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and conduit 35 to a gas distribution ring 41 at the top of the chamber. The
present invention relates to a magnetic field-  The parallel plate plasma
system 10 is a relatively enhanced etch reactor suitable for both plasma
etch-  high pressure system, operating in the pressure ing and reactive ion
etching (RIE) mode plasma etch-   5   range of 100 millitorr* to several
torr** , and thus in- ing and, to associated processes for etching semicon-
volves a substantial flow rate of reactive gases into ductor, conductor and
dielectric materials.       the system. In contrast, the reactive ion
etching sys- Over the last several years, the trend to ever  tems 20 and 30
are operated at low pressures in the greater device densities and smaller
minimum fea-  range of 1 to 100 millitorr * and, thus, use substantial-
ture sizes and smaller separations in integrated cir-  10  ly lower gas
flow rates. In the reactive ion etching sys- cuits has caused the IC
fabrication technology to shift  tems 20 and 30, activated ion species in
the neighbor- from wet chemical etching to dry or plasma etching  hood of
the cathode have high inherent directionality technology.
normal to the cathode and the wafers mounted there- The art includes at
least three types of plasma  on. By using high frequency RF energy at
fairly sub- etching systems. FIG. 1 depicts a parallel plate plas-  15
stantial power levels, the etch rates are increased in ma, multiple wafer
chemical etching system 10, which  systems 20 and 30, despite the
relatively low concen- includes a closed reaction chamber 11 with a connec-
tration of activated species, because the momentum tion 12 to a vacuum pump
for partially evacuating the  of the ions bombarding exposed material
regions on Interior of the chamber, and a gas supply 13 for com-  the
wafersurface enhances the chemical reaction be- municating the reactive gas
to the chamber through   20  tween the activated species and the material
to be a valve-controlled conduit arrangement 14. The sys-  etched. Also,
the highly directional mechanical ion tem 10 also includes an energy source
16 which sup-  bombardment etch component dominates the more plies RF
energy to a cathode structure 17 and utilizes  isotropic chemical component
and imparts high ani- a grounded anode 18. The wafers 19 are mounted on
sotropy to the etching characteristics of the system. the grounded anode 18
which extends In a parallel  25  Consequently, RIE mode systems such as 20
are pre- plate configuration relative to the cathode 17. The  ferred
foretching very small features such as grooves connection to the vacuum
pump is configured to draw  and trenches in VLSI and ULSI circuits. the
reactive gases into the region between the anode  The following are
important factors and require- 18 and the cathode 17 for confining the
reactive gas  ments in the design and selection of commercially plasma
formed by the RF energy supplied to the cath-  30  useful RIE mode etching
reactors. First, to provide ac- ode 17.
ceptable device manufacturing yields, the RIE mode FIG. 2 depicts a
parallel plate reactive ion etching  reactor must meet certain process
requirements such mode, plasma etching system 20, which also includes  as
directionality, selectivity, uniformity, throughput, a substantially closed
reaction chamber 21 with a  low particulate levels, etc. Secondly, it is
desirable connection 22 to a vacuum pump for partially evac-  35  that the
RIE mode etch reactor require little or no uating the interior of the
chamber, a gas supply 23 for  maintenance, for example, by incorporating
in-situ, communicating the reactive gas to the chamber      self-cleaning
capability. Other desirable characteris- through a valve-controlled conduit
arrangement 24,  tics include the adaptability to factory and reactor au-
an RF power supply 26 which supplies RF energy to  tomation, small reactor
size and low manufacturing a cathode structure 27 and a grounded anode 28.
In  40  cost. contrast to plasma system 10, FIG. 1, in the reactive  The
lattergroup of factors would tend to favorthe ion etching system 20, the
wafers 19 are mounted on  use of single wafer systems over batch-type
systems, the cathode 27, which is shielded from and separated  other
factors being equal. Moreover, single wafer sys- from the anode 28.
tems are more convenient for process development FIG. 3 schematically
illustrates another RIE  45  (only one expensive wafer is used for each
process mode etching system, 30, which, like reactors 10 and  run) and do
not present within-batch, wafer-to-wafer 20, is available commercially from
Applied Materials,  uniformity problems. Inc. of Santa Clara, California.
System 30 includes a  However, the single wafer RIE systems typically
cylindrical reaction chamber 31, a hexagonal cathode  must be operated at
high pressures (> 200 millitorr) in 37 connected to an RF supply 36, and an
exhaust port  50  both the plasma mode and in the RIE mode, to in- 32 that
is connected to a vacuum pump. The walls of  crease the etch rate and
throughput. Unfortunately, the reaction chamber 31 and the base plate 38
form  high pressure operation decreases directionality and the grounded
anode of the system. Gas supply 33 is  selectivity and makes it difficult
to meet the exacting communicated into the chamber 31 through port 34
requirements of VLSI and ULSI device manufactur- * Torr = 1.333 x [err] bar
** 1mTorr= 1.333 x [err] bar 2    3                   EP 0 339 580 B1
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ing.Thus, as is usuallytrue, otherthingsare not equal  lected etching
gasormixture is inlet from thegas sup- and in order to obtain commercially
viable high    ply through the inlet tubes 52-52 to the reaction throughput
as well as acceptable directionality and  chamber 43, which Is evacuated by
the exhaust pump selectivity characteristics, most RIE mode etchers, in-
system. As shown in FIG. 5, application of RF power cluding etchers 20 and
30 shown in FIGS. 2 and 3, are   5   from the power supply 46 creates a low
pressure, re- low pressure batch-type reactors.                  actant gas
discharge or plasma 57 of electrons, ions Referring to FIG. 4, there is
shown a single wafer  and disassociated species in the vicinity of the sem-
RIE mode etch reactor 40 which is an exception to the  iconductor wafers
55. An electric field E is formed above-described state of the art The
magnetic field-  across the plasma shield or dark space directed from
enhanced, RIE mode plasma etching system 40 is  10  the positive potential
etching plasma toward the sur- that described in co-pending, commonly
assigned   face 58 of the electrode central section. This field ac- U.S.
Patent No. 4,668,338, entitled "Magnetron-En-  celerates electrons across
the sheath away from the hanced Plasma Etching Process, issued May 26,
electrode surface and accelerates positive ions 1987, in the name of
Inventors Dan Maydan et al. The  across the sheath toward the electrode and
the wafer system 40 is a modification of the magnetic field-  15  55 to
provide the directional Ion bombardment etch enhanced CVD deposition system
disclosed in co-    component which is characteristic of RIE mode plas-
pending, commonly assigned U.S. Patent No.         ma etching. 4,668,365,
entitled "Apparatus and Method for Mag-    The reversible magnetic field,
B, FIG. 5, is ap- netron-Enhanced Plasma-Assisted Chemical Vapor     plied
to the chamber 43 parallel to the substrates 55 Deposition", also issued
May 26, 1987, in the name   20  and perpendicular to the electric field, E,
to control of inventors Foster et al. The RIE mode etch reactor  the
characteristics of the etch process. The electrons 40 uses magnetic
field-enhanced etching to provide  are confined by the magnetic field
lines, which pre- a relatively high etch rate despite the use of relatively
vent the electrons from moving easily from the cath- low pressure and,
therefore, can provide high      ode face 58 to the anode 43. Also, the
magnetic and throughput without sacrificing directionality and se-  25
electric fields impart an E x B drift velocity to the ele- lectivity, or
vice versa. The RIE mode etch reactor 40  trons so that they tend to drift
and to move from point also decreases the inherent etch non-uniformity
to point along the cathode surface. The electrons are which results from
Interaction between the magnetic  concentrated in a band having a net drift
velocity field and the plasma in magnetic-field enhanced RIE  along the
cathode and substrate. In conjunction with systems.
