1 METHOD® AND SYSTEM FOR MONOCRYSTALLI NE EPI TAXI AL DEPCSI TI ON Backgr ound of
the Invention This invention relates generally to a method and system for
nonocrystal l i ne epitaxial deposition and nore 5 particularly to a such a
met hod and system which inhibits the creation of large area defects on a
sem conductor wafer on which the epitaxial |ayer is deposited. The present
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SiHerr]A[errscRircd Mffddilal, most commonly silicon. The epitaxial
layer is formed by chemical vapor deposition, which is a
process by which a stable solid may be formed by

15 decomposition of chemical vapors using heat, plasma,
ultraviolet light or other energy sources. Epitaxy is an
important process in the semiconductor material industry
for achieving the necessary electrical properties of the
semiconductor material. For example, a lightly doped

20 epitaxial layer grown over a heavily doped substrate
permits a CMOS device to be optimized for latch up
immunity as a result of the low resistance of the
substrate. Other advantages, such as precise control of
the dopant concentration profile and freedom from oxygen

25 are also .achieved.

Epitaxial growth is almost ﬁniversally carried out
by chemical vapor deposition because it is the most
flexible and cost efficient method for growing epitaxial
layers on semiconductor material. Generally speaking,

30 chemical vapor deposition involves introduction of
volatile reactants (e.g., SiCl,, SiHCl,;, SiH,Cl, or SiH,)
with a carrier gas (usually hydrogen) in a reactor.
Achieving the desired epitaxial growth on the
semiconductor material is also téﬁperature dependent.

35 Depending upon the precise reaction conditions the



with a carrier gas (usually hydrogen) in a reactor. Achieving the desired
epitaxial growh on the sem conductor material is also tenperature
dependent. 35 Dependi ng upon the precise reaction conditions the 2
tenperature in the reactor will vary, although in the nonocrystalline |ayer
deposition of the type to which the invegtion Is particularly applicable,
the tenperature is generally bet ween 1080[err]C and 1150[err]C. The
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reactor is transported to a device for removing
impurities (i.e., harmful components) of the gas before
discharging it to the atmosphere. It is also important
to avoid contamination of the wafers during the epitaxial

15 deposition process caused by particles becoming deposited
on the surface of the wafer. The material deposited from
the reactant gas tends to accumulate more rapidly on the
particle than on the flat surface surrounding it,
producing a defect. Of particular concern are large area

20 defects which have a diameter greater than or equal to 10
microns, as measured by laser beam surface scanning
equipment, and more specifically as measured by a Tencor
6200 laser scanner manufactured by Tencor Inc. of
Mountain View, California.

25 Common sources of particulate.contamination are
chlorinated silane polymers and SiO, which tend to deposit
from the reactant gas on reaction chamber surfaces. 1In
particular, the chlorinated silane polymers and SiQ,
become deposited in and around the exhaust port of the

30 reaction chamber. Small particles from these deposits
later break off and are carried by the gas onto the
wafer. Deposition occurs because the temperature on the
reaction chamber surfaces at the exhaust tend to be
somewhat lower than elsewhere in the reaction chamber.

.35 Turbulence and eddy currents in the flow permit particles

from the exhaust port to be carried back to the wafer.



25 Common sources of particul ate contam nation are chlorinated
silane polyners and SiQ2 which tend to deposit fromthe reactant gas on
reaction chanber surfaces. |In particular, the chlorinated silane polyners
and SiJerr] becone deposited in and around the exhaust port of the 30
reaction chanber. Small particles fromthese deposits | ater break off and
are carried by the gas onto the wafer. osition occurs because the
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because of thetpobentdedlatfiorely turbulent under these conditions.
However, by carrying out the deposition at atmospheric
pressure, the reactor does not have to be as robust, and
a vacuum pump is not required. Additional safety
15 precautions, which are necessary for low pressure
deposition processes because of the potential for
explosion or fire, are not needed. Low pressure reactors
(e.g., reactors for standard low pressure epitaxial
deposition operated at about 75 torr) also are more
20 sensitive to leaks because the low pressure draws outside
air into the reactor. Thus whenever possible, it is
desirable to carry out the epitaxial deposition at or
near atmospheric pressure.

