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METHOD FOR TUNI NG BARREL REACTOR PURGE SYSTEM Background of the Ig’?ﬁrg La_rk-l
Thi's i'ndention relates generally to barrel reactors used to deposi

material on a sem conductor 5 wafer by chem cal vapor deposition, and

nore particularly to a nethod for tuning a purge systemof such a barrel
reactor. Barrel reactors of the type to I ch the present invention
generally relates are used for 10 deposi'tion of epitaxial |ayers on

sem conduct or waf efgerEBh! 3X% indftc RARERREREAGESBukAE! Bestel conduct or
mat eri al industry for—achi éving e necessary electrical properties of the
sem conductor material. For exanple, a lightly doped epitaxial |ayer grown

over a heavily gggggrggnd gfbs;:tq:eatﬁw@%q_._%hs a CMOS device to be optim zed
for latch up i as a._resu 0 ow resi stance of _.the substrate. O her

advant ages, such as preci 3iginventden xelassgngensradddr 46 baTFRdfi | e and
freedom f rﬁm OXY'GQ._E‘:tlé&% e &:Q{l!dégﬁéit%gte;ial on g. saﬁaﬁbhﬂhfcg&?c _
carrying the material .(e.q.., .silicon) taq be deposited .on the wafers.is
injected i nPo a%PESE P&n cg’rﬂ'ﬁtﬁ?rl VEFSS] %(?Polsﬂ'glﬁgr‘r 8RS BOXEo PARNd R AR Y
deposition of the smmathdd divmo thirdnpleeparge systep ioshemchMal biapire lwaf er s

are held in a gggg;}@ll 25 vertical orientation on walls of a susceptor -
so that one fac the wafer is exposed for deposition of silicon. The

reacti on chanber vessel iBammkateactanse off theatype Acsadiich &he which
closes the reachiQReHahiffent#n (fherally relates are used for

10 deposition of epitaxial layers on semiconductor wafers.

Epitaxy is an important process in the semiconductor
material industry for achieving the necessary electrical
properties of the semiconductor material. For example, a
1ight1y doped epitaxial layer grown over a heavily doped

15 = substrate permits a CMOS device to be optimized for latch
up 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. '

20 Reactant gas carrying the material (e.g.,

| silicon) to be deposited on the wafers is injected into a

reaction chamber vessel of the barrel reactor where the
deposition of the material onto the wafers is
accomplished. Multiple wafers are held in a generally

25 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 seal plate which closes the reaction chamber, but can
be moved to open the chamber for inserting or removing

30  semiconductor wafers from the chamber, is made of
stainless steel. A gas ring between the seal plate and
reaction chamber is alsoc made of stainless steel.

It is important that the layer of silicon

deposited on the wafers not be contaminated with metals,

35 such as iron, nickel and molybdenum, which can '



be noved to open &he.chanber for inserting or renoving 30 sem conduct or
wafers fromthe chanber, is made of stainless steel. A gas ring between the
. seal -plate and reaction chanber is also nmade of stainless steel. It is

i nportant that the layer of silicon deposited on the wafers not be

contam nated with netals, 35 such as irgn, nickel and nolybdenum which
can 2 deleteriously affect the mnority carrier lifetime of the
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plate and gas rpfetfeeespiayihe Qa?@!'f §8 h0BoMBbabe &9BiamBnatTRAE. ghAptACt
with certain bﬁgroducts EE'%P’ HCl oa thi reactgnt gas in thg @éesgnce of
resi dual noi st FePCERORaGREMPRE ¥ESFRLe¥1d; BRF P§ 20PPUYES @ FROSi ve
agents suchsas ¢éhtamynakdonhebpteshet stainlesshattbel aa gheesehl platé use
~to etch back de i of .sili rom.t-ne_s o] [ Lon products

- fromthe stainl%@é é?ge%lﬁgyd%%%t&gﬁgéggt8dg§ﬁ?§gtﬁ8r$§§%??%n chanber and
becone entrai necontaminationact fontget wathisertahnebyproduptsi fedgon the

wafers. —Nbreovge:) [ 8ET Lndepatidiantop#ed 1an chBepsbabakbessrsteshalyia
reaction of the reactant gas wth reSidual oxygén in_the barrel reactor
moisture can cause the stainless steel to corrode.

10 Corrosive agents such as HCl may also be present in the
chamber as a result of it use to etch back deposits of
silicon from the susceptor. Corrosion products from the
stainless steel may be transported into the reaction
chamber and become entrained with the reactant gas and

.15 material deposited on the wafers. Morxeover, SiO, deposits
formed on the stainiess steel by a reaction of the
reactant gas with residual oxygen in the barrel reactor
must be cleaned. Otherwise, some of the S8iO, can flake
off and be deposited on the wafers. .

20 To avoid contamination from thé seal plate and
gas ring, the barrel reactor is constructed to divert the
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

25- gas. The seal plate and gas ring are also water cooled.
The conventional purge system comprises a single line of
purge gas which branches off into multiple lines before
reaching the seal plate for_délivering purge gas to
several differeht locations around the seal plate. The

30 lines are connected to holes extending through the seal
plate and opening on the underside of the seal plate for
bathing in purge gas those areas of the seal plate and
gas ring exposed to reactant gas.

In operation of a typical barrel reactor, the

35 purge gas system is controlled by a microprocessor to
first purge the seal plate and reaction chamber with



must be cleaned. Otherw se, some of the [err] can flake off and be

cgeposi t.ed on the wafers. 20 To avoid contam nation fromthe
seal. plate and gas ring, the barrel reactor is constructed to divert the
fl ow of reactant gas away fromthe seal plate and gas ring by baffles and
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10 The existing system of baffles and purge gas to

avoid metals and particulate contamination from the
stainless steel seal plate and gas ring is only partially '
successful. In particular, the purge systems are not
adequate to purge substantially all of the oxygen and

15 water vapor from the barrel reactor. As a result of the
presence of oxygen (in the form of free oxygen or in the
form of water vapor), significant deposits of SiO, are
formed on the seal plate and gas ring during a deposition
cyCle which must be removed after only a few cycles of

20 operation of the barrel reactor. It has been found that
substantial deposits occur in locations between the gas
ring and seal plate which are spaced farthest away from
the purge gas line which delivers gas to purge the space
between the seal plate and gas ring. The act of cleaning

25 the 8i0, deposits from the seal plate can cause corrosion
of the seal plate. Any water introduced to the seal
plate during cleaning which is not removed will promote
reaction of the stainless steel with HCl. The shape of
the seal plate often makes it difficult to remove'all:of

30 the water.

In existing purge systems, the differences in

pressure between the various purge lines can cause a
siphon effect, in which reactant gases are actually drawn
into one or more of the lines of the purge system and

35 discharged against the seal platé. Often the reactant

gas drawn in the system is ejected into a rotation
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Summary of the Invention

Among the several objects and features of the
present invention may be noted the provision of a method
for tuning a purge system of a barrel reactor which

15 protects against metals contamination in a layer of
material deposited on semiconductor wafers in the barrel
reactor; the provision of such a method which assures
that no reactant gas is drawn into the purge system; the
provision of such a méthod which results in substantially

20 all of the oxygen and water vapor in the barrel reactor
being removed by the purge system prior to the
introduction of reactant gas into the barrel reactor; the
provision of such a method which causes the purge system
to distribute purge gas more uniformlylover the areas of

25 the barrel reactor requiring protection from reactant
gas; the provision of such a method which reduces the
down time of the barrel reactor required for cleaning;
and the provision of such a method which is economical
and easy to carry out.