30  the end reflectors 44A, the E x B drift velocity tends The system 40
includes a cylindrical stainless  to confine the electrons within the
plasma. steel vacuum chamber43. Aflanged cathode assem-       As mentioned,
there is an inherent uniformity bly 42 is mounted within the chamber43 on
insulating  problem due to with the interaction between the mag- posts (not
shown). Typically, the cathode 42 is poly-  netic field and the plasma In
magnetic-field enhanced gonal and has non-magnetic reflector end sections
35  reactors. The plasma density is higher downstream in 44A (FIG. 5)
formed of conductive non-magnetic ma-  the E x B direction, providing a
higher etch rate. To il- terial such as aluminum. Outer end sections 44B
are  lustrate, and referring to the FIG. 5 enlarged partial formed of
material such as Maycor[err] insulating mate-  cross-sectional view of the
cathode 42 of etcher 40, rial. Power is supplied for plasma operation by an
RF  FIG. 4, the etching rate is greater at the end or side system 46,
typically a 13.6 MHz system, that includes  40  58 of the wafer
corresponding to the positive side of an RF power supply and a load
matching network and  the magnetic field. Reversing the current through the
is connected to the cathode 42. Reactant gas is com-  two cylindrical coils
54 and 56 (FIG. 4) reverses the municated to the interior of chamber 43 by
one or  direction of the magnetic field across the wafer, to B'. more inlet
tubes or ring manifolds 47 from a gas sup-  This reverses the plasma flow
so that the higher etch- ply system 48, of gas storage tanks/reservoirs
49-49.  45  ing rate is switched to the opposite end 59 of the wa-
Semiconductor wafers 55 are held by means 51,  fer. By reversing the
magnetic field, the inherent etch- such as posts or clips, at the side of
the cathode. As  ing non-uniformity is partially compensated in that
indicated by arrows 52, the reactant gas flows across  the etch rate and
total etching are averaged across the substrate surface, and then via one
or more ex-  the wafer along the direction of the static feld. haust
outlets 53 to a mechanical pump (not shown)  50  Other magnetic
field-enhanced RIE etchers at- via a vacuum valve and Roots blower.
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  55  these magnets to
"smear" the field. This approach reversible by reversing the coil current.
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- 3    



5                  EP 0 339 580 B1                6 proach known to us also
uses fixed permanent mag-  face of the electrode, selectively varied as to
magni- nets to generate the magnetic field and uses very low  tude and
direction for providing uniform etching over pressures to minimize
non-uniformity.              a wafer positioned on the electrode. To
summarize the state of the art, presently,      The magnetic field is
provided by two or more batch-type reactors such as those 10, 20 and 30 de-
5   pairs of electromagnets located on opposite sides of scribed above are
used in most commercial plasma   the chamber for providing separate
magnetic fields etching and RIE mode plasma etching reactors. The  across
the wafer and, computer means for controlling batch reactors process a
relatively large number of  the current In the Individual electromagnets to
inde- wafers at once and, thus, provide relatively high  pendently control
the magnitude and angular orienta- throughput. However, single-wafer
reactors have cer-  10  tion of the resultant magnetic field vector. In
particu- tain advantages, described above, such as their   lar, both the
magnitude and/or direction of the mag- adaptability to automation, small
size, low manufac-  netic field provided by this paired electromagnet con-
turing cost, and their lack of wafer-to-wafer within-  figuration can be
changed instantaneously. The field batch uniformity problems, which make
such reactors  can be stepped about the wafer at a slow rate of a few
attractive, particularly for etching large, expensive  is  cycles per
minute to provide uniform etching at high wafers such as 6 inch* and 8 inch
* diameter wafers.  pressures without eddy current loss. Unfortunately, In
the past, inter-related problems with  In another aspect, gas Is applied
between the wa- etch rates, throughput, directionality/ selectivity and
fer and the electrode at pressure greater than the within-wafer uniformity
have prevented full utilization  chamber pressure to increase uniform
thermal con- of the potential advantages of single wafer etches.    20
duction from the wafer to the electrode, which, prefer- Reference should
also be made to a number of   ably, is liquid cooled. Clamping means Is
provided for patent documents, including older EP-A-323,620 and
resiliently clamping the wafer to the electrode. Pro- EP-A-272,142 which
each describe further reactive  tective coatings or covers of material,
such as, for ex- etch chambers and also to EP-A-173,583, US-A-      ample,
quartz, may be provided on the clamp ring and 4,542,298 and EP-A-205,142
which disclose prior art  25  gas manifold. The wafer support surface of
the elec- variations on such reactors.                       trode has a
dome-shaped or convex curvature. As a It is one object of the present
invention to provide  result, when this wafer is clamped to the electrode,
a single wafer etch reactor which provides both high  the wafer is bent
into the domed surface configura- etch rates and high etch uniformity, in
addition to  tion of the electrode and closely parallels the surface
meeting the other process requirements.       30  of the electrode. This
controlled parallel close spac- This object is solved by the vacuum
processing  ing between the bowed wafer and electrode is man- reactor
according to claim 1. Further advantageous  tained when the heat transfer
gas is applied between features of this reactor are evident from the
depend-  the wafer and the electrode. This enables uniform ant claims.
heat transfer across the entire surface of the wafer to The etch reactor
according to the present inven-  35  the electrode and, consequently,
uniform processing tion Incorporates in-situ self-cleaning capability. The
characteristics such as etch rate across the wafer. reactor further
incorporates automated internal wa-  This gas-enhanced liquid electrode
cooling permits ferhandling capability and is also readily Interfaced  the
use of very high power densities, for the purpose with external wafer
exchange robots.               of increasing etch rate and plasma control,
while Further features, objects and advantages of the   40  maintaining the
wafer at a relatively low temperature invention are evident from the
following description  to facilitate profile control and avoidance of
phenom- and the drawings.                                  enon such as
black silicon. The invention provides an etch reactor which In    Wafer
exchange means comprising a group of one aspect embodies a housing defining
a vacuum    movable pins extending through bores in the elec- chamber
adapted for processing a wafer comprising:  45  trode assembly is used to
position the wafer on the an electrode assembly having a convex surface
sup-  electrode assembly and remove the wafer. porting a wafer in a bowed
configuration parallel to  The reactor also comprises a feed-through de-
the electrode surface; a gas distribution system in-  vice for coupling the
electrode heat transfer cooling cluding a gas manifold positioned closely
adjacent to  gas at low pressure to the RF-powered electrode as- the
electrode surface forsupplying reactive gas to the   so  sembly without
breakdown. The feed-through device chamber; means for applying RF energy to
the cham-  comprises a housing having a gas inletadapted forre- ber to
generate a reactive etching gas plasma from  ceiving the cooling gas and a
spaced gas outlet con- the reactive gas between the electrode and the mani-
nected to the electrode. The housing further includes fold; and means
forapplying an electrically-controlled  a pair of internal, closely spaced
apertured plates D.C. magnetic field parallel to the wafer-support sur-  55
transversely spanning the path of the gas, the plate * 1 inch = 2.54 cm. 4
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on the outlet side of the gas flow being connected     system in
positioning wafers on, and removing electrically In common with the
pedestal and the inlet  wafers from the reactor pedestal; side plate being
connected to system ground.           FIG. 11 depicts an enlarged, vertical
cross- In another aspect, heating means such as an        section of the
gas feed-through system shown In electrical resistance heating unit is
mounted on the   5  FIG. 7; housing for providing controlled heating of the
inner  FIG. 12 is a schematic representation of the sys- chamber walls to
prevent formation of wall deposits.  tem for generating and controlling the
electrical- This combination offeatures including the electri-
ly-controlled, quasi-static, multi-directional D.C. cally-controlled
multi-directional magnetic field, the  magnetic field used in the present
invention and temperature control of the cathode and reactor walls  10
acomputer system suitable for controlling overall and the use of protective
materials such as the quartz  operation of the present reactor; and covers
enables satisfaction of the above-identified    FIGS. 13A-13C
schematicallydepictthe damped design objectives. The various and
conflicting proc-   mounting of the wafer to the convex or dome- ess
requirements such as directionality, selectivity   shaped wafer support
pedestal. and uniformity are met over a range of pressures, In-  15 cluding
high pressures In a low maintenance In-situ  Overview of Magnetron Etch
Reactor 60 self-cleaned single wafer system. In particular, the
electrically-controlled multi-directional field and the  FIGS. 6 and 7
depict respectively, an isometric use of special protective materials
provide high direc-  view of the preferred embodiment of the single wafer,
tionality, high selectivity and high uniformity during   20   magnetic
field-enhanced plasma etch reactor 60 of operation. The
electrically-controlled multi-direction-  our present invention, and a
vertical cross-section al field provides uniform etching over a very broad
through the reactor 60. The description here is direct- pressure range of
about 0.133Pa to 40Pa (0.001 to  ed primarily to RIE mode plasma etching,
but the re- 0.300 torr), which includes high pressures, thereby  actor
capability extends to plasma mode etching as permitting high rate etching
without sacrificing uni-  25  well. formity. This broad pressure range
permits in-situ     Referring to FIGS. 6 and 7, the etch reactor sys-
self-cleaning. The temperature controlled surfaces  tem 60 of our present
invention comprises a housing and electrically-controlled multi-directional
magnetic  62, typically of non-magnetic material such as alumi- field
facilitate clean operation and In-situ cleaning.  num, which has an
octagonal configuration of outer The electrically-controlled
multi-directional field inde-  30  walls 64 (as viewed In horizontal
cross-section). Cir- pendently increases the etch rate and, in combination
cular inner wall 66 defines etch chamber 68. As de- with the high pressure
operation capability, provides  scribed more fully subsequently, the
reactor system a throughput-practical single wafer etcher.        60 also
includes a unique gas- and liquid-cooled ped- The above and other aspects
and advantages of   estal/cathode assembly 70 and a wafer exchange the
present invention are described in conjunction   35  system 74 (FIGS.
