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AND APPARAT

HEATING ELEMENT FROM A CHEMICAL VAPOR DEPOSITION
ENVIRONMENT -

This application relates generaily to a heated
semiconductor wafer processing susceptor which utilizes backside gas
to facilitate heat transfer to the wafer in a chemical vapor deposition
("CVD") reaction chamber, and more particularly to an apparatus and
method for isolating and protecting the susceptor heater element from
the CVD environment. |

Sen_\i_conductor wafers are subie;':t to a variety of

processing steps'-i_n:the_ course of the manufacture of semiconductor

devices. The processing steps are usually carried out in a sealed

vacuum chamber of a wafer processing system. One such group of
pl:ocessing steps is ;efertgd to collectively as chemical vapor
deposition or CVD. cVvD encompasses deposition of material layers
onto a wafer by a reaction of \)arious chemicals which are usually in a
gaseous or vapor state. However, CVD processes might also involve
chemical etching of the wafer. Various of the chemical gases and

vapors used in CVD process are corrosive to some of the metal parts
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and devices utilized in the reaction chamber of a3 wafer processing
system. Act:ordingiy, it is necessary to isolafe and protect such parts
ahd devices from the chemical gases.

CVD processes generally involve heating the wafer prior

to deposition 'ot"etch'iljg._ C\{D_'is'tybically'_peffbrrﬁ_ed in a cold wall

reactor, where the wafers to be coated or etched are heated to a
reaction temperature on a wafer-supparting SUS'ceptor while other

surfaces of the reactor are maintained at s_ijb-reaction temperatures to

‘prevent the deposition of films thereon. For tungsten chemical vapor

deposition, for example, the wafer is heated while the reactor walls
are cooled, often to around ambient room férﬁpe’ratﬁre. Aiternativel_y,
for titanium nitride chemical vapor deposition, the walis may be
heated above ambient room temperature, but tb'; temperature below
that of the wafer being coated. |

Heating s’ubstfatés in'a 6h'emica_l. vapor deposition

environment within a reactor is often difficuit b'ecaUSe'th'e' heating

- elements used to heat the wafer must be isolated from the corrosive
- chemical vapors and gases utilized in the '_CV'D process. One possible:

solution involves the use of infrared (IR) radiation to heat the wafer

which is directed onto the wafer from outside the reaction chamber

- through IR windows formed in the reactor. HoWg\rer. temperature

uniformity is often difficult to ‘achieve with IR radiation, because the IR
windows become coated with material Iave}s by the CVD process |

leading to inconsistent heating of the wafer. ;AltethatiVely. resistive or
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resistance-type heaters coupied to the v;a..fer-:-supporting susceptor
within the reactor havé provided better temperature uniformity and
stability.

| Generally, résistance-tvpe heaters are mounted within a wéfer-

supporting susceptor structure 10 a susceptor backplane:er platen and

operate to heat the susceptor backplane and simultaneously heat the

wafer 1o the desired operating temperature. Howaever, since

resistance-type heating elements must heat the susceptor backplane

-while heating the wafer, the thermal response time may be slower

than is desired to achieve maximum throughput of the wafers.
Therefore, to improve the thermal response time, a gaseous medium,
such as helium, is pumped between the susceptor backplane surface
and the wafer Supported on the backplane which enhances the
transfer of_'heat between the susceptor backpiane and wafer.

A typical semiconductor wafer-supporting susceptor

provided within a reaction chamber has fixed to its bottom a susceptor

drive support frame. Rotatably mounted within the drive support

frame is a hollow susceptor drive shaft which is utilized to rotate the
susceptor, when desired, during CVD processing. The hollow

susceptor drive shaft is rigidly connected to the bottom of the

~susceptor. A hollow space within the drive shaft communicates with
the interior of the susceptor inside the reaction chamber. Penetrations
and openings are made in the susceptor and susceptor backplane so

- that a vacuum hold of the wafer may be accomplished. Ordinarily, the
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vacuum '_pieSSQre inside the hollow drive shaft and within the
susceptor interior is maintained at a pr'es's.ure- sufficiently lower than
that of the reaction chamber to. develop a vaéuum within the
éuscebtbr:dvhich' operates as a Vécﬁum éhddi( to hold a wafer against
the heated sUéée’b'tbr'backp'lane'dur'ing'broééssi'ng. However, the .
penetratioﬁs’ in the susceptor and susceptor béckpiéné. as well as the

interface' be_tweeh the dri\}é'sriaft' ahd suscéptdr; ;Srovide paths for

. corrosive chemicals to enter the interior of the susceptor and come

into contact with the heating elements. As a result, the heating
eleménts may be damaged, 'especial;iv Wh'éﬁe\ier a wafer is not held .to
the susceptor backplane under vacuum to block the backplane
penetrati&ns and op'é'nings,' o |

" Furthermore, pénetratidn’é through the susceptor and

' backpiane must also be made to provide a passage for the heating gas

to reach the backside of the wafer. Again, the susceptor heating

elements are somewhat isofated from the corrosive chemical vapors as

" long as the penetrations are covered by a wafer, but when t.he' wafer
* “is'not present, there is a direct path for corrosive gases from the
"i‘éactfdn chamber to the heating elements through the heating gas

' penétrétidns .

" Accordingly, there is_' a need for a susceptor or similar

wéfer-s'upporti'ﬁg device for use in a CvD environment which provides
"adequate isolation and protection of the heating elements from the

corrosive chemical vapors both during processing of a wafer and upon
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.remloval of the w_afe_r. There is further a need for such a device which
isolates the heating elements while providing satisfactory heating of
the Wafer as well as supplying backside heating gas to the wafer for
more efficient heat transfer. |

The Inventi

To address’ the needs within the prinr art, the present
invention provides a §usceptbrlheater assémblv which utilizes two
separate vacuum environments to effectively isolate resistive heating
elements from corrosive chemical vabors utilized in CVD processing.

in accordance with the principies of the present

invention, a susceptor located inside a CVD reaction chamber includes

-a body which has formed therein a heater housing for supporting and

containing one or .r'nore resistive heating elements. The heating
element is fixed to a susceptor backpiane mounted to the body which
heats and supports a wafer during CVD processing. The heater

housing formed within the susceptor body is evacuated to create a

_first vacuum environment. The first or outer vacuum environment is

| maintained at a pressure of approximately 1 Torr to 100 Torr, and

preferably around 25 Torr. The pressure within the first vacuum
environment is also preferably maintained s'lightly above the process
pressure within the reaction chamber. As a resuit, any leakage
between the reaction chamber and the first vacuum environment in
the heater housing will be out of the heater hou’#ing and into the

reaction chamber rather than into the heater housing. The first

This Sheet Has Been Reﬂlaced
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vacuum environment is sealed from the CVD reaction chémber to
prevent Iéak'agé in accordance with the obiectives of the invention.
More specifically, the first vaéuum environment is formed
by sealing the heater housing with two hngh temperature metal seals.
The seais prevent the corrosive gaseé and vapors of the reaction
chamber from 'e'nteriné the heater hous’ihg éh’d damaging the resistive
heating elements and maintain a sealed environment which withstands
the high temperatures of CVD processing. The _firét seal is maintained

between the susceptor body and the backplane structure rigidly

‘mounted to the top of the susceptor body. The first seal is preferably

a silver 'compi‘es’sion seal Whic_:ﬁ exténds 'arihula.rly around thé
susceptor body and backplane interface to prevent leakage of the
reaction chamber envir'onmeht' into the fleéter housing enviroﬁment at
that interface.

A composite metal second seal is utilized between the

bottom of the susceptor bddv and its interface with a drive shaft

| Whit:h rotates the susceptor and pm\?ide:s'."a-vacuum of the heater
' housing. The second seal has a core with a unique diamond-shaped
" cross-section which is preferably stainless ste_é!. ‘A ductile metaliic
| coating, preferably silver, surrounds the core and is deformed to

accommodate surface imperfections between the susceptor body and

drive shaft. The compdsife metal seal is‘ dihension'ed and formed to

~ withstand a large number of thermal cycles without affecting the

integrity of the seal.

n
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éac;(sid_e heating gas is delivered through a hollow wafer
lift tube wh_ich extends through openings within the susceptor body
and backplane and connects to a movable wafer support. The lift
tube provides gas, such as helium, between the wafer and backplane
for efficient thermal conductivity between the resistive heating
elements, the susceptor backpiane, and the wafer. The lift tube is
vertically movable to lift a wafer on the backplane and brgak the
vacuum clamping hold and extends generally concentrically inside the
susceptor drive shaft. A second or inner vacuum environment is
maintained around a portion of the lift tube proximéte the backpiane.

