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PROCESS CHAMBER HAVING A VOLTAGE 
DISTRIBUTION ELECTRODE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of co-pending 
US. patent application Ser. No. 09/602,652 [AMAT/3446], 
?led Jun. 22, 2000, Which claims priority to provisional US. 
patent application Ser. No. 60/143,362, ?led on Jul. 12, 
1999. Each of the aforementioned related patent applications 
is herein incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The invention relates generally to methods and 
apparatus for fabricating electronic devices, such as inte 
grated circuits, on substrates. More particularly, the inven 
tion relates to methods and apparatus for processing sub 
strates using an inductively coupled plasma system. 

[0004] 2. Background of the Related Art 

[0005] A variety of processes are currently used in the 
fabrication of integrated circuits and other electronic 
devices. For eXample, processes such as chemical vapor 
deposition and physical vapor deposition are used to deposit 
various conductive, semiconductive and dielectric materials 
onto substrates. In addition, etching processes are used to 
remove various conductive, semiconductive and dielectric 
materials from substrates. Both deposition and etch pro 
cesses can include the use of a plasma generated in a 
processing chamber. One etch process used to advantage is 
an inductively coupled plasma etch process Which uses an 
inductive coil to deliver RF energy into the chamber to 
eXcite gases introduced into the chamber into a plasma state. 
A conventional inductively coupled plasma (ICP) etch 
chamber is typically operated at a pressure of about 2-40 
millitorr. A substrate being processed is mounted on a 
support member connected to a source of RF bias voltage 
and spaced from and generally beloW the RF inductive coil. 
Plasma is struck in the processing gas by the application of 
RF poWer to the RF coil, and the positive gas ions created 
in the chamber are attracted to the negatively biased sub 
strate being processed. Depending on the gases used, a 
physical etching, a reactive etching or a combination physi 
cal and reactive etching occurs to remove material from the 
surface of the substrate being processed. 

[0006] HoWever, inductively coupled plasma processes 
are not typically truly inductive processes even though an 
inductive coil arrangement is used. As With most inductively 
coupled plasma hardWare designs, ostensibly a signi?cant 
amount of RF poWer is capacitively coupled through the 
dielectric WindoW to the plasma via the high RF voltages 
occurring in the inductive coil. Indeed, it has been some 
capacitive coupling Measurements have shoWn that the 
typical Working values of this RF voltage are betWeen about 
1200 and 3400 V peak. The coupling of plasma to these high 
voltages can result in erosion of the dielectric WindoW of the 
chamber through ion bombardment. In applications Where 
the dielectric WindoW is a ceramic, such as aluminum oXide, 
the erosion of this material creates aluminum contamination 
Within the chamber. 

[0007] Typically, upon inspection of the internal surfaces 
of a dome after processing, heavy ?lm deposits are present 

Jan. 9, 2003 

in the center and edge regions of the dome, but are clean 
from deposition in the region directly beneath the inductive 
source coil. The deposition build-up occurs because as 
material is removed in an etch process, the material typically 
deposits on other surfaces Within the chamber. The area 
directly beneath the coil is kept clean by bombardment of the 
surfaces by particles generated in the plasma and attracted to 
the surface by the capacitive ?eld generated by the inductive 
coil. The edges of the regions Where heavy deposition occurs 
can peel aWay from the dome, resulting in high levels of 
particle contamination both on substrates processed in the 
chamber as Well as in the chamber itself. 

[0008] It is believed that capacitive coupling of the RF 
poWer into the plasma has this undesired effect on the 
erosion of the chamber dome and on the measured alumi 
num contamination levels in the chamber. For ?uorine-based 
plasmas, the reduction of the capacitive coupling betWeen 
the coil and the plasma is found to reduce the level of 
aluminum contamination. One attempt to decrease this cou 
pling to essentially Zero by use of a grounded electrostatic or 
Faraday shield is described in US. Pat. No. 5,811,022, 
entitled “Inductive Plasma Reactor” Which issued on Sep. 
22, 1998 and Which is incorporated herein by reference. 