8-10). with the following drawing figures, in which:          The wafer
exchange system 74 includes vertical- FIGS. 1-3 schematically depict three
types of   ly movable wafer lift fingers 79 which pick up a wafer plasma
etching systems which are available in   75 from an external manually held
or operated blade the art;                                        76 which
is inserted into the chamber or, preferably, FIG. 4 is a perspective view,
partially in schemat-  40  from an external load lock robot blade 76, and
trans- ic form, of a magnetically-enhanced RIE mode   fer the wafer to the
cathode 72 for processing, then plasma etch system that is a progenitor of
the  return the processed wafer to the robot blade for re-
magnetically-enhanced RIE mode plasma etch      moval from the chamber.
system of the present invention;                   In addition, the wafer
exchange system 74 inte- FIG. 5 is a vertical cross-section, partly in
sche-  45  grally incorporates a wafer clamp ring 78 with the wa- matic,
through the wafer-holding electrode of the  fer liftfingers 79. As
described in detail below, the de- chamber shown in FIG. 4, illustrating B
reversal;  sign of the wafer exchange system 74 and the incor- FIG. 6 is an
isometric view, partially cut away, of  poration of the associated wafer
lift and clamping a preferred embodiment of the magnetic field-
structures permit the use of a one-axis robotic drive enhanced plasma
reactor of the present inven-  50   within the chamber. Furthermore, the
operation of the tion;                                           chamber
robot requires that the external robot merely FIG. 7 is a vertical
cross-section, partly in sche-  present the wafer to a selected transfer
position for matic, taken along lines 7-7 In FIG. 6;         exchange with
the chamber robot. FIGS. 8-10 are sequential, schematized repre-
Simplifying the demands on the external robot sentations of the operation
of the waferexchange  55   makes possible a relatively simple robot, even
when    9                  EP 0 339 580 B1                 10 the robot is
used in a multi-chamber load lock system  be operated at low frequencies
of, for example, sev- that serves a multiplicity of reactors. Such a robot,
eral kHz. which uses R-[err] movement, is disclosed in co-pending   The use
of a powered pedestal cathode 72 has 



commonly assigned U.S. patent application Serial  the advantage of
concentrating the RF power and No. 944,803* entitled Multiple Chamber
Integrated   5   plasma on the surface area of the wafer and increas-
Process System", concurrently filed, in the name of  ing the
powerdensityacross the waferwhile reducing Dan Maydan, Sasson Somekh, David
N. K Wang,       it everywhere else. This ensures that etching takes David
Cheng, Masato Toshima, Isaac Haral and Peter  place on the wafer only,
reducing erosion in other Hoppe.
parts of the chamber and thus reducing possible wa- Process gases are
supplied to the interior of the   10  fer contamination. Typically, power
densities of about chamber 68 by a gas manifold 80 from a gas supply  2.5-
3.5 watts/[err] are and can be used. Asdiscussed system 81 comprising one
or more gas storage reser-  below, these high power densities require
cooling. voir/tanks. The gas supply system 81 communicates  Preferably, the
RF-powered cathode 72 is construct- to the manifold 80 and chamber 68 via
supply line(s)  ed to combine gas-enhanced wafer-to-cathode ther- 82, which
is coupled into the manifold 80 by inlet con-  15  mal conductance and
liquid cathode cooling. How- nection 84. The system includes an automatic
flow  ever, the application of cooling gas such as helium to control system
or other suitable control system which  the powered pedestal 72 at low
pressure would ordi- controls the flow rates of the various etchant gases,
narily cause the cooling gas to break down. The pres- carrier gases, etc.,
supplied to the chamber 68.  ent reactor includes a unique gas feed-through
114, Vacuum is supplied to the chamber and spent  20  FIG. 7, that supplies
the gas to the high voltage elec- gases and entrained products are
exhausted via an-  trode without ionization. nular exhaust chamber 90
communicating to exhaust    Reactor 60 also comprises an improvement of
port 92 which, in turn, is connected to a conventional  the magnetic
field-generating system disclosed in vacuum pumping system 93. The exhaust
flow is di-  FIG. 4 above. Referring to FIG. 6, the system can use rected
from the chamber68 through holes 94 in a hor-  25  a number of paired
electromagnets such as the four izontal annularplate 96 mounted aboutthe
upper per-  electromagnets 116, 118,120 and 122, typically com- iphery of
the cylindrical cathode assembly 70. The  prising copper coils, mounted in
a rectangular array, apertured plate 96 inhibits plasma penetration Into
one each on alternating walls of the octagon-shaped the annular exhaust
chamber 90. This exhaust ar-  housing. The two coil pairs cooperatively
provide a rangement facilitates uniform coverage and etching   30
quasi-static, multi-directional field which can be step- of wafer 75 by the
reactantgas. Control of the exhaust  ped or rotated about the wafer to
provide etch uni- system can be by a capacitive conventional system
formity at high and low pressures. Also, the magni- such as manometer
sensor (not shown) which oper-  tude of the field can be varied to select
etch rate and ates through a pressure control system and D.C. mo-  decrease
ion bombardment. tor to control the speed of the blower, or by other con-
35 ventional control systems.
Electrically-Controlled Multi-Directional Magnetic As indicated by the
arrows 100, 102, 104, 106,  Field Generator 108 In FIG. 7, the gas
communicated to inlet 84 (arrow 100) is routed into the manifold 80 (arrow
102) and is  FIG. 12 is a schematic representation of the sys- then
directed downwardly from the manifold (arrow   40  tem for generating and
controlling the quasi-static, 104), forming an etching gas plasma in
chamber proc-  multi-directional magnetic field used in the present in- ess
region 110 during application of RF power, then  vention. flows over the
wafer 75 and radially outwardly across  Referring primarily to FIG. 12 in
addition to FIG. the wafer and into the annular exhaust chamber (ar-  6,
the two coil pairs 116,118 and 120,122 form mutu- row 106), then out the
exhaust port 92 (arrow 108).   45  ally perpendicular magnetic field
vectors [err] and [err], The above-mentioned RF power Is supplied by an
respectively, which are generally parallel to the ped- RF supply system 112
to the reactor system 60 for  estal/cathode 72 and the wafer 75. In the
exemplary plasma operation, i.e., to create an etching gas plas-
illustration shown in FIG. 12, computer 113 applies ma from the inlet gases
in process region 110. This  controlsignals via lines 103,105,107 and 109
to con- system 112 includes an RF power supply and a load  50  ventional
power supply systems 115, 117, 119 and matching network, and is connected
to the pedestal  121 to control the magnitude and direction of the cur- 72,
with the chamber walls being at ground. That is,  rents supplied over
conductors 123, 125, 127 and the pedestal is the powered cathode. The RF
power  129, respectively, to the electromagnets 116, 118, typically is
supplied at a high frequency, preferably  120 and 122. The associated
current determines the about 13.6 MHz. However, the reactor system 60 can
55  direction and magnitude of the field generated by *(EP Application No.
87311194.2 filed December 18, 1987), 6    11               EP 0 339 580 B1
12 each coil pair.                                        One application
of the preferred low rate magnet- The perpendicular field vectors [err] and
[err] gener-  ic field rotation of, for example, 2 to 30 cycles per min-
ated respectively by coil pairs 116,118 and 120,122  ute is described in
the below-referenced hydrogen are defined by
bromide/hydrogen iodide etch process. Specifically, 



[err]          ,                 5   the use of the magnetic field in
combination with the [err]  (2).                    brominate and iodinate
etch chemistries controls the Given the desired or required values of the
field,  etch and reduces wafer damage. Increasing the mag- B, and its
angular orientation [err], the computer 113 can  netic field increases the
etch rate and, thus, a given independently solve equations (1) and (2) to
obtain  etch rate can be obtained by increasing the magnetic the associated
magnetic field vectors [err] and [err] which   10  field and decreasing the
RF power and the resulting provide the desired strength of field and
orientation  bias voltage [err]. This reduces ion bombardment of and then
control application of the necessary electric  the wafer and device damage.
The bromine and io- currents in the coils 116-122 to provide these fields
dine etching gas compositions used in the referenced [err] and [err].
bromine/iodine silicon etch process are carefully for- Moreover, the
angular orientation and magnitude   15  mulated to form inorganic sidewall
deposits on the of this DC magnetic field can be independently al-  trench
sidewalls as the silicon material is being etch- tered as quickly or as
slowly as desired by changing  ed and thereby control the sidewall profile.
