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the heat transfer than the gas used in the process, or because it is
desired to maintain a higher vacuum in This invention relates to methods
and apparatus  the main process apparatus than that of the cooling for
cooling and heating semiconductor wafers during  chamber. To maintain this
separation and pressure the production of integrated circuit structures.
More   5   differential, the wafer is usually clamped and/or particularly,
this invention relates to wafer cooling  sealed to provide this higher
pressure on the backside and heating by means of a heat transfer gas.
of the wafer. During the plasma etching of a semiconductor      For
example, in the aforementioned King patent, wafer, such as a silicon wafer,
it is desirable to cool  the pressure or vacuum in the ion implantation
proc- the wafer to avoid excessive heat buildup which can   10  ess chamber
is said to be 7 x [err] Torr 9.3 x [err] Pa interfere with the processing.
For example, excess  while the pressure behind the wafer is said to vary
heat can cause reticulation of the photoresist result-  from 0.5 to 2.0
Torr 66,6 to 267 Pa. In the aforemen- ing In reduced sensitivity of the
process. Other inte-  tioned Lamont patent the argon gas is said to be ad-
grated circuit production processes such as Chemical  mitted into the
heating station at pressures of 100 to Vapor Deposition (CVD) require that
the wafer be  15  1000 microns, which pressures are stated to be one heated
to support the proper chemical deposition re-  to two orders of magnitude
higher than the normal ar- actions.
gon pressure of 10 microns in the main chamber. Wafer cooling is
conventionally accomplished us-  While it has been thought that the use of
such ing a silicone rubber heat transfer pad which is mount-  high
pressures (relative to the processing pressures) ed between the wafer and a
pedestal and which func-  20  are necessary to achieve the desired heat
transfer tions as a wafer support and heat sink. However, it  through the
gas, quite surprisingly, It has been found has been found that the transfer
of heat from wafer to  that good heat transfer can be obtained or achieved
the pedestal heat sink via the silicone rubber pad is  at the same pressure
or vacuum conditions used In not always sufficient to dissipate the amount
of heat  carrying out the plasma etching process, thus making generated
during the plasma etching process. Tests  25  unnecessary the prior art
practice of using high pres- and analysis indicate that the primary heat
transfer  sures and sealing between the wafer and the proc- mechanism is
due to thermal conduction of gas rather  essing chamber. than due to
contact conduction from the wafer to the  This invention provides a method
of processing pedestal through the silicone rubber pad.
semiconductor wafers in a wafer processing appara- The use of gas as a
thermal conductor In semi-  30  tus including a processing chamber in which
the wafer conductor wafer process is known for transmitting  is located on
a surface of a heat sink, the method in- heat either to or from a wafer.
For example, King U.S.  cluding the steps of subjecting the exposed
sideofthe Patent 4,261,762 discloses a method for cooling a  wafertoa
processing step including flowing a process wafer being bombarded by ions
in an ion implantation  gas over the surface of the wafer and cooling the
wa- apparatus wherein a wafer is clamped adjacent its  35  fer by directing
a heat transfer gas against the rear- periphery to a target block and a
cooling gas with a  ward face of the wafer adjacent to the heat sink to
high thermal conductivity such as nitrogen, neon, hel-  transfer heat from
the wafer to the sink; wherein the ium, or hydrogen is fed under pressure
into the space  apparatus comprises a plasma etching chamber and between
the wafer and the cooling block through an  the process to which the wafers
are subjected In the orifice in the cooling block.                40
chamber Is a plasma etching process, wherein the Lamont U.S. Patents
4,680,061 and 4,743,570    processing gas in the chamber and heat transfer
gas describe the use of a gas to conduct heat to or from  between the wafer
and heat sink are at substantially a waferfrom a heat exchange means which
may com-  the same pressures, wherein the heat transfer gas prise a heater
for heating the wafer or a heat sink for  comprises one or more thermally
conductive compo- cooling the wafer. A pressure plate seals the periph-  45
nents of the process gas, wherein the wafer rests un- ery of a wafer
carrier plate assembly against the wall  held against the surface of the
sink, and wherein the of a vacuum apparatus while the wafer is either heat-
heat transfer gas directed at the back of the wafer ed or cooled by the
heat exchange means utilizing  flows out between the wafer and heat sink
into the gas conduction heattransfer by introducing a fraction  plasma
etching chamber. of the argon gas employed for operation of the sputter  50
. In accordance with the invention, it has been deposition source directly
into the space between the  found that good heat transfer can be obtained
or ach- heat exchange means and the wafer.                ieved atthe same