30 Further among the several objects and features
of the present invention way be noted the provision of a
barrel reactor in which purge gas flows can be monitored
and altered to optimize the operation of the purge gas
system; and the provision of such a barrel reactor which

35 distributes purge gas more uniformly over areas of the



into one or nore of the Iines of the purge system and 35 di schar ged

agai nst-'the seal plate. Oten the reactant gas drawn in the systemis
ejected into a rotation 4 mechani sm of the seal plate, causing
significant corrosion. Thus, rather than protecting the seal plate and gas
ring fromsilicon deposits and corrosion,. the purge system pronotes their
deterioration. In addition, t he presé%t systens do not adequately purge

the 2?2?%?223g?}“ﬁeﬁ%&?%%?@%f{ﬁéf el Moliiee Ml

reacti on chanb&@asg.s opened and nvoisture Iadened air cones |nto cont act with

the seal 10 plate. Sumggpe PfOﬁ?ﬁCégvéﬁﬁifghé%F%F: *@éﬂtfo hirst

aspect of the present i nventi on ere | s rovi or tuni ng a -
purge system owidlbde einRatt (RPPRERNE A pbtma%tmmteén%t

sem conductr WwHedidyeedem cal vapor deposition of the 5 material from
react ant gases, the barrel reactor including a reaction chanber and a seal
plate for closing the reaction chanber, the purge system conprising a

plurality of pmmgmécn&gttonneﬁt%tmw%ce of purge gas and at
spaced apart |ocations tOFiee Paiéeé simplified schematic of a barrel

reactor showing its purge gas and reactant gas delivery
lines;

10 ' FIG. 2 is a schematic of the barrel reactor
seal plate and purge gas system showing flow meters and
valves used to tune the system;

FIG. 3 is a fragmentary cross section of the
seal plate and of the barrel reactor;

15 FIG. 4 is an enlarged fragmentary cross section
of the right end of the seal plate of Fig. 3;

FIG. 5 is a bottom plan view of the seal plate
with baffle plate, O-rings and a gas containment annulus
of the seal plate removed; and ’

20 FIG. 6 is an enlarged, fragmentary perspective
view of the gas containment annulus.

Corresponding reference characters indicate
corresponding parts throughout the several views of the
drawings.

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

to Fig. 1, a barrel reactor indicated generally at 10:is
of the type which is used to deposit material (e.g.,
silicon) on a semiconductor wafer W held on a susceptor S

30 in the barrel reactor. The barrel reactor 10 includes a
quartz reaction chamber vessel 12 defining a reaction
chaniber 14. The reaction chamber vessel 12 has an open
top 16, and a port 18 at its bottom for exhausting gases
from the reaction chamber 14. An exhaust fitting 20 is



10 reactor for delivering the purge gas to the barrel reactor to purge
the reactant gases and other gases from selected | ocations within the
barrel reactor, the nethod conprising the steps of: nonitoring the flow
rates of purge gas in the 15 purge gas lines; setting flow rates for the
purge gas through the purge gas lines tc»§ajd | ocations in the barre
reactor; carrying out at |east one of the foll ow ng 20 control steps: (a)

moni toring the m&as@é@ei&ftﬁéygsftiﬂatf@rb@éﬂz%cimgtaﬁ ékhaust "Bigbtel the
purge gas has begun flowing . into the barrgl reactor, and (b) exam ning_{he
Seniconduct or kA GBS VEFFEh Hat er?‘a9a‘ﬁa%llb%eﬁmél%%tﬁapgé?%ﬁﬂfflSra¥ hé2) ,
presence of pamddellef es€aihdassastéel nard loddced aylovef offibtke i pbaction
dopost Led: 5ol CaLielY FELERl 19, biEnl L8l alse OfoP¥hge ERSc T AnkiBel O
particul at & cortanfoanisjeotioe bfirreactantigas (@.gccoBi@hge SiHCLa second
et ohy! e AT, YSBUON, BSi 1€ U ek bt elod ogp
chemni cal vapor xﬁghgiimimgtiqg line 26 (broadly, "reactant gas delivery

means"). The silicon in the gas is deposited on the

wafers W by chemical vapor deposition. The gas ring 22

10 and reaction chamber vessel 12 are sealed to each other
by an O-ring 27 disposed in the gas ring 22 and sealingly
engaging the reaction chamber vessel 12 (Fig. 3).

The open top 16 of the reaction chamber vessel
12 is closed by a seal plate, generally indicated at 28,

15 which is movable from an opened pdsition (not shown) in
which it is spaced away from the vessel and permits the
insertion and removal of the susceptor S carrying the
wafers W, and a closed position in which the seal plate
sealingly engages the gas ring 22 to close the open top

20 of the vessel and isolate the reaction chamber 14 from
the surrounding environment. The seal plate 28 includes
a rotation housing 30 carried by the seal plate which -
houses a rotation mechanism (not shown). The susceptor S
supporting the wafers W is hung from the rotation

25 mechanism for rotation of the susceptor during the
deposition cycle of the barrel reactor 10.

' A purge gas system of the barrel reactor 10
includes a single supply line 32 extending from sources
of purge gas toward the top of the barrel reactor. As'

30 shown in Figs. 1 and 2, the supply line 32 branches off
into four purge gas lines, a left baffle purge line 34, a
rotation housing purge line 36, a right baffle purge line
38 and a seal plate purge line 40, which are connected to
the seal plate 28 at four spaced apart locations. The

35 four purge gas lines 34-40 deliver purge gas to purge
different regions of the seal plate 28. As shown in Fig.



barrel reactor conprising: a reaction chanber having an open top sized for
recei vinng at | east one sem conductor wafer into the chanber; a gas ring
general ly surrounding the open top 5 of the reaction chanber; reactant
gas delivery neans associated with the gas ring for delivering reactant gas
to the reaction chanber; a seal plate adapted to sealingly close the open
top of the reaction chanber for sealing the reaction chanber fromthe
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Fig. 2, the rotameters 42A-42D are schematically shown as
mounted on a lift arm 45 of the barrel reactor 10 which
is used to raise and lower the seal plate 28. The

10 bellows metering valves 44A-44D may be broadly referred
to as "flow regulators".

The seal plate 28 and gas ring 22 are shown in
the closed position of the seal plate in Fig. 3. The
rotation housing 30, rotation mechanism and susceptor S

15 have been removed. However, it may be seen that the seal
plate 28 has a central opening 28A through which the
susceptor S is attached to the rotation mechanism. The
seal plate 28 has an internal annular passage 28B through
which water is circulated to cool the seal plate. A

20 similar passagé 227 is formed in the gas ring 22 for the
purpose of circulating cooling water.