Increasing the current in the coils. The time that the field is on  the
magnetic field increases the effectiveness of this at each angular position
and the direction of angular  etch profile control. stepping may be varied
as well as the field intensity,  20  Generally, as the magnetic field
strength is in- since these parameters are solely a function of    creased,
the protective sidewall deposit is thickened changing the currents to the
electromagnets and are  (when an oxygen source is present), providing
greater readily controlled by computer 113. Thus, the field  taper and less
bowing to the trench profile. Since one can be stepped around the wafer
using selected ori-  can change the magnetic field readily, this gives the
entation and time increments. If desired, the magni-  25  ability to vary
the profile with increasing depth. For tude of the resultant field [err]
can be changed as the  example, In very narrow deep trenches It may be de-
process or reactor configuration may require, or a  sirable to have a wider
trench mouth to facilitate sub- constant field strength can be used. In
short, the elec-  sequentfilling of the trench with dielectric. The taper
trical current-controlled system provides the versatil-  control provided
by adjusting the magnetic field per- ity of a fast or slow moving, constant
or varying   30   mits just such a funnel shaped, wide mouth, narrow
strength magnetic field of constant or varied angular  bodied trench.
velocity. In addition, the orientation of the field need  FIG. 12 described
above also depicts schemati- not be stepped orchanged sequentially, butcan
be in-  cally the overall computer control system for reactor stantaneously
switched from any given orientation (or  60. Presently, controller 113 uses
a 68010-type proc- field strength) to another.                   35  essor.
This versatility in independently controlling the  In addition to
controlling application of current to direction and magnitude of the D.C.
magnetic field is  the electromagnets 116-122, the computer 113 also
distinct from existing commercially useful rotating  controls the gas flow
from supply 81, application of magnetic fields, which typically rotate at a
fixed rela-  RF power from supply 112, inlet of cooling gas and tively high
frequency such as the standard rate of 60   40  water to the cathode from
respective supplies 169 Hertz. In addition, the ability to "rotate" slowly,
at a  and 175, vacuum system 93, control valves for the rate, for example,
as low as 2 to 5 sec./revolution (12  pneumatic cylinderforthe shaft
mechanism 140, con- to 30 cycles/min.) or slower avoids problems such as
trol valves for the pneumatic cylinders 163 for the slot the eddy current
losses associated with the use of  valves 162, and the water heater power
supply 183. higher frequencies in aluminum or metal chambers.   45 The
previous reactor40, FIG. 4, reverses the sta-  Pedestal Assembly 70 tic
magnetic field along one axis. In contrast, reactor 60 effectively rotates
the magnetic field, preferably at  Referring to FIG. 6 and primarily to
FIG. 7, the the slow rate of, e.g., 2 to 5 sec./revolution, by the
pedestal assembly 70 comprises a generally cylindri- simple expedient of
sequentially changing the cur-  50  cal wall structure 124 that is mounted
inside the hous- rents to the electromagnet coils. This steps the mag-  ing
62, and a cylindrical bottom housing 126 that is netic field about the
wafer at a slow rate and increas-  mounted to, and extends below, the
bottom of hous- es etch uniformity [err] around the wafer, rather than  ing
62. The annular exhaust plate 96 is mounted per- in one direction across
the wafer. As a result, the re-  ipherally about the housing 124 on bosses
127 and actor 60 can be used over a wide range of low-to-high   55   129.
The powered pedestal/cathode 72 is mounted on pressures with
directionality, selectivity and uniform-  a generally cylindrical base
member 128 that is ity that exceed those of even low pressure RIE etch-
mounted to the grounded housing by mating annular ers.
insulator members 130-134. 7    13                 EP 0 339 580 B1
14 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- 



ranged in a circular configuration. The fingers 79 ex-  Operation of Wafer
Exchange System 74 tend through holes in the periphery of the pedestal 72
5 and base 128. Both the wafer support fingers 79-79    FIGS. 8-10
illustrate operation of the unique, uni- and the wafer clamping ring 78 are
mounted to a sup-  tary clamp 78/finger 79 wafer exchange system 74. port
arm means, which comprises horizontally-ex-   The resulting simple,
one-axis robot movement trans- tending arms 137-137 mounted to shaft lift
mecha-  fers individual wafers 75 from the external blade 76 nism 140 and
cylindrical ring member 139. The arms   10  (see also FIG. 6) to the
pedestal/electrode 72 and 137-137 are mounted to the shaft lift mechanism
140  vice versa, and clamps the wafer on the pedestal to for vertical
displacement, discussed below.        securely position the wafer and to
also facilitate cool- As mentioned, the vertically oriented wafer hold-
ing the wafer, as described below. ing pins 79-79 are mounted on respective
arms 137-    Referring to FIGS. 6,7 and 8, the reactor housing 137 of the
arm assembly and extend through holes In  15  wall 66 has a closable
elongated opening or slot 160 the upper, wafer support face of the pedestal
72. Wa-  which allows movement of the external blade 76 In fer clamp ring
78 is also mounted to the arm assem-  and out of the chamber. The slot 160
Is closed by a bly, that is, to the ring 139. The ring 139 is vertically
pivotally mounted valve or door 162 to seal the cham- movable within a
channel 141 formed between hous-  ber when the blade 76 is not being used
to depos- ing 124 and base 128. As discussed at length below   20
it/withdraw wafers from the chamber. The door 162 Is regarding FIGS. 8-11,
the use of the wafer support  opened and dosed by a pneumatic cylinder
system pins 79 and the wafer clamping ring 78, which is dis-  163 (FIG.
12). Clamp support ring 139 has a pair of placed vertically from the pins,
and their joint mount-  recesses 164-164 (FIG. 6) formed in upper opposite
ing to the common, vertically movable arm assembly  sides thereof that
permit insertion of the blade 76 and provide simple wafer exchange with an
external robot  25  wafer 75. A simple bidirectional, one-axis robot-type
blade 76 using a single axis movement.             blade 76 is all that is
required to transfer the wafers The shaft assembly 140 comprises a sleeve
142  between the reactorchamber 60 and external storage and a cylindrical
spring retainer 144 that are joined by  such as a cassette. Asuitable
robotic blade and door bolt 146, and is slidably mounted on bearings 148
are described in the above-referenced multi-chamber within a bore formed in
base 150. The base 150 is of  30  system. stepped cylindrical
configuration, and is joined at the  Initially, the clamp- and
finger-mounting arm as- step or shoulder thereof to the bottom of base 128.
sembly is positioned in the slightly elevated position Lateral movement of
the shaft lift mechanism is  shown in FIG. 8 and in phantom in FIGS. 6,
sothat the controlled, i.e., prevented, by a pair of vertical guide  ring's
recesses 164, the housing slot 160 and the pins 151 (only one is shown)
which extend through an   35  blade 76 are aligned horizontally. This
permits inser- eyelet 153 of theshaft 140.An adjustable stop nut 155  tion
of the blade 76 through the front recess 164. is mounted on the threaded
lower portion of pin 151  Please note, the separation between the top of
the to limit the upward movement (uppermost position) of  pins 79 and the
clamping ring 78 is aligned horizon- the shaft mechanism 140 and the
associated clamp   tally with the recesses 164. Thus, the blade 76 can ring
78 and pins 79.                          40  also pass between the pins
79-79 and the clamping A spring 152 is secured between the bottom of  ring
78. With the slots 160 and 164 so aligned, the the base 150 and the shafts
spring retainer 144 to  blade 76 (with a wafer 75 to be processed supported
bias the shaft 140, clamp 78 and pins 79 downwardly  thereon) is inserted
via the opening 160 and recess to a normal, lower position. As shown in
FIG. 7, in this  164 into the chamber 68 and the plasma etching re-
spring-biased position, the pins 79-79 are retracted   45  gion 110 and
over the pedestal 72. into their holes in the pedestal 72 and the clamp
ring  Next, as shown in FIG. 9, the rod 156 (FIG. 7) is 78 resiliently
engages the periphery of the pedestal  extended to raise the shaft lift
mechanism 140 and 72. If a wafer 75 is positioned on the pedestal, the
wafer-support pins 79-79 to lift the wafer 75 from the clamp ring 78
securely and resiliently clamps the per-  blade 76. iphery of the wafer
against the pedestal's upper sur-  50  After retraction of the blade 76,
door 162 is face 154 (FIG. 8). Vertical upward movement of the  closed.