Specifi-callv. the lift tube which carries the backside
heating gas extend's through the center of the susceptor body and
backplane. The lift tube_ is surrounded along part of its length by a
sheath which define.s an inner vacuum space. The lift tube is aiso
coupled to a vacuum system which evacuates the inside of the lift
tube and _the inner vacuum space of the sheath to define the second
vacuum environment. The vacuum space of the sheath is coupled to
the back of the wafer through an opening in the suscgptor backpiane.
The second vacuum environment through which the backside heating
gas traveis is maintained at a pressure of approximately 1 Torr to 100
Torr which is dependent upon the processing pressm_'e within the
reaction chamber. Preferably, the pressure in the secpnd vacuum
environment is maintained at about 10 Torr. The pressure in the

second vacuum environment is generally lower than process pressure
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'en'virenmen_t'an'd the backsid'e'g'as:';delivery é&Stem are maintained at

“the processihg pressure of the reaction chamber.

. -8-
maintained within the reaction chamber to maintain a vacuum
holddown of the wafer onto the 3us¢ebto'r backplane during

processing. When no wafer is present, the second vacuum

To prevent the entry_e'f corroSive 'cher'nical' vapors into
the heater housing through the second vacuum environment and
backside gas delivery system, the second vacuum environment is

isolated from the first vacuum environment by several seais. An upper

 sealis min"ta"'ined.betw_eeh-the ihne_r face of the susceptor backplane

and the sheath which surrounds the lift tube. The upper seal is
preferably a nickel COmpreeéfon seal which is formed of 100% nickel
and is configu‘ied to withstand high CVD proéesSing temeeratures
without compromising th_e se:'al.' A lower Seai is utilized between the
sheath and the lift tube.” The lower s_ea'l.ﬁef the second vacuum
environment is preferablv a dynamic seal through which the lift tube

mev fhove as it traveis vertically to lift the wafer away from the

et backplane Alternatlvely. the upper seal mlght be elummated by

' weldmg the sheath to the backplane.

Therefore, _dUring- CVD?iprocesSin'g, three vacuum
environmente' exist within the CVD reaction c’h_éinber‘. The first

vacuum environment within the heater housing surrounding the

resistive heating elements is isolated from both the reaction chamber

environment and the backside gas delivery second vacuum
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environment éxtending through the center of the heater housing. The
pressure wnthmthe first vacuum environrr_iéﬁi is maintained higher
than fhe process pressure within the reai:tion chamber to prevent the
leakage of corrosive chemical vapors into the heater housing. When a
wafer is being pfocessed. the pressure within the second vacuum
envirdnment is.l.ower than the reaction chémber pressure to insure a
vacuum holddown of the wafer. Whén there is no wafer present,
there is direct communication between the reaction chamber
environment and the second or seéond or backside gas vacuum
environment. However, this is not harmfui because the second
vacuum environment is séaled from the heater housing first vacuum
environment,. and therefore, no corrosive chemical vapors can pass
through the backside gas delivery system into the heater hou_sing and
into contact with the fesisti\)e heating eleménts. As a rgsult, the
various seals and muiltiple .vacuum environments provid:e constant
isolation of the heater housing environmént and résistive heating
elements from the chemical vapors preseht in the reaction chamber
environment. Thus, the heating elements are protected while the
backside gas is delivefed to the backside of the wafer to facilitate a
more efficient heat transfe"r' between the heating elements and the
wafer. | |

| | These and other obj_ectives and advantéges of the present

inventidn will become more readily apparent in the following Detailed
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Desr.:'riptibh of the Invehtion taken in cbnjunctioh with the drawings
herein.. | o | | | |
. ri o f T .r win .

oy

FIG 1is an elevauonal view of a CVD module for a wafer

' processmg dewce embodymg the prxnc:ples of the present mventlon,

FIG 2 isa cross-sectnonal view of a CVD reactor of the
module of FIG. 1; |

FlG 3isa cross-sect:onal vuew bf the lower part of the
reactor of FIG 2 |Ilustrat|ng the susceptor rotation and wafer hftmg
sections and various vacuum and gas connectsons, |

FIG 3A is a cross-sectlonal view taken a!ong line 3A-3A
of FIG. 3; o |

FIG. 4 isa ctoss-secﬁonal viéw of a susceptor used in the
CVD reactor S.ho.wn in FIGS. 1 aﬁd 2 andh inco}porating the principles
of the pre.sent. invention; . . | |

FIG. 4A is an enlarged crossQSectional view of an

encircled portion 4A of FIG. 4 shbwing a sealing structure;

" FIG. 5 is an enilarged crosstec;ional view of portions of

" FIG. 4 showing additional sealing structures of the -presént invention;

FIG. 5A is an enlarged broés-secﬁonal view of a portion

of FIG. 4 showing the sheath welided to the backplane;

FIG. 6 is'a cross-sectional view of another one of the

sealing structures utilized in the suscebtor of FIG 4;
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FIG._ 7isa cross-se_ctionai view of an aiternative
embodiment for a sealing structure of the invention.
il ipti he inv

FIG. 1 illustrates a CVD module 10 for a wafer processing
cluster tool. Module 10 is the same as that shown in U.S. Patent No.
5,273,588 issued on December 28, 1993 and assigned to the
assignee of the present invention, the entir_e'disclosure of which is
hereby i_ncbrporated by reference in its entirety. The module 10
includes a frame 11 on a wheeled base 12, which has depending
therefrom a set of adjustable feet 13 for leveling the module 10 and
anchoring the module 10 to a floor. The modqle 10 includes a cabinet
14 fixed to the frame 11 that contains flow controliers with
connections for _in_let li_nes'for supplying reactant gases to a chemical
vapor deposition (CVD) reactor 15, aiso fixed to the frame 11. The
cabinet 14 has associated with it other parts of the reactor support

system that are not shown, including fluid. conduits, valves, pumps,

_co_ntrols. and associated hardware for the operation of the reactor 15

in_clud_ing _the supplies _and connections to supplies of the various
reactant gases, inert gases, purging and cleaning gases, and co_oling
fluids for the reactor 15.

The reactant gases for the main CVD process to be |
performed with the reactor 15 are gases used for_ a blanket tungsten
depoﬁi;ion process _ontp silicon semiconductor wafers and are supplied

through lines 16, shown as four in number, connected between the

This Sheet Has Been Relplaced
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cabinet 14 and the reactor 15. These gases include, for example,
tungsten hexafluoride (WF,), hydrogen (H,), and silane {SiH,). The
reactor is, however, also useful for titanium nitride films and for many
other filrﬁs that can be applied through a":':C{VD process. Also suppfied
through one of the lines 16 may be inert das such as ar_gon. In
addition, reactant gas for the piasma cleaning of the chamber 185,

such as nitrogen trifluoride (NF,) gas, is supplied through a gas iniet

_line 17 connected between the cabinet 14 and the reactor 15. The

module 10 also inciudes ane or more vacduh bumps 18, and usually
one high volume low vacuum pump and one low volume high vacuum

pump, for evacuating the reactor 15, for maintaining a vacuum within

the reactor 15 at the f_equired’ Operating pressure levels, and for

exhausting unused reactant gas, reaction byproducts, cleaning gases
and inert gases ﬂoWing thrdug’h the reactor. ‘A résidual gas analyzer
port 19 is provided for monitoring the constituents of the gas.

