratt9eodpad®lll B eapsEerirdng Mear aLool ant
‘fluid, the second CQOlIB% l.oop belngflg8%rgrnal communi cation with the
f

first cooli ng™PédBpaisr HEFHHTEIREa RETeoFRAC S ATAF 9F M rst
cool i ng | oop, the mazZimudl vperatiba sempedatowii;ng | oop for selectively

10 and wherein the step of operating the
controller at a second setpoint comprises the step of
operating the controller controlling the heat transferred
to maintain the coolant fluid at a temperature higher
than the maximum coolant fluid temperature allowed when

15 the barrel reactor is activated.

Ly



controllLing the flow of coolant fluid:in the second | oop thereby to control
the amunt of heat transferred from the: coolant fluid in the first cooling
| oop to the 5 coolant fluid in the second cooling | oop, the valve being
in comunication with the controller and controlled by the controller to
achieve the first and second setpoint tenperatures. 4. Barrel reactor
apparatus as set forth in either of clains 1 or 3 wherein the sensor
detects whether the heater is active or2bnactive, the sensor sending the
signal to the controller that the barrel 5 reactor i s not operating when
the heater isCPARENGYEYSAEMs AN NETHAP EOPBNEPIFAXIAL BHRREH REACTIOR t he
barrel reactor is operating when the heater is active. 5. Barrel reactor
apparatus as set forth in claiml further conprising a barrel reactor
control l er ad = i C or tenperature of the barre

reactor when the barrel B&BEéDIréscOPer @ppagattidefdar chbmdealr eapber
controller-beiG%%con%igﬁre to _cease pperation of t%e garrel reaﬁton if the
noni t or ed tenﬁg R W RedR BEhEkt n?%p%r%?rf‘ﬁﬁo? 1r‘rf) ?5tﬁ?£?rt VAT num
oper at i ng & enperabel tng osyesen ndiich t prot eeiks ntine ceethi agnfliatdrt waferat ur e,

and wherein { i SEGROEL PE! BGhEhn] FEPESA! hadd BY 405-Ea0LIBH SyS! em
control ler is greater an_the maxi num coolTng fturd tenperature all owed
when the barr @retabbiorsusfaces vaf cthe soanredt HORACESF - opBrarfrfgtaopaipel

reactor to inhidlided®by watont A8hERLAG Wi th SEPhepNguUBELanYaECN 8, gl ocessed
in the barrel reaﬁtpr caused bg chemtcal reactions_wth netallhc surfaces
of the barrel HebktHp, the PREECHe¥PRAELHnpr T _E ngoPhindt 8¥EEeR: has a

10 controller which monitors the operational state of the
barrel reactor and selects an operating setpoint based on
the detected operational condition. As a result, the
metallic surfaces of the barrel reactor are kept cool
during operation to retard corrosive chemical reaction

15 rates, and kept warmer than would be otherwise possible
when the barrel reactor is not operating to prevent
adsorption of water by and condensation of water onto the
metallic surfaces. '



22 opening the barrel reactor to pl ace sem conductor wafers on which
material is to be deposited by chem cal wvapor. deposition into a reaction
chanber of the barrel reactor; 5 seal ing the reaction chanber;
activating the barrel reactor to deliver gas including the material to be
deposited on the wafers into the reaction chanber; ‘transferring heat, when
the barrel reactor is 10 activated, between the netallic surfaces of the
barrel reactog are exposed to th&3reacti on chanber when the reaction
chanber is sealiqd 4grid a coolant fluid; controlling the heat transferred to
mai ntai n the tlal I}Ji{q surfaces at a first tenperature selected to 15
retard chem& tli Bhs on netallic surfaces while the barrel reactor

i's activateés {de ijveting the bar react.or; opening the barrel reactor
to expose q i h§§reaction chanmb theﬁpof for rennval fromthe
barrel 20 ég q en the Jbarrel ctor is
de-activate q he barrel reactor which are
exposed to the{n n chanherlis sealed and the
cool ant fluid; |2 - coftt+et--hg—the hM"*1“r&mﬁﬁr*%&++q-+mmhtaln
- l -
the netallic syt at a second tenperature greauqr hha t he fijrst
tenperature wgeaTrrgferring heat while the bgjjrell r é@ctmr is
de-activated, ® he ofid tenperature being sel gted toretard ads@ptifon of
wat er St =2 :
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35 on the nmetallic surfaces while the barrel reactor is de- activated. 7.
A nethod for operating a barrel reactor as set forth in claim6 wherein
said heat transferring steps are acconplished by a cooling system
circulating the coolant fluid, the cooling systemincluding a controller
23 for controlling the heat transferred fromthe netallic surfaces, and
wherein the said heat transfer steps conprise the steps of: operating the
controller at a first setpoint to 5 control the transfer of heat between
the metallic surfaces and cool ant fl243 in the cooling system when the

barrel react ed and operating the controller at a second
set poi nt greE:? l e flrst setpoint to control the transfer 10 of
heat between the netalllc su 64 i n the cooling system

when the barrel reactor is de- actiyhted. 8. A pht r opgyating a
barrel reactor as set forth in cI?yy 7 wherei. he/,cpoll fng System conpri ses
a first cooling |oop extepding in circuit f Ih¢at Jexchanger to the
metallic surfaces in the : a] ogd cooling loop in

t hermal conmuni cation witth th ‘fir t=Fpol o) t héy heat . exchanger,
t he second cooling | oop cpnta lng djg(oﬂ ) ui ~ 38d wherein:
the step of operating the At set pgynt conprises
perm tting cool ant 3k w-e— e se . 46
i ~_ 42 s |
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cooling,loop to flow generally at a first rate through the second cooling
| oop; the step of operating the controller at the first setpoint conprises
permtti.ng coolant fluid in the 15 second cooling loop to flow through

t he second cooling |oop generally at a second rate |less than the first
rate. 9. A nethod as set forth in claim@8 wherein the steps of operating
the controller at the first and second setpoints further conprise

controlling a valve in the second coo3f3g | oop. 24 10. A nethod as set
forth in claim7 further conprisi th® steps of: nmonitoring the interior
tenperature of the barrel rgactor d M- acti ting the barrel reactor if 5
the nonitored tenperature eXyeeds a I mum r Qi on tenperature generally
corresponding to a maxi mum by agur g ,capabl e of
transferring heat to maintagn th eri of her bafrel reactor at or
bel ow t he maxi mum operati o enp e; | : and wherein the
step of operating the contrigy |l e sec ,gé oi_nt _conprises the step of
operating the controller control 2 tﬂﬁ to maintain the
coolant fluid at a tenperlsgure % | olant fluid
tenmperature allowed when % th e { ctor s actiyated.:
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