A quartz baffle plate indicated generally at 60
has a lip 62 which rests on tabs 64 {only two are shown)
on the seal plate 28. The baffle plate 60 covers

25 substantially all of the seal plate 28 which would
otherwise be exposed to the gases in reaction chamber 14.
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

30 baffle plate around a central opening 70 generally in
registration with the central opening 28A of the seal
plate. The inner baffle 68 helps to protect the hanger
(not shown) connecting the susceptor S to the rotation
mechanism. The radially inner face of the gas ring 22

35 is covered by a quartz ring 72. The baffle plate 60 and
the quartz ring 72 have openings (not shown) through



present invention may be noted the provision of a nethod for tuning a purge -
system-of a barrel reactor which 15 protects against netals contam nation
in a layer of material deposited on sem conductor wafers in the barrel
reactor; the provision of such a nmethod which assures that no reactant gas
Is drawn into the purge system the provi%ion of such a nethod which
results in substantially 20 all of the Oxygen and water vapor in the

of reactant gadit FREBEERr baboLelthIeeEHa PP HBE bPabhinhothamHEy "
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gas; the provision of such a nmeth uces t
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t he reactant location between the gas ring 22 and seal plate 28 for
10 purging the space between the two. .
Referring now to Figs. 3-5, the seal plate 28
has an annular surfadé which overlies a corresponding
surface of the gas ring 22 when the seal plate is in its
closed position (Fig. 3). A pair concentric annular
15 channels (designated 46A and 46B, respectively) in the
seal plate 28 contain O-rings 48 which engage the gas
ring 22 in the closed position for sealing with the gas
ring and isolating the reaction chamber 14 from the
surrounding environment. A channel 50 in the gas ring 22
20 located between the O-rings 48 may be pumped down to a
vacuum pressure for use in the detection of leaks in the
seal of the reaction chamber 14. The seal plate 28 has
an annular groove 52 which is concentric with the O-ring
channels 46A, 46B but located radially inwardly from the
25 inner of the two channels (46B). The seal purge gas line
40 opens at an orifice 54 into the annular groove 52 for
supplying purge gas around the full 360° extension of the
annular groove (Fig. 5).
Purge gas delivered to the annular groove 52
30 leaks from the groove into the reaction chamber 14 and is
ultimately exhausted through port 18 at the bottom of the
reaction chamber vessel 12. A gas containment annulus 56
is provided to contain the purge gas in the annular
groove 52 long enough so that the entire groove is filled
35 with purge gas. The containment annulus 56 is preférably

a stainless steel ring having a generally U-shaped cross



gas. O her objects and features of the invention will be in part apparent
and in-part pointed out 5 hereinafter. Brief Description of the Draw ngs
FIG.-1is a sinplified schematic of a barrel reactor showi ng its purge gas
and reactant gas delivery lines; 10 FIG 2 is a schematic of

. the barrel reactor seal plate and purge ggs system showi ng fl ow neters and
“val ves used to tune the system FIG 3 is a fragnentary cross section of

the seal plate QFQ I act i . 4 is an
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a susceptor S groove 52 to the reaction chamber 14, but slows the rate

of leakage so that the'groove is flooded with purge gas

10 during operation of the barrel reactor 10. Without the
containment annulus 56, the purge gas tends to leak out
of the groove 52 so quickly that not all of the groove is
filled with purge gas. As a result, portions of the
interface between the seal plate 28 and gas ring 22 would

15 not be bathed in-purge gas. The groove 52 itself may
become a site for retaining oxygen and water vapor, which
tend to accumulate at the top of the reaction chamber 14.
In prior barrel reactors (not shown), it has been found
that greater concentrations of SiO, accumulate on the

20 portions of the seal plate/gas ring interface. However
by employing the tuning method and containment annulus 56
of the present invention, more complete removal of oxygen
and water vapor from the annular groove 52 is achieved
prior to introduction of reactant gas into the reaction

25 chamber 14. ) '

It is to be understood that better distribution
of gas in throughout the entire annular groove 52 could
be achieved other than by insertion of the containment
annulus 56 into the groove without departing f£rom the.

30 scope of the present. invention. For instance, a flat
metal ring (not shown) could be welded onto the seal
plate over the annular groove 52. Small holes would be
pre-drilled through the ring to permit the purge gas to
escape the groove 52 in a controlled fashion so as to

35 keep the entire groove filled with purge gas.



30 in the barrel reactor. The barrel reactor 10 includes a quartz
rreacti on chanber vessel 12 defining a reaction chanber 14. The reaction
chanmber vessel 12 has an open top 16, and a port 18 at its bottom for
exhausting gases fromthe reaction chanber 14. An exhaust fitting 20 is
6 located in the port 18 for connecting ag exhaust line 21 to the vessel
12. A gas ring (indicated generally at 22) made of stainless steel and
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10 the O-rings 48 of the seal plate with the gas ring.
Purge gas is fed from one of the purge gas sources
through the. supply line 32 to the four purge gas lines
34-40 for purging oxygen and water vapor from the
reaction chamber 14. The sequencing of the two purge

15 gases (nitrogen and hydrogen) is described above, and is
well known to those of ordinary skill in the art.
Subsequently, reactant gas is delivered through the left
and right injection lines 24, 26 and into the reaction
chamber 14 for deposition of silicon carried by the gas

20 in a layer on the wafers W. Purge gas continues to flow
through the deposition cycle to deflect reactant gases
from the seal plate 28 and gas ring 22. Upon completion
of the deposition cycle, the flow of reactant gas is shut
off, but the flow of purge gas continues to purge the

25 reaction chamber 14 of reactant gases.

The method of the present invention for tuning
the purge system includes the step of cutting each of the
four purge gas lines 34-40 and connecting the rotameters
42A-42D and bellows metering valves 44A-44B in the lines.

30 Of course, it would also be possible to initially
manufacture the barrel reactor with the rotameters and
bellows metering valves in the ﬁurge lines so that the
lines would not have to be cut. The flow rates in each
of the lines may now be readily monitored by inspecting

35 the rotameters 42A-42D and changed by manipulating the
bellows metering valves 44A-44D. Any existing flow



20 of the vessel and isolate the reaction chanber 14 from the surrounding
environnment. The seal plate 28 includes a rotation housing 30 carried by
the seal plate which houses a rotation nechani sm (not shown). The susceptor
S supporting the wafers Wis hung fromthe rotation 25 mechani sm f or )
rotation of the susceptor during the depg ition cycle of the barrel reactor
10. A purge gas systemof the barrel reaCfor 10 includes a single supply

i ne 32 extendi r p / barrel
eactor. As 30 TURPLETLERY CELERbeD A0 RAhENRLCH il OBsR bt e Ut
into four purg@kprediiasthy purgepdines pardR by lehamapufacteren HBusing
purge line 36, yJemdedd. babhirgepyhgeiki 48180e26d ﬂré@aih§|§ﬁ§pDYrD§néi@2 40,
whi ch are connected to the seal 8Iate ZE_at four SpaCfd.g a ocat i ons.
The 35 four PR Ghe FoNESPYABR0uAR| 14878 bt oh0 hasiRbE bt bY: dFRPer ni

regions of ghe xserdmpters 28A-43Dsheenmonitoged and Cheafpowpratesl insi zed
roameters (devabaetudrd AEnnecsaRR UFLID REF SATGECaRaE Blaibal b5,
44A- 44D, respectake| gyrehtbhtt bherkeispaonsipboningnoroneggtive fhdepindent
adj ustment of the,flew hat eiaksPur 98 ERIst RapUoicash BE hhQef QUELRYARTE gas
lines. In Fig. 2,"the rotaneters 42A-42D are  schematically shown as

that no reactant gas will enter the purge system.