Referring to FIG. 10, cylinder 158 (FIG. 7) shaft 140, clamp ring 78 and
pins 79-79 is effected by  then retracts rod 156 so thatthe spring 152
lowers/re- the vertical rod 156 of a pneumatic cylinder 158  tracts the
shaft 140, and the clamping ring 78 resil- which, typically, is mounted to
housing 126 and is op-  lently clamps the wafer 75 between the ring and the
erated under control of computer 113 (FIG. 12). Up-  55  pedestal 72. ward
movement of the rod 156 moves the shaft 140      After processing, the
cylinder 158 raises the upward against the biasing action of the spring
152,  shaft lift mechanism 140 to liftthewafer75 above the disengaging the
clamp ring 78 from the pedestal    blade 76 so the blade can be inserted
into the cham- 8    15              EP 0 339 580B1                  16 ber
beneath the wafer. The shaft 140 is then lowered  through 114, discussed
below, which prevents ioniza- slightly to position the pins 79-79 and clamp
138 in  tion of the low pressure gas by the driven pedestal. 



the position shown in FIG. 8. At this point, the blade  Referring also to
FIG. 6, the passageway 176 con- 76 which holds the processed wafer 75, is
retracted  nects to an orifice 178 that intersects radial grooves from the
chamber. Afresh wafercan be placed on the   5   180 in the face of the
pedestal 72. blade 76 and inserted Into the chamber between the    As
mentioned, the cathode assembly 70 has a clamp 78 and pins 79-79, as shown
also in FIG. 8, to  dome-shaped upper surface which compensates for
initiate the start of another wafer exchange cycle.  the inherent tendency
of the cooling gas to bow the As described above, the wafer exchange system
wafer relative to the cathode. FIG. 13 is a schema- 74 transfers wafers to
and from the blade, clamps the   10  tized vertical cross-sectional view of
the pedestal 72, wafers and removes the wafer from the pedestal us-  wafer
clamp ring 78 and damped wafer 75 showing ing only perpendicular, point and
peripheral contact.  In an exaggerated manner the curved or domed con- The
usual sliding and/or rolling friction contact is re-  figuration of the
upper surface of the pedestal 72. quired to pick up and deposit wafers is
absent. As will  Clamp ring 78 may clamp the uppersurface of the wa- be
appreciated, this reduces the tendency to generate  15  fer 15 against the
pedestal 72 or, preferably, may in- particulates within the processing
chamber 68.     clude a number of radial fingers 78F which clamp the In
addition, the support and translation appara-  upper surface of the wafer.
The periphery of the ped- tus for the single axis robot is positioned
beneath the  estal 72 may be tilted as part of the overall convex chamber
68 and is isolated from the chamber by the  shape thereof and the lower
surface of the clamp ring surrounding pedestal assembly 70. Bellows 166 is
20  78 or the fingers 78F may have a mating tilted orien- mounted between
the upper end of the shaft assem-  tation. Alternatively, the clamp/fingers
and the per- bly 140 and the base 150 to provide an additional bar-  iphery
of the pedestal can be oriented horizontally. rier between the shaft 140
and thewaferand process-   Using this pre-stressed, convex or bowed wafer
ing chamber 68. The interior of the bellows 166 is  orientation, the wafer
is parallel to the surface of the vented by orifice 168 to the atmospheric
pressure  25  pedestal 72, i.e., there is a substantially constant dis-
ambient within the housing 126. This facilitates ex-  tance between the
pedestal and wafer. This parallel- pansion and contraction of the bellows
along the  ism is maintained even when the cooling gas is ap- shaft axis
during raising and lowering thereof in the  plied at relatively high
pressures such as 1-10 torr* atmospheric ambient of the shaft chamber 167.
between the pedestal and wafer. Please note, for four 30  to eight inch
wafer diameters (and pedestal diameters Wafer Cooling System
which are also approximately four to eight inches** ), we have found that a
curvature in which the center of Referring primarily to FIG. 7, as
mentioned, the  the pedestal is bowed out a distance, d', of four to
electrodelpedestal assembly 70 is cooled by a com-  eight mils***
pre-stresses the wafer to a parallel bination of liquid and gas, i.e., by
gas-enhanced wa-  35  bowed configuration which Is maintained when the
fer-to-cathode thermal conductance and by liquid   cooling gas is applied.
That is, convex pedestal sur- cathode cooling. Liquid, typically in the
form of cold  face 72B is bowed out a distance of four to eight mils water
is applied by the computer 113-controlled valve  relative to a conventional
flat electrode 72F. While the and pumping system 169 (FIG. 12) to an inlet
170   curvature is small, it is an important factor in achiev- which
communicates with a lower annular channel  40  ing uniform wafer cooling
and uniform wafer process- 172 In the base 128 and also with a pair of
upper cir-  ing. cular channels 174-174. That is, the cooling water    In
operation, with the wafer 75 clamped against flows into the inlet 170, and
then passes through the  the electrode 72 by ring 78, helium or other
suitable lowerchannel 172 and the upperchannels 174-174 to  gas that is a
good heat conductor at low pressure, is an outlet (not shown). The hole
pair 174-174 is used   45  applied via feed-through 114 and inlet 176 to
the ra- instead of a wider single channel to bypass the cool-  dial grooves
180-180 at the interface between the ing gas inlet passageway 176.
wafer and the pedestal to establish a nearly static gas The cooling gas is
used to enhance heat transfer  pressure of, typically, about 1 torr to 10
torr, which is from the clamped wafer 75 to the water-cooled ped-  much
higher than the chamber pressure. During plas- estal 72. The thermally
conductive gas is applied by  so  ma operation of the reactor 60, this
interface gas uni- conventional computer 113-controlled valve system
formity transfers heatfrom the pre-bowed wafer 75 to 175 (FIG. 12) to inlet
passageway 176 via feed-   the parallel water-cooled pedestal 72, thereby
ena- * 1 Torr = 1.333 x [err] bar ** 1 inch = 2.54 cm *** 1 mil = 0.0001
Inch . 9    17                  EP 0 339 580 B1                18 bling
uniform cooling of the wafer by the liquid-cooled  sequence, the computer
113-controlled heater 181 cathode assembly 70.
heats the wall 671 and 661 to a temperature >70C to The importance of the
RF-driven, high power    prevent unwanted condensation of these inorganic
density, gas and liquid cooled cathode assembly 70  deposits. 



is illustrated in commonly assigned, co-pending U.S.   5 patent application
Serial No. 944,491 * , entitled "Bro-  Quartz Encapsulation mine and Iodine
Etch Process for Silicon and Sill- cides", concurrentlyfiled herewith, in
the name of Jer-  Typically, the clamp ring 78 is formed of a light- ry Y.
Wong, David N. K. Wang, Mei Chang, Alfred Mak  weight resilient material
such as Ardel or Lexan to fa- and Dan Maydan (also called the
bromine/Iodine etch   10  cilitate movement and to resiliently clamp the
periph- process). In Implementing the referenced bromine/io-  ery of the
wafer without damage. Also, the gas box 80 dine etch process, the wafer
supporting cathode as-  and the rest of the chamber are formed of a
non-mag- sembly 70 is cooled by water of about 20-[err]. Gas  netic
material such as aluminum. We have found that such as helium is applied
between the wafer and the  providing a quartz coating or layer 811 about
1/8 in. water-cooled cathode 72 at a substantially static  15  thick over
the clamping ring 79 and a similar quartz pressure of about 4 torr. This
provides high rate uni-  layer or coating 83 about 1/8 in. thick over the
facing form thermal conductivity between the wafer 75 and  gas box 80
prevents contamination of the silicon wa- the cooled cathode 72 to thereby
maintain the surface  fers 75 during operation of the reactor 60. Quartz is
of the pre-stressed, bowed waferat a uniform temper-  similar to silicon
and, thus, does not contaminate the ature at about [err] or lower. This
cooling is required   20  silicon. The quartz covers 81 and 83 also help to
elim- because the high power density of about 2.5 - 3.5  inate black
silicon, because the process reaction with [err] is approximately one order
of magnitude  the resulting covers can, if this insulating material is
higher than the power densities used in conventional  not properly
selected, produce a micro-masking ef- RIE etchers. The cooling helps to
eliminate bowed  fect in the exposed silicon; and this will lead to the
trench profiles and black silicon during the use of the   25  production of
black silicon. Furthermore, oxygen is referenced bromine/iodine etch
process or other proc-  released from the quartz during operation of the
re- esses to etch silicon and other materials and, other-  actor 60. The
released oxygen adds material to the wise facilitates profile control. The
black silicon phe-  oxide masks which are used for etching materials
nomenon may occur at temperatures as low as about  such as silicon and
Increases the etch resistance (se- [err].
30  lectivity) of the mask. The oxygen from the quartz in- creases the etch
rate. The oxygen is additive to that Chamber Surface Temperature Control
included in etching gas compositions, such as those described in the
referenced bromine/iodine etch proc- Referring to FIG. 7, a heating unit
181, typically  ess, for decreasing bowing and otherwise controlling a
cylindrical electrical resistance heater or other suit-  35  the etch
profile. able unit, is mounted on the cover 67 of reactor 60 for the
purpose of heating the cover 67 and the upper  Anti-Electrical Breakdown
Gas Feed-Through portion of the housing sidewalls 66-66 corresponding to
the chamber 68 and, specifically, the inside hous-  FIG. 11 is an enlarged
vertical cross-section of ing and upper chamber walls 671 and 661.