Summary of the Invention _
25 Among the several objects and features of the

present invention may be noted the provision of a method
and system for depositing an epitaxial layer on a
semiconductor wafer which reduces area defects on the
wafer; the provision of such a method and system which

30 reduces the occurrence of large area defects; the
provision of such a method and system which operates at
near'atmospheric pressure; the provision of such a method
and system which produces a more nearly laminar flow of
reactant gas through and out of the reaction chamber; and



explosion or fire, are not needed. Low pressure reactors (e.g., reactors
for standard | ow pressure epitaxial deposition operated at about 75 torr)

al so are nore 20 sensitive to | eaks because the | ow pressure draws
outside air into the reactor. Thus whenever possible, it is desirable to
carry out the epitaxial deposition at or near atnospheric pressure. Sunmmary
of the Invention 25 Anong the sevéral objects and features of the

present invention may be noted the provisjon of a nmethod and system for
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reacti on chanbéer a reactor reactant gasinto e chanber
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reactant gas fromthe chanber is drawn through 10 an exhaust po&} of the

reaction Ehanta® eXBRUERaPOFrheof the reaction chamber such that
pressure at the exhaust port is less than atmospheric but

greater than or equal to about 20 torr below atmospheric
thereby to prevent turbulence and eddy currents which
could carry particulate matter back toward the wafer for
15 inhibiting the formation of laxrge area defects on the
wafer. The effluent gas drawn from the reactor is
scrubbed in a scrubber to remove impurities from the gas.
In another aspect of the present invention, a
monocrystalline epitaxial layer deposition system
20 generally comprises a reactor including a reaction
chamber constructed for receiving at lgast one wafer of
semiconductor material for deposition of a
monocrystalline epitaxial layer on the wafer. An entry
port receives reactant gas into the reaction chamber for
25 deposit onto the semiconductor wafer in a monocrystalline
layer, and an exhaust port discharges effluent reactant
gas from the reaction chamber. A venturi tube in fluid
communication with the exhaust port of the reaction
chamber is positioned for aspirating effluent reactant
30 gas exiting the reaction chamber into a flow of f£luid
passing axially through the venturi tube. The venturi
tube is configured to draw a vacuum pressure measured at
the exhaust port which is less than atmospheric, but
greater or equal to than atmospheric less about 20 torr.

35 The effluent reactant gas is cleansed by a scrubber.



pressure at the exhaust port is |less than atnospheric but greater than or
equal to about 20 torr bel ow at nospheric thereby to prevent turbul ence and
eddy currents which could carry particulate matter back toward the wafer
for 15 inhibiting the formation of |arge area defects on the wafer. The
effluent gas drawn fromthe reactor is serubbed in a scrubber to renove
inmpurities fromthe gas. In another aspect of the present invention, a
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obj ects and featcurnbbeut. the present invention will be in part apparent and
in part pppnted out cBeLELRAhEShy reference characters indicate

corresponding parts throughout the several views of the

drawings.

Detailed Description of the Preferred Embodiment

Referring now to the drawings, a monocrystalline

15 epitaxial layer deposition system of the present
invention is shown to comprise a reactor 10, including a
reaction chamber vessel 12 defining a reaction chamber
14, and a scrubber 16 for removing potentially harmful
components from the effluent reactant gas leaving the

20 reactor (all reference numerals indicating their subjects
generally). The reaction chamber vessel 12 is
constructed of high purity quartz and the reaction
chamber 14 is sized for receiving a single wafer W of
semiconductor material for deposition of a

25 monocrystalline epitaxial layer on the wafer. The wafer
W is supported on a susceptor 18 which is mounted for
rotating the wafer about a vertical axis during the
epitaxial deposition process. The precise construction
of the reactor 10 may be other than described without

30 departing from the scope of the invention. For instance,
& reactor could be constructed for processing multiple
wafers at a time.

The reaction chamber vessel 12 has an entry port 20

through which reactant gas is received into the reaction



Brief Description of the Drawi ngs 5 FIG 1 is a schematic right side
el evati onal view of a chem cal vapor deposition reactor and a scrubber for
cl eaning effluent reactant gas fromthe reactor; and FIG 2 is a left side
el evational view of the scrubber. 10 Correspondi ng reference
characters indicate corresponding parts ghroughout the several views of the
drawi ngs. Detailed Description of the Preferred Enbodi nent Referring nowto

the draw ngs, ensmpeer yat bk pasddbng &Petaxhal wh@é%rwd%%%F%_iﬂ%"gem of
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20 through which,[2aclant (a8 Lenbesslugds' Di2sth8 £B3S 1 2Mge may be
employed without departing from the scope of the present
invention. In the preferred embodiment, the reactor 10
is an Epsilon One System epitaxial reactor manufactured
15 by Advanced Semiconductor Materials, Inc. of Phoenix,
Arizona.
The reactant gas used in the preferred embodiment is
trichlorosilane (SiHCl,;) in a hydrogen (H,) carrier gas.
The trichlorosilane which contacts the wafer W decomposes
20 to leave behind silicon which forms in monocrystalline
layer on all exposed surfaces of the wafer. This
reaction will work satisfactorily at atmospheric
pressure. Therefore, no vacuum pump is reguired and the
reactor chamber vessel 12 does not have to be as robust
25 in order to prevent collapse. Moreovér,'fewer safety
hazards are presented and the chance of air leaking into
the reactor 10 is lessened.
Reactant gas leaving the reaction chamber 14 through
the exhaust port 22 encounters relatively cooler surfaces
30 of the reaction chamber vessel 12 and discharge line 24
around the exhaust port. As a result, some unreacted
material in the reactant gas deposits on the reaction
chamber vessel and discharge line interior surfaces
around the exhaust port 22 in the form of chlorinated
35 silane polymers and Si0O,. The remainder of the reactant