pressures orvacuum utilized forthe However, these prior uses of a gas as a
heat   plasma etching process or other semiconductor man- transfer
conductor have been limited to use of the gas  ufacturing processes by
using certain gases for cool- in a separate chamber or compartment of the
appa-  55  ing or heating which can also function as components ratus
Isolated from the portion of the process appa-  of the process gas. ratus
generating the heat, e.g., the sputter deposition  It is another feature of
the present invention that chamber, either because a different gas was used
for  a process for cooling or heating a semiconductor wa- 2    
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utilizes one or more components  wherein means are provided for directing a
proportion of the process gas as a gas conduction heat transfer  of the
process gas containing one or more thermally gas by directing at least a
portion of such one or more  conductive components against the rear surface
of process gas components into contact with a surface  said wafer adjacent
the support surface to provide of the wafer as such one or more process gas
com-   5   said heat transfer gas, and wherein the process gas ponents pass
into the apparatus while controlling the  and heat transfergas are supplied
at substantially the flow of process gas into the chamber to keep the total
same pressures whereby the wafer can rest unheld flow of process gas into
the chamber constant and  on said support and the heat transfer gas can
flow be- while monitoring the pressure or vacuum in the appa-  tween the
water and sink into the processing cham- ratus to maintain the desired
pressure.       10  ber. Preferably the heat transfer gas is directed
The following is a description of a specific em- through one or more
openings in said surface of the  bodiment of the invention, reference being
made to heat sink to provide heat transfer between said rear-  the
accompanying drawings in which:- ward wafer surface and said heat sink
before flowing  Figure 1 is a flow sheet of the process of the in- into the
plasma etching chamber.              15      vention; and More
specificallythe heattransfergas is directed   Figure 2 is a fragmentary
cross-sectional view of in a controlled flowoffrom about 1-5 sccm of said
one  a portion of a plasma etching apparatus showing or more components of
the processing gas toward       the admission of some of the process gas
into the said rearward surface of said wafer.                  chamber via
prior contact with the surface of the According to a furtherfeature of the
invention the   20  wafer and monitoring and flow control means method
includes the step of controlling the total flow  which may be used to
control the flow of process of process gas into said plasma etching chamber
to    gas through the chamber to maintain the desired within a range of
from about 130 to about 300 sccm.   vacuum in the chamber. In any of the
above methods the heat transfer      An aspect of the present invention
comprises a gasses comprise about 1 to about 5% of the total proc-  25
method and an apparatus for cooling a semiconduc- ess gas flow and is
directed toward said rear surface  tor wafer in a plasma etching apparatus
utilizing one of said wafer.                                     or more
components of the process gas used in the The components of said process
gas which are   plasma etching process as a gas conduction heat directed
into contact with said rearsurface of said wa-  transfer gas by directing
at least a portion of such one fer to provide heat transfer from said wafer
to said ad-  30  or more components of the process gas into contact jacent
support means may be selected from the class  with a surface of the wafer
as such one or more proc- consisting of fluorinated 1-4 carbon,
hydrocarbons  ess gas components pass into the plasma etching ap- and
argon.                                         paratus. In a preferred
embodiment the flow of proc- In one particular method according to the
inven-  ess gas into the chamber is controlled to keep the to- tion the
plasma etching apparatus may have a total  35  tal flow of process gas into
the chamberconstant and process gas flow into said apparatus of from about
the pressure or vacuum in the plasma etching appa- 130 to about 300 seem
and may comprise directing  ratus is monitored to maintain the desired
vacuum in into contact with a surface of said wafer from about  the plasma
etching apparatus. 1-5 sccm of at least a portion of said one ormore com-
As shown in Figure 2, a plasma etching appara- ponents of said process gas
selected from the class  40  tus or chamber 2 is generally indicated
comprising a consisting of fluorinated 1-4 carbon, hydrocarbons  chamber
wall 6, an evacuation port 8 which is con- and argon to transfer heatfrom
said wafertosaid sup-  nected through pipe 10 and throttle valve 12 toan
ex- port, and monitoring the vacuum in said plasma etch-  ternal pumping
source (not shown) to maintain the de- ing apparatus to maintain said
plasma etching appa-  sired vacuum in chamber 2, and at least one interlock
ratus at a pressure of from about 5.3 Pa (40) to about  45  4 through which
a wafermay be introduced into cham- 27 Pa (200 millitorr).
