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torr is equivalent to 1.33322 x [err] and thus in- volves a substantial
flow rate of reactive gases into The present invention relates to a
magnetic field-  the system. In contrast, the reactive ion etching sys-
enhanced etch reactor suitable for both plasma etch-  tems 20 and 30 are
operated at low pressures in the Ing and reactive ion etching (RIE) mode
plasma etch-   5   range of 1 to 100 millitorr and, thus, substantially
low- ing and, to associated processes for etching semicon-  er gas flow
rates are utilized. In the reactive Ion etch- ductor, conductor and
dielectric materials.       ing systems 20 and 30, activated ion species in
the Over the last several years, the trend to ever  neighborhood of the
cathode have high inherent di- greater device densities and smaller minimum
fea-  rectionality normal to the cathode and the wafers ture sizes and
smaller separations in integrated cir-  10  mountedthereon.
ByusinghighfrequencyRFenergy cuits has caused the IC fabrication
technologyto shift  atfairlysubstantial power levels, the etch rates are
in- from wet chemical etching to dry or plasma etching  creased in systems
20 and 30, despite the low con- technology.
centration of activated species, because the momen- The art includes at
least three types of plasma  tum of the ions bombarding exposed material
regions etching systems. FIG. 1 depicts a parallel plate plas-  15  on the
wafer surface enhances the chemical reaction ma chemical etching system,
10, that includes a    between the activated species and the material to be
closed reaction chamber 11 with a connection 12 to a  etched. Also, the
highly directional mechanical ion vacuum pump for partially evacuating the
interior of  bombardment etch component dominates the more the chamber, and
a gas supply 13 for communicating  isotropic chemical component and imparts
high ani- the reactive gas to the chamber through a valve con-  20  sotropy
to the etching characteristics of the system. duit arrangement 14. The
system 10 also includes an  Consequently, RIE mode systems such as 20 are
pre- energysource 16 which supplies RF energy to a cath-  ferred foretching
very small features such asgrooves ode structure 17 and utilizes a grounded
anode 18.  and trenches In VLSI and ULSI circuits. The wafers 19 are
mounted on the grounded anode       The following are important factors and
require- 18 which extends in a parallel plate configuration rel-  25  ments
in the design and selection of commercially ative to the cathode 17. The
connection to the va-  useful RIE mode etching reactors. First, to provide
ac- cuum pump is configured to draw the reactive gases  ceptable device
manufacturing yields, the RIE mode into the region between the anode 18 and
the cathode  reactor must meet certain process requirements such 17 for
confining the reactive gas plasma formed by  as directionality,
selectivity, uniformity, throughput, the RF energy supplied to the cathode
17.     30  low particulate levels, etc. Secondly, it is desirable FIG. 2
depicts a parallel plate reactive ion etching  that the RIE mode etch
reactor require little or no mode, plasma etching system, 20, that also
includes  maintenance, for example, by Incorporating in-situ, a
substantially closed reaction chamber 21 with a   self-cleaning capability.
Other desirable characteris- connection 22 to a vacuum pump for partially
evac-  tics include the adaptability to factory and reactor au- uating the
interior of the chamber, a gas supply 23 for  35  tomation, small reactor
size and low manufacturing communicating the reactive gas to the chamber
cost. through a valve conduit arrangement 24, an energy     The latter
group of factors would tend to favor the source 26 which supplies RF energy
to a cathode    use of single wafer systems over batch-type systems,
structure 27 and a grounded anode 28. In contrast, to  other factors being
equal. Moreover, single wafer sys- plasma system 10, FIG. 1, in the
reactive ion etching   40  tems are more convenient for process development
system 20, the wafers 19 are mounted on the cathode  (only one expensive
wafer is used for each process 27, which is shielded from and separated
from the  run) and do not present within-batch, wafer-to-wafer anode 28.
uniformity problems. FIG. 3 schematically illustrates another RIE
However, the single wafer RIE systems typically mode etching system, 30,
which, like reactors 10 and   45  must be operated at high pressures
(26.6644 [err] or 20, is available commercially from Applied Materials,
>200 mT) in both the plasma mode and in the RIE Inc. of Santa Clara,
California. System 30 Includes a  mode, to increase the etch rate and
throughput. Un- cylindrical reaction chamber 31, a hexagonal cathode
fortunately, high pressure operation decreases direc- 37 connected to an RF
supply 36, and an exhaust port  tionality and selectivity and makes it
difficult to meet 32 that is connected to a vacuum pump. The walls of  50
the exacting requirements of VLSI and ULSI device the reaction chamber 31
and the base plate 38 form  manufacturing. Thus, as is usually true, other
things the grounded anode of the system. Gas supply 33 is  are not equal
and in order to obtain commercially vi- communicated into the chamber 31
through port 34   able high throughput as well as acceptable direction- and
conduit 35 to a gas distribution ring 41 at the top  ality and selectivity
characteristics, most RIE mode of the chamber.
55  etchers, including etchers 20 and 30 shown in FIGS. The parallel plate
plasma system 10 is a relatively  2 and 3, are low pressure batch-type
reactors. high pressure system, operating in the pressure       Referring
to FIG. 4, there Is shown a single wafer range of 13.3322 [err] (100
millitorr) to several torr (1  RIE mode etch reactor 40 which is an
exception to the 2    



3                   EP 0 272 142 B1                    4 above-described
state of the art The magnetic field-  The reversible magnetic field, B,
FIG. 5, is ap- enhanced, RIE mode plasma etching system 40 is     plied to
the chamber 43 parallel to the substrates 55 that described in
US-A-4668338.                    and perpendicular to the electric field,
[err], to control The system 40 is a modification of the magnetic  the
characteristics of the etch process. The electrons field-enhanced CVD
deposition system disclosed in   5   are confined by the magnetic field
lines, which pre- US-A-4668365. The RIE mode etch reactor 40 uses    vent
the electrons from moving easily from the cath- magnetic field-enhanced
etching to provide a rela-  ode face 58 to the anode 43. Also, the magnetic
and tively high etch rate despite the use of relatively low  electricfields
impart an [err] drift velocity to the eleo- pressure and, therefore, can
provide high throughput  trons so that they tend to drift and to move from
point without sacrificing directionality and selectivity, or  10   to point
along the cathode surface. The electrons are vice versa. The RIE mode etch
reactor 40 also de-  concentrated in a band having a net drift velocity
creases the inherent etch non-uniformity which re-  along the cathode and
substrate. In conjunction with sults from interaction between the magnetic
field and  the end reflectors 44A, the [err] drift velocity tends the
plasma In magnetic-field enhanced RIE systems.  to confine the electrons
within the plasma. The system 40  Includes a cylindrical stainless  15  As
mentioned, there is an inherent uniformity steel vacuum chamber 43. A
flanged cathode assem-  problem due to with the interaction between the
mag- bly 42 is mounted within the chamber 43 on insulating  netic field and
the plasma in magnetic-field enhanced posts (not shown). Typically, the
cathode 42 is poly-  reactors. The plasma density is higher downstream in
gonal and has non-magnetic reflector end sections  the  [err] direction,
providing a higher etch rate. To il- 44A (FIG. 5) formed of conductive
non-magnetic ma-  20  lustrate, and referring to the FIG. 5 enlarged
partial terial such as aluminum. Outer end sections 44B are
cross-sectional view of the cathode 42 of etcher 40, formed of material
such as [err] insulating mate-  FIG. 4, the etching rate is greater at the
end or side rial. Power is supplied for plasma operation by an RF  58 of
the wafer corresponding to the positive side of system 46, typically a 13.6
MHz system, that Includes  the magnetic field. Reversing the current
through the an RF powersupply and a load matching network and   25  two
cylindrical coils 54 and 56 (FIG. 4) reverses the is connected to the
cathode 42. Reactant gas is com-  direction of the magnetic field across
the wafer, as municated to the interior of chamber 43 by one or  shown in
phantom at B'. This reverses the plasma more Inlet tubes or ring manifolds