gas is transferred by the discharge line 24 to an entry



6 chanmber 14 for passing over the wafer Wand depositing material (e.g.,
silicon) on the wafer. The flow of reactant gas through the reaction
chanber 14 is generally indicated by the arrows at the left side of the
chanber 5 in Fig. 1. The reactant gas is discharged fromthe reaction
chanmber 14 through an exhaust port 22 into a discharge line 24 leading to
the scrubber 16. The reactor 10 also includes heating |lanps 26 for heating

the reaction chagb®!, HeddrdEnpermiibedRtt Y efsh abhy ﬁ&dr (ﬁ;ete/ﬂeeen
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| eaving the reaction chanber 14 through the exhaust port” 22 encounters
rel atively Coogg? EBFFEEe§° clean the throat 30. The effluent reactant
gas moves downward in the stack 28 and enters the
scrubber 16.
The scrubber 16 has multiple spray and filtering
15 compartments for removing harmful components from the
effluent reactant gas. In the preferred embodiment, the’
scrubber 16 is a Jupiter II series fume scrubber
manufactured by Chemical Equipment Technology of San
Jose, California. The scrubber 16 is constructed to hold
20 a reservoir of water 36 in its lowest compartments. A
pump 38 in the scrubber 16 underneath the compartments is
operable to circulate the water through the scrubber as
needed. The gas from the stack 28 passes into the first
compartment just over the top of the reservoir. A first
25 spray head 40 extending vertically up from the water in
the reservoir 36 and fed by the pump 38, completely fills
the first compartment with a fine water spray. Some of
the more readily decomposed elements of the reactant gas
are brought out of the gas and fall into the reservoir
30 36.

Openings at the top of the first compartment permit
gas to pass upwardly into the second compartment toward
an outlet 42 near the top of the second compartment.

Four second spray heads 44 arranged vertically one above
35 the other in the second compartment are fed by the pump

38 with water from the reservoir 36. The second spray



30 of the reaction chanber vessel 12 and discharge |ine 24 around the
exhaust port. As a result, sone unreacted material in the reactant gas
deposits on the reaction chanber vessel and discharge line interior
surfaces around the exhaust port 22 in the formof chlorinated 35 si |l ane
polyners and Si(err]. The remainder of gthe reactant gas is transferred by
the.discharge line 24 to an entry 7 stack, generally i ndi cated at 28, on
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scrubber 16 underneath the Conpartnents
then passes through the outlet 42 of the second

compartment, which doubles as an inlet for the third
compartment. More particularly, the gas passes into a
region which surrounds a water venturi tube, generally

15 indicated at 46. Water from the reservoir 36 is forced
by the pump 38 axially downwardly through the wventuri
tube 46, and produces a pressure drop on the downstream
side of the throat of the tube. Multiple openings
located just downstream of the throat of the venturi tube

20 46 expose the third compartment to a vacuum pressure
(i.e., pressure below atmospheric) drawn on the
downstream side of the venturi tube throat. Thus, the
gas 1is aspirated into the flow of water, passing through
the venturi tube 46 and downwardly into the fourth

25 compartment.

The vacuum pressure is commﬁnicated back through the

scrubber 16 and discharge line 24 to the reaction chamber
14 such that the pressure at the exhaust poft 22 is about
753-754 torr (i.e., 6 to 7 torr below atmospheric). 1In

30 practice, this pressure has been measured at about 3.5 to
4 feet from the junction of the one inch discharge line
24 with the reactor exhaust port 22. However, it is to
be understood that any pressure which is less than
atmospheric (e.g., 20 torr below atmospheric), but

35 sufficiently capable of producing a laminar flow through

' the exhaust port 22 without requiring a more robust



operable to circulate the water through the scrubber as needed. The gas
fromthe stack 28 passes into the first conpartnent just over the top of
the reservoir. A first 25 spray head 40 extending vertically up fromthe
water in the reservoir 36 and fed by the punp 38, conpletely fills the
first conpartnment with a fine water spray. Sone of the nore readily
deconposed el enents of the reactant gas #&e brought out of the gas and fal
into the reservoir 30 36. Qpenings at the top of the first conpartment
permt gas to PaIstepnws s ik G196t wedwnd cepsartinntExondhe svape loft 42

near the top ofhthpresesnd iGRMAIIdENt . TtFAY HRAGRAES M hsads A4 Lldanged
vertically one_above 35 the other in the s d conpartnent are fed by

cQn

the punp 38 w t i . cou ds

tRaRht & ABmahe¥terdo ttor%%e%ﬁ’é" SEARRPRGT gl fhea
44 each pr O\r/]i desadf 'tlbe agfiaywd rﬁt&tﬁﬁiﬁ Qrdﬁdﬁﬂi@hs:qwll%tﬁé/ﬁﬂ%é YeFects.
respective_horjzontal section o €. segon rtnment. e four spray
patterns bf ock&'ﬁﬁevsgttllrlrd‘f 1:t'“ﬁ’ee g4a6ts Jt%ﬁﬂ%dﬁ%taﬁggsogtooﬁ’@%r%tkuq othe 5
outl et 42 excepresbuaegh tlte ifoummpraantpaid denablleurttiderdjumaundtie es are
removed from t{)gng@&ia%uibtet g%ssc%s #&vﬁ[icgé/ tt%%c%%sasétvi%q\; t hrough each of the