ber2. Within chamber 2 is an rf source 20 connected The invention also
provides an apparatus for   to an external power supply (not shown) to
generate cooling a semiconductor wafer in a wafer processing  the plasma
and a wafer support pedestal 30 upon apparatus by utilizing one ormore
components of the  which a wafer 50 is positioned for etching by the plas-
process gas used in the process as a gas conduction   50   ma generated by
rf source 20. An inlet port 14 is also heat transfer gas which comprises;
means for sup-  provided in chamber wall 6 for admission of process porting
said waferon a supportsurfacewhich support  gas into plasma etching chamber
2 through pipe 16 surface also functions as a heat sink, and means for  and
flow control valve 18 from an external process directing a heat transfer
gas into contact with a rear  gas source 40. surface of said wafer adjacent
said support surface;  55  In accordance with the invention, means are pro-
wherein the apparatus is a plasma etching apparatus  vided in wafer support
pedestal 30 for the direction of and the support surface provides a surface
on which  at least a portion of one or more components of the the wafer
rests to be subjected to said process gas  process gas into contact with
the rear surface of wafer 3    



5                  EP0397315B1                     6 50 resting on pedestal
30 comprising, in the illustrat-  In any event, it will be noted that while
wafer 50 ed embodiment, a central bore 32 in pedestal 30.  is shown resting
on pedestal 30, there is no seal or Central bore 32 is, in turn, connected
through pipe 36  clamping type retention provided between wafer 50 and flow
control valve 38 to external process gas  and pedestal 30 to try to onfine
or restrict the move- source 40, which may comprise one or more compo-   5
ment into plasma etching chamber 2 of molecules of nents of the process gas
used in the plasma etching  the one or more components of the process gas
process carried out in chamber 2.                 which have been brought
into contact with the rear The term "process gas", as used herein, is
intend-  surface of wafer 50 through bore 32 in pedestal 30. ed to define a
mixture of gases which may either func-  Such sealing means are unnecessary
in the practice tion as active etching components of the process gas  10
of the present invention due both to an absence of or as carrier gases.
Examples of components usually  pressure differentials between chamber 2
and the present in such plasma etching process gases are 1-  rear surface
of wafer 50 as well as the use of one or 4 carbon fluorinated hydrocarbons,
such as [err];  more heat transfer gases which are also components
fluorinated 1-4 carbons such as [err], and [err]; oxy-  of the process gas
used in the plasma etching proc- gen, [err], and [err]; as well as carrier
gases such as   15  ess, i.e., that heat transfer gases and the plasma
helium, nitrogen, and argon.                      etching gases are both
used at the same pressure It should be noted, in this regard, that while
proc-  and the heat transfer gases comprise a portion of the ess gas source
40 is shown as a single source, it will  plasma etching gases. be
understood that process gas source 40 may com-   Pressure or vacuum monitor
means 60 are also prise individually controlled sources of each of the   20
provided within plasma etching chamber 2 to monitor gases which
collectively make up the process gas.  the total gas pressure in chamber2.
A signal from gas Process gas source 40 may, therefore, include means
monitor means 60 may be fed to throttle valve 12 to separately control the
ratio of these components  when the pressure exceeds a predetermined amount
flowing through pipe 36 and flow control valve 38 to  so that chamber 2 may
be further evacuated. Alterna- bore 32 and the rearsurface of wafer 50 from
the ratio  25  tively or supplementally, the pressure or vacuum in of such
gases flowing into plasma etching chamber 2  chamber 2 could be controlled
by controlling the flow through inlet port 14.
of process gas entering chamber 2 through flow con- Not all of these
components of the process gas  trol valve 18 using control means 70. will
function satisfactorily in the process of the pres-  When the pressure or
vacuum in chamber 2 is ent invention as satisfactory heat transfer agents
to  30  controlled by throttle valve 12 through control means conduct heat
from wafer 50 to pedestal 30 at the op-  70, the flow of process gas
through inlet valve 18 and erating pressure or vacuum utilized in plasma
etching  pipe 16 from process gas source 40 may be made apparatus 2.
Therefore, the term "one or more com-  constant by initial adjustmentof
control valves 18 and ponents of the process gas" as used herein to de-
38. scribe the portion of the process gas which is brought  35  Plasma etch
chamber 2 Is maintained at a pres- into contact with the rear surface of
wafer 50 through  sure of from about40 to 200 millitorr, preferably about
bore 32, is intended to define only those components  60 millitorr. The
total flow of process gas into chamber of the process gas which will
provide satisfactory heat  2 which is necessary to maintain the plasma In
cham- transfer between wafer 50 and pedestal 30. Such   ber 2 ranges from
about 130 to about 300 sccm. Of components include argon and the
aforementioned 1-  40  this amount, from at least about .05 sccm,
preferably 4 carbon fluorinated hydrocarbons, such as CHF3 ; or  about .15
sccm, flows through bore 32 In pedestal 30 fluorinated 1-4 carbons such as
[err], and CF4.    with the balance entering chamber 2 through process The
total amount of such process gas compo-    gas inlet port 14. nents which
enters chamber 2 through bore 30 may     It will be noted that the silicone
rubber pad con- be adjusted through flow control valve 38 to comprise  45
ventionally placed between wafer 50 and pedestal 30 only about 1-5%,
preferably about 2% of the total  has been eliminated since the pad is not
needed for amount of process gas which flows into chamber 2,  conduction of
heat from wafer 50 and pedestal 30. In- with the balance flowing into
chamber 2 via inlet port  stead, pedestal 30, which may be formed of
aluminum 14.                                               metal, may be
anodized to provide from about 1.3 x It should be noted that while central
bore 32 is  50  [err]m (0.5 mils) to about5.1 x [err]m (2.0 mils) of alu-
shown as the sole means for bringing such one or  minum oxide as electrical
insulation between wafer more components of the processing gas into contact
50 and pedestal 30 without materially interfering with with the rearsurface
of wafer50, more than one such  the heatflowfromwafer 50 to pedestal 30
through the bore could be provided in pedestal 30 or at least the  process
gas molecules in accordance with the inven- top surface of wafer support
pedestal 30 could com-  55  tion. prise a porous metal to permit exit of
such processing  To illustrate the advantages of the invention, the gas
components Into contact with the rear surface of  temperature of a silicon
wafer subjected to plasma the wafer 50 at more than one point.