10 The presence of oxygen and water vapor in the
barrel reactor 10 is monitored and the flow rates of one
or more of the purge lines 34-40 are adjusted by
manipulation of the bellows metering valves 44A-44D so
that the presence of oxygen and water wvapor in the barrel

i5 reactor is minimal. In particular, the flow rate for the
seal plate purge gas line 40 has been substantially
increased over conventional settings to purge the oxygen
and water vapor which tends to reside in the gap between
the seal plate 28 and gas ring 22. - However, the flow

20 rate of purge gas should not be so high as to dilute the
reactant gas to the extent that the thickness of the
layer of silicon on the wafers is adversely affected.
Typically, it will not be necessary to adjust the flow
rates through the purge lines 34-40 after settings are

25 reached which optimize the reduction in metal and
particulate contamination. Accordingly, the bellows
metering valves 44A-44D could be replaced with fixed
orifices (not shown) sized to permit the same optimum
flow rates as the bellows metering valves. .

30 It is envisioned that instrumentation could be
used to monitor the presence of oxygen and water vapor in
the barrel reactor 10. However, in the present case, the
presence of oxygen (in the form of free oxygen, and/or in
water vapor) is determined by inspecting the seal plate

35 28 for deposition of SiO, following a deposition cycle of
the barrel reactor 10. The presence of significant SiO,



mounted on a lift arm45 of the barrel reactor 10 which is used to raise
and | ower the seal plate 28. The 10 bel | ows netering val ves 44A- 44D may
be broadly referred to as "flow regulators”. The seal plate 28 and gas ring
22 are shown in the closed position of the seal plate in Fig. 3. The
rotation housing 30, rotation mechani sm agd susceptor S 15 have been
renoved. However, it may be seen that t%e seal plate 28 has a centra

openi ng 28A thr&;&}% V\% Cbnabe EH§C€H$9ro§y§§naxH§C§@é’séﬂtt£'€ Eﬁéat i on

nmechani sm The as an | nternal annul-ar S t hr ough
whi ch wat er |slQQQEH%@e@ftEhQOGPPPﬁthE%F 5?%?%1n9\@8€ﬁ gﬁﬁ1?h lﬁ%%sage
ﬁétAe'rS Loaggdt 'Hébéfl’f@rll@aﬁeébﬂangg £§[ Ej’bﬁepllééé)ﬁﬁo@foflthﬁlsiopgalcsml i ng
rtz e ndi cat ed gener al as_a ch
'ests on tabe dnduases hich BuRaR, of LEhS bdp “hpatBedgteRy Ehall it
p{ﬁte 60 CEVEH%éESEFSNbBﬁanHIahhy the mbstheommah piteefds 8hOch woul d
ot herwi se be exposed,io the g cLign r r ,QUt
other e be oxggsedl 1 0oh"eORaFseLf ERBCTAGNEHETIS ik ob1 0EULE ppit
peri neter of tHehéméforepl bhe, pamgeagaanﬁ&pur1nnﬁ@a1b§iate porgepdins #Pom

the 30 baff'e:ré"é&ﬁsééﬁwﬁmfﬁﬂbssahseaem B Z@49enen3! knskRriogi sEration
with the central openin the sea ate, The bnner gffle 68 helgs

to protect the ﬁ%ﬁg@?s(ﬁBPt§HBWﬁPtCBHHBEP?nastH@tQUE EpPOPUSAEILREVE L
rotation rpghantke sealhplaedi 26l pielpsctof adstetbube ghe gasgf2andthe i s

covered by a qugrtf piage purge il%%flbemgkgt%nggogﬂiy along the groove

and between the seal plate and gas ring 22.
Reduction in the presence of SiO, deposits in

the region of the seal plate 28'and'gas ring 22 indicates

15 that water vapor, which along with free oxygen tends to
remain at the top of the reaction chamber 14, is being
purged simultaneously with the free oxygen. Confirmation
of this is made by examination of wafers W processed in
the barrel reactor 10 to determine the level of metals

20 contamination in the wafers. The presence of water will
cause HC1l (another byproduct of the reactant gas and
oxygen) to react with the stainless steel, producing
corrosion and metal contamination of the deposited layer.
It is to be noted that HCl may also be present in the

25 barrel reactor 10 because it is ordinarily used to etch
back silicon deposited on the susceptor S. Moreover, the
full removal of reactant gas from the reaction chamber 14
by the purge system following-the end of the deposition
cycle prevents reaction of HCl with the stainless steel

30 from occurring when moisture ladened air is admitted to

| the barrel reactor 10 when the seal plate 28 is moved to
open the reaction chamber.

The method may also be carried out by direct

examination of the semiconductor wafers W for metals and

35 particulate contaminants in the layer of silicon
deposited on the semiconductor wafers. In that event the



t he quartz ring 72 have openings (not shown) through 8 which react ant
gas is i‘njected into the reaction chanber 14 fromthe left and right
injection lines 24, 26. The left and right baffle purge gas |ines 34, 38
deliver purge gas to purge the space between the outer 5° baffle 66 and
the quartz ring 72. The rotation housing purge gas line 36 delivers purge
gas to the rotation housing 30, and down ?hrough the inner baffle 68. The

seal plate puron 4rsdddcofOpehl Vghs RHEEE BESA0rEabaRhh T Debcen the

gas ring 22 an eal ate purg pace between .
Ref erring mmNtamdn@ﬁ;OQ %Onthmlﬂé@tspd%t%cggghﬁﬁ Gheaﬂﬁppﬁitgdriayérﬂhich
overlies a cor r&é@fﬂé@nsﬁéééﬁédoé higiRER ama@nQZaaesPthmeseaho%%g I's

inits closed position, ( i % pai r concentric annu channel §
(desi gnat ed 46/R2RFAPGEOUSE¥pE ?F?@by?oan¥ﬁB BYRPepgaBeC28 E8HB&I n O ri ngs

48 whi ch er!gagaiim:g@ﬁ 6fnﬂh32réactﬁﬁt agednawéaﬁeﬁlbnr meah‘eng with the
gas ring and isal atin e.r on_cha mthe _surro

envi ronment . é%&ﬁ#ﬁ§5%0°anﬁ gEsT? Sﬁklﬁﬁn ?B8§ﬁ§8gbet%g8ﬁegﬁ§e'

O rings 48 may theFnh¢mkhdssnofothevhayen1pfessmleoﬁodepssltadtba ttkeect i on

O o b e Phoiub 06, GAELEA"E ATHS! eldpidba 86°krakbaxgR Ban o

annul ar groove 'S Concen ric w
flow is not increased to the extent that the layer of

10 silicon becomes too thin to achieve the electrical
properties needed for that particular wafer. 1In
practice, large rates of purge gas flow have not been
found to adversely affect the thickness of the deposited
layer. The upper limit of purge gas flow is most

15 practically determined by the point of diminished
returns, where the reduction of metal and particulate
contamination is not significantly affected by further
increases of purge gas flow.