47 to a gas supply  flow so that the higher etching rate Is switched to the
system 48, of gas storage tanks/reservoirs 49-49.  opposite end 59 of the
wafer. By reversing the mag- Semiconductor wafers 55 are held by means 51,
30  netic field, the inherent etching non-uniformity is par- such as posts
or clips, at the side of the cathode. As  tially compensated in that the
etch rate and total etch- indicated by arrows 52, the reactant gas flows
across  ing are averaged across the wafer along the direction the substrate
surface, and then via one or more ex-  of the static field. haust outlets
53 to a mechanical pump (not shown)     Other magnetic field-enhanced RIE
etchers at- via a vacuum valve and Roots blower.         35  tempt to
minimize the etch non-uniformity using dif- Electromagnets 54 and 56,
typically formed of  ferent techniques. For example, one approach copper
coils, are circumferentially positioned about  mounts permanent magnets
beneath the wafer to the chamber 43 near the top and bottom thereof. The
provide the magnetic field and mechanically moves electromagnets form north
and south poles which are  these magnets to "smear" the field. This
approach reversible by reversing the coil current.     40  does not really
solve the non-uniformity problem, has Referring further to FIG. 4, during
RIE mode plas-  potential mechanical problems and does not provide ma
etching operation of the reactor system 40, a se-  an adjustable magnetic
field strength. A second ap- lected etching gas or mixture is inlet from
thegassup-  proach known to us also uses fixed permanent mag- ply through
the inlettubes 52-52 to the reaction cham-  nets to generate the magnetic
field and uses very low ber 43, which is evacuated by the exhaust pump sys-
45  pressures to minimize non-uniformity. tem. As shown in FIG. 5,
application of RF powerfrom  US-A-4740628 discloses a magnetically en- the
power supply 46 creates a low pressure, reactant  hanced plasma reactor
including a reaction chamber gas discharge or plasma 57 of electrons, ions
and dis-  and four pairs of electromagnetic poles which are sociated
species in the vicinity of the semiconductor  energised by an AC signal
input through a switching wafers 55. An electric field E is formed across
the   50  circuit and clock device. Pairs of poles across the plasma shield
or dark space directed from the posi-  chamber are wound in opposite
directions so that tive potential etching plasma toward the surface 58 of
when a pair is energised, the poles have opposite po- the electrode central
section. This field accelerates  larities. The field is rotated by
energising first one pair electrons across the sheath away from the
electrode  then the next pair and soon round the reactorwith the surface
and accelerates positive ions across the  55   preceding pair being
de-energised as the next adja- sheath toward the electrode and the wafer 55
to pro-  cent pair is energised. vide the directional ion bombardment etch
component   EP-A-017583 discloses a discharge reaction ap- which is
characteristic of RIE mode plasma etching.  paratus including a vacuum
vessel incorporating at 3    



5                   EP 0 272 142 B1                   6 least one electrode
into which gas is introduced at a  cooled by liquid and gas is applied
between the wafer controlled pressure and a discharge is generated in  and
the electrode to increase uniform thermal con- the vacuum vessel by
applying electric power to the  duction from the wafer to the liquid-cooled
electrode. electrode to process an object in the vessel. Three  This
gas-enhanced liquid electrode cooling permits pairs of excitation coils are
arranged with the coils in   5   the use of very high power densities, for
the purpose each pair disposed diametrically opposite one an-  of
increasing etch rate and plasma control, while other across the vacuum
vessel and a three-phase al-  maintaining the wafer at a relatively low
temperature ternating current is applied to the coils to generate a  to
facilitate profile control and avoidance of phenom- rotating magnetic field
between the coils parallel to a  enon such as black silicon. flat surface
portion of the electrode.         10      The reactor also comprises a
feed-through de- It is an object of the present invention to provide  vice
for coupling the electrode cooling gas at low a single wafer etch reactor
which provides both high  pressure to the RF-powered cathode without break-
etch rates and high etch uniformity, in addition to  down. The feed-through
device comprises a housing meeting the other process requirements.
having a gas inlet adapted for receiving the cooling This invention
provides a magnetic field en-  15  gas and a spaced gas outlet connected to
the elec- hanced plasma reactor, comprising a housing defin-  trode. The
housing further includes a pair of internal, ing a vacuum chamber therein
adapted for etching a  closely spaced apertured plates transversely span-
wafer positioned within the chamber at a high rate and  ning the path of
the gas, the plate on the outlet side with etching uniformity substantially
independent of  of the gas flow being connected electrically in com-
pressure, comprising, a pedestal for supporting the   20   mon with the
pedestal and the inlet side plate being wafer, a gas manifold for supplying
reactant gases to  connected to system ground. the chamber, means for
applying RF energy between      in another aspect, heating means such as an
the wafer support pedestal and the gas manifold for  electrical resistance
heating unit is mounted on the generating a wafer etching plasma, magnetic
field  housing for providing controlled heating of the inner generating
means comprising first and second pairs  25  chamber walls to prevent
formation of wall deposits. of electromagnets disposed around the periphery
of     This combination of features including the elec- the housing,
current supply means connected thereto  trically-controlled
multi-directional magnetic field, to produce a magnetic field generally
parallel to the  the temperature control of the cathode and reactor wafer
surface, and means for selectively applying  walls and the use of
protective materials such as the current to said electromagnets for
controlling the ori-  30  quartz covers enables satisfaction of the above-
entation of the field; wherein said current supply  identified design
objectives. The various and conflict- means comprises D.C. current supply
means and      ing process requirements such as directionality, se- said
current applying means includes control means  lectivity and uniformity are
met over a range of pres- for varying the respective D.C. currents applied
to  sures, including high pressures in a low maintenance said
electromagnets independently from each other  35  in-situ self-cleaned
single wafer system. In particular, to enable both the Intensity and
orientation of the  the electrically-controlled multi-directional field and
magnetic field generated by said electromagnets to  the use of special
protective materials provide high di- be varied to provide a uniform
etching plasma.     rectionality, high selectivity and high uniformity dur-
Preferably, the magnetic field is provided by two  ing operation. The
electrically-controlled multi-direc- or more pairs of electromagnets
located on opposite  40   tional field provides uniform etching over a very
sides of the chamber for providing separate magnetic  broad pressure range
of about 0.133322 to 39.9966 fields across the waferand, computer means for
con-  [err] (0.001 to 0.300 torr), which includes high pres- trolling the
current in the individual electromagnets to  sures, thereby permitting high
rate etching without independently control the magnitude and angular ori-
sacrificing uniformity. This broad pressure range per- entation of the
resultant magnetic field vector. In par-  45  mits in-situ self-cleaning.
The temperature controlled ticular, both the magnitude and/or direction of
the  surfaces and electrically-controlled multi-directional magnetic field
provided by this paired electromagnet  magnetic field facilitate dean
operation and in-situ configuration can be changed Instantaneously. The
cleaning. The electrically-controlled multi-directional field can be
stepped about the wafer at a slow rate of  field independently increases
the etch rate and, in a few cycles per minute to provide uniform etching at
50  combination with the high pressure operation capa- high pressures
without eddy current loss.          bility, provides a throughput-practical
single wafer In addition, the wafer exchange means may in-   etcher. clude
a clamping ring for resiliently clamping the wa-  The above and other
aspects and advantages of fer to the electrode when the wafer is positioned
on  the present invention are described In conjunction the electrode.