[0009] Several problems can arise if a Faraday Shield, i.e., 
a grounded shield, is used. If the shield is properly designed, 
the shield Will effectively eliminate any capacitive coupling 
betWeen the inductive coil and the gases in the chamber, 
thereby minimiZing the ability to ignite the plasma using 
only the inductive source because a higher voltage break 
doWn is needed to initiate the plasma discharge using a 
purely inductive source. Additionally, complete elimination 
of all capacitive coupling betWeen the plasma and source 
coil has been found to have a detrimental effect on plasma 
stability for certain electronegative processing gasses. This 
effect has been seen to increase the RF source poWer 
required to sustain plasma for some processing gases. 

[0010] Therefore, there is a need for an ICP system Which 
can ignite plasma using capacitive coupling of poWer into a 
chamber, can maintain plasma using inductive coupling and 
can minimiZe the generation of particles and other contami 
nation Within the chamber. 

SUMMARY OF THE INVENTION 

[0011] The invention generally provides an ICP etch sys 
tem having a voltage distribution electrode (VDE) disposed 
betWeen an inductive coil and a dielectric WindoW (i.e., a 
dome or a lid) of a chamber. The VDE generally forms a 
radially slotted shield Which conforms to the geometry of the 
dielectric WindoW of the chamber to provide substantially 
full WindoW coverage. The VDE is preferably electrically 
?oating, i.e., electrically isolated from both the inductive 
coil and ground. When the VDE is electrically ?oating, the 
?eld due to capacitive coupling from the inductive coil is 
coupled to the shield and is distributed across the area of the 
VDE. HoWever, the VDE can also be connected to ground 
via a sWitch or relay to provide a grounded shield Which 
could be utiliZed to advantage as a Faraday shield. Addi 
tionally, the VDE could be connected to a poWer source to 
poWer the VDE in desired applications such as etching or 
chamber cleaning. Still further, the shield could be con 
nected to ground via a circuit element of non-Zero imped 
ance to moderate the potential on the shield betWeen ground 
potential and the potential present When the shield is ?oat 
mg. 
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[0012] In another aspect, the invention provides a voltage 
distribution electrode for use in an inductively coupled 
plasma chamber. The VDE is preferably adapted and con 
?gured to minimize eddy current losses and may include 
multiple ?ngers or conductors de?ning generally parallel 
gaps therebetWeen. The VDE can be sWitched betWeen an 
electrically ?oating con?guration, a grounded con?guration 
or a poWered con?guration. 

[0013] In another aspect, the invention provides a method 
of distributing (thereby reducing the current density) the 
capacitive coupling of a RF voltage delivered to an inductive 
coil into a chamber. The method generally includes provid 
ing an electrically ?oating VDE betWeen an inductive coil 
and a dielectric WindoW of a chamber to distribute the 
voltage coupled to the shield over a large area. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] So that the manner in Which the above recited 
features, advantages and objects of the present invention are 
attained and can be understood in detail, a more particular 
description of the invention, brie?y summariZed above, may 
be had by reference to the embodiments thereof Which are 
illustrated in the appended draWings. 

[0015] It is to be noted, hoWever, that the appended 
draWings illustrate only typical embodiments of this inven 
tion and are therefore not to be considered limiting of its 
scope, for the invention may admit to other equally effective 
embodiments. 

[0016] FIG. 1 is a schematic cross sectional vieW illus 
trating an ICP etching system of the invention. 

[0017] FIG. 2 is a top vieW of one VDE of the invention. 

[0018] FIG. 3 is a substantially top perspective vieW of a 
VDE mounted to a support ring. 

[0019] FIG. 4 is a bottom vieW of a support ring mounting 
a VDE thereon. 

[0020] FIG. 5 is a cross sectional vieW illustrating another 
embodiment of an ICP etching system of the invention. 

[0021] FIG. 6 is a top vieW of another embodiment of a 
VDE of the invention. 

[0022] FIG. 7 is a schematic vieW of a system controller 
Which controls the operation of a system incorporating a 
VDE of the invention therein. 