The reactor 15 includes a susceptor rotating and wafer

 elevating mechanism 20 depending from the bottom of the reactor 15.
‘l_'h'e main evacuation of the reactor 15 is accomplished through a

~ vacuum outlet line 21 connected between the reactor 15 and the

vacuum pump or pump assembly 1_8'wfiilé-'ohé or more 'auxiliary
vacuum outlet::lines 22a, 22b are :b'rbvided.' connected between the |
mechanism 20 and the pump assémbly 18. A combined upper
electrade electrical terminal and cooling 'ﬂ'u'i.d ‘manifold connector 23

and a combined lower electrode electrical terminal and cleaning gas
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connector 24 are alsd connected between the reactor 15 and the
support systems in the vicinity of cabinet 14. |
Referring to FIG. 2, the CVD reactor 15 has sealed within
it a reaction chamber 25 enclosed in a housing 26 by which the
reactor 15 is mounted through rubber vibration absorbing pads 29 to

the frame 11 and from the bottom of which the mechanism 20 is

supported. The housing 26 is preferablv_rriade of aluminum with a

highly polished interior, and is provided with "independ_ent temperature
p_ontrol. both for heating and cooling of the reactor walls, to produce
what is sometimes generically referred td as a coid wall reactor, as
distinguished from an oven type reactor in which the susceptor is
heated by radiant heat from a heated reactor wall. The housing 26 is
preferably fluid cooled, by a suitable fiuid such as ethylene Qlycol or
water. In addition, resistance heating elements (not shown) are also
prqvided_ in the housing 26 so that the housi_ng_ may be heated, or,
alternatively or in addition, rod type heating ele'ments may be provided
in the chamber at various locations. One or more of the heating or
cdoling features may be employed in the same structure, depending on
ité intended applications. The heating and cooling of thg reactor wall
may b.e zone controlled, an_d may have both the heating and cdoling
active simuitaneously for more responsive temperature regulation and
uniformity. |

The housing 26 has, at the top thereof, a ,c_hamber cover

27, preferably also of aluminum, enclosing the reaction chamber 25
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within. The cover 27 is pneumatically sealed against the top of the

housing 26, or spacers 81a if employed, and may be pneumatically

" held thereto of may be mechanically secured thereto by screws 28 or

" clamps. The cover 27 has a reactant gas mixing chamber 30

surrounded by an annular mixing chamber wall which may be formed
integrally of the aluminum chamber cover 27 or 'of." a separate material
such as a machinable ceramic or separate aluminum or other metal
piece and Seéuréd to the underside of the chamber cover 27. The
mixing chamber wall 31 is capable of bei’ﬁé'aétively cooled, whare the
process, for example a tungsten deposition process, so requires, by

cooling fluid supplied to flow through an annular passage 32 formed in

“the 'v_vall 31 to maintain it at a temperature lower than the reaction
‘temperature that is independent of that of the housing 26 and that of
‘the chamber cover 27. Like the housing 26, the mixing chamber wall

31 is also provided with resistance heating elements (not shown) to

heat the wall and the mixing chamber 30 where the process so

requires, such as for titanium nitride deposition. This annular wall 31

" may be made of a thermally nonconductive material or of a conductive
" material thermally insulated from the aluminum material of the cover
~ 27 to provide greater flexibility in the control of its temperature. The

" upper portion of the mixing chamber 30 is closed by a removable

cover or top plate 33, preferably of stainiess steel, which is sealably

‘connected to the chamber cover 27 by bolts (not shown). The

‘chamber housing 26, chamber cover 27 and top plate 33 form a
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sealed vessel enclosing an internal volume that is maintained at a
vacuum pressure level during operation of the module 10. |

The bottom of the gas mixing chamber 30 is ciosed by a

~ circular showerhead 35 connected to the bottom of the mixing

chamber wall 31. The showerhead 35 may be made of aluminum or
of a machinable céramic material and has a highly polished iower
surface to retard the absorption of radiant heat from the hfgher
reactipn temperature from the area of a wafer being processed within
the chamber 25. The showerhead 35 may have a uniform pattern of
holes therethrough (not shown), preferably arranged in a matrix or an
array in plural concentric circles about the center thereof, which lies
on a vertical axis 37 through the reactor 15. Alternatively, the
showerhead 35 may be formed of a porous metal or cétamic plate.

A plurality of gas inlet ports {not shown) are provided in
the top plate 33 to which the gas lines 16 are connected. A rotary
wafer supporting susceptor 40 is provided within the reaction
chamber 25. The susceptor 40 lies on the axis 37 directly beneath

the showerhead 35 and is in axial alignment therewith. A cleaning

- gas entry port 41 is mounted to the chamber cover 27 and is

connected to the cleaning gas input line 17. The RF upper electrode

terminai and cooiing water connector 23 is also mounted to the
chamber cover 27. The lower electrode RF terminal and cleaning gas

connector 24 are mounted to the side wall of the housing 26. A

- single vacuum outlet port 42 is provided in the bottom of the chamber



10

15

20

WO 96/15287

PCT/US95/14231

" housing 26 to which the vacuum outlet line 21 is connected to the
pdmp 18, whi_(:h operates at a pumping'rat'e of from 400-500 liters
per second to achieve the wafer processing pressurés at between 1

“and 100 Tdrr, reactor _cle'an’ing pressures of from 0.1 to 100 m Torr,
and wafer transfer pressures of 10" Torr within the chamber 25. A
gate port 43 is provided in the forward wall of the housing 26 for
connection 'tb a transport module or wafer hahdliné inbdule of a
cluster tool, to and from which wafers are loaded and unloaded from
chamber 25 for processing. The gate 43 is approximately in horizontal
alignment with an upwardly facing wafer supboning'top surface 44 of
thé susceptor 40 wheréﬂpo‘ﬁ.é wafer is supported for 'proéessing_ with
its upwardly facing side disposed horizontally parallel to and in vertical
alignment With the showerhead 35. A plurality of ports 45 are
provided in horizoﬁtat alignment with the wafer support surface 44 or
the housing 26 on oppaosite sides of the reaction chamber 25 for
inserting diagnostic or other instrumentation.

Fixed to the bottom of the housing 26 and aligned with
the reactor axis 37 is a susceptor drive support frame 47. Rotatably
ﬁio'unted within the drive 'sUpport frame 47 is a holiow and circular in
cross-section _suscéptdr drive shaft 50. The drive shaft 50 is mounted
to rotate oﬁ its axis, which is on the reactor axis 37, extends through

"a hole 51 in the bottom of the reactor housing 26, and is rigidly
connected to the bottom of the susceptor 40. At the hole 51, ihe

shaft 50 is rotatably supported on a main bearing 52 having its inner

This Sheet Has Been RTlaced 3
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race surrounding the shaft 50 in tight contact therewith and its outer

race fixed to the _frame 47 at the bottom of the housing 26. A

secondary bearing 53, connected to the lower end of fhe fréme 47,
tightlv surrounds and supports the lower end of the drive shaft 50.
Secured to the support frame 47 immediatelv below the bearing 52
and tightly surroun_d_ing the shaft 50 is a ferrofluidic seal 54. The
ferrofiuidic seat 54 has fluid circulated thrqugh it at a temperature of
less than 70°C. to prevent the ferrofluid within it from decomposing
and losing its magnetic properties due to heat from the shaft 50.
Above the secon__darv bearing 53 within the frame 47 and also
surroundi_ng the shaft 56 is an'electrical slip ring connector §5. The
slip ring 55 proyides electrical connection with the rotating shaft 50 to

supply electrical energy to the rotating susceptor and receives sensed

temperature signais therefrom. Fixed to the shaft 50 between the seal

54 and the siip ring 55 is a drive pulley 56 which is drivably
connected through a drive belt 57 with the output of a susceptor
rotation drive motor 58.

At the lower end of the rotating and elevating mechanism

- 20, fixed to the bottom of the frame 47, is a wafer lift mechanism 60,

illustrated in more detail in FIG. 3. The lift mechanism 60 inciudes an

outer fluid-tight shell 61 with a hollow interior enclosing the lower end

of a hollow and vertical lift tube 62. The tube 62 extends vertically

from the lift mechanism 60 upwardly through the frame 47 and

through the hollow interior of the drive shaft 50, along the axis 37 of
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ihé reactor,ﬂ and i.nto fhe chémber '2'5‘;'te|"m:i.ri.atirig' in the interior of the
susceptor 40 as may be seen iﬁ FIGS 4 and 5. 'The tube 62 rotates
Witﬁ the drive shaft 50 and slides axié_lly' therein a distance of |
'approxim.ateily nine mill'im.eters to raise and iSWer a wafer on the wafer
support surface 44 of the'suscep'tbr 40 in the reaction chamber 25.
The lower end 'of'the't:Ub.e 62 is fixed to a"hu'b':piece 63 and rotatably
Supported in é férrofluidi_c ééal 64, the ohte:r' si:rface of which is fixed
in a sleeve 65 which is vertically slidable in the shell 61. The lower
end of the sleeve 65 is linked to a vertical actuator 66 extending
through a hole 67 in the bottom of the shell 61 of a linear action
ﬁneumétic lift 66a. Another ferrofiuidic seal 68 .is'provided near the

upper portion of the interior of the shell 61 surtodnding the tube 62 on

the axis 37 adjacent tha'bottom of the frar_ri'e_ 47 of the rotating and

elevating mechanism 20. As with the ferrofiuidic seal 54, the seals

64 and 68 are supplied with fluid that is maintained at a temperature

‘of 70° C. or less.