Special protective coatings or covers of  55   with the following drawing
figures, in which: material, such as, for example, quartz, are provided
FIGS. 1-3 schematically depict three types of on the clamp ring and gas
manifold.                    plasma etching systems which are available in
In another aspect, the electrode assembly is       the art; 4    



7                   EP 0 272 142 B1                    8 FIG. 4 is a
perspective view, partially in schemat-  structures permit the use of a
one-axis robotic drive ic form, of a magnetically-enhanced RIE mode
within the chamber. Furthermore, the operation of the plasma etch system
that is a progenitor of the  chamber robot requires that the external robot
merrly magnetically-enhanced RIE mode plasma etch     present the wafer to
a selected transfer position for system of the present invention;
5   exchange with the chamber robot. FIG. 5 is a vertical cross-section,
partly in sche-  Simplifying the demands on the external robot matic,
through the wafer-holding electrode of the  makes possible a relatively
simple robot, even when chamber shown in FIG. 4, illustrating B reversal;
the robot is used in a multi-chamber load lock system FIG. 6 is an
isometric view, partially cut away, of  that serves a multiplicity of
reactors. Such a robot, a preferred embodiment of the magnetic field-  10
which uses [err] movement, is disclosed in EP-A- enhanced plasma reactor of
the present inven-  0272141. tion;
Process gases are supplied to the interior of the FIG. 7 is a vertical
cross-section, partly in sche-  chamber 68 by a gas manifold 80 from a gas
supply matic, taken along lines 7-7 in FIG. 6;        system 81 comprising
one or more gas storage reser- FIGS. 8-10 are sequential, schematized
repre-  15  voir/tanks. The gas supply system 81 communicates sentations of
the operation of the wafer exchange  to the manifold 80 and chamber 68 via
supply line(s) system in positioning wafers on, and removing  82, which is
coupled into the manifold 80 by inlet con- wafers from the reactor
pedestal;              nection 84. The system Includes an automatic flow
FIG. 11 depicts an enlarged, vertical cross-   control system
orothersuitable control system which section of the gas feed-through system
shown in  20  controls the flow rates of the various etchant gases, FIG. 7;
and                                    carrier gases, etc., supplied to the
chamber 68. FIG. 12 is a schematic representation of the sys-  Vacuum is
applied to the chamber and spent gas- tem for generating and controlling
the electrical-  es and entrained products are exhausted via annular
ly-controlled, quasi-static, multi-directional D.C.  exhaust chamber 90
communicating to exhaust port magnetic field used in the present invention
and   25  92 which, in turn, is connected to a conventional va- a computer
system suitable for controlling overall  cuum pumping system 93 comprising
mechanical operation of the present reactor.              pump (not shown),
typically via a vacuum valve sys- FIGS. 6 and 7 depict respectively, an
isometric  tem and Roots blower, or other conventional compo- view of the
preferred embodiment of the single wafer,  nents. The exhaust flow is
directed from the chamber magnetic field-enhanced plasma etch reactor 60 of
30  68 through holes 94 in a horizontal annular plate 96 our present
invention, and a vertical cross-section  mounted about the upper periphery
of the cylindrical through the reactor 60. The description here is direct-
cathode assembly 70. The apertured plate 96 inhibits ed primarily to RIE
mode plasma etching, but the re-  plasma penetration into the annular
exhaust chamber actor capability extends to plasma mode etching as  90.
This exhaust arrangement facilitates uniform cov- well.
35  erage and etching of wafer 75 by the reactant gas. Referring to FIGS. 6
and 7, the etch reactor sys-  Control of the exhaust system can be by a
capacitive tem 60 of our present invention comprises a housing
conventional system such as manometer sensor (not 62, typically of
non-magnetic material such as alumi-  shown) which operates through a
pressure control num, which has an octagonal configuration of outer  system
and D.C. motor to control the speed of the walls 64 (as viewed in
horizontal cross-section). Cir-  40  blower, or by other conventional
control systems. cular inner wall 66 defines etch chamber 68. As de-   As
indicated by the arrows 102-108 in FIG. 7, the scribed more fully
subsequently, the reactor system  gas communicated to inlet 84 (arrow 100)
is routed 60 also includes a unique gas- and liquid-cooled ped-  into the
manifold 80 (arrow 102) and is then directed estal/cathode assembly 70 and
a wafer exchange     downwardly from the manifold (arrow 104), forming
system 74 (FIGS. 8-10).                       45  an etching gas plasma In
chamber process region 110 The wafer exchange system 74 includes vertical-
during application of RF power, then flows over the ly movable wafer lift
fingers 79 which pick up a wafer  wafer 75 and radially outwardly across
the wafer and 75 from an external manually held or operated blade  into the
annular exhaust chamber (arrow 106), then 76 which is inserted into the
chamber or, preferably,  out the exhaust port 92 (arrow 108). from an
external load lock robot blade 76, and trans-  50  The above-mentioned RF
power is supplied by fer the wafer to the cathode 72 for processing, then
an RF supply system 112 to the reactor system 60 for return the processed
wafer to the robot blade for re-  plasma operation, i.e., to create an
etching gas plas- moval from the chamber.                            ma
from the inlet gases In process region 110. This In addition, the wafer
exchange system 74 Inte-  system 112 includes an RF power supply and a load
grally incorporates a wafer clamp ring 78 with the wa-  55   matching
network, and is connected to the pedestal fer lift fingers 79. Asdescribed
in detail below, the de-  72, with the chamber walls being at ground. That
is, sign of the wafer exchange system 74 and the incor-  the pedestal Is
the powered cathode. The RF power poration of the associated wafer lift and
clamping  typically is supplied at a high frequency, preferably 5    



9                   EP 0 272142 B1                  10 13.6 MHz. However,
the reactor system 60 can be op-  [err] and its angular orientation 0, the
computer 113 can erated at low frequencies of, for example, several
independently solve equations (1) and (2) to obtain kHz.
the associated magnetic field vectors [err]which The use of a powered
pedestal cathode 72 has    provide the desired strength of field and
orientation the advantage of concentrating the RF power and   5   and then
control application of the necessary electric plasma on the surface area of
the wafer and increas-  currents in the coils 116-122 to provide these
fields ing the power density across the waferwhile reducing    [err] it
everywhere else. This ensures that etching takes    Moreover, the angular
orientation [err] and magni- place on the wafer only, reducing erosion in
other  tude of this DC magnetic field can be independently parts of the
chamber and thus reducing possible wa-  10  altered as quickly or as slowly
as desired by changing fer contamination. Typically, power densities of
about  the current in the coils. The time that the field is on 2.5 -
3.5watts[err] are and can be used. As discussed  at each angular position
and the direction of angular below, these high power densities require
cooling.  stepping may be varied as well as the field intensity,
Preferably, the RF-powered cathode 72 is construct-  since these parameters
are solely a function of ed to combine gas-enhanced wafer-to-cathode ther-
15  changing the currents to the electromagnets and are mal conductance and
liquid cathode cooling. How-   readily controlled by computer 113. Thus,
the field ever, the application of cooling gas such as helium to  can be
stepped around the wafer using selected ori- the powered pedestal 72 at low
pressure would ordi-  entation and time increments. If desired, the magni-
narily cause the cooling gas to break down. The pres-  tude of the
resultant field [err] can be changed as the ent reactor includes a unique
gas feed-through 114,  20  process or reactor configuration may require, or
a FIG. 7, that supplies the gas to the high voltage elec-  constantfield
strength can be used. In short, the elec- trode without ionization.
trical current-controlled system provides the versatil- Reactor 60
alsocomprises an improvementof the   ity of a fast or slow moving, constant
or varying magnetic field-generating system disclosed in FIG. 4  strength
magnetic field of constant or varied angular above. Referring to FIG. 6,
the present system uses   25  velocity. In addition, the orientation of the
field need four electromagnets 116, 118, 120 and 122, typically  not be
stepped orchanged sequentially, butcan be in- comprising copper coils,
mounted in a rectangular ar-  stantaneously switched from any given
orientation (or ray, one each on alternating walls of the octagon-  field
strength) to another. shaped housing. The two coil pairs cooperatively pro-
This versatility in independently controlling the vide a quasi-static,
multi-directional field which can   30  direction and magnitude of the D.C.