[0023] FIG. 8 shoWs an illustrative block diagram of the 
hierarchical control structure of computer program 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0024] FIG. 1 is a schematic cross sectional vieW shoWing 
an ICP chamber 110 of the invention. The chamber 110 
generally includes a chamber body 111 and a dielectric 
WindoW 112 at least partially forming a lid on the chamber 
body. The dielectric WindoW 112 can be domed as shoWn in 
FIG. 1, ?at as shoWn in FIG. 5 or otherWise con?gured to 
enable inductive coupling of energy into the chamber. The 
dielectric WindoW 112 is preferably made of a ceramic such 
as aluminum oxide, quartZ, silicon carbide (SiC), TEFLON, 
G10 or other dielectric, nonconductive or semiconductive 
material. A gas port 118 introduces a processing gas or gas 
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mixture into the chamber 110 from a gas supply (not shoWn). 
Avacuum pumping system maintains a desired gas pressure 
Within chamber 110 during processing. An inductive RF 
source coil 119 having a generally helical con?guration 
conforming to the shape of the dielectric WindoW 112 is 
Wound or otherWise disposed around at least a portion of the 
top of the dielectric WindoW 112 to inductively couple RF 
energy into the chamber to excite one or more processing 
gases introduced into the chamber 110 into a plasma state. 
Avoltage distribution electrode (VDE) 120, generally con 
forming to the geometry of the dielectric WindoW 112 is 
disposed betWeen the inductive coil 119 and the dielectric 
WindoW 112. The VDE can be form ?tted onto the dielectric 
WindoW and is preferably removably connected to the cham 
ber by an insulative support ring 123 (or conductive support 
ring if the shield is grounded) or can be held in place on the 
dielectric WindoW by an adhesive, such as a high tempera 
ture adhesive. 

[0025] The RF source coil 119 is driven by a ?rst RF 
poWer source 122 via an impedance matching netWork 121 
and line 121A. The outer ends 119A of the coil 119 are 
preferably grounded. Alternatively, the outer ends of the coil 
could be poWered and the center of the coil could be 
grounded. A second RF bias poWer source 113 supplies an 
RF bias voltage to the substrate pedestal 115 via matching 
netWork 114 and line 114A. The RF source coil is driven at 
an operating frequency slightly less than the RF bias supply 
113, Which is preferably operated at about 13.56 MHZ. This 
frequency difference tends to minimiZe stray capacitive 
coupling betWeen the RF poWer sources. 

[0026] FIG. 2 is a top vieW of a VDE 120 of the invention 
shoWing one pattern of conductors. The VDE shield gener 
ally includes a central hub 215 having a plurality of radially 
extending narroW conductors 211 extending therefrom and 
de?ning energy transparent slots 212 therebetWeen through 
Which RF energy can be inductively coupled into the cham 
ber from the inductive coil 119 (shoWn in FIG. 1). The 
narroW conductors 211 are disposed perpendicular to the 
direction of current ?oW in the RF inductive coil 119 When 
the VDE is disposed on the dielectric dome WindoW 112 
shoWn in FIG. 1 and are preferably made of copper. It is 
believed that the electrically transparent slots 212 prevent 
the VDE shield 120 from having current loops induced 
transversely in the VDE. HoWever, the adjacent transparent 
slots 212 are spaced close enough to one another to prevent 
signi?cant direct capacitive coupling (i.e., directly through 
the shielded slots) betWeen the plasma and the inductive coil 
119. The conductors and slots preferably form a symmetrical 
pattern about the surface of the dielectric dome WindoW 112 
to provide uniform coupling of energy into the chamber 
While providing a uniform voltage electrode to Which the 
capacitive ?elds can be distributed. The amount of capaci 
tively coupled current may be about the same With or 
Without the VDE, hoWever, With the VDE, the current is 
distributed over a larger area, thus loWering the RF current 
density at a particular point adjacent to the dielectric Win 
doW. The sheath voltage at the plasma-WindoW interface 
varies nearly quadratically With the current density, thus the 
decrease in the current density signi?cantly reduces the ion 
energy at the WindoW surface. 

[0027] The VDE can be made using ?exible printed circuit 
board technology Which utiliZes patterned etching to form 
copper conductors on a dielectric backing member 125, such 
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as a polyimide. The polyimide is shaped to conform to the 
outer surface of the dielectric WindoW and has a desired 
thickness of copper deposited thereover. The pattern of 
conductors 211 is then formed by etching away the copper 
in the areas of the gaps 212. While this printed circuit board 
(PCB) technology is preferred, other methods knoWn to 
form the conductors could also be used. For example, the 
conductors could be formed individually and mounted on a 
dielectric backing member or attached directly onto the 
dielectric WindoW. 