€ e

four spray pattérns genera by the reéspectivé spray ads 44 to the
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into a 10 spray patterns of two vertically arranged third spray

heads 48. Like the second spray heads 44, the third
spray heads 48 each produce a fine spray pattern which
completely fills a horizontal section of the fourth
compartment such that the passage of the gas through the

15 fourth compartment is blocked except through the two
spray patterns. The fourth compartment is open at its
bottom to the reservoir 36, which receives additional
components removed from the reactant gas. A drain line
50 operates to remove some of the water and impurities

20 from the reservoir 36.

The effluent reactant gas, now substantially

cleansed of impurities, pass through oﬁe of four openings
52 (only one is shown) at the bottom of the fourth
compartment just above the reservoir water level and into

25 a fifth compartment. The fifth compartment is also
exposed at its bottom to the water reservoir 36. The gas
then turns upward to pass into a sixth compartment
containing a filter column 54, which is formed by a
bundle of small plastic cylinders in the illustrated

30 embodiment. The filter column 54 is arranged in the
sixth compartment such that passage of gas upwardly
through the sixth compartment is blocked except through
the filter column.

A fourth spray head 56 located in a seventh
,35 compartment above the sixth compartment sprays water

downward onto the filter column 54. The water passes



regi on which surrounds a water venturi tube, generally 15 I ndi cat ed at

46. Water fromthe reservoir 36 is forced by the punp 38 axially
downwardly through the venturi tube 46, and produces a pressure drop on the
downstream si de of the throat of the tube. Miltiple openings |ocated just
downstream of the throat of the venturi tube 20 46 expose the third
conpartment to a vacuum pressure (i.e., 18ressure bel ow at nospheric) drawn

on the downstream si de of é&g venturi tube throat. Thus, the gas is
aspirated int& I ol E WAt eF , CHELER net t AR UEREPRelb el 8RN t ube 46 and
downwar dl y i ntddieatiely | htRé watonpatit 829t thd hee¥@EWHIYPEESSUFRBel Water

comuni cat ed back through the rupber, 16 and di scharge.line 24, tq the
reacti on chantyéy**F lﬁﬁ%?%QF €ﬁ% PRERr BPEEY ¢ %agx%gu§F 55??1?98igyabout
753-754 torr @En eutdide gotnce GEIwakatupspheerc)not!| 3@ theractice, this
pressure has r at +ab, D to f onkthe juncti of the
one inch giscﬁ%ﬁ%% <$%% %%'mﬁ%ﬁ ?ﬁ%ssﬁg%to?ﬁ%x§§%%§§p§¥tw55%r ﬁBmggﬁr, it
is to be understssodraiat3@anys pregbemishid céind smabssaihad atnaspheric (e.g.
20 torr belowegggyﬁggi'c t fficy b uging a

| am nar fIOM/f%ro ght %a%&%%ﬁs?g d$¥§§5'mﬁ%ﬁgﬁéyréggﬁr#ﬁggé ﬁ%%g %obust

9 reactor coulmdkse Wi YR¥ hBLEW fepias t PhgrPPwhn I hgattope perthénpeesent

i nvention. It gyoRRldL Vet 1HpEcREPSSHESS1 85, | €88 ﬁéségfcﬁ?aép@QPmYZQnEB”

bel ow at nmosphéric could be used to achi eve. further red ohs 1n 1arge area
defects. 1§ R RAHGRTH t SHBPABETRN I RE 487 S t Bhyanght ke vartam

pattern of the fourth spray head 56, and then exits the
scrubber 16 upwardly to the atmosphere. '

The method of the present invention comprises
placing the semiconductor wafer W on which an epitaxial

15 layer is to be deposited in the reaction chamber 14 on
the susceptor 18. Typically (but not exclusively), the
deposition process is a standard CMOS epitaxial
deposition in which the first epitaxial layer of
monocrystalline material is deposited on all exposed

20 surfaces of the wafer with substantially uniform laver
thickness. The reaction chamber 14 is heated to about
1150°C by the heating lamps 26. The reactant gas is fed
into the reaction chamber 14 through the entry port 20
and moves toward the exhaust port 22, passing over the

25 wafer W in the chamber as it is rotated by the susceptor
18. Some of the silicon from the reactant gas decomposes
onto the wafer W in a single crystal layer. The flow of
the reactant gas through the reaction chamber 14 is
partially driven by the vacuum pressure caused by the

30 venturi tube 46 in the scrubber 16.