magnetic field Is be stepped or rotated about the wafer to provide etch
distinct from existing commercially useful rotating uniformity at high and
low pressures. Also, the mag-  magnetic fields, which typically rotate at a
fixed rela- nitude of the field can be varied to selectetch rate and
tively high frequency such as the standard rate of 60 decrease ion
bombardment.                          Hertz. In addition, the ability to
"rotate" slowly, at a FIG. 12 is a schematic representation of the sys-  35
rate, for example, of 2 to 5 sec/revolution (2 to 30 cy- tem for generating
and controlling the quasi-static,  cles/min.) avoids the eddy current
losses associated multi-directional magneticfield used in the presentin-
with the use of higher frequencies in aluminum or vention.
metal chambers. Referring primarily to FIG. 12 in addition to FIG.  The
previous reactor 40, FIG. 4, reverses the sta- 6, the two coil pairs
116-118 and 120-122 form mutu-  40  tic magnetic field along one axis. In
contrast, reactor ally perpendicular magnetic field vectors [err]    60
effectively rotates the magnetic field, preferably at respectively, which
are generally parallel to the ped-  a few hertz, by the simple expedient of
changing the estal/cathode 72 and the wafer 75. In the exemplary  currents
to the electromagnet coils. This steps the illustration shown in FIG. 12,
computer 113 applies  magnetic field about the wafer and increases etch
control signals via lines 103,105,107 and 109to con-  45  uniformity [err]
around the wafer, rather than in one ventional power supply systems 115,
117, 119 and   direction across the wafer. As a result, the reactor 60 121
to control the magnitude and direction of the cur-  can be used over a wide
range of low-to-high pres- rents supplied over conductors 123, 125, 127 and
sures with directionality, selectivity and uniformity 129, respectively, to
the electromagnets 116, 118,  that exceed those of even low pressure RIE
etchers. 120 and 122. The associated current determines the   50  One
application of the preferred low rate magnet- direction and magnitude of
the field generated by  ic field rotation of, forexample, 2 to30 cycles per
min- each coil pair.                                    ute is described in
the below-referenced bromine/io- The perpendicular field vectors [err] and
[err] gener-  dine etch process. Specifically, the use of the mag- ated
respectively by coil pairs 116-118 and 120-122  netic field In combination
with the brominate and io- are defined by                                55
dinate etch chemistries controls the etch and reduces Bx = B cos [err]
(1),                   wafer damage. Increasing the magnetic field increas-
[err] = B sin [err]  (2).                   es the etch rate and, thus, a
given etch rate can be Given the desired or required values of the field,
obtained by increasing the magnetic field and de- 6    



11                 EP 0 272 142 B1                    12 creasing the RF
power and the resulting bias voltage  ing pins 79-79 are mounted on
respective arms 137- [err] This reduces ion bombardment of the wafer and
137 of the arm assembly and extend through holes In device damage. The
bromine and iodine etching gas  the upper, wafersupport face of the
pedestal 72. Wa- compositions used in the referenced bromine/iodine  fer
clamp ring 78 is also mounted to the arm assem- silicon etch process are
carefully formulated to form    5   bly, that is, to the ring 139. The ring
139 is vertically inorganic sidewall deposits on the trench sidewalls as
movable within a channel 141 formed between hous- the silicon material is
being etched and thereby con-  Ing 124 and base 128. As discussed at length
below trol the sidewall profile. Increasing the magnetic field  regarding
FIGS. 8-11, the use of the wafer support increases the effectiveness of
this etch profile con-  pins 79 and the wafer clamping ring 78, which is
dis- trol.                                        10  placed vertically
from the pins, and theirjoint mount- Generally, as the magnetic field
strength is in-  ing to the common, vertically movable arm assembly
creased, the protective sidewall deposit is thickened  provide simple wafer
exchange with an external robot (when an oxygen source is present),
providing greater  blade 76 using a single axis movement. taper and less
bowing to the trench profile. Since one  The shaft assembly 140 comprises a
sleeve 142 can change the magnetic field readily, this gives the   15  and
a cylindrical spring retainer 144 that arejoined by ability to vary the
profile with increasing depth. For  bolt 146, and is slidably mounted on
bearings 148 example, in very narrow deep trenches it may be de-  within a
bore formed in base 150. The base 150 is of sirable to have a wider trench
mouth to facilitate sub-  stepped cylindrical configuration, and is joined
at the sequent filling of the trench with dielectric. The taper  step or
shoulder thereof to the bottom of base 128. control provided by adjusting
the magnetic field per-  20  Lateral movement of the shaft lift mechanism
is mits just such a funnel shaped, wide mouth, narrow  controlled, i.e.,
prevented, by a pair of vertical guide bodied trench.
pins 151 (only one is shown) which extend through an FIG. 12 described
above also depicts schemati-  eyelet 153 of the shaft 140. An adjustable
stop nut cally the overall computer control system for reactor  155 is
mounted on the threaded lower portion of pin 60. Presently, controller 113
Is a 68010-type control-  25  151 to limit the upward movement (uppermost
posi- ler. In addition to controlling application of current to  tion) of
the shaft mechanism 140 and the associated the electromagnets 116-122, the
computer 113 also  clamp ring 78 and pins 79. controls the gas flow from
supply 81, application of  A spring 152 is secured between the bottom of RF
power from supply 112, inlet of cooling gas and  the base 150 and the
shafts spring retainer 144 to water to the cathode from respective supplies
169  30  bias the shaft 140, clamp 78 and pins 79 downwardly and 175,
vacuum system 93, control valves for the  to a normal, lower position. As
shown in FIG. 7, in this pneumatic cylinderforthe shaft mechanism 140, con-
spring-biased position, the pins 79-79 are retracted trol valves for the
pneumatic cylinders 163 for the slit  into their holes in the pedestal 72
and the clamp ring valves 162, and the water heater power supply 183.  78
resiliently engages the periphery of the pedestal Referring to FIG. 6 and
primarily to FIG. 7, the   35  72. If a wafer 75 is positioned on the
pedestal, the pedestal assembly 70 comprises a generally cylindri-  clamp
ring 78 securely and resiliently clamps the per- cal wall structure 124
that is mounted inside the hous-  iphery of the wafer against the
pedestal's upper sur- ing 62, and a cylindrical bottom housing 126 that is
face 154 (FIG. 8). Vertical upward movement of the mounted to, and extends
below, the bottom of hous-  shaft 140, clamp ring 78 and pins 79-79 is
effected by ing 62. The annular exhaust plate 98 is mounted per-  40  the
vertical rod 156 of a pneumatic cylinder 158 ipherally about the housing
124 on bosses 127 and  which, typically, is mounted to housing 126 and is
op- 129. The powered pedestal/cathode 72 is mounted on  erated under
control of computer 113 (FIG. 12). Up- a generally cylindrical base member
128 that is  ward movement of the rod 156 moves the shaft 140 mounted to
the grounded housing by mating annular  upward against the biasing action
of the spring 152, insulator members 130-134.                   45
disengaging the clamp ring 78 from the pedestal The integral wafer exchange
assembly 70 in-   72/wafer 75 and extending the fingers 79-79 upward cludes
a multiplicity of the vertically-extending wafer  through the pedestal to
pick up a wafer. support pins/fingers 79-79 (four are illustrated) ar-
FIGS. 8-10 illustrate operation of the unique, uni- ranged in a circular
configuration. The fingers 79 ex-  tary clamp 78/finger 79 wafer exchange
system 74. tend through holes in the periphery of the pedestal 72  50  The
resulting simple, one-axis robot movement trans- and base 128. Both the
wafer support fingers 79-79  fers individual wafers 75 from the external
blade 76 and the wafer clamping ring 78 are mounted to a sup-  (see also
FIG. 6) to the pedestal/electrode 72 and port arm means, which comprises
horizontally-ex-  vice versa, and clamps the wafer on the pedestal to
tending arms 137-137 mounted to shaft lift mecha-  securely position the
wafer and to also facilitate cool- nism 140 and cylindrical ring member
139. The arms  55  ing the wafer, as described below. 137-137 are mounted
to the shaft lift mechanism 140  Referring to FIGS. 6,7 and 8, the reactor
housing for vertical displacement, discussed below.      wall 66 has a
closable elongated opening or slot 160 As mentioned, the vertically
oriented wafer hold-  which allows movement of the external blade 76 in 7
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chamber. The slot 160 is closed by a    In addition, the support and
translation appara- pivotally mounted valve or door 162 to seal the cham-
tus forthe single axis robot is positioned beneath the ber when the blade
76 is not being used to depos-  chamber 68 and is isolated from the chamber
by the it/withdraw wafers from the chamber. The door 162 is  surrounding
pedestal assembly 70. Bellows 166 is opened and closed by a pneumatic
cylinder system    5   mounted between the upper end of the shaft assem-
163 (FIG. 12). Clamp support ring 139 has a pair of  bly 140 and the base
150 to provide an additional bar- recesses 164-164 (FIG. 6) formed in upper
opposite  rier between the shaft 140 and the wafer 98 and proc- sides
thereof that permit insertion of the blade 76 and  essing chamber 68. The
interior of the bellows 166 is wafer 75. A simple bidirectional, one-axis
robot-type  vented by orifice 168 to the atmospheric pressure blade 76 is
all that is required to transfer the wafers  10  ambient within the housing
126. This facilitates ex- between the reactor chamber60 and external
storage  pansion and contraction of the bellows along the such as a
cassette. A suitable robotic blade and door  shaft axis during raising and
lowering thereof in the are described in the above-referenced multi-chamber
atmospheric ambient of the shaft chamber 167. system.