In a preferred embodiment, for a 7800 barrel

20 reactor manufactured by Applied Materials, Inc. of Santa
Clara, California, the flow rates for the four purge gas
lines are: 15 standard liters per minute (SLM) for the
left and right baffle plate purge lines 34, 38; 100 SLM
for the rotation housing purge line 36; and 150 SLM for

25 the seal plate purge line 40; for a total purge gas flow
rate of 300 SIM. However, it is believed that optimal
ranges for the flow rates of the four purge gas lines
‘are: 10-20 SLM for the left and right baffle purge lines
34, 38; 75-150 SLM for the rotation housing purge line

30 36; and 140-175 SLM for the seal plate purge line 40; for
a total flow of 235-365 SLM. The upper boundary for
purge gas flow is defined by that flow rate which results
in dilution of the reactant gas to the extent that the
thickness of the silicon layer deposited on the wafexrs W

35 is adversely affected. However, it is to be understood



channel s 46A, 46B but located radially inwardly fromthe 25 i nner of the
two charnnel s (46B). The seal purge gas |line 40 opens at an orifice 54 into
t he annul ar groove 52 for supplying purge gas around the full 360[err]
extension of the annular groove (Fig. 5). Purge gas delivered to the
annul ar groove 52 30 | eaks fromthe grg%ée into the reaction chanber 14
and is ultimately exhausted through port at the bottom of.the reaction

charber vessel diacArdBh S89L AIG"he20BLUS AOpLOALOK IR 0 it aln the

purge gas in thé annu ong eno Re SntiTe groove is
filled 35 w tnapmgulgasbarrné a:gnp;pmrand abherufasgors.preferably a

stainl ess steel ri ng haverﬁgsa1geag&abgysy-eﬁhgﬁgg Eh@sﬁevex%ls%gﬁie%‘ls( g€ :

Fig. 6). As shown in Fig. 4, the cohtalnnent annulus 56 Is size
cor r espondence EP?hPFﬁ§e§ﬁn&PXPH§F88v§rSZa§HlFH§@ by Hhe Foregadinged in the

annul ar grogve. mdBRo80fbe eirmhgaanul b§r§61| Qeééﬁbi:‘l e0t. S TheSPrididindd of
bears agai.nst the Ilsdo t he %ﬁagve 52 Id|n . self in the groove.
The cont ai nment™ ﬁﬁ%@Iﬁg 58345&E pF@?EﬁPlpﬁ eﬁqu eFut
of the groove 5@nt bhehsemdézohdactorawaEersdw msts$QQanHMnumy(radhdeaakage
that th ' d 1 f t
oo e O BYE biahklgiod el PUCHC cAARA’ o cIWRE" S MR S {10

barrel reactor out the contar Anent annar purge nds
to | eak out iron in epitaxial silicon layers has been reduced from

10 between about 2.4-2.7 atoms per cubic centimeter using
the AMC 7800 barrel reactor without tuning the purge
system or employing the gas containment annulus 56, to
about 1.5-1.8 atoms per cubic centimeter with the method
and apparatus of the present invention. The seal plate

15 28 and gas ring 22 do not require cleaning as frequently

~ as in the past. Moreover, it has been found that
cleaning can be carried out with a dry cloth so that no
water is introduced to the seal plate 28 or gas ring 22
in the cleaning process. Accordingly, the barrel reactor

20 10 may be run for a longer period of timé without being
shut down for cleaning SiO, deposits, thereby increasing
the throughput of wafers.

In view of the above, it will be seen that the
several objects of the invention are achieved and other

25 advantageous results attained. .

As various changes could be made in the above
constructions without departing from the scope of the
invention, it is intended that all matter contained in
the above description or shown in the accompanying

30 drawings shall be interpreted as illustrative and not in
a limiting sense.



of the groove 52 so quickly that not all of the groove is filled with purge
gas. Asa result, portions of the interface between the seal pratre 28 and

gas ring 22 would 15 not be bathed in purge gas. Th ' f: '
may beconme a site for retaining oxygen and water vaporﬂ'mmmﬁj J”Em,
accunul ate at the top of the reaction ch?gber 14. In prirorcbarr s€ ors
(not shown), it has been found that greater concentrations of [err]

accumul at e on1“ﬁifu&§ éf%f&ﬁﬂslgf the seal plate/gas ring interface.
hé tuni ng nt

However by enpl oyi'ng g net hod and cont ai nment annul us 56 of the
present invention, nore conplete renmoval of oxygen and water vapor fromthe

annul ar groove 52 is achigfyedsphéPhod CEbPLERSEHIS | K pREgEeaFERBh 88Sal NtO
the reaction 25 chanmber 14. 1t isoto be understog% %at getter a -

di stribution ofPafEe} eaFREHBEedtHR PRPFEE JMMEREFALr 8BV 52 coul d be
achi eved ot her ddiicdydhsssr twafed! by heheniéal wEpdr adepbsit b6ni 8Eothae
Tnotance, 11 Aatmrial o kerCeRt, goeeh dhe HAFAEY BRES PRe seal plate
over the annul ainglhwdimg 52. ré&aat iohotkanben| andea pseadir platd fhrovdbsting
(a8 b B0 L e AR ch Rt (et PetgERBL L
plurality of purge gas lines connected to a source of
purge gas and at spaced apart locations to the barrel
10 reactor for delivering the purge gas to the barrel
reactor to purge the reactant gases and other gasés from
selected locations within the barrel reactor, the method
comprising the steps of:
monitoring the flow rates of purge gas in the
15 purge gas lines; _
setting flow rates for the purge gas through
the purge gas lines to said locations in the barrel
reactor; _
carrying out at least one of the following
20 control steps: (a) monitoring the presence of oxygen in
the barrel reactor at a time after the purge gas has
begun flowing into the barrel reactor, and (b) examining
the semiconductor wafer on which material has been
deposited for the presence of particulate contaminants in
25 the layer of material deposited;
selectively adjusting the flow rate of purge
gas in at least one purge gas line based on said at least
one control step to reduce particulate contaminants in
the barrel reactor.

2. A method as set forth in claim 1 wherein
said step of setting first flow rates includes the step
of adjusting the purge gas flow rate to achieve purge gas
flow in a direction toward the barrel reactor in all of

5 the purge gas lines.



The general operation of the barrel reactor 10 is-well known to those of
ordinary skill in the art. The susceptor S suppoﬂting the wafers Wis hung

fromthe rotati on mechani smon the seal plate 28;’&@ m pl ate
isinits open position. ‘The seal plate 28 is |l¢ l muﬂmtm”ﬁmarm%
into sealing engagenent with the gas'ring 22, thereby Sirtul tanéoudly
positioning the susceptor Sin the react #8n chanber 14 and seal ing the
chanber fromthe surrounding gnyi € t .10 Q- rings
48 of the seal plate mﬁtﬁitheﬁg§é£$$§ggéﬁ%%béﬂ%§%$g§gf%§;%%oﬁ1%%%gg?rthe d
purge gas sour cesuphisimd the. steppl9ftine 32 to the four purge gas |ines
34-40 Tor purging oxygen gigcagher14@nRieds@Md Nend SoathangalabRes 1dandhe
sequenci ng of the two purge 15 gases nltrqgen an ydrogen) 1 s descri bed
above, and is well known Pb2€hbgecagiusiaplarfiakireanlatarsaih the purge
Subsequent |y, reastPiMedps is delivered through the left and right
injection lines 24, 26 and iintp the reaction chanber 14.for de osi%Lon of
silicon carried by the gadR9oWherfiy Fﬁ?e?t%ﬂ ?ﬁés§£?gpgv Y ?ﬁ?bﬁ 4y8g
continues to flihetfilowghatés dEpbhet pungeyghe comprisest theasteptofjases

fromthe seal n Ln 2 ' ' h Ltion

cycle, the ro&%%ig?ég% a%?gggég?sggﬁu?f;Pﬁg %§f3%§%$?€o§ﬁ8% %ﬁgggggégg'

continues to purge the 25 reaction chanmber 14 of reactant gases. The

met hod of the present inv ”tiR”mE9ﬁoHUQ§”Se$hfo gfﬁgxiggglinﬁhggg§nthe
- an

step of cutting each of thé four purge gas Iines connecting the
rot anet er s the step of monitoring the presence of oxygen in the

barrel reactor comprises the steps of:
operating the barrel reactor to deposit
5 material on the semiconductor wafers;
inspecting the barrel reactor for the presence
of oxygen containing reaction products.