Reactant gas passes out of the reaction chamber 14
through the exhaust port 22. The vacuum pressure
measured at the exhaust port 22 is adjusted, by
adjustment of the venturi tube 46 in the scrubber 16, so

35 that the pressure is preferably about 6 to 7 torr below

atmospheric. The vacuum pressure at the exhaust port 22



pressure. It is inportant to be able to adjust the venturi tube 46 to
optim ze the reaction. In the fourth conpartnent, the downwardly flow ng
ef fl uent reactant gas passes consecutively through the 10 spray patterns
of two vertically arranged third spray heads 48. Like the second spray
heads 44, the third spray heads 48 each produce a fine spray pattern which
conpletely fills a horizontal section of3he fourth compartnent such that

except & hr ougPAIEITeR SpFa)SbAVELYnamtREY! EUpinOEo b FREREERS. Ghén at
its boéI t]?m to jﬁhﬁa rtﬁﬁéréﬁhauBG,pWstCh TF_éei'éggc&ddht ienahrpanpareniand f
renove romt react ant as. r n I N operat e to re e sone o
Lhe water and THB0rTETEEn58 10t Fhf FhE" BREPRoLF SHCBTIE S ARedy FORLt ant
gas,_nom1sub?t&nyip&tyichéahee?abtetnwhﬁbhihas bQEﬁ ﬁbp@&gﬁednenoftfour
openi ngs | o] r npar,t ne

Pt above ﬁ%%%?@%i ?h&ﬁ?é?éﬁé%g%9§ﬁd9§%?§h2&h% S eBRTh PPt

The fifth co talehe teo bksvedxppstuean withorespect thethat direesdovoi r
36. The gas t SSyl Lxth_C taining a
filter colum 4W£%éfﬁﬁﬂ?§§?%r§gﬁgz §3 Eh%d?gﬁgﬁagﬁaﬁﬁgg%%gf?% %&pinders in
the illustrat&p3one depodikedt on the VafesrWeol AfRCsAinglyrnr §hgae et he

si xth conpart eS8 UsBstBabdPass38€abadas rHRYAr ehyisklr @yglukRe sixth
conpartment is blocked except through the filter colum. "A fourth spray

head 56 I'dtat RPTM&@l€8venth 35 conpartment above the sixth conpart ment
sprays wat er downwerde ostéluibatfirkhetanel gap 24avihe whlkectrepasion

chamber 14 passes into the entry stack 28 of the scrubber
16, through the throat 30 and into the swirling flow from
the water jet 32. The water jet 32 is fed by the pump 3¢

15 with water from the reservoir 36. The gas then enters
the first compartment, which is filled with a fine spray
mist from the first spray head 40. The gas is drawn
upwardly into the second compartment and through the four
layers of spray patterns made by the second spray heads

20 44. The gas passes out of the second compartment through
the outlet 42 and into the third compartment around the
venturi tube 46, where it is aspirated through openings
into the water stream passing through the venturi tube
46. It is to be understood that a gas stream passing

25 axially through the venturi tube 46 could be used instead
of liquid to aspirate the effluent reactant gas, and
produce the wvacuum pressure at the exhaust port 22.
Moreover, a venturil tube (not shown) could be located
other than where described, such as just downstream of

30 the exhaust port 22, but prior to entry into the scrubber
16.

The effluent reactant gas in the liquid stream from
the venturi tube 46 passes into the fourth compartment
and through the two vertically arranged spray patterns

35 formed by the third spray heads 48 in the fourth
compartment. In the fourth compartment, some water in



10 through the filter colum 54 and keeps it clean. Utimtely, the water
enters the reservoir 36. The water sprayed through the fourth spray head
56 i5 supplied by an outside source of make up water, not fromthe 5
reservoir 36. In this way, the supply of water to the reservoir 36 is
repl eni shed and mai ntained at an acceptable level of purity. It has been
found that a make up water flow rate of ghout 3 gallons per m nute produces
satisfactory results. Gas passing upwardly into 10 t he seventh

conpart ment nushepaesetdviedugli3é Wa%cgﬁ:@rerd”f afhd ftﬁmfﬂiith tnférﬁj_?_ﬁ%y htGﬁdd
56, and then e er, 16 _upwar ere e, met ho

of the presenté%hég%g'gﬁ&b§ % §@§an&@Fn&% h@ §5WF“6% SPREES W on

whi ch an epltagbaPOESntSIéVQM\m@Etaeb@tdamonged IThet epeardacts @2 chatber 14

O Lhe SUSCEP!ghotl cREpLERd:y ebul Ma! (BICLUSGIot: S RdERIS LR

process is a standar faxi al “deposi 1 on i Wwhi
epitaxi al PayepPass %Bﬁ@é@&éﬂaﬂﬁ ﬁ@enﬁpémbbbrl§6depnszwe¢1dmhalI exposed 20

surfaces of t heophetmsnith o%4hs taal idlskivillyf gem | axel Jdil ghaess, e
reaction chanbe?M?4 |g heat ed t o about 1150Fé e heatlngufénp 26.