As mentioned, the electrode/pedestal assembly Initially, the clamp- and
finger-mounting arm as-  15  70 Is cooled by a combination of liquid and
gas, i.e., sembly is positioned in the slightly elevated position  by
gas-enhanced wafer-to-cathode thermal conduc- shown in FIG. 8 and in
phantom in FIGS. 6, sothatthe  tance and by liquid cathode cooling. Liquid,
typically ring's recesses 164, the housing slot 160 and the  in the form of
cold water is applied by the computer blade 76 are aligned horizontally.
This permits inser-  113-controlled valve and pumping system 169 to an tion
of the blade 76 through the front recess 164.  20  inlet 170 which
communicates with a lower annular Please note, the separation between the
top of the  channel 172 in the base 128 and also with a pair of pins 79 and
the clamping ring 78 is aligned horizon-  upper circular channels 174-174.
That is, the cooling tally with the recesses 164. Thus, the blade 76 can
water flows into the inlet 170, and then passes also pass between the pins
79-79 and the clamping  through the lower channel 172 and the upper chan-
ring 78. With the slots 160 and 164 so aligned, the   25  nels 174-174 to
an outlet (not shown). The hole pair blade 76 (with a wafer 75 to be
processed supported  174-174 is used instead of a wider single channel to
thereon) is inserted via the opening 160 and recess  bypass the cooling gas
inlet passageway 176. 164 into the chamber 68 and the plasma etching re-
The cooling gas is used to enhance heat transfer gion 110 and over the
pedestal 72.                from the clamped wafer 75 to the water-cooled
ped- Next, as shown in FIG. 9, the rod 156 (FIG. 7) is  30  estal 72. The
thermally conductive gas is applied by extended to raise the shaft lift
mechanism 140 and  conventional computer 113-controlled valve system
wafer-support pins 79-79 to lift the wafer 75 from the  175 to inlet
passageway 176 via feed-through 114, blade 76.
discussed below, which prevents ionization of the low After retraction of
the blade 76, door 162 is  pressure gas by the driven pedestal. Referring
also to closed. Referring to FIG. 10, cylinder 158 (FIG. 7)  35  FIG. 6,
the passageway 176 connects to an orifice then retracts rod
156sothatthespring 152 lowers/re-  178 that intersects radial grooves 180
in the face of tracts the shaft 140, and the clamping ring 78 resil-  the
pedestal 72. ientiy clamps the wafer 75 between the ring and the    In
operation, with the wafer 75 clamped against pedestal 72.
the electrode 72 by ring 78, helium or other suitable After processing, the
cylinder 158 raises the   40  gas that is a good heat conductor at low
pressure, is shaft lift mechanism 140 toliftthe wafer 75 above the  applied
via feed-through 114 and inlet 176 to the ra- blade 76 so the blade can be
inserted into the cham-  dial grooves 180-180 at the interface between the
ber beneath the wafer. The shaft 140 is then lowered  wafer and the
pedestal to establish a nearly static gas slightly to position the pins
79-79 and clamp 138 in  pressure of, typically, about 1 torr to 10 torr.
During the position shown in FIG. 8. At this point, the blade   45  plasma
operation of the reactor 60, this interface gas 76 which holds the
processed wafer 75, is retracted  transfers heat from the wafer 75 to the
water cooled from the chamber. Afresh wafer can be placed on the  pedestal
72, thereby enabling uniform cooling of the blade 76 and inserted into the
chamber between the  wafer by the liquid-cooled cathode assembly 70. clamp
78 and pins 79-79, as shown also in FIG. 8, to  The importance of the
RF-driven, high power initiate the start of another wafer exchange cycle.
so  density, gas and liquid cooled cathode assembly 70 As described above,
the wafer exchange system  is illustrated in EP-A-0272143. 74 transfers
wafers to and from the blade, clamps the  In implementing the referenced
bromine/iodine wafers and removes the wafer from the pedestal us-  etch
process, the wafer supporting cathode assembly ing only perpendicular,
point and peripheral contact.  70 is cooled by water of about [err] Gas
such as The usual sliding and/or rolling friction contact is re-  55
helium is applied between the wafer and the water- quired to pick up and
deposit wafers is absent. As will  cooled cathode 72 at a substantially
static pressure of be appreciated, this reduces the tendency to generate
about 533.288 [err] (4 torr). This provides high rate particulates within
the processing chamber 68.     uniform thermal conductivity between the
wafer 75 8    
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cathode 72 to thereby maintain the  adds material to the oxide masks which
are used for wafer surface temperature at about [err] or lower.  etching
materials such as silicon and increases the This cooling is required
because the high power den-  etch resistance (selectivity) of the mask. The
oxygen sity of about 2.5 -3.5 watts/cm2 is approximately one  from the
quartz increases the etch rate. The oxygen order of magnitude higher than
the power densities   5   is additive to that included in etching gas
composi- used in conventional RIE etchers. The cooling helps  tions, such
as those described in the referenced bro- to eliminate bowing and black
silicon during the use  mine/iodine etch process, for decreasing bowing and
of the referenced bromine/iodine etch process or   otherwise controlling
the etch profile. other processes to etch silicon and other materials
FIG. 11 is an enlarged vertical cross-section of and, otherwise facilitates
profile control. The black   10  the gasfeed-through device 114thatis used
to supply silicon phenomenon may occur at temperatures as    the cooling
gas to the RF-powered pedestal 72 with- low as about [err]
out gas breakdown or ionization. The feed-through Referring to FIG. 7, a
heating unit 181, typically  device comprises a closed cylinder formed by a
pair a cylindrical electrical resistance heater or other suit-  of
electrode sections 182 and 184 that have generally able unit, is mounted on
the cover 67 of reactor 60 for  15  parallel, closely spaced, apertured,
facing innerwalls the purpose of heating the cover 67 and the upper
186 and 188.Thecooling gas enters the feed-through portion of the housing
sidewalls 68-66 corresponding  device via inlet 190 In one end cover 191,
passes to the chamber 68 and, specifically, the inside hous-  through holes
198 In plate 186, traverses a small gap, ing and upper chamber walls 671
and 661. Referring  d, between the plates, then traverses holes 199 in also
to FIG. 12, power is supplied to the heater 181   20  plate 188 and flows
through outlet 192 in the opposite by a power supply 183, which is
controlled by the  end cover 193. Inlet 190 communicates to the cooling
computer 113 via control line 185. The electromag-  gas supply (notshown)
while outlet 192 is connected nets 116 through 122 provide supplementary
heating  by line 194 (FIG. 7) to the pedestal passageway 176. of the walls
66-66.                                    An annular insulating spacer 195
physically and Preferably, the heater 181 is selectively operated   25
electrically separates the two electrodes 182 and as required to heat the
walls 671 and 661 aswell as the  184. The resulting cylinder assembly is
joined by inner surface of the gas box 80 to prevent condensa-  screws
195-195 and is sealed by O-rings 196-196. tion during reactor operation.