Referring   40  the gasfeed-through device 114that is used to supply also
to FIG. 7 & 12, power is supplied to the heater  the cooling gas to the
RF-powered pedestal 72 with- 181 by a power supply 183, which is controlled
by the  out gas breakdown or ionization. The feed-through computer 113 via
control line 185. The electromag-  device comprises a closed cylinder
formed by a pair nets 116 through 122 provide supplementary heating  of
electrode sections 182 and 184 that have generally of the walls 66-66.
45  parallel, closely spaced, apertured, facing innerwalls Preferably, the
heater 181 is selectively operated  186 and 188. The cooling gas enters the
feed-through as required to heat the walls 671 and 661 as well as the
device via inlet 190 in one end cover 191, passes Inner surface of the gas
box 80 to prevent condensa-  through holes 198 in plate 186, traverses a
small gap, tion during reactor operation. For example, the pro-  d, between
the plates, then traverses holes 199 in file-control inorganic sidewall
deposits formed by the   50  plate 188 and flows through outlet 192 in the
opposite bromine and iodine etching gas compositions used in  end cover
193. Inlet 190 communicates to the cooling the referenced bromine/iodine
silicon etch process  gas supply (not shown) while outlet 192 is connected
may comprise various combinations of constituents  by line 194 (FIG. 7) to
the pedestal passageway 176. such as silicon, oxygen, bromine
and/orfluorine, such  An annular insulating spacer 195 physically and as
[err] and [err]. During this etch  55  electrically separates the two
electrodes 182 and (EPA 87311196.7 filed on Dec. 18,1987). 10    19
EP 0 339 580 B1                 20 184. The resulting cylinder assembly Is
joined by  pability. Moreover, all exposed surfaces within the screws
197-197 and is sealed by O-rings 196-196.   chamber are aluminum or quartz,
both of which are The inlet electrode 182 is grounded while the outlet
impervious to and compatible with self-cleaning. electrode 184 is connected
in common with the RF-      Preferably, a fluorinated gas composition is
used powered pedestal 72. The spacing and size of the   5   for in-situ
self-cleaning. Non-carbon, fluorine contain- 



holes 198 and 199 and the size of the gap, d, are se-  ing gas compositions
such as  [err] are preferred lected to provide a high gas conductance and
prevent  because of their high volatility of etch products, free ionization
of the gas despite the low pressure and  of contamination, etc., but others
such as [err] high potential across these two adjacent plates. For  or
other fluorine-containing Freons can be used. A example, for a gas pressure
of 4 torr, a gap, d, of 1-  10  presently preferred self-cleaning process
uses fluor- 40 mils and a hole diameter of 10-40 mils preclude  inated
reactive gas chemistry comprising the gases ionization of the gas. Changing
the height of spacer  NF3 applied to the chamber 68 at flow rates of 60 195
adjusts gap, d, to accommodate different gases  scam, magnetic field
strength of 0-45  [err] (0- and pressures. The device 114 In effect Is a
compact  45 gauss) rotated at30 cycles per minute, RFforward feed-through
for bringing the low pressure cooling   15  powerof 450Wand 100 millitorrof
chamberpressure. gas to the potential of the pedestal despite the sensi-
These parameters provide uniform etch on the inner tivity  of the  gas to
small values of the        chamber surfaces and will effectively and
completely pressure distance product.                         clean the
reactor 60 in about 10 mins, after 10 runs (10 [err] of silicon is removed
in each run). In contrast, Clean Operation; Self-Ceaning                 20
conventional plasma etch reactors are cleaned attyp- ical intervals of
about 5 runs and require disassembly Several design features including the
controlled  for cleaning In wet etchants. The combination of in-si- reactor
wall heating by heating element 181 provide  tu self-cleaning capability,
inherently clean operation very clean operation of the present etch reactor
60.  and long times between cleaning cycles decrease the This, despite the
use of processes such as the refer-  25  down time required for cleaning
and increase enced bromine/iodine etch process, which deliberate-
throughput ly use deposit-forming gas compositions for etch pro-  Based
upon the description of preferred and al- file control, etc. On the
average, we have run the re-  ternative embodiments of our etch reactor and
its actor for about 100 runs between self-cleaning cy-  use, those of usual
skill in the art will readily derive cles.
30  modifications within the scope of the claims. In addition to the long
operation time between cleaning, cleaning is made less onerous by the self-
cleaning capability of the reactor 60. As iswell known,  Claims It is more
difficult to self-clean the various etch cham- ber surfaces than to etch a
wafer, simply because of  35  1. A vacuum processing reactor (60),
comprising a the difficulty in expanding the etching gas plasma to  housing
(62) defining a vacuum chamber (68) cover the large volume and large
surface area of the   therein adapted for etching a wafer (75) posi-
chamber.                                              tioned within the
chamber (68) at a high rate and In the etch reactor 60, the magnetic field
provided  with etching uniformity substantially independent bythe
electromagnet pairs 116-118,120-122 Increas-  40  of pressure, comprising:
es the self-cleaning etch rate, as does high pressure       a pedestal (72)
having a convex-shaped operation. The reactor is designed to run at a range
surface (72B) forsupporting the waferin a bowed of pressures of from 0.001
torr to 0.300 torr, and thus  configuration parallel to the pedestal
surface has the ability to tailor operation to the high pressure  (72B);
requirements of self-cleaning as well as the lower, al-  45  a gas manifold
(80) for supplying reactant beit still relatively high pressure
requirements of etch-  gases to the vacuum chamber (68); ing. The rotatable
magnetic field and the associated        means (112) for applying RF energy
be- independent control of field strength orientation ex-  tween the wafer
support pedestal (72) and the tend the cleaning plasma everywhere within
the         gas manifold (80) for generating a wafer etching chamber, and
permit increasing the etch rate for par-  so  plasma; ticularregions of the
chamber is required, to effective-    a D.C. magnetic field forming means
com- ly clean all chamber surfaces.                         prising at
least first (116,118) and second Furthermore, the use of the powered
cathode        (120,122) pairs of electromagnets disposed and the close
spacing between the cathode assembly     around the periphery of the
housing (62) forform- 70 and the anode gas box 80 provide a confined  55
Ing a magnetic field parallel to the surface of the dense plasma. The
relatively small size of the cham    wafer (75); and ber, about 13 liters
and the circular symmetry of all       currentapplying means comprising
means components also contribute to the self-cleaning ca-
(115,117,119,121) for applying selected currents    19                  EP
0 339 580 B1                 20 184. The resulting cylinder assembly is
joined by   pability. Moreover, all exposed surfaces within the screws
197-197 and is sealed by O-rings 196-196.    chamber are aluminum or
quartz, both of which are The Inlet electrode 182 is grounded while the
outlet  impervious to and compatible with self-cleaning. electrode 184 is
connected in common with the RF-     Preferably, a fluorinated gas
composition is used powered pedestal 72. The spacing and size of the   5
for In-situ self-cleaning. Non-carbon, fluorine contain- 



holes 198 and 199 and the size of the gap, d, are se-  ing gas compositions
such as  [err] are preferred lected to provide a high gas conductance and
prevent  because of their high volatility of etch products, free ionization
of the gas despite the low pressure and  of contamination, etc., but others
such as [err] high potential across these two adjacent plates. For  or
other fluorine-containing Freons can be used. A example, for a gas pressure
of 4 torr, a gap, d, of 1-  10  presently preferred self-cleaning process
uses fluor- 40 mils and a hole diameter of 10-40 mils preclude  inated
reactive gas chemistry comprising the gases ionization of the gas. Changing
the height of spacer  [err] applied to the chamber 68 at flow rates of 60
195 adjusts gap, d, to accommodate different gases  sccm, magnetic field
strength of 0-45  [err] (0- and pressures. The device 114 in effect is a
compact  45 gauss) rotated at 30 cycles per minute, RF forward feed-through
for bringing the low pressure cooling   15  powerof 450W and 100
millitorrof chamber pressure. gas to the potential of the pedestal despite
the sensi-  These parameters provide uniform etch on the inner tivity of
the  gas  to  small values  of the        chamber surfaces and will
effectively and completely pressure distance product.
clean the reactor 60 in about 10 mins. after 10 runs (10 [err] of silicon
is removed in each run). In contrast, Clean Operation; Self-Cleaning
20  conventional plasma etch reactors are cleaned at typ- ical intervals of
about 5 runs and require disassembly Several design features including the
controlled  for cleaning in wet etchants. The combination of in-si- reactor
wall heating by heating element 181 provide  tu self-cleaning capability,
inherently clean operation very clean operation of the present etch reactor
60.  and long times between cleaning cycles decrease the This, despite the
use of processes such as the refer-  25  down time required for cleaning
and increase enced bromine/iodine etch process, which deliberate-
throughput ly use deposit-forming gas compositions for etch pro-  Based
upon the description of preferred and al- file control, etc. On the
average, we have run the re-  ternative embodiments of our etch reactor and
Its actor for about 100 runs between self-cleaning cy-  use, those of usual
skill in the art will readily derive cles.