An inlet port 70 at the bottom of_the shell 61 of the lift

" mechanism 60 communicates with inlet channel 71 at the base of the

hub piéce 63,' whibh_ communicates through ti’ie hollow interior thereof

with an axial bore 72 of the tube 62, extending the length thereof, to

'commﬁhicaie With the susceptor backblane as discussed below.

A vacuum outlet port 74 is provided in the shell 61 and

| connects with an elongated hollow tube 73 to'apply vacuum in a

hollow sbace 75 within the drive shaft 50 at the upper end thereof
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surrounding the tu_bé 62, as illustrated in FIG. 3A. The hollow space
75 extends the length of the drive shaft 50 and also communicates
with the interior of the susceptor 40 within the reaction chamber 25
as illustrated in FIG. 4.

The vacuum provided in the interior of the susceptor
creates a first vacuum environment which surrounds énd protects the '
heating elements of the susceptor as discussed in greater detail
hereinbelow. This vacuum pressure is communicated between the
vacuum port 74 and the space 75 at the top of the drive shaft 50
through an annuiar column or space 79 that surrounds the tube 62
and lies within the tube 73.

Vacuum pump 18 Is connected to port 74 through line

- 22a and is connected to port 70 through line 22b to create first and

second vacuum environments as will be described. Appropriate
valving mechanisms 90a and 20b in lines 22a, 22b, respectively,

controi the vacuum pressures at ports 74 and 70. Furthermore,

'g_auges S1a, 91b are used to measure the vacuum pressures in lines

22a, 22b. Gauges 913, 91b are coupled_to flow controllers 92a, 92b,
respectively, for controlling helium fiow from a helium supply 94
which supplies helium to both borts 70, _74 through lines 96b and
963, _respe'ctiirely.. A vacuum exists at ports 70, 74 the same time
that hélium gas is being introduced into the ports. |

| Referring now to FIG. 4, susceptor 40 includes a

susceptor body 100 w_hich is connected to a generally planer
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susceptor backplane 102 such as with screws 103. Preferably,
around twenty such screws are placed around the perfphew of the
susceptor b’a’ékp’lérie 102 to firmly and evenly secure the backplane to
body 100 and are recessed into backplane 162. An annular Nickel
cap 105 surrounds backplane 102 and coveérs screws 103 to present

a fiat backplane surface 104. The'susc'eptar body 100 is preferabiy

formed of a nicke'tlébﬁp'er alloy such as Monel 400 available from

Pinnacle Manufacturing of Phoenix, Arizoné. Susceptor backplane

102 is nickel. The backplane 102 includes a wafer supporting surface

- 104 which supports a wafer 106 thereon. The bottom portion of

body 100 inciudes a collar portion with a geneially horizontally

extending annula_r flange 110. Flange 110 sits on top of a shouider

‘surface 112 formed at the top of the drive shaft 50 and screws 113

extend through flange 110 and into drive shaft 50 proximate the

~ shoulder surface 112 to secure the SUScepibr body 100 to shaft 50 so

that the susceptor rotates when shaft 50 rotates. A sieeve 114

surrounds shaft 50 brdxirn’ate susceptor 40 and i§ mounted to the

floor of housing 26.

in the bottom surface of susceptor backplane 102, an
annmar recess 118 is formed to teceive a circular resistive heating
element 120. Heating element 120 is held within recess 118
preferably in intimate surface-to-surface contact with the susceptor
backplane 102. Heating element 120 is held against backplane. 102

by a ceramic backing plate 122 which is secured to the bottom
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su_rface of backplane .10.2 -bv screws 124 (only one shown). Heating
element 120 is electrically connected to an. appropriate control line
126 which extends radially inwardly tb_ the center of the susceptor 40
and then downwardly parallel with the center axis 37 to connect with

5 control circuitry {not shown] for controlling the temperature of the
heating element 120 and the backplane 102 so that a wafer 106
supported on the backplane may be heated according to process

_parameters. Line 126 is connected to heating element 120 through
two spring loaded connectors 127 {(one of which is shown) which sits

10 within a recess in the ceramic backing plate 122. A thermal sensor
such as a thermocouple 128 is connected to the heating element 120
through ceramic backing plate 122. ‘Thermocouple 128 is attached to
an associated sensor line 130 which extends downwardly through the
center of thé susceptor 40 parailel axis 37 to appropriate heater

15 : control circuitry and provides feedback to the control circuitry .such
that the temperature .of the heating element 120 may be thereby |
adjusted through line 126 for proper heating of the wafer 1086. Lines
126 and 130 make electrical connection through slip ring 55 (See FIG.
_2} to the power supplies and co_ntrdl circuits.

20 ' A hub 132 made of ceramic macor encircles the center of
susceptor 40 inside the sus.c.:ept'or_body_wo and includes a radial
portion 134 which rests on a bottom surface of susceptor body 100
inside of the susceptor body. The top of hub 132 abuts against the

bottom surface of the 'ceramic backing plate 122 inside of a sleeve
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" 136 depending from the bottom surface of the ceramic backing plate

122." The bottom of hub 132, in turn, abuts against a plastic sieeve

138 which extends inside drive shaft 50 concentrically therewith and

surrounding lift tube 62. Sleeve 138 a"lighé_ heater and thermocouple

lines 126, 130 with the center axis 37 of the susceptor.

- The susceptor body 100 forms a heater housing volume
140 therein which generally surrounds the heating cdmpbnents of |
susceptor 40 including heating element 120 and electrical connector
127 and line 126, as well as thermocouple 128 and line 130. Volume
140 is in communication with space 75 formed by drive shaft 50 and

thus is vacuumed when space 75 is vacuumed such as by vacuum

‘outlet line 22a and pump assembly 18. In accordance with the

principles of the present invention, heéater housing volume 140 within
sdst:eptor body 1 00 is sealed to be fluid and air tight to protect the

heating components, and particularly the heating element 120, from

the corrosive chemicai vapors within chamber 25.

‘More specifically, sUscepior body 100 is sealed td the

~ backplane 102 and shaft 50 with sealing structures. A top annular

o seal 142 is positioned within an annular channel 143 formed at the

interface between the susceptor body 100 and the backplane 102
generally around the periphery of backplane 102 as illustrated in FIG.

4A in greater detail. Seal 142 is preferably a silver compression seal

' made of 100% silver having a generally ret:ta'nguiar transverse cross-

section. The width W of seal 142 is preferably 3/16 inch in the

. This Sheet Has Been Re’ilaced L
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embodi_ment' shown in the Figures, while 'thé thickness T is preferably

1/16 inch for that embodiment. The diameter of seal 142 will be

dependent upon the size of the susceptor 40 and the placement of the
channei 143 in susceptor body- 100 and backplane 102. A suitable
seal 142 for the embodiment in the Figures is manufactured by
Pinnac_:le‘ Manufacturing in Phoenix, Afizona._ As may be appreciated,

the_ dimensions of the annular seal 142 may be varied depending upon

the construction of the susceptor.

The interface of backplane 102 at channel 143 includes a
sharply angléd annular ridge 146 which extends vertic_auy dﬁwnward
and presses into the soft metallic seal 142 When ba_ckplarie 102 is |
secured to the susceptor body 100 (See FIG. 4Al. The susceptor
body 100 includes a similar angled ridg"e 148, opposit_e ridge 146,
which extends vertically upward into seal 142. The ridges 146, 148
and seal 142 insure that a gas-tight seal is made at the interface
between the susceptor backpiane 102 _and body 100 to isolate volume
140 from the reaction chamber 25 and prevent entry of corrasive
reactant gases into volume 140 through the interface.