The reactant ¢g3B%WRE #&dlpﬁpbtﬁﬁesﬂééétF@WPéﬁéﬁﬁéﬁ F eﬁﬁréﬁg@aﬁﬁésentry port

20 and noves tomdghheh@xmlm%rp@bllu&% smasah@g iR thRe s@entafer Win
the chanber as it is, rot ted y the s tor. 18.. Some of .the silicon from

the reactant ¢8R BBEbMEESe o TOHE ﬁ@ ay Pragd Sengrevides: ane dj8al The
fl ow of the reaptaytpg&temhrmhgbughewh&ahtth& ghanpersskd befpak! baling

driven by the gﬁﬁg&g&@&eiguEﬁeca%&%gpﬁx the Water from the fourth spray

head 56 passes down through the filter column 54 and into
the reservoir 36 to make up water drained from the
reservoir.

15 After a sufficient time, the wafer W is then removed
from the reaction chamber 14 for additional processing.
It has been found that increased flow rates caused by the
vacuum pressure produce a more rapid growth rate of
epitaxial silicon on the wafer W. The wafers processed

20 according to the present method have been found to have
significantly reduced occurrences of large area defects.
It has been observed that the median number of large area
defects per wafer (i.e., defects larger than 10 microns
as measured by the Tencor 6200 laser scanning equipment)

25 has been reduced by more than a third at pressures of
about 7 torr below atmospheric (i.e., 753 torr). It is
believed further reductions in large area defects will be
observed by further reduction of the operating pressure,
at least down to about 20 torr below atmospheric (i.e.,

30 740 torr).

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

As various changes could be made in the above

35 constructions without departing from the scope of the

invention, it is intended that all matter contained in



30 venturi tube 46 in the scrubber 16. Reactant gas passes out of the
reacti on chanber 14 through the exhaust port 22. The vacuum pressure
measured at the exhaust port 22 is adjusted, by adjustnent of the venturi
tube 46 in the scrubber 16, so 35 that the pressure is preferably about 6
to 7 torr bel ow atnospheric. The vacuum pressure at the exhaust port 22
produces a relatively lamnar flow of the reactant gas into the exhaust
port. The reduction in turbul ence andl2ddy currents in the flow makes it
much less likely that any particulate natter which has been deposited on 5
reacti on chafber abgveages caiRiion v shmustinpdihe Zragupanisingl e to travel
upstream (W fhatesBackhka 1t e didreatd At deactiaiegasifd oMy itot hen
reacti on chanber 14 and becone deposSited on the wafer W Accordingly, there
are fewer ob3eldBAtigSyESHSEs defects caused by such 10 particles. The
effluent reactant gas | eaving the reaction chanber 14 passes into the entry
stack 28 of the scrubber 16, through the throat 30 and into the swirling
flow fromthe water jet 32. The water jet 32 is fed by the punp 38 15

with water fromthe reservoir 36. The gas then enters the first
conpartment, which is filled with a fine spray mst fromthe first spray
head 40. The gas is drawn upwardly into the second conpartnment and through
the four layers of spray patterns nmade by the second spray heads 20 44,
The gas passes out of the second conpartnent through the outlet 42 and into
the third conpartnent around the venturi tube 46, where it is aspirated

t hr ough openi ngs



into the water stream passi ng through the venturi tube 46. It is to be

unde t stream passi ng 25 axially through the venturi tube
46 c mﬂﬂ l agﬂgﬂamead of liquid to aspirate the effluent reactant gas,
and m pressure at the exhaust port 22. Moreover, a venturi

tube (not shown) could be | ocated other than where described, such as just
downstream of 30 t he exhaust port 22,1fut prior to entry into the
scrubber 16. The effluent reactant gas in the liquid streamfromthe
venturi tube WEREadSeLCLAIMEDR LIS ourth conpartment and through the two

vertically arranged .spramdutiderite Hepdoitmey by wbRothiysdaspiay heads 48
in the fourth coqnpar,t t. In the fourth,co rtnent, so water in 12
t he reservoire§%tgﬁufﬁgmﬁ%?§NﬂQﬁat FonfI% t n?eW§CPEaBg§8rtﬂ?Bﬁﬁﬁaarain
line 50 to rednvehilvh ddE Wedhaaminporehtlafqeonatbe defietantigas. The