30   modifications within the scope of the claims. In addition to the long
operation time between cleaning, cleaning is made less onerous by the self-
cleaning capability of the reactor 60. As is well known,  Claims it is more
difficult to self-clean the various etch cham- ber surfaces than to etch a
wafer, simply because of  35   1. A vacuum processing reactor (60),
comprising a the difficulty in expanding the etching gas plasma to  housing
(62) defining a vacuum chamber (68) cover the large volume and large
surface area of the   therein adapted for etching a wafer (75) posi-
chamber.                                               tioned within the
chamber (68) at a high rate and In the etch reactor 60, the magnetic field
provided  with etching uniformity substantially independent bythe
electromagnet pairs 116-118,120-122 increas-  40  of pressure, comprising:
es the self-cleaning etch rate, as does high pressure        a pedestal
(72) having a convex-shaped operation. The reactor is designed to run at a
range   surface (72B) forsupporting the wafer in a bowed of pressures of
from 0.001 torr to 0.300 torr, and thus  configuration parallel to the
pedestal surface has the ability to tailor operation to the high pressure
(72B); requirements of self-cleaning as well as the lower, al-  45  a gas
manifold (80) for supplying reactant beit still relatively high pressure
requirements of etch-  gases to the vacuum chamber (68); ing. The rotatable
magnetic field and the associated         means (112) for applying RF
energy be- independent control of field strength orientation ex-  tween the
wafer support pedestal (72) and the tend the cleaning plasma everywhere
within the         gas manifold (80) for generating a wafer etching
chamber, and permit increasing the etch rate for par-  50  plasma;
ticularregions of the chamber is required, to effective-     a D.C.
magnetic field forming means com- ly clean all chamber surfaces.
prising at least first (116,118) and second Furthermore, the use of the
powered cathode         (120,122) pairs of electromagnets disposed and the
close spacing between the cathode assembly     around the periphery of the
housing (62) forform- 70 and the anode gas box 80 provide a confined  55
ing a magnetic field parallel to the surface of the dense plasma. The
relatively small size of the cham-   wafer (75); and ber, about 13 liters
and the circular symmetry of all        current applying means comprising
means components also contribute to the self-cleaning ca-
(115,117,119,121) for applying selected currents 11    21
EP 0 339 580 B1                22 to the magnets for stepping the D.C.
magnetic     ther comprising a wafer support blade (76) mov- field
angularly around the wafer (75) to provide a  able into and out of said
vacuum, including wafer uniform etching plasma in said vacuum chamber
exchange means (79) for lifting the wafer (75) (68).
from the blade (76) to position the wafer onto the 



5      pedestal (72) and to return the wafer (75) to the 2. A reactor as
claimed In Claim 1, further compris-  blade (76). Ing a clamping ring means
(78) for clamping the wafer (75) to the pedestal (72).               11. A
reactor as claimed in any preceding claim, fur- ther comprising means
(175,176,178,180) for ap- 3. Areactoras claimed In Claim 1 orClaim 2,
further  10  plying gas under pressure between the surface comprising an
opening (160) in said housing (62)  (72B) of the pedestal (72) and the
wafer (75) to to allow insertion of a horizontally oriented wafer  provide
uniform thermal conduction between the (75) into the vacuum chamber (68),
to a first se-  wafer (75) and the pedestal (72). lected position. 15  12.
A reactor as claimed in any preceding claim, fur- 4. A reactor as claimed
in Claim 3, further compris-  ther comprising a plurality of radial grooves
(180) ing wafer exchange means (79), comprising a        in the surface
(72B) of said pedestal (72) con- group of generally vertically-oriented
pins (79)   necting a central orifice (178) for passing a flow extending
through holes in the pedestal (72); and  of cooling gas from said orifice
(178) to the per- means (140,156,158) for sequentially moving the   20
iphery of said pedestal surface (72B). wafer exchange means (79) upwardly
and down- wardly to selected positions for removing the wa- fer (75) from
the first selected position, damping  Patentanspr Ache the wafer (75) to
the pedestal (72) and returning the wafer (75) to the selected position.
25  1. Vakuumbearbeitungsreaktor (60), der sin Gehau- se (82) aufweist, in
dem eine Vakuumkammer 5. A reactor as claimed in Claim 4, in which the wa-
(68) gebildet ist, die zum Atzen eines innerhalb fer exchange means (79)
and the clamping ring       der Kammer (68) angeordneten Wafers mit einer
means (78), are related so that said vertically ori-  hohen
Geschwindigkelt  und  mit  einer ented pins (79) are arranged in a circular
array   30  AtzgIeichma&Igkeit geeignet !at, die Im wesentli- having a
diameter less than the diameter of the    chen unabhangig vom Druck ist,
mit clamping ring means (78) and wherein said upper      - elnem Sockel
(72) mit elner konvexfOrmi- ends of the pins (79) are spaced vertically
below      gen OberflAche (72B) zur Lagerung des said clamping ring means
(78).                         Wafers in einer gewolbten Ausbildung par- 35
allel zur Sockeloberflache (72B), 6. A reactor as claimed in Claim 2 or
Claim 4 or         - einem Gasverteiler (80) fOr eine Zufuhr von Claim 5,
as dependent on Claim 2, in which the         Reaktionsgasen zur
Vakuumkammer (68), clamping ring means (78) have fingers (78F) ex-       -
elner Einrichtung (112) fOr sin Anlegen von tending inwardly generally
parallel to the pedestal    Hochfrequenzenergie  zwischen   dam (72) for
clamping the wafer (75) to said pedestal  40   Waferlagersockel (72) und
dem Gasvertei- (72).                                                  ler
(80)  zur   Erzeugung   sines Waferitzplasmas, 7. A reactor as claimed in
any preceding claim, fur-     - elner Einrichtung zur Bildung sines Gleich-
ther comprising means (169,170,172,174), for           strommagnetfeides,
die wenigstens e ner- circulating cooling fluid within the pedestal (72).
45  stes (116, 118) und sin zweites (120, 122) Pear von Elektromagneten
umfa~t, die um 8. A reactor as claimed In any preceding claim, fur-
den Umfang des Gehluses (62) zurBlIdung ther comprising means (181,183)
disposed on            sines magnetichen Feldes angeordnet the exterior of
the reactor (60) for heating the in-   sind, das parallel zur OberflAche
des ternal reactor surfaces (66 I, 67 I) to a predeter-  50  Wafers (75)
ist, und mined temperature for preventing deposits on         -
einerStromanlegeeinrichtung, die sine En- said surfaces.
richtung(115, 117,119,121)fflreinAnlegen ausgewahiter StrOme auf die
Magneten 9. A reactor as claimed in any preceding claim, fur-       umfaSt,
um das Gleichstrommagnetfeld ther comprising a coating (83,811)of quartz,
over  55  schrittwelse um den Wafer (75) zu bews- the gas manifold (80) and
clamp ring (78).              gen, damit ein gleichformiges Atzplasma in
der Vakuumkammer (68) geschaffen wind. 10. A reactor as claimed in any
preceding claim, fur- 12    23                 EP 0 339 580 B1
24 2. Reaktor nach Anspruch 1, der aulerdem  eine       Wemmring (78)
aufwelst. Wemmringeinrichtung (78) aufwelst, um den Wafer (75) auf den
Sockel (72) zu kiemmen.     10. Reaktor nach elnem der vorhergehenden An- 



sprOche, der auierdern ein Wafertragblatt (76), '  3. Reaktor nach Anspruch
I oder nach Anspruch 2,   5  das in und aus dem Vakuum bewegbar lit, und
el- deraugerdem sine Offnung (160) in dem Gehiu-      ne
Waferwechseleinrichtung (79) zum Abheben se (62) aufweist, die den Einsatz
mines horizontal  des Wafers (75) von dem Blatt (76) aufweist, um
ausgerichteten Wafers (75) In die Vakuumkam-      den Wafer auf dem Sockel
(72) zu positlonieren mer (68) an eine erste gewahite Position ermog-   und
den Wafer (75) zu dem Blatt (76) zurflckzu- licht.