For example, the pro-  The inlet electrode 182 is grounded while the outlet
file-control inorganic sidewall depositsformed bythe  electrode 184 is
connected In common with the RF- bromine and iodine etching gas
compositions used in  30  powered pedestal 72. The spacing and size of the
the referenced bromine/iodine silicon etch process  holes 198 and 199 and
the size of the gap, d, are se- may comprise various combinations of
constituents  lected to provide a high gas conductance and prevent such as
silicon, oxygen, bromine and/or fluorine,  ionization of the gas despite
the low pressure and such as [err] During this  high potential across these
two adjacent plates. For etch sequence, the computer 113-controlled heater
35  example, fora gas pressure of 533.288 [err] (4 torr), 181 heats the
wall 671 and 661to a temperature [err]  a gap, d, of 1-40 mile and a hole
diameter of 10-40 to prevent unwanted condensation of these inorganic  mils
preclude ionization of the gas. Changing the deposits.
height of spacer 195 adjusts gap, d, to accommodate Typically, the clamp
ring 78 is formed of a light-  different gases and pressures. The device
114 in ef- weight resilient material such as Ardel or Lexan to fa-  40
fect Is a compact feed-through for bringing the low cilitate movement and
to resiliently clamp the periph-  pressure cooling gas to the potential of
the pedestal ery of the waferwithout damage. Also, the gas box 80  despite
the sensitivity of the gas to small values of the and the rest of the
chamber are formed of a non-mag-  pressure distance product. netic material
such as aluminum. We have found that    Several design features Including
the controlled providing a quartz coating or layer 81 about 0.3175   45
reactor wall heating by heating element 181 provide cm (1/8 in.) thick over
the clamping ring 79 and a sim-  very clean operation of the present etch
reactor 60. ilar quartz layer or coating 83 about 0.3175 cm (1/8  This,
despite the use of processes such as the refer- in.) thick over the facing
gas box 80 prevents contam-    enced bromine/iodine etch process, which
deliberate- ination of the silicon wafers 75 during operation of the  ly
use deposit-forming gas compositions for etch pro- reactor 60. Quartz is
similar to silicon and, thus, does  50  file control, etc. On the average,
we have run the re- notcontaminate the silicon. The quartz covers 81 and
actor for about 100 runs between self-cleaning cy- 83 also help to
eliminate black silicon, because the  cles. process reaction with the
resulting covers can, if this  In addition to the long operation time
between insulating material is not properly selected, produce  cleaning,
cleaning is made less onerous by the self- a micro-masking effect in the
exposed silicon; and   55   cleaning capability of the reactor 60. As is
well known, this will lead to the production of black silicon. Fur-  it is
more difficult to self-clean the various etch cham- thermore, oxygen is
released from the quartz during  ber surfaces than to etch a wafer, simply
because of operation of the reactor 60. The released oxygen   the
difficulty in expanding the etching gas plasma to 9    



17                  EP0272142B1                    18 cover the large
volume and large surface area of the  porting the wafer, a gas manifold
(80) for supply- chamber.                                              ing
reactant gases to the chamber, means (112) In the etch reactor 60, the
magneticfield provided  for applying RF energy between the wafer sup- by
the electromagnet pairs 116-118,120-122 increas-   port pedestal and the
gas manifold forgenerating es the self-cleaning etch rate, as does high
pressure   5  a wafer etching plasma, magnetic field generat- operation.
The reactor is designed to run at a range  ing means comprising first
(116,118) and second ofpressuresoffrom 0.133322 to 39.9966 [err]
pairs (120,122) of electromagnets disposed torrto 0.300 torr),and thus has
the ability to tailor op-  around the periphery of the housing, current
sup- eration to the high pressure requirements of self-    ply means
(115,117,119,121) connected thereto cleaning as well asthe lower,
albeitstill relatively high   10  to produce a magnetic field generally
parallel to pressure requirements of etching. The rotatable mag-  the wafer
surface, and means for selectively ap- netic field and the associated
independent control of  plying current to said electromagnets for control-
field strength orientation extend the cleaning plasma  ling the orientation
of the field; characterised in everywhere within the chamber, and permit
increas-    that said current supply means comprises D.C. ing the etch rate
for particular regions of the chamber  15  current supply means
(115,117,119,121) and in is required, to effectively clean all chamber
surfaces.  that said current applying means includes control Furthermore,
the use of the powered cathode        means (113) for varying the
respective D.C. cur- and the close spacing between the cathode assembly
rents  applied  to  said  electromagnets 70 and the anode gas box 80
provide a confined        (116,118;120,122) independently from  each dense
plasma. The relatively small size of the cham-  20  other to enable both
the intensity and orientation ber, about 13 liters and the circular
symmetry of all  of the magnetic field generated by said electro-
components also contribute to the self-cleaning ca-   magnets to be varied
to provide a uniform etching pability. Moreover, all exposed surfaces
within the   plasma. chamber are aluminum or quartz, both of which are
impervious to and compatible with self-cleaning.  25  2. A reactor as
claimed in Claim 1, characterised in Preferably, a fluorinated gas
composition is used  that said current supply means comprises inde- for
in-situ self-cleaning. Non-carbon, fluorine-con-  pendent D.C. supplies
(115,117,119,121) con- taining gas compositions such as [err] are prefer-
nected  to  the  respective  electromagnets red because of their high
volatility of etch products,  (116,118,120,122) and in that said control
means free of contamination, etc., but others such as [err]  30  (113)
controls said D.C. supplies so as tovarythe CF4 or other
fluorine-containing Freons can be used.  respective currents applied to
said electromag- A presently preferred self-cleaning process uses flu-
nets to enable both the intensity and orientation orinated reactive gas
chemistry comprising the gases  of the magnetic field generated by said
electro- [err] applied to the chamber 68 at flow rates of 60     magnets to
be varied. sccm, magnetic field strength of 0-45 gauss rotated   35 at 30
cycles per minute, RF forward power of 450W  3. A reactor as claimed in
Claim 1 or Claim 2, char- and 100 mT of chamber pressure. These parameters
acterised in that means (169) are provided for cir- provide uniform etch on
the Inner chamber surfaces    culating cooling fluid within the pedestal
and and will effectively and completely clean the reactor  means (175) are
provided for applying gas at a 60 in about 10 mins. after 10 runs (10
microns of all-  40  low pressure between aface of the pedestal (70) icon
is removed in each run). In contrast, convention-  and a wafer clamp (78)
thereto to enhance ther- al plasma etch reactors are cleaned at typical
inter-  mal conductivity between the wafer and the ped- vals of about 5
runs and require disassembly for      estal. cleaning in wet etchants. The
combination of in-situ self-cleaning capability, inherently clean operation
45  4. A reactor as claimed In Claim 3, characterised in and long times
between cleaning cycles decrease the     that means (181) are disposed on
the exterior of down time required for cleaning and increase          the
reactorfor heating the internal reactor surfac- throughput
es to a predetermined temperature for preventing deposits on said surfaces.