The heater housin_g.volunie 140 is further sealed by a

bottom annular seal 150 around thé interface between the susceptor

- bddy 100 and shaft 50. One useful seal for both annular seal 150 is a

composite metal seal formed in accordance with U.S. Patent
Application Serial No. 08/241,192 filed May 11, 1994 entitled

THERMAL CYCLE RESISTANT SEAL FOR USE IN SEMI-CONDUCTOR

- This Sheet Has Been Rep laced :
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' WAFER PROCESSING APPARATUS owned by Materials Research ]

Cdrp"oratio‘n and which is incorporated entirely herein by reference.

" Referring now to FIG. 6, an appropriate sealing element or seal 150 is

I

‘shown enlarged. Seal 150 is circular in the form of a ring and

“includes a rigid metallic core 152 and a ductile metaliic coating 154 on

the core 152." Preferably the rigid metallic core 152 is stainless steel,
and the ductile metallic "coatiﬂé 154 is silver. "As is seen in FIG. 6, the
cross-section of the seal 150 is generally diamond-shaped. This
di_arribr'id-'sh':ap'e':d. seal crbss-séctio'n_ 'hajs ubper énd lower blunt tips 156
and 158, respectively. The clamping forée'igmerated.b'y screws 113,

preferably stainless steel screws, of the flange 110, or upper gland,

" and the shaft 50, or lower giand, on the seal 150 preferably develops

a contact stress in the ductile coating 154 sufficient to plasticly

" deform the ductile coating 154 to accommodate surface imperfections

on the susceptor and shaft Séaling surfaces 160-and 162,
respectively, but insufficient to cause uitimate failure of the ductile
coating 154.

" In the preferred form of the seal 150 of the present

" invention, the core 152 has the following dimensions prior to being

" coated by coating 152: The seal core cross-section has a dimension

parallel the seal Iohgitudinal axis of symmetry of about .105 inch to

about .107 inch. Further, the seal core has an inner diameter of about

' 2.845 in., and an outer diameter of about 2.865 in., and therefore the

seal core cross-section has a dimension transverse the seal

" This Sheet Has Been Replaced
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longitudinal axis of symmetry of about .1 10 in. Mgasu;i’ng from the
radially innermost edge of the blunt tips, the seal core cross-section

has a diameter of about 2.743 in., and measuring from the radially

- outermost edge of the blunt tips the seal core cross-section has a

diameter of about 2.767 in. Thus, the upper and lower blunt tips

/156, 158 of the seal core cross-section have a dimension transverse

the s_eal longitudinal axis of about .012 in. The seal core cross-section
includes four angled seal cross-section faces 164, 166, 168 and 170
each of which forms an angle of about 50° with respect to the seal
longitudinal axis of symmletry. The metallic ductile coating 154
applied fo_core 152 preferably has a thickness of about .003 to about
.005 in.

The stainless steel utitized in core 152 is preferably 17-4

stainless steel heat trea_ted'to condition H-1100. The above-

mentioned dimensional limits apply prior to silver plating of the séal '
150. The silver piating is to be applied per QQ-S-365 (fully annealed)

toa thickness.of. as specified abové, about .003 inch to about .005

-i;j‘ch_ and uniform within .001 in. After plating, the seal 150 is to be

baked to 375°F. for three hours to remove hydrogen .embrittler_nent

from the piating. After plating, tha dimension of the seal cross-section

parallel the seal longitudinai axis of symmetry should be within about
.111 inch to about .117 inch.
The seal 150 thus fabricated maintains a leak tight seal

after repeated thermal cycling. The sea_l 150 has succes_s_fully _
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operated at 510°C. through two thermal cycles with no signs of

leakage. The seal 150 therefore is constructed of a rigid metallic core
material with a ductiié' coating that will plasticly deform to
accommodate the surface imperfections :th;i exist on the sealing faces
of the gland, sﬁch as the surfaces 1 60, 162 of the susceptor body
100 and shaft 50. The dimensions of the core material and ductile
coating must be Iarge'enough to énsﬁre tﬁat the totél seal thickness,
controls the separation distance between the sealing faces .. of the
gland. Furthermore the seal clamping elements (typically screws or

bolts) must provide sufficient elasticity at the operating temperatures

to accommodate any theﬂﬁallv induced dimensional Chahges and

maintain sufficient contact pressure at the sealing faces of fhe gland
at all times.

The material of the ciamping elements, glands and seal

core ére selected to provide the correct t’mmbinations of coefficient of

thermal expansidn to minimiz'e the change in the gland seal face

separation distance throughout the operating temperature range. The

susceptor drive shaft 50 is preferably fabri’cated of 17-4 PH stainless
steel, and the susceptor body 100 is preferat;iy fabricated of Monel
400, a copper and nickel based alloy as already discussed. The
clamp'in_g element material and 'desig'ri are selected to allow the
elements to maintain c!amping'of the gland éeél faces throughout the
operating témp'erathré range. Seal 150 is discussed in greater detail in

U.S. Patent A’pplidétidri Serial No. 081241;152 referenced above.

Sheet Has Been Reﬂlaced
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Anc -her appropriété seal 'structure for sealing the
intérface between susceptor body 100 and shaft 50 is the Helicoflex
seal type HNV 230_IPart No. H-303183 from Helicoflex Components
Divié.idn_ of Colum_b.ia. South Carolina. Referring to. Fig.'7, the seal 200
includes a spiral alloy spring 202 which is coiled with the coiis weided
together to form a generally unitary structure. An intermediate layer
204 of inconel 600 surrounds sprihg 202. Intermedfate layer 204 has
qppc.:sing angled ends 205, 206 and does not extend entirely around
the spring 202. On the ﬁutside of seal 200, a. layer of nickel 208
surrounds spring 2_02 and intermedia'te. iayer 204. Nickel layer 208
has.tapered ends 209. 210 and the nickel layer 208 is wound around
spring 202 énd intermediate layer 204 such that ends 209, 210
overiap at 211. At the top and bottom surfaces of tﬁe seal are ridges
212, 214 which are preferably formed with a point. The ridges embed
into.the respective surfaces of the interface between body 100 and
shaft 50. Ridge 214 is shown embedded into surfacé 216. Seal 200
operates preferably arou.nd 4500C maximum and is compressed with a
seatihg load of approximately .1 150 pounds/inch. The interface
surfaces are preferably machined to a groove finish qf less than or
equal to approximately 32 micro inches rms, while ;he hardness at the
interfa_ce should preferably be 'greatér than or equal to approximately
150 HV on the Vickers Hardhess Scale.

The He‘l_icoflex'seal 200 has a generally circular cross-

section having a preferable cross-sectionat dimension of .109 inches.

This Sheet Has Been RTlaced
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The nickel of seél 200 allows it to withsténd repeate_d thermal cycling.
which is able to withstand repeated thermal cycling. The ring
diameter of the annular seal 150 or""20'0' for the embodiment shown in
the Figures is approximately 2.75 irichés: hi::wevef; the ring diameter
and cross-sectional d'imens'_ion_s of the seal will g'enérallly be dependent
upon the susceptor dimensions. |

Seal.?. 142 and .1 50/2‘0'0 prdvidé é héater Housing volume
140 around the heating eiemenf 1zb wh.ic'h is generalily gas-tight to
protect the heatiﬁg element. Volume 140 communicates with vacuum
spécé 75 and is thus evacuated to the preséuté maintained with the
dﬁve shaft 50 and sbace 75. Pref'erably,'-volume' 140 is maintained at
a pressure which is the same as or slightly highe'r'than'the pressure
maintained within reaction Ehamber 25 l'n that way, any léakage

between volume 140 and chamber 25 will be out of the susceptor 40

and volume 140 rather than into volume 140 This insures that the

corrosive reactant chemical gases and vépors which are utilized in the

| CVD_ processes within c'hamber 25 do not ;e'nter volume 140 and
- - corrode or otherwise da'ma'ge hea‘tin'g-' element 120. The susceptor

- "i:odv 100 and seals 142, 150/200 form a first vacuum environment

within volume 140 which is ma'intain'ed ata preSsure in the range of 1
Torr to 100 Torr depending on the process pressure within the
chamber 25. The preferred intérna_l pressure of volume 140 is
approximately 25 Torr. The seals 142 and 150/200 are high

temperature metal seals which ére ,ébl'e to withstand the elevated

" This Sheet Has Been Rerilaced
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- temperatures utilized in CVD processing and are thus functional after

sevefal or more thermal cycles.