openi ngs 52 juyst . ve, t nlevel i r rypir _36.permt gas to 5
pass |atera||§n§%%$%€%%cmiﬁﬁﬁé%EVfﬁﬁﬁEﬁﬁéiﬁﬁ g%%pég?ﬁsn?fgver t he
reservoir536. The gdsaimgn the nefigmdmdign iepbtakialdi xehctbopachagherwher e

it passes thr i I 54, and into the seventh conpartnent.
The fourth spgggﬁhga}g %é%af%tv%egac}n'e final 10 sgra pattern through
a

whi ch the gas pass&easimsg &ansgiRte dnfisitP tohe he spheek. thawt hef r om
the fourth spraychesdt PPt Mgk tde fhht eeagehyem 54 and into
the reserVOIrc%%p%%éﬁ%gEfﬂ)e%g(gaékéyémngééq%égeigege%gggéfystal1ine
10 layer on the wafer;
drawing effluent reactant gas from the chamber
through an exhaust port (22) of the reaction chamber such
that the pressure at the exhaust port is less than
atmospheric but greater than or equal to about 20 torr
15 below atmospheric thereby to prevent turbulence and eddy’
currents which could carry particulate matter back toward
the wafer for inhibiting the formation of large area
defects on the wafer;
scrubbing the effluent gas drawn from the reactor in

20 a scrubber (16) to clean the effluent gas.

2. A method as set forth in claim 1 wherein the
step of maintaining the pressure at the exhaust port (22)
comprises maintaining the pressure in a range less than
atmospheric but greater than or equal to about 7 torr

5 below atmospheric.

3. A method as set forth in claim 2 wherein the
temperature in the reaction chamber is generally in a
range of 1080°C to 1150°C.

4. A method as set forth in claim 1 wherein the
step of drawing effluent reactant gas from the reaction
chamber (14) comprises the steps of aspirating the
effluent reactant gas in the scrubber (16) into a fluid



15 After a sufficient tinme, the wafer Wis then renoved fromthe

reaction cqﬂmﬂmuﬂ!mmulﬂ tional processing. It has been found that

i ncreased flik rlleat] S &R gl by the vacuum pressure produce a nore rapid

grow h rate of epltaxiaﬁ silicon on the wafer W The wafers processed 20

according to the present nethod have been found to have significantly
reduced occurrences of |arge area defect’® It has been observed that the

di b f | def ect f i.e., defects. | th 10
T orons % neREFRATDERERERYoRPoPE SR8 Ao BESSERR S GHH (RORUPL2POTtnas

been reduced by2zpreft hhe zetbthidnathpmbesuods lefssalthin &tmispHealiew

at nospheric (i.e., 753 torr) It is believed further reductions in |arge
area defects will be observed by further reduction of the operating
pressure, at |east HownAt mebtbodt ag0setr £opshownatoissiphey ivhefeism @0 740
torr). In vie t ls ' e : ver ,.eCt f

t he inventionwggépagﬁigegéggﬁghgr%ébpggsgﬁtgg%%%?tbgghﬁ?§?§?¥g$%§§.qaéj
vari ous changesneeupdlpaupddetirgabhe above 35 constructions without
departing fromthe scope of the invention, it is intended that all matter

contained in 13 the above_ description or shown _.in the acconpanyi ng
drawi ngs shall be iﬁterﬁr@?é&ogsaﬁlﬁﬁ§t SFF@elﬁnﬁyﬁ&Wi%]WPQHQﬁQiﬁaf sense.

step of placing the semiconductor wafer (W) in the

reaction chamber (14) comprises the step of placing a

semiconductor wafer having no prior epitaxial layers
5 deposited thereon.

7. A method as set forth in claim 1 wherein the
step of placing the semiconductor wafer (W) comprises the
step of placing a plurality of semiconductor wafers into’
the reaction chamber (14).

8. A monocrystalline epitaxial layer deposition
system comprising:
a reactor (10) including a reaction chamber (14)
constructed for receiving at least one.wafer (W) of
5 semiconductor material for deposition of a
monocrystalline epitaxial layer on the wafer, and an
entry port (20) for receiving reactant gas into the
reaction chamber for deposit onto the semiconductor wafer
in a monocrystalline layer and an exhaust port (22) for
10 discharging'effluent reactant gas from the reaction
chamber;
a venturi tube (46) in fluid communication with the

exhaust port of the reaction chamber, the venturi tube
being positioned for aspirating effluent reactant gas