etching in a conventional etching chamber having a 4    
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heat transfer means was measured       a surface of a heat sink, the method
including the and found to be [err] after a sufficient time to ach-  steps
of subjecting the exposed side of the wafer ieve steady state conditions,
i.e., after about 3-5 min-  to a processing step including flowing a
process utes of etching. In contrast, the temperature of a sill-  gas over
the surface of the wafer and cooling the con wafer cooled in accordance
with the invention   5  wafer by directing a heat transfer gas against the
and etched under the same etching conditions and       rearward face of the
wafer adjacent to the heat time period was found to be [err], indicating
the su-   sink to transfer heat from the wafer to the sink; perior heat
transfer realized using the process and    characterised in that the
apparatus comprises a apparatus of the invention.
plasma etching chamber and the process to While the above preferred
embodiment refers to  10  which the wafers are subjected in the chamber is
the cooling of semiconductor wafers in plasma etch-    a plasma etching
process, in that the processing ing apparatus, methods and apparatus in
accordance     gas in the chamber and heat transfer gas be- with the
present invention can also advantageously    tweenthewaferand heatsinkare
atsubstantially heat wafers within semiconductor processing equip-    the
same pressures, in that the heat transfer gas ment. For example, in a CVD
chamber a process gas   15  comprises one or more thermally conductive can
be used as a heat transfer agent by flowing it be-  components of the
process gas, in that the wafer tween a heated pedestal and a wafer
supported over     rests unheld against the surface of the sink, and the
pedestal and then into the CVD chamber. Again,    in that the heat transfer
gas directed at the back the process gas used for the heat transfer can
com-   of the waferflows out between the waferand heat prise a chemically
active gas, an inert or carrier gas,  20  sink into the plasma etching
chamber. orcombinations thereof. The process gas can also in- clude any gas
not destructive to the processing of the  2. A method of cooling a
semi-conductor wafer as semiconductor wafer which accomplishes the heat
claimed in Claim 1, characterised in that the heat transfer of the present
invention. For example, the    transfer gas is directed through one or more
process gas could be an inert gas not otherwise used   25  openings in said
surface of the heat sink to pro- in the process but which can be released
into the re-  vide heat transfer between said rearward wafer action chamber
without degrading the processing of     surface and said heat sink before
flowing into the the wafer.
plasma etching chamber. While this Invention has been discussed in terms of
a single wafer system, it is equally applicable to  30  3. A method of
cooling a semi-conductor wafer as multiple wafer systems such as the
Applied Materials   claimed in Claim 2, characterised in that the heat 8310
etcher which processes 18 wafers simultane-      transfer gas is directed
in a controlled flow of ously. In the case of multiple wafer etcher
systems, it  from about 1-5 sccm of said one or more compo- is still
desirable to maintain the total pressure of the  nents of the processing
gas toward said rearward process gasses to the range of 130 - 300 sccm, and
35  surface of said wafer. the flow of process gas against each wafer at at
least about .05 sccm. In the case of the 8310 etcher, this  4. A method of
cooling a semi-conductor wafer as results in a total flow of process gasses
against the  claimed in Claim 3, including the step of control- wafers of
at least about .9 sccm. The total gas flow for  ling the total flow of
process gas into said plasma cooling is still in the range of 1 - 5 % of
the process  40  etching chamber to within a range of from about gas within
the apparatus.                              130 to about 300 sccm. Thus,
the invention provides an improved proc- ess and apparatus for heating or
cooling a semicon-  5. A method of cooling a semi-conductor wafer as ductor
wafer in a semiconductor processing appara-     claimed in any of Claims 1
to 4, characterised in tus using the process gas as the heat conducting
45  that the heat transfer gas comprises about 1 to means between
thewafersurface and a heatconduc-        about 5% of the total process gas
flow and is di- tor. Preferably, the flow of process gas into the cham-
rected toward said rear surface of said wafer. ber is controlled to keep
the total flow of process gas into the chamber constant and the pressure in
the ap-  6. A method of cooling a semi-conductor wafer as paratus is
monitored to maintain the desired pressure  50  claimed in any of Claims 1
to 5, characterised in therein.