When volume 146 is vacuurﬁed. helium is also introduced
into the first vacuum environment. Referririg again to FIG. 3, a supply
of helium 94 is coupled to vacuum line 22a by line 96a. An
appropriate vaive device 90a determines the internai vacuum pressure
in line 22a and the- pressure at port 74, which, in. turn, séts the
pressure in apace 75, and ultimately, in valume 140 (see FIG. 4).
Gauge 91a measures the inte_mal pressure of volume 140. In one
embodi_ment of the invemion. Gauge 91a is preferably a capacitance
manometer, and a suitable manometer for the present invention is the
MKS model #122A-00100DB available from MKS instruments in
Andover, Massachusetts.

| After a suitable preasure_has been produced in volume
140, a helium flow control device 92a, such as MKS model 1159B- |

00100RV-S mass flow controller available from MKS Instruments of

‘Andover, Massachusetts, introduces helium into space 75 and volume
- 140. A control line 97a couples gauge 96a to mass flow controller

92a to control the introduction of helium. The helium surrounds and

protects the heating element 120 in susceptor 40. In accordance with

the principles of the present invention, the volume 140 is initially

evacuated to around 0.1 milliTorr and then the helium is introduced |
raising the presshre to between 1 and 100 Torr and preferably around

25 Torr. Control line 97a communicates the initial internal pressure of
Iiadhthehitetidiihaseiet
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space 75 to flow 'Edﬁ'tro‘ller 92a to control the flow c;f.helium to
achieve the desired end pfeésdre. | |
_. As discussed hersinabove, for a more efficient heat
transfer, a b‘ackside gas is provided to "t_he Back of wafer 106 which
 rests on sdrfacé 104 of the suscépﬁir ba(:kplané 102 Generally,
thermal responsé and hea't'in'g of the wéfer 106 is 'ir'nproved when a
gaseo.ué heat transfer medium is provided between the heated
| susceptor backplané .102 and the backsidé of Wéfer 106. However,
as disi:ds;sé& 'above, in drder to provide é ﬁassagev&év fqr backside
heating gas, a penetration or opening must be made through the
sdsceptof and pafticixléflv th.rough the Suséepfor backplane 102.
| Geherallv, such a penétfétioﬁ would provide an openiﬁg into volume
140 which houses heating element 120.' When a wafer is not present
‘over the opéning in .susceptor backplar'\e.102. there is a direct path
‘from the reaction chamber 25 to vélumé 140 and the heating elemenf
' 120, thérebv a'llbwing cbrrosive vapors to reach héating element 120.
In éci:ordance with the prinéiples of the present
" _invention, a séédn’d or inner vacuum environment is created within
| ':-Tsl.:sce'p'tor 40 such that backside héating gas may be presented to the
wafer 106 without exposing volume 140 and h_eatinb,é'ligment 120 to
corrosive c’hernica.l vapors. Thé inner vacuum environment is created
around hollow Iift tube 62 and is isolated from the first vacuum
| environment in vblumé 140. Referring to Figjs. 4 and 5, lift tube 62 is

holiow along almost its entire length and extends vertically through
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the center of susceptor 40 within drive shaft 50. Lift tube 62 is
preferably stainless steel and the top end thereof includes a solid
stainless steel tip 176. Tip 176 connecis to a wafer lifting assembly
178 which_preferébly includes approximately three radial legs 180
with lift pins 182 at the ehds thereof which rest against the backside
of wafer 106. (See Fig. 4). Lift tube 62 moves vertically within drive
shaft 50 and through an aperture or opening 184 formed within
bac_kblane 102. As mentioned above, lift tube 62 is moved upwardly

and downwardly appropriately 9'mm to raise and lower wafer 106.

The tip 176 includes a reduced-diameter portion which moves within a |

stop structure 185 positioned coaxially with opening 184. Stop
structure 185 includes a cooperating reduced-diameter section which
limits the upward fnovement of tip 176 and tube 62 as may be seen in
FIG. 5.

To facilitate a second vacuum environment, lift tube 62 is
surrounded by an eiongated stainless steel sheath 186 which extends

along and covers a portion of tube 62. The top end of sheath 186

inciudes a flange 188 which, in one embodiment of the invention, is

fixed to back_plane 102 with sc_irews 189. Like tube 62 and coaxial
therewith, the sheath 186 extends through the center of the
susceptor 40 and heating element 120 and abuts agéinst backplane
102 proximate openin§ 184. As best seen in FIG. 5, Sheath 186
defines a vacuum space 190 between the sheath 186 and outer wall

191 of lift tube 62. A series of apertures 192 are formed in the lift
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tube 62.. The apertures 192 are within the portion of tube 62 covered
by the sheath 186 and are preferably arranged radially around tube
62. The a‘pertﬁres 192 and tu'be 62 p’rbVide"é.connectiqn to the 5ore
or space 'insid'e"hollbw tube 62 which is 'ﬂe'vécua't'ed by pump 18 via
lines 22b and port 70. This in turn, evacuates. vacuum space 190.

Apertures 192 also provide openings for introducing a backside

heating gas, such as helium, into space 190 for delivery to the wafer

106 through opening 184. Backside heai_irjg gas introduced .by supply
94 and line 96b moves through space 190 and through opening 184
to contact the backside of wafer 106 for efficient thermal conduction
between backplane 102 and the wafer. The backside heating gas is

distributed around wafer 106 by radial channels 193 and an annular

" channel 195 connecting the ends of channels 193 which are formed in

the top surface 104 of backplane 102. Radial channeis 193 receive
the legs 180 of the wafer lifting assembly.

In accordance with the principles of the present

" invention, spéce 190 forms a second 'va:‘:uum environment within the
' susceptor to isolate heating element 120 from corrosive chemical

" vapors. Referring to FIG. 5, in one embodiment of the invention, at

the top end of sheath 186 an annular upper seal 194 is placed at the
interface between backplane 102 and a sheath flange 188. Upper
seal 194 is preferably a nickel compression s_eél made of 100% nickel
and available from State Seal in Phoenix, Arizona. The seal 194

extends around the sheath flange backplane interface within a channel
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197 formed in sheath flange 188. Seal 194 forms a gas-tight
interface proximate. obening 184 such that corrosive chemical vapors
of reaction chamber 25 cannot enter volume 140 at the interface.
The seal 194 is compressed at the interface{ between backplane 102

and flange. Seal 194 furthermore isolates the volume 140 from

vacuum space 190 to maintain the integrity of the first and second

vacuum environments.

In an alternative embodiment of __the. invention, as shown
in Fig. BA, the_ﬂ'a_x_nge 188 of sheath 186 is weided to backpiane 102
proximate opening 184 to seal volume 140 f_ro_m_vo_lur_ne 190 and the
environrhent of chamber 25. _The weiding eliminates the necessity of.
both screws 189 and seal 194 as illustrated in Fig. 5A.

As illustrated and discussed, the sheath 186 defining the
second vacuum environment surrounds the lift tube 62 which is also
surrounded by the space 75 pf_ shaft 50 which makes up a portion of
fhe first vacuum environment. (See Fig. 5)_. To maintain the integrity
of the s__econd.v_acuum environment and to isolate it from the first

environment along lift tube 62, the sheath 186 is sealed to the tube.

_Specificaily,_at the bottom end of sheath 186 there is a cylindrical

flange portion 196 which has an annular channel 198 formed therein.

Channel 198 faces and abuts against the outer wall 191 of tube 62.

A lower annular seal 198 is placed withi_ri channel 198 to seal vacuum

~environment space 190 from space 75 which communicates with

volume 140 forming the heater housing environment or first vacuum
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enviroﬁtn’ént_( The seal 199 is preferably a dynamic seal which allows

" movement of the lift tube 62 thefethfdugh without compromising the

seal formed at the interface between the wall 191 of lift tube 62 and

' the cyiindrical flange portion 196 of sheath 186. That is, lift tube 62

. "slides up and down with respect to seal 199 and outer wall 191

moves adjacent seal 199 without deleterious effects on the integrity

of the second vacuum environment. A suitable seal for such a purpase

'is the VITON™ seal available from State Seal of Phoenix, Arizona.

The VITON™ seal 199 is circular in cross-section and preferably has a
c'r"oss-sl.ect”itmé'l ;':d.irﬁ'ehsion of .070 ih;:h_e-s. The diameter of the
annular seal 'is':p'r:eferablv- .239 inches, éltﬁough the dimensions of the
seal may vary as discussed above.