15 exiting the reaction chamber into a flow of fluid passing
axially through the venturi tube, the venturi tube being

configured to draw a vacuum pressure measured at the



14 WHAT IS CLAIMED 1S: 1. A nethod for depositing a nonocrystalline

epi t axi al wafer (W of sem conductor nmaterial in which the
formation oﬂmmmmﬁﬁawﬁmct s is inhibited, the nethod conprising the
steps of: he wafer in an epitaxial reaction chanber (14)
of a reactor (10); feedrng reactant gas into the chanber such that the
reactant gas passes over the wafer and 3feact ant conponents in the gas are
deposited in a nonocrystalline 10 | ayer on the wafer; draw ng effluent
reactant gas $¥BanehePeNEntBichhisugRsEntbrRAaBsMOsPhenizy) ot dreatexct i on

chanber such $pakqhhe Ebeﬁﬁahea%oé ﬁe%éayébspabwts Aeto1anf mospheric
but greater t han or equal out torr belom/atnnspherrc t her eby

to prevedfl turbul eRcECEHEP @HdglébrF%ﬂﬁgrﬁﬁFEﬁ €61 eV dmpugiditdes

matter back tgmemdthBeef@figentorebbbbhttyag.the formation of |arge area
defects on the wafer; scrubbing the effluent gas drawn fromthe reactor in
20 a scrubber (16) to clean the effluent gas. 2. A nethod as set forth in
claim1l1l wherein the.stap aplnakmahidépgsihéopreysuem als @h& Elrals tinpor t
(22) conprise i ntaj h r ol r S a er C
but gr eater (RLALhy outrdib"Enl FERLLES BuBe $RBF 1E°LoniiR R TRRAE

met hod as setmabmtalhmnglahﬁlEraheueenatheheeﬁpbaasar@cnm.Hh@)re&bthen

chanber | s 0epEAattyni Andnbapat: f &9@9#&%&&%&1 8 kG about WEthod as
set forth in arm 1 _wherein draw ng ef ent reactant gas from
t he react5 on torr below atmospherlc pressure

10. An epitaxial deposition system as set forth in
claim 9 wherein the venturi tube (46) is located in the
scrubber (16), and the fluid passing axially through the
venturi tube is a liquid whereby the effluent gas is

5 aspirated into a liquid flow.



chanber (14) conprises the steps of aspirating the effluent reactant gas in
the scrubber (16) into a fluid 15 5 streamthereby to produce a
pressure at the exhaust port (22) of the reaction chanber of |ess than
atmospheric. 5. A nethod as set forth in claim4 wherein the step of
aspirating conprises aspirating the effluent gas into a liquid stream 6. A
nmet hod as set forth in claim1 wherein tie step of placing the

sem conduct.or_waf er in_th e ion ( rises the step of
ol aci g 5 JOTPRONGBEPoP YRR Ak RAORBSRARRE R, ERrraRTRY BRBos1T:oN
deposited thereon. 7. A nethod as set forth in claim1l wherein the step of
pl aci ng the szg ondwctog fe .é goggrises the step of placing a
plurality of it it XYO 5=the reaction chanmber (14). 8. A
nonocrystal | i ne epidaréthodafer weposrystml it eepibapiadidepositiant or
(10) i ncludi nqufs 1Pt a0BeENaDEscdMlefODSE U £l OFet CeLALOY Aby! CaSt
one wafer (W o sem conductor naterral for position of a :
monocryst & | | mhempicaki ehpprydereslt anseearrieddoan @hthg§aport (20) for

receiving rea LAt 9rbbsufact RO igds f 05 H8P0SA 1oL Ot e
seniconductoﬁ%ﬁﬂ%ﬁﬁﬁgr%.n%ﬁocr?st It pe layer 5%d aﬁgexhau§z%£or? (22) for

10  di schar giSRPIIREeRECF e¥REQRt (Hhsi? rdhe3et tRAcERdRPehakbe) : tQ BNt ur |
tube (46) in fdutighsOMR) Cohi @ncohdnt tenal manner. A venturi tube

(46) in fluid communication with the reaction chamber is

10 adjusted to draw a vacuum pressure in the reaction
chamber. The relatively small vacuum pressure produces a
more laminar flow of reactant gas leaving the reaction
chamber. Reduction in turbulence and eddy currents
reduces the possibility that particles from matter

15 deposited near the exhaust of the reaction chamber can be
transported upstream in the gas flow onto the wafer,
causing large area defects. A system (10) for carrying
out the method is also disclosed.

Fig.1l



exhaust port of the reaction chanber, the venturi tube being positioned for
aspirating effluent reactant gas 15 exiting the reaction chanber into a
flow of fluid passing axially through the venturi tube, the venturi tube

bei ng configured to draw a vacuum pressure neasured at the 16 exhaust
port which is | ess than atnospheric, but greater or equal to than
at nospheric |l ess about 20 torr; and 20 a scrubber (16) constructed

for removing inpurities fromthe efflugpt reactant gas. 9. An epitaxial
deposition systemas set forth in claim8 wherein the venturi tube (46) is
constructed for maintaining the pressure at the exhaust port (22) of the
reacti on chanber (14) greater than or equal to about 7 5 torr bel ow

at nospheric pressure. 10. An epitaxial deposition systemas set forth in
claim?9 mhereln the venturi tube (46) is located in the scrubber (16), and
the fluid pa x aIIy through the ventur| tube is a liquid whereby the
ef fl uent gas |s asplrated o a I|qU|d
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