50 Claims                                             5. A reactor as
claimed in Claim 3 or Claim 4, char- acterised In that a feed-through
device (114) is 1. A magnetic field enhanced plasma reactor, com-
provided for coupling the cooling gas at low pres- prising a housing (62)
defining a vacuum cham-    sure to the powered pedestal without ionization,
ber (68) therein adapted for etching a wafer (75)  55  the feed-through
device, comprising a housing positioned within the chamber at a high rate
and   (182,184) having a gas inlet (190) adapted for re- with etching
uniformity substantially independent  celving the cooling gas and a spaced
gas outlet of pressure, comprising, a pedestal (70) for sup-  (192)
connected to the pedestal (70), said hous- 10    



17                  EP 0 272 142 B1                 18 cover the large
volume and large surface area of the   porting the wafer, a gas manifold
(80) for supply- chamber.                                              ing
reactant gases to the chamber, means (112) In the etch reactor 60, the
magnetic field provided  for applying RF energy between the wafer sup- by
the electromagnet pairs 116-118,120-122 increas-    port pedestal and the
gas manifold forgenerating es the self-cleaning etch rate, as does high
pressure   5  a wafer etching plasma, magnetic field generat- operation.
The reactor is designed to run at a range   ing means comprising first
(118,118) and second of pressures of from 0.133322to39.9966 [err] (0.001
pairs (120,122) of electromagnets disposed torr to 0.300 torr),and thus has
the ability to tailor op-  around the periphery of the housing, current
sup- eration to the high pressure requirements of self-     ply means
(115,117,119,121) connected thereto cleaning as well as the lower, albeit
still relatively high   10  to produce a magnetic field generally parallel
to pressure requirements of etching. The rotatable mag-  the wafer surface,
and means for selectively ap- netic field and the associated independent
control of  plying current to said electromagnets for control- field
strength orientation extend the cleaning plasma  ling the orientation of
the field; characterised in everywhere within the chamber, and permit
increas-    that said current supply means comprises D.C. Ing the etch rate
for particular regions of the chamber  15  current supply means
(115,117,119,121) and in is required, to effectively clean all chamber
surfaces.  that said current applying means includes control Furthermore,
the use of the powered cathode        means (113) for varying the
respective D.C. cur- and the close spacing between the cathode assembly
rents  applied  to  said  electromagnets, 70 and the anode gas box 80
provide a confined         (116,118;120,122) independently from  each dense
plasma. The relatively small size of the cham-  20  other to enable both
the intensity and orientation ber, about 13 liters and the circular
symmetry of all  of the magnetic field generated by said electro-
components also contribute to the self-cleaning ca-    magnets to be varied
to provide a uniform etching pability. Moreover, all exposed surfaces
within the    plasma. chamber are aluminum or quartz, both of which are
impervious to and compatible with self-cleaning.  25  2. A reactor as
claimed in Claim 1, characterised in Preferably, a fluorinated gas
composition is used  that said current supply means comprises inde- for
in-situ self-cleaning. Non-carbon, fluorine-con-   pendent D.C. supplies
(115,117,119,121) con- taining gas compositions such as [err] are prefer-
nected  to  the  respective  electromagnets red because of their high
volatility of etch products,  (116,118,120,122) and in that said control
means free of contamination, etc., but others such as [err]  30  (113)
controls said D.C. supplies so as to vary the CF4 or other
fluorine-containing Freons can be used.  respective currents applied to
said electromag- A presently preferred self-cleaning process uses flu-
nets to enable both the intensity and orientation orinated reactive gas
chemistry comprising the gases   of the magnetic field generated by said
electro- NF3 applied to the chamber 68 at flow rates of 60      magnets to
be varied. sccm, magnetic field strength of 0-45 gauss rotated   35 at 30
cycles per minute, RF forward power of 450W  3. A reactor as claimed in
Claim 1 or Claim 2, char- and 100 mT of chamber pressure. These parameters
acterised in that means (169) are provided for cir- provide uniform etch on
the inner chamber surfaces     culating cooling fluid within the pedestal
and and will effectively and completely clean the reactor  means (175) are
provided for applying gas at a 60 in about 10 mins. after 10 runs (10
microns of sil-  40  low pressure between a face of the pedestal (70) Icon
is removed in each run). In contrast, convention-  and a wafer clamp (78)
thereto to enhance ther- al plasma etch reactors are cleaned at typical
inter-  mal conductivity between the wafer and the ped- vals of about 5
runs and require disassembly for       estal. cleaning in wet etchants. The
combination of in-situ self-cleaning capability, inherently clean operation
45  4. A reactor as claimed in Claim 3, characterised In and long times
between cleaning cycles decrease the    that means (181) are disposed on
the exterior of down time required for cleaning and increase          the
reactorfor heating the internal reactor surfac- throughput.
es to a predetermined temperature for preventing deposits on said surfaces.
Claims                                             5. A reactor as claimed
in Claim 3 or Claim 4, char- acterised in that a feed-through device (114)
is 1. A magnetic f ield enhanced plasma reactor, com-    provided for
coupling the cooling gas at low pres- prising a housing (62) defining a
vacuum cham-     sure to the powered pedestal without ionization, ber (68)
therein adapted for etching a wafer (75)  55  the feed-through device,
comprising a housing positioned within the chamber at a high rate and
(182,184) having a gas inlet (190) adapted forre- with etching uniformity
substantially independent  ceiving the cooling gas and a spaced gas outlet
of pressure, comprising, a pedestal (70) for sup-  (192) connected to the
pedestal (70), said hous- 10    19                 EP 0 272 142 B1
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ing further comprising a pair of internal, closely    den, unabhAngig
vonelnander zu varlieren, spaced apertured plates (188,188) transversely
damit sowohl die Starke als auch die Rich- spanning in the path of the gas,
one of the said      tung des von den Elektromagneten erzeug- plates on the
outlet side of the gas flow being       ten Magnetfelds zur Schaffung sines
connected electrically in common with the pedes-   5   glelchfOrmigen
Atzplasmas varilert werden tal (70), and the other plate being connected to
kann. system ground. 2. Reaktor nach Anspruch 1, dadurch gekennzelch- 6. A
reactor as claimed in any of Claims 1 to 5, char-  net, da1 die
StromzufOhrungseinrichtung unab- acterised in that an etch impervious
coating of  lo  hingige Gleichstromzufflhrungen (115, 117, 119, material
such as quartz is provided over the gas  121) aufweist, die mit den
Jewelligen Elektroma- manifold (80) and damp ring (78).
gneten (116, 118, 120, 122) verbunden sind, und daBl die Stbuereinrichtung
(113) die Gleichstrom- 7. A reactor as claimed in any of the preceding
zufOhrungen so steuert, daB die jeweiligen Stro- claims, characterised in
that the vacuum cham-  15  me, die den Elektromagneten zugefflhrt werden,
ber (68) is adapted for the processing of a wafer  so varliert werden, dal
sowohl die Starke als positioned within the chamber, the housing hav-
such die Richtung des von den Elektromagneten ing an opening (180) therein
for receiving a pos-  erzeugten Magnetfelds variiert werden k5nnen.
itioning of the wafer blade (76) over the pedestal (70), removing the
waferfrom the blade position,  20  3. Reaktor nach Anspruch I oder Anspruch
2, da- and returning the wafer to the blade position.    durch
gekennzelchnet, daB sine Einrlchtung (189) zum Umlaufenlassen von
Ktlhifluid in dem Sockel und sine Einrichtung (175) zum Zufflhren
Patentansprfiche                                     von Gas mit einem
niedrigen Druck zwischen si- 25      ner Flache des Sockels (70) und einer
daran be- 1. Plasmareaktor mit Magnetfeldverstarkung           findlichen
Waferldernme (78) vorgesehen sind, - mit einem Gehause (62), in welchem
sine      urn die Warmeleiffahigkeit zwischen dem Wafer Vakuumkammer (68)
zum Atzen eines in          und dem Sockel zu erh8hen. der Kammer
angeordneten Wafers (75) mit hoher Geschwindigkeit und hoher Atzgleich-  30
4. Reaktor nach Anspruch 3, dadurch gekennzeich- fonnigkeit im wesentlichen
unabhfngig vom     net, daB sine Einrichtung (181) an derAu~ensel- Drucic
ausgebildet st, welche elnen Sockei   to des Reaktors zum Erhitzen der
Innen befindli- (70) zum Tragen des Wafers, elnen Gasver-    chen
Reaktoroberflachen auf sine vorherfestge- teller (80) zum Zuflihren von
Reaktionsteil-  legte Temperaturangeordnet ist, umAbscheidun- nehmergasen
zu der Kammer und sine Ein-  35  gen an den Oberflachen zu unterbinden.