' Thén vacuum spéce 190 is formed between flange 188

~ and seal 194 atthe upper end of sheath 186 ah'd.fla'nge portion 196
" and seal 199 at the lower end of sheath 186. Apertures 192 for the

" evacuation of space 190 and the introduction of a backside heating

gas are located in tube 62 between seals 194, 200. Space 190 is

pfeferably“ maintained at a vacuum pressure of approximately 1 Torr to
1._60 Torr, depending on the process pressure within chamber.zs. The

" 'prefen.'ed bre'ssuré is 10 Tb.rr. During CVb proéessing, the pressure in

" the inner space 190 is generally maintained less than the process |

'pr"ess"ureIWithih the reaction chamber 25 when a wafer 106 is present

on surface 104 of the susc’:e'pt'or backplane 102. The lower pressure

 within space 190 maintains a vacuum holddown of the wafer 106
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when the wéfer covers the openin.g" 184 and channeis 193, 195

within the susceptor backplane 102.

When the wafer is vacuum held, the lift tube 62 is at its

lowest vertical position, and the Iift-assemt_")lv 178 is positioned within

'ch_annels 193, 195 formed within backpiane 102. When the

processing has been compieted, the lift tube 62 is raised which raises
tip 184 and the lift-pin assembly 178 such that lift pins 182 press

against the backside of _wafer 106 and break the' vacuum seal so that

- the wafer can be removed from the process chamber (See Figs. 4 and

5).

The second vacuum environment inside tube 62 a'_nd

space 190 is created and maintained vérv similarly to the way in

which the first vacuum environment is created and maintained.
Referring again to FIG. 3, the vacuum line 22b connects with port 70
and is control_lgd by the valving mechanisni 90b. The pressure gauge
91b, such as a capacitanca'manometer simi|af to gauge 91a,
measures the pressure a port 70 and within the second vacuum

environment. The inner bore of lift tube 62 and space 190 (see Fig.

" §) is evacuated to around 0.1 milliTorr. A controi line 97b connects

gauge 90b to a mass flow controller 92b similar to mass flow
controller 92a already described. ‘When the desired pressure in tube
62 is achieved as measured by gauge 90b, the mass flow controller is
operated, via line 22b, to inject helium into port 70 which raises the

pressure to a pressure of from 1 to 100 Torr, and preferably around

misfﬂietIliiilfleenlllﬁlaced
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10 Torr. The helium travels through lift tube 62, into space 190 and

against the backside of wafer 106 for efficient heat transfer to the

* wafer. When a wafer 106 is not present on surface 104, the space

190 is in direct communication with the"réac':tion chamber 25.

Howaever, because space 190 is isolated from the first vacuum

" environment in volume 140 surrounding the heéting element 120,

'there is no damage to the heating element bv the corrosive cheniical

vapors in the reaction chamber 25.

Therefore, the brésent invention provides complete
isblation of any heating eiements and other devices witliin susceptbr
40 and voiume 140 to prevent corrosion of those elemeﬁts. The first
and second vacuum environments 140, 190'along with the four seals
associated therewith effectively provide isolation of the heating
element environment from the reaction chamber environment.
Simuitaneously, 'th_e béckside heatirig gas ié ihtrod_uced through a
second vacuum environment to provide efficient thermal transfer of
heat from backplane 102 to wafer 106. Seals 142, 150, 194 and

200 are able to withstand the high_ tem’beratdies' ésshciated with CVD

' processing.

While'the'pl"esant' ihvention h’é’s been illustréted by
the description of the embodiments thereof, and while the
embodiments have been 'déséribed in considerable detail, it is not the
intention of app!icaht to rgStrict or in any way limit the scope of the

appended claims to such detail. Additional advantages and
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 modifications will readily appear to those skilled in the art. Therefore,

the invention in its broader aspects is not limited to the specific

details, representative apparatus and method, and illustrative examples

shown and described. Accordingly, departures 'may be made from

such details without departure from the spirit or scope of applicant’s

general inventive concept.
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1. ‘An apparatus for efficiently heating a wafer within a CVD
envirdninent at a process pressure and effectively isolating a heating

element from the CVD environment comprising:

a' susceptor assembly éomprisiﬁg'a susceptor body with a

 sealed spadé therein for containing the heating elemenf-and a surface

coupled to the heating element fbr éupp'orting. énd heafing a wafer, the
sealed space being evacuatable at a first pressure to create a first
vacuum environment around the heating element, and the susceptor
body operabie to effectively isolate the first vacuum environment and
heating element from the CVD environment; |

a heating gas delivery épace extending through said
susceptor body and first vacuum environment and communicating
with an opening in said surface to deliver heating gas between a wafer
and the heated surface and facilitate efficient thermal conduction
between the surface and the wafer, the delivery space being sealed
from said first vacuum environment to effectively prevent corrosive

vapors from entering the first vacuum environment through the gas

- delivery space;

whereby backside heating gas may be suppliied to a wafer
for efficient heating while the heating element is' protected from

corrosive chemical vapors in the CVD environment.
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2. " The apparatus of claim 1 further comprising a gas

delivery tube extendin_g into the gas délivery space to deliver gas
thereto and a séaling_ assembly surrounding a portion of the tube and
gas delivery space to seal the tube portion and gas delivery space

from the first vacuum environment.

3. The apparatus of claim 2, the sealing assembly including
an elongated sheath surrounding the tube to define the gas delivery
space therebetween the sheath seaied from said first vacuum

envuronment

4. The apparatus of claim 3 further comprising an annular
seal positioned between an end of the sheath and the susceptor body

surface proximate the opening to seal an end of the sheath.

5. The apparatus of claim 4 further compriaing a second

annuiar seal positioned between the other end of the sheath and the

||II|II| IIIIII i ) | Il

6. The apparatus of claim 2 wherem the tube is coupled to a

tube-;

wafer 'lifting device proximate the susceptor body surface, the tube
being movable to move the lifting device and lift a wafer on the

surface.
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| 7. The apparatus of cla:m 5 wherem the second annular seat

is a dynamlc seal whlch allows movement of the tube with respect |

thereto.

8. The apparatus of claim 4 wherein the annular seal is .a
nickel seal.

9. The apparatus of claim 1 wherein the heating gas delivery

space is evacuatable at a second pressure to create a second vacuum

environment in said delivery space.

10. | The apparatus of claim 9 whe_rein_ the pressure of the
sec_ond_vacuum environment is IeSs_.than t_he process pressure to
vacuum hold to the Susceptor surface a wafer. positioned over said
surface openmg, the second vacuum envuronment |solated from the
ﬂrst vacuum environment and the CVD environment when a wafer is

so pos:tioned.

.1' 1_. The apparatus of claim 1 further comprising a support
coupled to the susceptor body, the susceptor body mcludmg a body
member and a planar member coupled to the body member and having
said wafer heating surface thereon, a first susceptor seal sealing the
interface between the planar member and body member and a second

susceptor seal sealing the interface between the support and the
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body member, the seals facilitating isolation of the first vacuum

environment from the CVD environment.

12. _ The apparatus of claim 11 wherein the first susceptor

~ seal is a silver seal.

13, _ _The apparatus of claim 11 wherein the second susceptor

seal is a composite metal seal.

14_. The apparatus of claim 11 wherein the support has a
hollow space thérein which is coupled to the sealed space of the body
such that vacuuming the support space creates said first vacuum

environment in the sealed space.

18. The apparatus of claim 1 wherei_n the pressure in the first
vacuum environment is greater tha_n said process pressure such that
leaks in the susceptor assembly are effectively directed out of the first

vacuum environment and into the CVD environment.

R
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16. A susceptor for efficiently heating a wafer within a CVD

environment and effectively isolating a 'héating element of the
susceptor from the CVD environment comprising:

a pa'r'tially hollow susb.eptbr bod{y mounted on a support
shaft and containing the heating element;

a planar member mounted on the susceptor body and
coupied to the heating;element;'the 'blanar member having a surface
for supporting and heéting a wafer;

the interfat;e between the susceptor body and the
support shaft and the interfac'e between the susceptor body and

planar member each being sealed to create a generally vacuum-tight

~ first space within the susceptor body which surrounds the heating

element and effectively protects the heating element from exposure to -
the CVD environment;

a gas'delivérv tube extending through the susceptor body

- and first space to deliver backside heating gas to a wafer placed on

said planar member surface;

a sheath surroundihg épbrti'on of said tube and creating a
second space between the tube and sheath; one end of the sheath
coupled to an openfng ir_\ the planar member to dir_ect the backside
heating gas from the tube to_lthe wafer, the sheath seaied. to the
planar member at the end coupled to the opening .and séaled to the
tube at the other'end such that the second space is éffectively

isolated from the first space so that backside heating gas may be
R — _
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25 delivered to the wafer to facilitate more 'efficient heat transfer from
the heating element while the heating element remains protected from

the corrosive chemical vapors of the CVD env_ironment.