[0028] As shoWn in FIGS. 1, 3 and 4, a support ring 123 
is provided to mount the VDE and support the VDE on the 
dielectric WindoW. The support ring 123 is preferably an 
insulative ring made of a material such as Te?on or other 
dielectric material. The ends of the VDE have holes 127 
(shoWn in FIG. 2). Disposed around the loWer surface of the 
support ring 123 are a plurality of threaded holes that match 
the holes 127 on the VDE. Holes 127 on the VDE and 
threaded holes on the support ring Work in conjunction With 
screWs 131 to attach the VDE to the support ring 123. Other 
methods of attaching the VDE could also be used, including, 
but not limited to, the use of high temperature adhesives. 

[0029] Preferably, the VDE 120 is electrically ?oating to 
distribute capacitive coupling betWeen the inductive coil and 
the plasma. Additionally as shoWn in FIG. 1, the VDE 120 
can be connected through a sWitch 130 to ground so that the 
VDE can be selectively grounded to function as a Faraday 
Shield. A RF relay actuated sWitch 130 alloWs sWitching 
betWeen a grounded position and a free ?oating position. In 
addition, the VDE could be selectively connectable to a 
poWer source through a relay actuated sWitch to poWer the 
electrode in desired applications. A foil thickness (i.e., the 
thickness of the conductors 211) of less than the skin depth 
for the frequency used is preferred so that the poWer losses 
due to eddy currents Will be reduced to negligible levels. For 
example, a foil thickness of about 2.5 to about 4.5 mils is 
sufficient to reduce to negligible levels the poWer losses due 
to heating by induced eddy currents in the embodiments 
described herein. 

[0030] FIG. 5 is a cross sectional vieW of a processing 
chamber 110A having a ?at dielectric WindoW 112A and a 
VDE 120A disposed betWeen the dielectric WindoW and an 
inductive coil 119. The dielectric WindoW 112A may include 
a silicon containing liner 135 on the surface disposed in the 
chamber. As one example, a polysilicon liner 135 may be 
provided on the dielectric WindoW. The VDE 120A can be 
similarly attached to the chamber by a support ring 123A 
similar to support ring 123 described above. In addition, 
high temperature adhesives could be used among other 
knoWn techniques to secure the VDE adjacent the dielectric 
WindoW. 

[0031] FIG. 6 is a top vieW of an alternate VDE pattern 
120A, Which can be used With a ?at dielectric WindoW. 
Similar to the VDE pattern 120 described above, the VDE 
pattern 120A, includes a central hub 215 having a plurality 
of conductors 211, extending outWardly therefrom, and 
de?ning gaps 212 therebetWeen. VDE pattern 120A has a 
plurality of holes (not shoWn) arranged on an outer band (not 
shoWn) similar to the outer band and holes 127 of the VDE 
pattern 120 described above and shoWn in FIG. 2. The 
support ring 123A has a plurality of threaded holes (not 
shoWn) that match the holes (not shoWn) on the outer band 
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of VDE pattern 120A, Which Work in conjunction With 
fasteners to connect the VDE 120A to the support ring 123A. 

[0032] It has been discovered that the siZe and shape of the 
conductors 211 and the gaps 212 de?ned therebetWeen 
signi?cantly impact the performance of the VDE. In a 
preferred embodiment, the conductor Width is minimiZed 
and the length is maximiZed to reduce the eddy current 
losses in the VDE. In the embodiments shoWn and described 
above, the length desired to minimiZe the eddy current losses 
can be derived as folloWs: 

[0033] Let A=the surface area of the shield metal, B(t)=the 
time varying magnetic ?eld piercing the area of the shield, 
(I>=A*B(t)=the magnetic ?ux through the shield, and E=the 
induced electromotance (that is, voltage) Which drives the 
eddy currents in the shield metal. Then by Faraday’s LaW, 

E=—d<I>/dt=—A><dB/dt (equation 1) 

[0034] The poWer loss due to eddy currents Will scale like 
the simple ohmic poWer loss: 

[0035] Where R is the effective resistance integrated over 
the path that the eddy current takes: 

(equation 2) 

R=pLP/AC (equation 3) 