thatthe heattransfergas comprising one ormore components of said process
gas which are direct- ed into contact with said rear surface of said wa-
Claims                                                 ferto provide heat
transferfrom said wafertosaid 55      adjacent support means are selected
from the 1. Amethod of processing semiconductorwafers in        class
consisting offluorinated 1-4 carbon, hydro- a wafer processing apparatus
including a proc-      carbons and argon. essing chamber in which the wafer
is located on 5    
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transfer means was measured        a surface of a heat sink, the method
including the and found to be [err] after a sufficient time to ach-  steps
of subjecting the exposed side of the wafer ieve steady state conditions,
i.e., after about 3-5 min-  to a processing step including flowing a
process utes of etching. In contrast, the temperature of a sili-  gas over
the surface of the wafer and cooling the con wafer cooled in accordance
with the invention   5  wafer by directing a heat transfer gas against the
and etched under the same etching conditions and        rearward face of
the wafer adjacent to the heat time period was found to be [err],
indicating the su-    sink to transfer heat from the wafer to the sink;
perior heat transfer realized using the process and    characterised in
that the apparatus comprises a apparatus of the invention.
plasma etching chamber and the process to While the above preferred
embodiment refers to  10  which the wafers are subjected in the chamber is
the cooling of semiconductor wafers in plasma etch-     a plasma etching
process, in that the processing ing apparatus, methods and apparatus in
accordance     gas in the chamber and heat transfer gas be- with the
present invention can also advantageously      tweenthewaferand
heatsinkareatsubstantially heat wafers within semiconductor processing
equip-     the same pressures, in that the heat transfer gas ment. For
example, in a CVD chamber a process gas   15  comprises one or more
thermally conductive can be used as a heat transfer agent by flowing it be-
components of the process gas, in that the wafer tween a heated pedestal
and a wafer supported over      rests unheld against the surface of the
sink, and the pedestal and then into the CVD chamber. Again,     in that
the heat transfer gas directed at the back the process gas used for the
heat transfer can com-     of the waferflows out between the waferand heat
prise a chemically active gas, an inert or carrier gas,  20  sink into the
plasma etching chamber. or combinations thereof. The process gas can also
in- clude any gas not destructive to the processing of the  2. A method of
cooling a semi-conductor wafer as semiconductor wafer which accomplishes
the heat         claimed in Claim 1, characterised in that the heat
transfer of the present invention. For example, the     transfer gas is
directed through one or more process gas could be an inert gas not
otherwise used   25  openings in said surface of the heat sink to pro- in
the process but which can be released into the re-  vide heat transfer
between said rearward wafer action chamber without degrading the processing
of      surface and said heat sink before flowing into the the wafer.
plasma etching chamber. While this invention has been discussed in terms of
a single wafer system, it is equally applicable to  30  3. A method of
cooling a semi-conductor wafer as multiple wafer systems such as the
Applied Materials    claimed in Claim 2, characterised in that the heat
8310 etcher which processes 18 wafers simultane-        transfer gas is
directed in a controlled flow of ously. In the case of multiple wafer
etcher systems, it  from about 1-5 sccm of said one or more compo- is still
desirable to maintain the total pressure of the  nents of the processing
gas toward said rearward process gasses to the range of 130 - 300 sccm, and
35  surface of said wafer. the flow of process gas against each wafer at at
least about .05 scam. In the case of the 8310 etcher, this  4. A method of
cooling a semi-conductor wafer as results in a total flow of process gasses
against the   claimed in Claim 3, including the step of control- wafers of
at least about .9 sccm. The total gas flow for  ling the total flow of
process gas into said plasma cooling is still in the range of 1 - 5 % of
the process  40  etching chamber to within a range of from about gas within
the apparatus.                               130 to about 300 scam. Thus,
the invention provides an improved proo- ess and apparatus for heating or
cooling a semicon-  5. A method of cooling a semi-conductor wafer as ductor
wafer in a semiconductor processing appara-      claimed in any of Claims 1
to 4, characterised in tus using the process gas as the heat conducting
45  that the heat transfer gas comprises about 1 to means between the
wafersurface and a heat conduc-       about 5% of the total process gas
flow and is di- tor. Preferably, the flow of process gas into the cham-
rected toward said rear surface of said wafer. ber is controlled to keep
the total flow of process gas into the chamber constant and the pressure in
the ap-  6. A method of cooling a semi-conductor wafer as paratus is
monitored to maintain the desired pressure  50  claimed in any of Claims 1
to 5, characterised in therein.