5. A method as set forth in claim 1 wherein
one of said locations which purge gas is delivered to the
barrel reactor is in an annular seal plate purge groove
extending around the seal plate, and wherein the method

5 further comprises the step of holding the purge gas in
the seal plate purge groove to travel around the full
length of the seal plate purge groove.

6. A method as set forth in claim 11 wherein
the step of holding the purge gas in the seal plate purge
groove comprises the steps of providing an annulus sized
for reception in the seal plate purge groove for

5 substantially closing the seal plate purge groove and
inserting the annulus into the seal plate purge groove.

7. A barrel reactor for depositing material
from a reactant gas onto a semiconductor wafer by

chemical vapor deposition, the barrel reactor comprising:



42A- 42D and bel | ows netering-vabves 44A-44B | n the Tines. OF course,

it would al so- be possible to initially manuf acu‘hjwhe&thﬂsbe%ﬁk lackggact or with
the rotanmeters a m\mmwmugﬁlﬁtmng vaI ves in tr’ so that the

| i nes woul d not he fl ow rates | I|nes may now
be readily noni t or'ed ‘by " |nspect| ng 35 i/J{;e r ot arre and changed
by mani pul ati ng the bell ovxs net eri ng valVves A4/ 44D Any eX| sting flow

restricting orifice (not e pI d ’

| i nes 34-40 by the manuf actur ert]:‘lgs%lgég1 vedhiéur‘lgl %éls i%% eqorfa grqéchocfnj%?ﬁthe
supply |ine 32 neqeivimg faturleastyengaseanicondactod. wafian dinto the 5
rotaneters 42A, 5; monitored and the flow rates in one or nore of the
lines 34-40 are adj ust'ed as needed to make sure that there is no si phoni ng
or negative flowin any & 93® Tinggeneraldys spxrounding, the @pan &9R ai n
that no re&ct aif giafe Wddctiverchdubartyr ge system 10 The

presence of oxygen and vvater vapor barrel _reactor tored -

and the flow rates of oné Fﬁfﬂé%s %W&rge"ﬁaﬁ‘@s assfoéﬁ)"aé}eéi Jl'(}%ttetﬂe by

mani pul ati on ofgasherired Ifms el Breriqg atesas adtAghdD txo uﬁmtrdatta:nmmsence of

oxygen and wat%r ,in the barrel 15 reactor is mnimal. In particular,
or

the flow rate € 'seal plate purge gas line 40 has been substantially
i ncreased over convent i ormlphwralitys afo gungse gaise 1dnegerfor delivery of

10 purge gas to the seal plate;
a seal plate adapﬁed to sealingly close the
open top of the reaction chamber for sealing the reaction
" . chamber from the environment, the seal plate including a .
seal engageable with the gas ring and an annular groove
15 therein extending around the center of the seal plate and
generally aligned with the gas ring, one of the purge gas
lines being disposed for delivering purge gas to the
annular groove;
purge gas containment means received in the
20 annular groove for containing purge gas to travel from
the location where the purge gas line delivering purge
gas to the annular groove enters the groove around the
full length of the groove. '

8. A barrel reactor as set forth in claim 7
wherein said purge gas containment means comprises an
annulus having a generally U-shaped cross section, the
annulus being sized in eorrespondence to the annular

5 groove in the seal plate.

9. A barrel reactor as set forth in claim 7
wherein each purge gas line includes a flow meter and an
adjustable flow regulator for selectively adjusting the
flow rate of purge gas to reduce the oxygen present in

5 the barrel reactor.



and wat er vapor mhich tends to reside in the gap betmeen the seal plate 28
d gas ‘ri f4Phery das BeertRephéedw 20 rat e of )e so

an pu
high as to d| I ute Ili mammlmzs to the extent t THISHSHRETi RASBEENGf t he

| ayer .of silicon o M adversely affected. TyRECBACED it Will
not be necessary to adjust the OM/rateipthrough ttre—porge r1nes 34- 40
after settings are 25 reached whi ch optimze the reduction in nmetal and

particul ate contanhﬁ?% @ﬁﬁ B | ves 44A- 44D
- could be replaced w ?ﬂxeéﬁ ?@gs %E*é?ﬂé; S|ze 3§%§¢%$t t he sane
coptimum flow rates as the bell ows neterlng val ves. It is

- envi si oned thaLAbggfégeeaEathgnDggghgsggeused to nDnltor the presence of
. oxygen and water vapor 1n_the arrﬁerreactor 10. However, in the presept "

case, the presence of oxyfeReERR { BPRLDY #RWrIR G¥Rten of R PATHALer
- vapor) is deterneaetobyusedpéoti chetmbea’ evbpor adepld5itBohioof dbapersi off of
[err] foll n I 1.0 r ence
of S|gnlflgggamntg'[lé"it £t %é geﬁxgoﬁggﬁﬁép $§é£§ha%8fﬁ&8é &Qacgﬁggee

the | ocati on ofrotemebessi anﬁoaduuacabhg flow- cmtnscbluvehveeaxnngacbaotant
gas. The | ocatign e I ndirgat usge S

I nsuf ficient flﬁa}91?ig pﬁﬁgg ggg%s ou‘rl;gé ﬁg?w?tgaﬁgs§gcggﬁ§e ggg E? fhe
[err] ~lines are monitored and the valves adjusted to make sure

that the flow is all in a direction toward the barrel
10 reactor, so that there is no siphon effect to draw

reactant gases into the purge system. The oxygen
presence in the barrel reactor is also monitored and the
flow rates adjusted to reduce the oxygen presence. The
flow rates are adjusted to assure full purge of reactant
15 gases from the barrel reactor after a chemical vapor

deposition cycle is complete. Reduced levels of metals
contamination in layers of deposited material are-
achieved. '

Figs. 1 and 2




deposition is between the gas ring 22 and seal plate 28. Therefore, the
purge gds flow in seal plate purge line 40 is substantially increased. In
addition, insertion of the gas contai nnent annulus 56 into the annul ar
groove in 10 the seal plate 28 helps to distribute the gas fromthe seal
plate purge line 40 nore uniformy along the groove and between the seal
plate and gas ring 22. Reduction in the presence of [err] deposits in the
region of the seal plate 28 and gas rina/§2 i ndi cates 15 t hat water
vapor, which along with free oxygen tends to remain at the top of the
reacti on chanmber 14, is being purged sinultaneously with the free oxygen.