richtung (112) zum Anlegen von HF-Energie zwischen den Wafertragsockel und
den      5. Reaktor nach Anspruch 3 oder Anspruch 4, da- Gasverteiler zur
Erzeugung sines Wafe-       durch gekennzeichnet, daB sine Durchfuhrvor-
ratzplasmas aufweist, und                    richtung (114) vorgesehen ist,
urn den Gasstrom - mit einer sin Magnetfeld erzeugenden Ein-  40  mit
niedrigem Druck mit dem energiegespeisten nchtung,dleelnerstes Paar(116,
118) und sin   Sockel ohne lonisation zu koppeln, wobel die zweites Pear
(120, 122) von Elektromagne-     Durchffilhrvorrichtung sin Gehause
(182,184) mit ten, die umden Umfang des Gehauses herum     einem GaseinlaB
(190) zur Aufnahme des KOhl- angeordnet sind, sine daran angeschlossene
gases und einen im Abstand angeordneten Gas- Strormzuffhreinrdchtung (115,
117, 119, 121)  45  auslal (192) aufweist, der mit dem Sockel (70) zur
Erzeugung sine Magnetfelds insgesamt     verbunden ist, und wobei das
Gehause weiterhin parallel zur WaferoberfIlche und sine Ein-   sin Paar von
innen befindlichen, in geringem Ab- richtung zur selektiven Stromzufuhrung
zu    stand angeordneten, mit Offnungen versehenen den Elektromagneten fOr
sine Steuerung        Platten (186, 188) hat, die sich quer Ober den der
Richtung des Feldes aufwelst,    so      Weg des Gases erstrecken, von
denen sine auf dadurch gekennzeichnet,                           der
Auslaiseite des Gasstroms elektrisch zu- - dal die
Stromzufihrungseinrichtung sine      sammen mit dem Sockel (70) und die
andere mit GleichstromzuflOhrungseinrichtung  (115,     Systernmasse
verbunden sind. 117, 119, 121) aufweist, und - daBi die
StromzufOhrungselnrichtung sine  65  6. Reaktor nach einem der AnsprOche I
bis 5, da- Steuereinrichtung (113) aufweist um dieJe-   durch
gekennzeichnet, daB sine atzdichte Mate- weiligen Gleichstrdme, die den
Elektroma-     rialbeschichtung, wie Quarz, Ober dem Gasver- gneten (116,
118; 120, 122) zugeffhrt wer-   teiler (80) und dem Klemmnring (78)
vorgesehen 11 11111111111111111l1111111    
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(113) commandent lesdites alimentations en cou- rant oontinu de maniere
Afaire varierles courants 7. Reaktor nach einem der vorhergehenden An-
respectifs appliqu6s auxdits 6lectro-aimants afin sprflche, dadurch
gekennzeichnet, dal die Vaku-  de permettre de faire varier A la fols
l'intensiti et umkammer (60) fOr die Behandlung oines in der   6
'orientation du champ magnetique genere par Kammor angeordneten Wafers
ausgeblidet tat,      lesdits 6lectro-almants. wobel das Gehause eine
Offnung (160) hat, um in ihr elne Positbonlerung des Waferblattes (76)  3.
R6acteur selon la revendicatlon I ou 2, caract6- Ober dem Sockel (70) zu
orhalten, um den Wafer   rise on ce quo des moyens (169) sont prevus pour
aus der Blattposition zu entfernen und um den   10  faire circulerun fluide
de refroidissement A l'int6- Wafer In die Blattposition zur~ickzufOhren.
rieur du piedestal et des moyens (175) sont pre- vus pour appliquer un gaz
a basse presslon entre une face du pi~destal (70) et un dispositif de
Revendlcatlons                                       serrage (78) de
galette afin d'optimiser la 15     conductivite thermique entre la galette
et le phi- 1. Reacteur au plasma a amplification par champ      destal.
magnetique, comprenant une enceinte (62) defi- nissant en son interieur une
chambre A vide (68)  4. R6acteur solon la revendicatbon 3, caracteris6 en
agencee pour attaquer une tranche ou galette A   ce quo des moyens (181)
sont disposis a l'extd- gravure (75) positionn6e A l'lnt6rieur de la cham-
20  rleur du reacteur pourchauffer les surfaces inter- bre A une vitesse
6lev6e et avec une uniformite  nos du r6acteur A une temp~rature
predetermi- d'attaque pratiquement Independante de la pres-  nbe afin
d'empecher des depots sur lesdites sur- sion, comprenant un piedestal (70)
pour suppor-  faces. ter la galette a gravure, un distributeur de gaz (80)
pour alimenter la chambre en gaz reactlfa,  25  5. R6acteur solon la
revendication 3 ou 4, caracte- des moyens (112) pour appliquer une energle
ise an ce qu'un dispositif de traversee (114) est haute frequence entre Is
plidestal de support de  prevu pour coupler le gaz de refroidissement A la
galette a gravure et le dibtributeur de gaz pour  basse pression au
piedestal sous tension sans lo- generer un plasma d'attaque de galette A
gravu-   nbnation, le dispositif de traversee comprenant re, des moyens de
generation de champ magne-  3o  une enveloppe (182, 184) ayant une
admission tique comprenant des premiere (116, 118) et se-   de gaz (190)
agencee pour recevoirle gaz de re- conde (120, 122) paires
d'electro-aimants dispo-  froidissementet une sortie degaz espac6e (192)
sns autour de la periph6iie de l'enceinte, des   raccord~e au piedestal
(70), ladite enveloppe moyens d'alimentation (115, 117, 119, 121) en
comprenant de plus une paire de plaques inter- courant raccordes A ces
derniers pour cr6er un  33  nes aJourees etroitement espacees (186, 188)
champ magnetique generalement parallle A la     s'etendant transversalement
au trajet du gaz, surface de la galette A gravure et des moyens    l'une
desdites plaques sur le cote sortie du cou- pour appliquer selectivement du
courant auxdits  rant de gaz Atant raccordee electriquement en
ylectro-aimants pourcommanderl'orientation du    commun avec le pledestal
(70), et l'autre plaque champ; caracthrish en ce quo leadits moyens  40
etant reliee A la masse du systbme. d'alimentatbon on courant comprennent
des moyens d'alimentation en courant continu (115,  6. Reacteur salon l'une
des revendications I A 5, ca- 117,119,121) et en ce quo lesdits moyens
d'ap-   ractefiAs en ce qu'un revetement impermeable A plication de courant
comportent des moyens de    l'attaque en une matiere tells quo le quartz
est commande (113) pour faire varier leo courants  45  prevu sur le
dibtributeur de gaz (80) et la bague continus respectifs appliques auxdits
electro-ai-  de serrage (78). mants (116, 118;120, 122) Independamment leI
uns des autres afin de permettre de faire varier  7. Reacbsur salon l'une
quelconque des revendica- A la tois l'intensit et l'ofientation du champ
ma-  tions precedentes, caracterise en ce quo ia gn6tique genere par
lesdits dlectro-almants pour  so  chambre a vide (68) est adaptee au
traitement fournir un plasma d'attaque uniforme.             d'une galette
positbonnee A l'lntfireurde la cham- bra, une ouverture (160) etant prevue
dans l'en- 2. Reacteurselon la revendication 1, caracterise en  ceinte pour
admettre un positionnement de la pa- ce quo leadits moyens d'alimentatlon
en courant  lette (76) porte-galette sur le piedestal (70), un comprennent
des alimentations en courant conti-  us  retrait de la galette de sa
position sur palette, et nu (115, 117, 119, 121) independantes reliees
le retour de la galette A sa position sur palette. aux 6lectro-aimants
respectifs (116, 118, 120, 122) et en ce quo lesdits moyens de commande 12