that the heat transfer gas comprising one or more components of said
process gas which are direct- ed into contact with said rear surface of
said wa- Claims                                                  ferto
provide heattransferfrom said waferto said 55      adjacent support means
are selected from the 1. A method of processing semiconductor wafers in
class consisting of fluorinated 1-4 carbon, hydro- a wafer processing
apparatus including a proc-       carbons and argon. essing chamber in
which the wafer is located on 5    
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cooling a semiconductor wafer as       Vorrichtung eine Plasmaatzkammer
aufweist und claimed in any of Claims 1 to 6, characterised in  daM das
Verfahren, den die Wafer in der Kammer that the plasma etching apparatus
has a total      unterworfen werden, ein Plasmaatzverfahren ist, process
gas flow into said apparatus of from      daiS das Proze~gas in der Kammer
und das WAr- about 130 to about300 sccm comprising directing   5
mefibertragungsgas zwischen dem Wafer und into contact with a surface of
said wafer from    der Warmesenke Im wesentlichen die gleichen about 1-5
sccm of at least a portion of said one   Drucke haben, daS das
Warmefbertragungsgas or more components of said process gas select-
eine oder mehrere wArmeleitende Komponenten ed from the class consisting of
fluorinated 1-4    des Prozelgases aufweist, daB der Wafer ohne carbon,
hydrocarbons and argon to transfer heat  10  gehalten zu sein auf der
Oberflache der Senke from said wafer to said support; and monitoring
ruht und daS das WarmeObertragungsgas, das the vacuum in said plasma
etching apparatus to     gegen die Rfckseite des Wafers gerichtet ist, zwi-
maintain said plasma etching apparatus at a        schen dem Wafer und der
Wirmesenke in die pressure of from about 5.3 Pa (40) to about 27 Pa
Plasmaatzkammer abstr8mt. (200 millitorr).                          15 2.
Verfahren zum KMien eines Halbleiterwafers 8. Apparatus for cooling a
semiconductorwafer in a    nach Anspruch 1, dadurch gekennzeichnet, daS
wafer processing apparatus by utilizing one or     das Wirmeabertragungsgas
durch eine oder more components of the process gas used in the     mehrere
Offnungen in der Oberflache der Wir- process as a gas conduction heat
transfer gas  20  mesenke gerichtet wird, um einen Warmeiber- which
comprises; means (30) for supporting said    gang zwischen derrOckseitigen
WaferoberflAche waferon a support surface whichsupportsurface      und der
Wirmesenke vor dem Stromen in die also functions as a heat sink, and means
(32, 36,  Plasmaatzkammer zu bewirken. 38, 40) for directing a heat
transfer gas into con- tactwith a rearsurfaceofsaidwafer(50)adjacent  25
3. Verfahren zum KOhlen sines Halbleiterwafers said support surface;
characterised in that the    nach Anspruch 2, dadurch gekennzeichnet, dag
apparatus is a plasma etching apparatus and the    das
Wirmefibertragungsgas als eingestellter support surface provides a surface
on which the    Strom von etwa I bis 5 sccm eineroder mehrerer wafer (50)
rests unheld to be subjected to said    Komponenten des Proze~gases gegen
die rfick- process gas in that the means are provided for di-  30  seitige
OberflAche des Wafers gerichtet wird. recting a proportion of the process
gas containing one or more thermally conductive components    4. Verfahren
zum KOhlen eines Halbleiterwafers against the rear surface of said wafer
adjacent    nach Anspruch 3 mit dem Schritt, den Gesamt- the support
surface to provide said heat transfer  strom des Prozeagases in die
Plasmaatzkammer gas, and in that the process gas and heat transfer  35  auf
innerhalb eines Bereichs von etwa 130 bis et- gas are supplied at
substantially the same pres-   wa 300 scom einzustellen. sures whereby the
wafer can rest unheld on said support and the heat transfer gas can flow
be-  5. Verfahren zum Kihlen aines Halbleiterwafers tween the wafer and
sink into the processing       nach einem der Ansprflche I bls 4, dadurch
ge- chamber.                                  40       kennzeichnet, daS
das Warme0bertragungsgas etwa 1 bis etwa 5 % des gesamten Prozeogas- stroms
aufwelst und gegen die rflckseitige Ober- Patentansprriche
flache des Wafers gerichtet wird. 1. Verfahren zur Behandlung von
Halbleiterwafern  45  6. Verfahren zum KOhlen elnes Halbleiterwafers in
einer Waferbehandlungsvorrichtung mit einer     nach elnem der Anspruche I
bis 5, dadurch ge- Behandlungskammer, in der der Wafer auf elner
kennzeichnet, daB das Wirmeflbertragungsgas, Oberfliche einerWarmesenke
angeordnet wird,        weiches eine oder mehrere Komponenten des wobei das
Verfahren die Schritte umfa~t, diefrei-  Prozelgases aufwebt, die in
Kontakt mit der liegende Seite des Wafers einem Behandlungs-  5o
rflckseitigen Oberfliche des Wafers gerichtet schritt  zu  unterwerfen,  zu
dem   das           werden, um eine Wirmefbertragung von dem Stromenlassen
aines Prozeagases Ober die           Wafer auf die angrenzenden
Abstutzeinrichtun- Oberfliche des Wafers und das KOhlen des           gen
zu bewirken, aus der Klasse ausgewahit Wafers durch Richten eines
WArme0bertra-           wird, die aus fluorierten Kohlenwasserstoffen mit
gungsgases gegen die ruckseitige Flache des  55    1 bis 4
Kohlenstoffatomen und Argon bestsht. Wafers angrenzend an die Wirmesenke
geho- ren, um Wfimme von dem Wafer auf die Senke zu  7. Verfahren zum
KIlhlen eines Halbleiterwafers Obertragen, dadurch gekennzelchnet, daB die
nach einem der Ansprflche I bis 6, dadurch ge- 6    11                 EP 0
397 315 B1                 12      | ||||||| III|[| |||||  I| I!|! 