Confirmation of S de by_exam ngghon of wafers Wprocessed in the
barrel reactor TgﬁPgsze(g?niné%S e I?V%%bof metals 20 contamination in
the wafers. The presenczggf maﬁgi i e HO (anot her byproduct of the
reactant gas and oxygen) \ 0 r]tpzﬁe stainl ess steel, producing

} er. It is to be noted

corrosion and netal am naf i A
that HO may al so be®reseqt,—~ 35/’2 rrel reactqr 10 because it is
susceptor S.

~ordinarily used to etch _bagk—stticondepfsited on the
—-efote

D
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Mor eover, the fyhl rengval as fromthe rdaction chanber 14 by
t he purge syst foll ow ng-the,€ Iy e deposition gycle prevents
reaction of HC Wih t <abolE teel| 30 fromocqurring when noi sture
| adened air is admtted to,thel r Fﬁ%eactor 10 when jthe seal plate 28 is
noved to open the react o tha . met hod may al o be carried out by
di rect W
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exam nation of the sem conductor wafers Wfor netals and 35 particul ate
contam nants in the |layer of silicon deposited on the sen conductor wafers.
In that event the 13 flow rate of purge gas would be increased until the
anount of contam nants detected in the deposited |ayers of silicon reached
a m ni mum anmount acceptable. However, as previously stated, too nmuch purge
gas can cause 5 di | uti oRof the react 3 gas and reduction in the

. thickness of t lwyer of N | i con deposited. Therefore, the thickness of

| the layer of sikg A pos$\l e®on the seniconductor wafers is al so exani ned

! so that purge fl ow Ns |nhot eased to the exte t hat the |ayer of 10
- silicon become§ 00 thin achi ¢Me the electrical ' needed for

- that particul Y, | argenjates g | ow have not
" been found to er t hi ckness of X\ “d | ayer. The

upper limt o ur ' t 15 pract io\g \\- ned by the
poi nt of di g ed r& yvhe refiuction O \S;\_g particul ate
cont am nati%ls no = ( : by furt\N \ of purge
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| ines are: 15 standard liters per mnute (SLM for the left and right
baffle plate purge lines 34, 38; 100 SLM for the rotation housing purge
line 36; and 150 SLM for 25 the seal plate purge |line 40; for a total
purge gas flowrate of 300 SLM However, it is believed that optinmal ranges
for the flowrates of the four purge gas lines are: 10-20 SLMfor the |eft
' and right baffle purge lines 34, 38; 75-150 SLMfor the rotation housing
. purge line 30 36; and 140-175 SLM for tl"5a seal plate purge line 40; for a
total flow of 235-365 SLM The upper bou,r(&ary for purge gas flow is defined
by that flow' rate which results in dilution.of the reactant gas to the
extent that the thickness of the silicon |ayer deposited on the wafers W35
is adversely affected. However, it is to be understood 14 that flow
rates may be affected by the size of the particular barrel reactor and
other factors. Thus it may be seen that the several objects of the present
invention are achieved by the foregoing 5 met hod for tuning the barrel
reactor 10. The presence of netal and particulate contam nates in the
deposited | ayer onéﬂefggduct or wafers Wis significantly reduced. For
exanple, it has beén f t the concentration of iron in epitaxial
silicon | ayers has been reduced from 10 bet ween about 2.4-2.7 atons per

cubi c centineter u_si ng /éﬂ Zé

464




LQe”kNC 7800 barrel reactor w thout tuning the purge systénnﬁ{ﬁ@g@hﬁyggg SHEET
t ie gas containnent annulus 56, to about 1.5-1.8 atons per cl b centrmetet

with the nethod and apparatus of the present invention. The >e ﬁ£§g§§{&59

. 28 and gas ring 22 do not require cleaning as frequently as fnjt
Moreover, it has been found that cleaning can be carried out|wth a dry

Sgroth so thameuhailedl dis dHM ISEMECY1 AP NeaRePhqPLILR 2EARE0as T1Ng 22 in

- the cl eaning process. Accordingly, arre react o
for a | onger GBI t iThusi thdkedethgnshuotechhngothel eaailngp Ladrer |

- deposits, thqﬁﬁpy, g r L.n view t he

- above, it wl bé’és%%?@za%r{!]gglsie@%(?gl ng{;gg{;s"‘%ﬁt ESrFfﬁéﬁﬂ’o?&nﬁe

' achi eved and R.W?Ear %Le"a(pmmulshensuﬁeseaioﬁébédn.AsImaaid@i&lﬁmnges
coul d be ghad oV, onst r tiopns tho t,departin romthe scope

of the i nveng:lﬂc;éqn Duét%e% i tse % ‘%I?Cwa?o ﬁ%’t‘?g?hfo Pﬁgﬁeghﬁn tandve -

description @asstowm ithet mmmﬁueﬁgaweoodi@%ﬁgéyﬁm& | IA% iant er pret ed

as illustrati mtin reaction chanber

havi ng an opelynes[uggz' F‘?’gd Q@c‘é'f]l(ﬁ %‘lge?ia@?yoﬁ%ag'én’i"&BhdH@b-OIfr\%‘f &he nto

t he chamber; reactant gas when the reaction chamber is opened and

moisture ladened air comes into contact with the seal
10 plate.

Summary of the Invention

In accoxrdance with a first aspect of the
present invention, there is provided a method for

tuning a purge system of a barrel reactor used to
deposit material on a semlconductor wafer by chemical

- vapor deposition of the
5 | material from reactant gases, the barrel reactor
including a reaction chamber and a seal plate for closing
the reaction chamber, the purge system comprising a
plurality of purge gas lines connected to a source of .
purge gas and at spaced apart locations to the barrel
10 reactor for delivering the purge gas to the barrel
| reactor to purge the reactant gases and other gases from
selected locations within the barrel reactor, the method
comprising the steps of: |
monitoring the flow rates of purge gas in the
15 _pu*gn gas lines;
| setting flow rates for the purge gas through
the purge gas lines to said locations in the barrel
reactor;
carrying out at least one of the following
20 control steps: (a) monitoring the presence of oxygen in
the barrel reactor at a time after the purge gas has
bequn flowing into the barrel reactor, and (b) examining
the semiconductor wafer on which material has been




a.gas ring generally surrounding the open top 5 of the rqREP]AGERITDSHEET
réactant gas delivery nmeans associated with the gas ring fdr jdettvertng
reactant gas to the reaction chanber; a seal plate adapted jtd sgagﬁﬁgl@gg

. cl ose the open top of the reaction chanber for sealing the |rgaction Chanber
. fromthe environnent, the seal plate including a seal engadgedbl-e—with—the—
. gas ring and an annul ar groove 15 d8nerein extendi ng around the center of

. the seal plate and generally aligned with the gas ring;, a pruratityof

- purge gas | ifgSof Pfedefby CENe ObrosEnte 45 pariituend @redmimnetof ifhe

: purge gas |ines being disposed, for _delivering purge gas to the annul ar

. groove: 2pur gehgakaxent of Mreker kehrdePeekt®dd in the 20  annul ar groove for