. ! :\\
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17.  The susceptor of claim 16 wherein the sleeve is .opera'ble
to effectively isolate the second space from both the first space and
the CVD environment when a wafer completely covers the opening in

the planar member.

18. The suscéptor of claim 16 wherein the CVD environment
is at'a process pressure and further comprising a vacuum systém
coupled to the second space to evacuate the second space to a
pressure less than said process pressure for vacuum holding a wafer |

over th'e pianar member opening.

19, The suséeptor of claim 16 Wherein the tube extends
in.éide the sheath- and is movable with respect to the sheath, the
susceptor further comprising a wafer liftiné assembly coupled to the
tube aﬁd positioned proximate the planar member opening to lift a

wafer away from the planar member and opening when the tube is

moved inside said sheath.

e
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20. A wafer brbcessing susceptor including a surface to

| support a wafer, a heating element coupled to the surface to heat a

wafer on the surface and a backside gas system for delivering gas
betWeen the wafer and surface to promote‘thermal transfer from the
heating element to the wafer in a CVD reaction space comprising:

a first space in the susceptor for housing the heating
element, the first space being sealed from the CVD reaction space to
effectively prevent corrosive chemical vapors in the CVD reaction
space from affecting the heating elements:

a second space inside of the first space and surrounding
the backside gas system, the second space coupied to an opening in
the surface to direct gas to a wafer on the surface for efficient heat
transfer between the heating element and the wafer, the second space
being sealed from the first space to effectively prevent corrosive
chemical vapors from entering the first space through the second
space and affecting the heating elements;

whereby backside heating gas may be supplied to a wafer

. for efficient heating while the 'heating element is protected from

'eorrosive- chemical vapors in the CVD environment.
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21, The susceptor of claim 20 wherein the second space is
_effectively sealed from bath the first space and the CVD reactions

space when a wafer is placed over the'surfac'e opening.

L
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22, A method for efficiently heating, with a heating element,

a waf_er within a CVD r_eag:tion space evacuated to a process pressure

while effectively isolating the heating element from the CVD
environment comprising:

placing a wafer on a surface of a susceptor, the
susceptor having a space therein for housing a heating glement
coupled to the sufface to heat the surface and the wafer;

sealing the susceptor space with respect to the CVD

- reaction space to effectively isolate the heating element from the CVD

environment;

| directing backside heating gas into a space extendin§
through the susceptor space and through an opening in the susceptor
surface such that the gas contacts a wafer on said surface and

facilitates efficient heat transfer between the wafer and the heated

surface; and

. sealing the gas directing space with respect to the

susceptor space to prevent exposure of the heating element to the gas

' directing space and to further effectively isolate fhe heating element

from the CVD environment;
whereby the wafer if efficiently heated while the heating

element is protected from corrosive chemical vapors existing in the

CVD environment.
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23. The _iﬁet’hod'of claim 22 further comprising the step of
placing a wafer over the surface opening to cover the opening and
seal the gas directing space from both the susceptor space and the

CVD reaction space.

24, " The method of claim 23 further comprising the step of
evacuating the gas directing space to a pressure lower than the
process presSure to create a vacuum hold of the wafer over the

surface opening.

" 25. " The method'df claim 20 'fdrthér comprising the step of
_maintaining the susceptor space at pressure greater than the process
| pressure such tﬁat Iéaks in the sealed- susceptor are effectively

directed out of the susceptor space rather than into it.
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26. The method of claim 22 wherein the susceptor includes a

. susceptor body arid a planar _memb_er having the surface thereon and

further includes a gas delivery tube extending through said susceptor
bbdy and susceptof‘space 10 de.liver backside heating gas to the
wafer, the method further comprising:

H s.urround-ing the gas delivery tube with an elongated
sheath, the gas directing space being formed betWeeﬁ the sheath and
the tube; |

sealing an interface between one end of the sheath and
the tube; and | |

sealing an interface between the other end of the sheath

and the planar member whereby to seal the gas directing space from

the susceptor body and effectively isolate the heating element from

the CVD environment.

27. The method of claim 26, the sealing steps including

positioning an annular seal structure around the tube end at an

' interface between the sheath and oné of the tube and the planar

_ member.

28. The method of claim 27 further comprising compressing a

nickel seal at the interface between the sheath and the pianar

) G

member.
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29, | The method of claim 27 further compnsmg the step of
posmonmg a dynamsc seal structure at the mterface between the tube

and sheath to allow movement of the tube wnthm the sheath.

30. The method of clairu 27 wherein the ges deliverv tube is
movable with respect to the susceptor body, and is coupied to a wafer
Irfting mechamsm. the methcd further comprrsmg Iiftlng the tube to lift

the wafer away from the surface.

31. The method of claim 22 wheretn the susceptor includes a
susceptor body, a lsupport fixed to the bottom of the body, and a
plahar member fixed.to the tcp of the body 'an'c' having .said surface,
| the .susc.eptor space .defined-by said body, suppcrt -'end planar member
and the step of sealing the susceptor space- comprisingz
sealing an interface between the susceptor body and
support. and o

sealmg an mterface between the susceptor body and the

planar momber. ' AR |!I|

32. The method of claim 31 wherein the step of sealing the -

interface bet\rrreen the susceptcr bedv and planar member includes

compressing a silver seal at the interface.
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33. o | .The method of claim 312 wherem the step of sealing the
. interface between the _3usceptor body and support includes |

compressing a metal seal having a rigid metal core and a ductile

coating at the interface.
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34. A method of depositing a layer of material on a
semiconductor wafer by éhemic'al'vap'c':r dépoéitioﬁ (CVD) including
the step of heating the wafer, thé method comprising:

placing a wafer on a surface of a susceptor, the
suSceptor having a space therein for housing a heating element
coupied to the surface to heat the surface énd the wafer;

sealing thé susceptor space with respect to the CVD
reaction space to effectively isolate the heating element from the CVD
environment; |

directing backside heating gas into a space extending
through the susceptor space and through an opening in the susceptor
surface such that the gas contacts a wafer on said surface and
facilitates efficient heat transfer between the wafer and the heated
surface: and |

sealiﬁg the gas directing space with respect to the
susceptor space to prevent exposure Qf the heating element to the

CVD reaction space and to further effectively isolate the heating

. element from the CVD environment;

introducing CVD reéctant gases in the proximity of the
wafer to react and deposit a material layer on the heated wafer;
| whereby a mateﬁal layer is deposited on a heated wafer
while the heating element is profected from corrosive effects of the

CVD reactant gases cont_ribl._lltingito the material layer.
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385. " The method of claim 34 funher comprising the step of
'placing a wafer over the surface opening to cover the opening and
seal the gas directing space from both the susceptor space and the

C.Vb reaction space. [

- 36. ~ The method of claim 35 further comprising the step of
evacuating the gas directing space to a pressure Iower than the
process pressure to create a vacuum hold of the wafer over the

~ surface opening.

37. The method of claim 34 further comprising the step of
mamtammg the susceptor space at a pressure greater than the process
pressure such that leaks in the sealed susceptor are e_\_‘fectwely

directed out of the susceptor space rather than into it.
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susceptor bodv and a planar member havmg the surface thereon and
further lncludes a gas dellvery tube extending through said susceptor
body and susceptor space to deliver backsrde heating gas to the
wafer, the method further compnsmg

surroundmg the gas delivery tube with an elongated

sheath, the gas dlrectlng space berng formed between the sheath and

the tube.

sealing an interface between oneﬁ end of the sheath and

the tube. and

| _ sealrng an mterface between the other end of the sheath
and the planar member wherebv to seal the gas dlrectmg space from
the susceptor body and effectrvely lsolate the heatrng element from

the CVD envrronment
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