*C   L  M   S* kennzeichnet, dag die Plasmaatzvorrichtung ei-    transfert
thermique contre la face arriere de la nen gesamten Prozeigasstrom in die
Vorrich-       plaquette de faon adjacente au puits thrmique tung von etwa
130 bis etwa 300 soom aufweist,     pour transf6rer la chaleur de la
plaquette vers le wobel etwa I bis 5 scrm wenigstens elnes Tells    puits;
elner oder mehrerer Komponentbn des Prozeo-   5   caracterise en ce quo le
dispositif comprend une gases in Kontakt mit alner Oberflache des
chambre d'attaque au plasma et le traitement au- Wafers gerichtet wird, das
aus der KMasse ausge-  quel lea plaquettes sont sournises dans la cham-
wahit wird, die aus fluorerten Kohlenwasserstof-  bre eat un traltement
d'attaque au plasma, en co fen mit 1 bis 4 Kohlenstoffatomen und Argon be-
que le gaz de traitement so trouvant dans la steht, um Warme von dem Wafer
auf die AbstOt-. 1o  chambre et le gaz de transfert thermique so trou- zung
zu Obertragen, und wobei das Vakuum In       vant entre la plaquette et le
puits thermique sont der Plasmaatzvorrichtung Oberwacht wird, um
sensiblement A la meme pression, en ce que le die Plasmaatzvorrichtung auf
einen Druck von      gaz de transfert thermique comprend un ou plu- etwa
5,3 Pa (40) bis etwa 27 Pa (200 Millitorr) zu  sieurs constituants
thenmiquement conducteurs halten.                                   15
du gaz de traltoment, en ce que la plaquette re- pose sans etre maintenue
contre la surface du 8. Vorrichtung zum Kuhlen sines Halbleiterwafers
pults, et en co quo le gaz de transfert thermique in einer
Waferbehandlungsvorrichtung unter Ver-   projete au dos de la plaquette
s'coule en sortant wendu ng ainer oder mehrerer Komponentbn des
d'entre la plaquetto et le pults thermique pour p6- Prozelgases, des In dem
Verfahren ale sin  20     n6trer dans la chambre d'attaque au plasma.
Gasleitungswirmrobertragungsgas verwendet wird, mit Einrichtungen (30) zum
Abstitzen des  2. Procede de refroidissement d'une plaquettb se- Wafers auf
einerAbstutzflache, die auch alsWar-   miconductrice selon la revendication
1, caract6- mesenke wirkt, und mit Elnrichtungen (32,36,38,   ris6 en ca
quo le gaz de transfert thermique eat 40) zum Richten sines
WArme0bertragungsga-  25    dirige A travers une ou plusieurs ouvertures
pra- ses in Kontakt mit einer ruckseltigen Oberfische  tiqu6es dana ladite
surface du puits thermique des Wafers (50) angrenzend an die Abstfltzflg-
pour produire un transfert thermique entre ladite che, dadurch
gekennzeichnet, dag die Vorrich-     surface arribre de la plaquette et
ledit pults ther- tung elne Plasmaitzvorrichtung let und dag die    mique
avant de s'eoouler dana la chambre d'at- Abstftzflache eine OberfliAche
bildet, auf derder  30  taque au plasma. Wafer (50) ohne gehaltbn zu sein
ruht, um dem Proze~gas ausgesetzt zu werden, daB Einrich-   3. Proc6d6 de
refroldissement d'une plaquettb so- tungen zum Richten aines Anteils des
ProzeBga-    miconductrice selon la revendication 2, caracte- ses, das elne
oder mehrere warmeleltbnde Kom-     ris6 en ce quo le gaz de transfert
thermique eat ponentbn enthilt, gegen die rilckseitlge Oberfia-  35  dirig6
sous la forme d'un d6bit r6guI6 d'environ 1- che des Wafers angrenzend an
die Abstfltzflache   5 cm3/min (1-5 sorm) dudit un ou plusieurs cons- zur
Bl~dung des Warme0bertragungagases vor-       tituants du gaz de traltment
vers ladito surface gesehen sind und dall das Prozeogas und das
arribre de laditb plaquette. WArme0bertragungsgas mit im wesentlichen
gleichen Drucken zugef0hrtwarden, wodurch der  4o  4. Proc6de de
refroidissement d'une plaquette so- Wafer ohne gehalten zu sean auf der
Abstfltzung   miconductrice selon la revendication 3, compre- ruhen und das
Wirmeribertragungsgas zwl-          nantl'etape consistantA commanderle
debit total schen dem Wafer und der Senke In die Behand-      de gaz de
traitement duns ladite chambre d'atta- lungskammer stromen kann.