10      bringen. 4. Reaktor nach Anspruch 3, der augerdem eine     11.
Reaktor nach elnem der vorhergehenden An- Waferwechseleinrichtung (79) mit
einer Gruppe     sprfche, der au~erdem Einrichtungen (175, 176, von
insgesamt vertikal ausgerichteten Stiften     178,180) fr ein Einbringen
von Gas unter Druck (79), die sich durch Iocher in dem Sockel (72) er-  is
zwischen die Oberflache (72B) des Sockels (72) strecken, und Einrichtungen
(140,156,158) um-     und den Wafer (75) aufweist um eine gleichma- falt,
die    aufeinanderfolgend  die           BigeWirmeleitung zwlschen dem
Wafer (75) und Waferwechseleinrichtung (79) nach oben und        dem Sockel
(72) zu schaffen. nach unten in ausgewahIte Positionen bewegen, um den
Wafer (75) von der ersten ausgewAhiten  20  12. Reaktor nach einem der
vorhergehenden An- Position zu entfernen, den Wafer (75) an den
sprfche, der auBerdem mehrere Radialnuten Sockel (72) zu idemmen und den
Wafer (75) zur     (180) In der Oberflache (72B) des Sockels (72)
ausgewhithln Position zurflckzubringen.           aufweist, die mit
einerzentralen Offnung (178) in Verbindung stshen, um elnen KOhIgasstrorn
aus 5. Reaktor nach Anspruch 4, bel dem  die  25         der 6ffnung (178)
zu dem Umfang der Sockel- Waferwechseleinrichtung (79) und die Kgiemm-
oberflache (72B) zu frhren. ringeinrichtung (78) so miteinander in
Beziehung stshen, dall die vertikal ausgerichtetbn Stifte (79) in miner
kreis1frmigen Anordnung angeord-  Rovendlcations net sind, deren
Durchmesser geringer ist ala der  30 Durchmesser der Klemmringeinrichtung
(78),     1. Un reacteurde traltement sous vide (60) compre- wobei die
oberen Enden der Stifte (79) unterhalb  nant une enceinte (62) d6finissant
A l'int6rieur der Klemmringeinrichtung (78) vertikal im Ab-     une chambre
A vide (68) qui est adaptee pour at- stand angeordnet sind.
taquer une tranche (75) positionnee a l'Int6rieur 35      de la chambre
(68), A une vitesse elevee et avec 6. Reaktor nach Anspruch 2, Anspruch 4
oder An-      une uniformite d'attaque qui est pratiquement in- spruch 5 in
Abhangigkelt von Anspruch 2, bei      dependante de la pression,
comprenant: dem die Klemmringeinrichtung (78) Finger (78F)         un
pldestal (72) ayant une surface de for- aufweist, die sich insgesamt
parallel zu dem      me convexe (72B) poursupporteria tranche dane Sockel
(72) nach innen erstrecken, urn den Wafer  40  une configuration courbee
parallele A la surface (75) an den Sockel (72) zu kdemmen.               du
pidestal (72B); un distributburde gaz (80) pourfournirdes 7. Reaktor nach
elnem der vorhergehenden An-         gaz reactifsa  la chambre A vide (68);
sprOche, deraulerdem Einrichtungen (169, 170,          des moyens (112)
pourappliquerde l6ner- 172,174)frlreineZirkulierungvon KI(himittelfluid  45
gle RF entre le pihdestal de support de tranche innerhalb des Sockels (72)
umfaSt.                (72) et le distributbur de gaz (80), pour produire
un plasma d'attaque de tranche; 8. Reaktor nach einern der vorhergehenden
An-              des moyens de formation de champ ma- sprflche, der
aulerdem Einrichtungen (181, 183)   gnbtlque continu comprenant au moins
des pre- umfaft, die aufderAuBenseite des Realdors (60)  so  mibre (116,
118) et seconde (120, 122) palres zur Erwirmung derinneren Reaktorfiichen
(661,     d6electro-aimants disposes autour de la periphe- 671)
aufeinevorherbestimmbeTemperaturange-        rim de l'enceinte (62) pour
former un champ ma- ordnet sind, um Abscheidungen auf den OberflIa-
gnetique parallale A la surface de la tranche (75); chen zu verhindern.
et 55           des moyens d'application de courant, 9. Reaktor nach einem
der vorhergehenden An-         comprenant des moyens (115, 117, 119, 121)
sprfche, der aulerdem eine Quarzbeschichtung      pour appliquer des
courants selectionnis aux ai- (83, 811) uber dem Gasverteller (80) und dem
mants de facon A produire un d6placementangu- 13 C 11111111111111111    25
EP 0 339 580 Bt                 26 laire pas a.pas du champ magnatique
continu au-   (66 I, 87 I), afin d'empecher des d6pots sur ces tour de la
tranche (75), pour former un plasma    surfaces. 



d'attaque uniforms dans la chambre A vide (68). 9. Un r6acteur sWlon l'une
quelconque des revendi- 2. Un reacteur selon la revendication 1, comprenant
5  cations pr6cedentes, cornprenant en outre un re- en outre une structure
d'anneau de blocage (78)   vetement (83, 811) en quartz sur Is distributeur
pour bloquorla tranche (75) sur le pledestal (72).  de gaz (80) et l'anneau
de blocage (78). 3. Un reacteur solon la revendication I ou la reven-  10.
Un reacteur solon l'une quelconque des revendi- dication 2, comprenant en
outre une ouverture  fO  cations precedentes, comprenant on outre une (160)
dans l'enceinte (62), pour permettre d'in-  lame de support de tranche (76)
pouvant Otre in- troduire dans la chambre A vide (68), jusqu'a une
troduite dans la chambre a vide et extralte de cel- premiere position
selectionn6e, une tranche (75)  le-cl, comprenant des moyens d'echange de
orientee horizontalement.                         tranches (79)
poursouleverla tranche (75) a par- Is     tir de la lame (76), pour
positionner la tranche sur 4. Un r6acteur solon la revendication 3,
comprenant  le piedestal (72) et pour ramener la tranche (75) en outre des
moyens d'echange de tranches         sur la lame (76). (79), comprenant un
group. de tiges (79) d'orien- tation generale verticals, s'6tendant A
travers  11. Un reacteur solon runs quelconque des revendi- des trous dans
le piedestal (72); et des moyens  20  cations precedentes, comprenant en
outre des (140, 156, 158) pour deplacer s6quentiellement    moyons (175,
176, 178, 180) pour appliquer un les moyens d'dchange de tranches (79) vers
le     gaz sous pression entre la surface (72B) du pie- haut et vers le
bas, Jusqu'A des positions seiec-  destal (72) et la tranche (75), afin
d'etabllr uns tionnhes, pour retirer la tranche (75) dela premle-
conduction thermique uniforme entre la tranche re position select1onn6e,
bloquer Ia tranche (75)  26  (75) et Is piedestal (72). sur le plidestal
(72) et ramener la tranche (75) a la position s6lectionn6e.
12. Un r6acteur solon l'uno quelconque des revendi- cations prbcedentes,
comprenanten outre un en- 5. Un reacteurselon la revendication 4, dans
lequel  semble de rainures radiales (180) dans la surface les moyens
d'6change de tranches (79) et la  3o   (72B3 du piedestal (72), reil6es A
un orifice cen- structure d'anneau de blocage (78) sont asso-     tral
(178), pour faire circulervers la p6ripherie de cdes de fagon quo les tiges
(79) orientbes vertica-  la surface du plbdestal (72B) un ecoulement de
lement solent dispos6eas en un r6seau circulairo  gaz de refroldissement
qui est issu de l'orifice ayant un diambtre infefieur au diambtre de la
precitb (178). structure d'anneau de blocage (78), et dans le-  35 quel les
extrbmitbs superieures des tiges (79) sont espacees verticalement
au-dessous de la structure d'anneau de blocage (78). K>    6. Un r6acteur
solon la revendlcation 2 ou la reven-  40 dicat1on 4 ou la revendication 5,
rattachees A la revendication 2, dans lequel la structure d'an- neau de
blocage (78) comports des doigts (78F) qui s'6tendent vers l'lntbiieur dans
une orienta- tion gbnerale parallele au piedestal (72), pour blo-  45 quer
la tranche (75) sur le piedestal (72). 7. Un rbacteur solon l'une
quelconque des revendi- cations precbdentes, comprenant en outre des moyens
(169,170,172,174) pourfalre circuler un   50 fluide de refroidissementa
l'int6rieurdu plidestal (72). 8. Un rbacteur solon l'une quelconque des
revendi- cations precedentes, comprenant en outre des  55 moyens (181, 183)
disposes sur l'extrieur du racteur (60) pour chauffer a une tempbrature
pr6determin6o les surfaces internes du rhacteur 14    