_containing purge gas tgsisaveleiyosmiher {0 RO VbR LatdeopUs@egaas |ine
- delivering purge gas to the annul ar groove_ enters the grooye around the

full 1ength @aStHB @F obeRSLSONA PUFFE| Ireaking RASed(0F F3}d it clapft7

wher el n sal dopulr 86 €251 0BEA! PECPLAREEBaFOIRII A0S Sonedithatte Sayhng a
general ly U shaped cross settion, the ahnulus being sized in correspondence

to the annul Bhesbargeboveachkorhe seal plate. 9. A barrel reactor . as set

f h i | ai wher ej ; : | ] ' fl ~and
~forth in claim7 whereip g?%"tr’]r&é)ée&:;%%tlve yé gsgejél?rs}}cd: lr%%%tseﬁg ﬂfg:% neter and an

-adj ustable flow requlator T \ Reite of pur ge
gas to r educ BXEFEN x}@%ﬁ“%*%%en?h??ﬁ is provided a barrel reactor

for depositing material from a reactant gas onto a

semiconductor wafer by chemical vapor deposition, the
barrel reactor comprising: '

a reaction chamber having an open top sized for
receiving at least one semiconductor wafer into the
chamber; -

a gas ring generally surrounding the open top

5 of the reaction chamber; '
reactant gas delivery weans associated with the
gas ring for delivering reactant gas to the reaction
chamber;

a seal plate adapted to sealingly close the
open top of the reaction chamber for sealing the reaction
chamber from the environment, the seal plate including a
seal engageable with the gas ring and an annular groove

15  therein extending around the center of the seal plate and
generally aligned with the gas ring; a plurality of purge
gas lines for delivery of purge gas to the seal plate,
one of the purge gas lines being disposed for delivering
purge gas to the annular groove;

purge gas containment means received in the
20  annular groove for containing purge gas to travel from
the location where the purge gas line delivering purge
gas to the annular groove enters the groove around the
full length of the groove. '




5 “the barrel reactor. ° 16 3. A nethod as set forth in c|REfbACEMENDSHEET
“eonprising the steps of: placing flow nmeters in the purge ghs{TThes™and
pl aci ng adjustable flow regulators in the purge 5 gas |inesj en ﬁpg
the step of selectively adjusting th? flow rates of the purpe| gas ¢ ﬁprlsee
the step of adjusting at | east one of "the adjustable flow rEegthaters—
met hod as set forth in claim1 wherein_the step of nonitorihg the presence
of oxygen in the barrdmangicthe seVpraiesbinetst apd deatyy:
barrel eacieddhdonailit fon 18 °bbahotBd! BReSBFLGABIUA &f WikRithod
i nspecting the barrel reactor for the presence Xygen contai ni ng
reaction prd@ktsInEg /& RUFYE s¥sten pr ahbrrrelarerttare "ilfhone of said
l'ocat i qrs WH dUN DS P d e ﬂ@taysreentamahst@ahr Gh PG IoF 11 an
annul ar seal” plate purge groove extending around the seal “plate, and
wherein the® ‘T?éﬁ?‘o‘tﬁg degagited eeneemse@n@neterewa&ﬁrmum tde haymelge gas
0 the seal Al PHIGR e%fsientaevs ol AURAchBR Wilior S the seal

pl ate purge groove. od as ort e mhereln
that no reactant gas is drawn into the purge system; the

provision of such a method which results in substantially

20 all of the oxygen and water vapor in the barrel reactor
being removed by the purge system prior to the
introduction of reactant gas into the barrel reactor; the
provision of such a method which causes the purge system
to distribute purge gas more uniformly over the areas of

25 the barrel reactor requiring protection from reactant
gas; the provision of such a method which reduces the
down time of the barrel reactor required for cleaning;-
and the provision of such a method which is economical

_ and easy to carry.out.

30 Further among the several objects and features
of the present invention may be noted the provision of a
barrel reactor in which purge gas flows can be monitored

 and altered to optimize the operation of the purge gas
system; and the provision of such a barrel reactor which

35 distributes purge gas more uniformly over areas of the




the step of holding the purge gas in the seal plate purge gr ofey
the steps of providing an annulus sized for reception in the peglp
purge groove for 5 substantially closing the seal plate purpejgroove ang
inserting the annulus into the seal plate purge groove. 7. A ba ré]2Fé§69 4
for depositing material froma reactantlas onto a sem conductof wafer

chem cal vapor deposition, the barrel reactor conprising: 7°a reactlon
chanber havi ng an open aopeackednfchambe€|hangngtaneQQBHOMQusuﬁlu 4
wafer into the ¢ general | top 5

of the reactlﬁﬁcﬁhgnﬁgraé gﬁé?én?gaageﬁéﬁp9ép§ﬂé%anggggg&%$§1e With the
g?s ring for ?némbgfyngdrfactant ?aioto the reaction cﬂanberI alplurality I
of purge gas lines for delivery o as tq.the sea ate: a sea
pl ate adapted to seallnﬁl9aﬁl5g§9tﬁén85@ﬁ oﬁugFoPﬁglpgé Eg &R for

~sealing the rgacthenreharbsh thafbelq environnment, the seal plate i ncl udi ng
a seal engageable wth the as ring g&& .an annular roove 15 thg e|n

. extending around the ceReaf BPttHéss Lyexe "5ARSq ﬁ@ﬂﬁqﬁfgﬁ
ithe gas ring, geBerPhgt PSrPHEIEVERing reactant gas to the reaction

chamber;

a seal plate adapted to sealingly close the
open top of the reaction chamber for sealing the reaction
chamber from the ehvironment, the seal plate including a
seal engageable with the gas ring and an annular groove

15  therein extending around the center of the seal plate and
generally a11gned with the gas ring; a plurality of purge
gas lines for delivexry of purge gas to the seal plate,
one of the purge gas lines being disposed for delivering
purge gas to the annular groove;

purge gas containment means received in the
20 annular groove for containing purge gas to travel from
the location where the purge gas line delivering purge
'gas to the annular groove enters the groove around the
full length of the groove.

8. A barrel reactor as set forth in claim 7
wherein said purge gas containment means comprises an
annulus having a generally U-shaped cross section, the
annulus being sized in correspondence to the annular

5 groove in the seal plate.

9. A barrel reactor as set forth in claim 7
wherein each purge gas line includes a flow meter and an
adjustable flow regulator for selectively adjusting the
flow rate of purge gas to reduce the oxygen present in

5 the barrel reactor.
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eact t in claim?7
stable fl ow

regul ator for selectively adjusting the flow rate of purfg as to reduce
or ¢

t he oxyydnethed fontuning 3 pungpesysigny ef ar bareel oreactor (10) used
deposition of layers of material on semiconductor wafers includes placement of rotameters

(42A-42D) and adjustable flow-control valves (44A-44D) in each of multiple purge lines (34-
40). The flow rates of purge gas in the lines are monitored and the valves adjusted to make
sure that the flow is all in a direction toward the barrel reactor, so that there is no siphon effect
to draw reactant gases into the purge system. The oxygen presence in the barrel reactor is also
monitored and the flow rates adjusted to reduce the oxygen presence. The flow rates are
adjusted to assure full purge of reactant gases from the barrel reactor after a chemical vapor
deposition cycle is complete. Reduced levels of metals contamination in layers of deposited

material are achieved.

Fig. 1,2
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