quo au plasma afin qu'll s situe dans une gam- 45      me d'environ 130 a
environ 300 cm3/rnin (environ 130 a anviron 300 socrn). Revendicatlons 5.
Procbd6 de refroldissement d'une plaquette so- 1. Proc6d6 de traibtment de
plaquettes semicon-      miconductrice selon l'une quelconque des reven-
ductrices dans un dispositif de traibtment de pla-  so  dications I A 4,
caracterise en ce quo le gaz de quettbs comportant une chambre de
traitement      transfert thermique represente environ 1 A envi- dans
laquelle la plaquettb eat placee sur une sur-  ron 5% du debit de gaz de
traiternent total et eat face d'un puits thermique, le procede compre-
dirig6 vers ladite surface arrier de ladite pia- nant les 6tapes
consistanta soumettre le c6t6 ex-  quette. pose de la plaquette A une etape
de traitement  55 mettant en jeu le passage d'un gaz de traltement  S.
Proc6de de refroldissement d'une plaquette se- sur la surface de la
plaquettb et le refroidisse-  miconductrice selon l'une quelconque des
reven- ment de Ia plaquette par projection d'un gaz de   dications 1 A 5,
caract6ris6 en co quo le gaz de 7    



13                 EP 0 397 315B1                  14   JJ       1 I11 111
lI !II transfert thermique, comprenant un ou plusisurs constituents dudit
gaz de traibtment qui sont di- riges pourvenirau contactds laditbsurface
arrib- re de ladit plaquette pour produire un transfert de chaleurdeladito
plaquettovers leditmoyen de   5 support adjacent, est selectionn6 dans la
classe constitueo du carbone 14-fluoro, d'hydrocarbu- res et d'argon. 7.
Procedd de refroidisesment d'une plaquetto se-  10 miconductrico selon
l'une queloonque des reven- dicatons Ia I 6, caracteriso en ce quo le
dispositif d'attaque au plasma regoit un debit total de gaz de traltment
d'anviron 130 A environ 300 cm3/min (onviron 130 A environ 300 sccm),  1S
consistent a diriger au contact d'une surface de laditb plaquetto,
d'environ 1-5 cm3/min (1-5 sccm) d'au moins une partie dudit un ou
plusieurs constituants dudit gaz de traeitment s6lection- n6s dans la
classe constitueo du carbone 1-4-  20 fluore, d'hydrocarbures et d'argon
pour transfo- rorde la chaleurde ladito plaquettaversleditsup- port et on
co qu'on contrOle Is vide dans ledit dis- positif d'attaque au plasma afin
de maintbnirledit dispositif d'attaque au plasma sous une pression   26
d'environ 5,3 Pa (40 millitorrs) A environ 27 Pa (200 millitorrs). 8.
Dispositif pour refroldir une plaquetto semicon- ductrice dans un
dispositif de traibtment de pla-  30 quettos par utilisation d'un ou
plusieurs consti- tuants du gaz de traibtment utilis6 dans le traite- ment
an tent quo gaz de transfert thermique par conduction de gaz, qui comprend:
un moyen (30) pour supportor ladito plaquetta sur une surface   35 de
support, cotta surfaco de support jouant ega- lement lI role de puits
thermique, et un moyen (32, 38, 38, 40) pour diriger un gaz de transfert
thermique au contact d'une surface arriers de la- dito plaquetta (50) au
voisinage imm~diat de la-  40 ditb surface de support; caractorisee en ce
que le dispositif esat un dispositif d'attaque au plasma et la surface de
support constitue une surface sur laquelle la plaquettb (50) repose sans
etre main- tenue pour etre exposee audit gaz de traibtment,  45 en cs qua
des moyens sont provus pour diriger une proportion du gazde
traitmentcontsnant un ou  plusleurs  constituents  thermiquemont
conductours contre la surface arribre de ladito plaquetto au voisinage
immediat de la surface de   50 support, afin de fournir ledit gaz de
transfert ther- mique, et en ce que le gaz de traltbment et le gaz de
transfert thermique sont Introduits sous des pressions sensiblement
identiques afin quo la pla- quette puisso reposersans etre maintbnue
surledit  65 support et que le gaz do transfert thermique puis- so
s'ecouler entre la plaquett et Is puits pour pe- netrer dans la chambre de
traibtment. 8    