[0036] Where p=the material resistivity, Lp=the length of 
the perimeter of the shield metal, and Ac=the cross sectional 
area of the shield metal. Combining the above, the scaling of 
the poWer loss can be expressed as: 

P=1/2(0ZB/0ZI)ZAZAc/pLp (equation 4) 
[0037] The resistivity and time-derivative of the magnetic 
?ux are independent of the geometry of the shield, thus the 
dependence on the geometry of the shield can be summa 
riZed as folloWs: 

PAZAC/LP 
[0038] Where the shield consists of N metal strips of 
length l and Width W, the area Would be: 

(equation 5) 

A=Nlw (equation 6) 

[0039] and the perimeter Lp Would be: 

Lp=N(2l+W)=N2L, When W/l<<1 (equation 7) 

[0040] If the percentage of the metal coverage over the 
dielectric WindoW is ?xed at some fraction 0t, but the number 
N and Width W of the metal strips is changed, the shield’s 
surface area scales as folloWs: 

A=Am=NlW (equation 8) 

[0041] Where Atot is the total area of the dielectric WindoW. 
Thus, 

[0043] The expressions for A and Lp can then be scaled for 
the poWer loss P: 

(equation 9) 

and, submitting into the expression for LP: 

(equation 10) 

PA2Ac/Lp= A‘Q'ACW/Z oLWAC (equation 11) 

[0044] For the shield geometry being considered, the cross 
sectional area of the eddy current path Will scale like the 
cross section of one of the strips. That is: 

AC=W tm (equation 12) 
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[0045] Where trn is the thickness of the shield metal. 
Substituting this into the scaling equation for the power loss 
P, the following results: 

P otwztm (1W2 (equation 13) 

[0046] Where the dependence on the thickness of the 
shield metal has been dropped to focus on primarily on the 
dependence on the fractional coverage of the dielectric 
Window 01 and the Width W of each metal strip. This shoWs 

that for a given fractional coverage of the dielectric WindoW, 
poWer losses due to eddy currents in the shield are mini 
miZed by using as small a metal strip Width as possible, and 
that the dependence on the Width of the metal strips is rather 
strong. 

[0047] To the eXtent that a shield design uses a large 
fractional coverage of the dielectric WindoW, or uses very 
Wide metal strips—as may be motivated by decreasing the 
electric ?eld penetration through the shield, as Would be the 
purpose of a Faraday shield—the shield design Will suffer 
increases in parasitic poWer losses due to eddy currents. 
HoWever, good electric ?eld attenuation by a Faraday shield 
can be achieved by using a suf?ciently small gap spacing, 
even With a fractional coverage of ot=0.5 (gap spacing= 
metal ?nger Width). Preferably, the area of the conductors 
covering the dielectric WindoW is maXimiZed Without nega 
tively effecting the inductive coupling of the RF energy into 
the chamber. 

[0048] VDE Effective Current Distribution 

[0049] To determine the impact of the voltage shield 
electrode on the dome erosion rate, thirteen SiO, coupons 
Were placed on the inside of the dome at several locations 

and the SiO2 etch rates at these locations Were measured 
using a CF4 plasma. The results of these tests are shoWn in 
Table 1. The CF4 plasma Will etch the SiO2 coupons in the 
absence of ion bombardment, hoWever, the rate is eXpected 
to be higher if capacitive coupling to the coil is present. 

[0050] For the standard con?guration, the baseline SiO2 in 
the regions of the dome not near the coil Was 1065 A/min 
and the enhanced etch rate for the region directly beneath the 
coil Was 70% higher. The use of the shield in its grounded 
con?guration reduced the SiO2 etch rate in the region 
beneath the coil to its baseline value, demonstrating that the 
ion bombardment Was effectively eliminated in this region. 
HoWever, the grounded con?guration also produced a 20% 
increase in rate above the baseline value in the center region 
of the dome. With the ?oating shield, a reduction in oXide 
etch rate beneath the coil region Was also seen, hoWever, the 
average etch rate for this case Was 23% greater than the 
baseline value, indicating that the level of capacitive cou 
pling Was not Zero for this case. Additionally, the ?oating 
shield con?guration gave the best etch rate uniformity across 
the thirteen coupon locations Which Were tested, con?rming 
that this con?guration produced uniform coupling of the 
capacitive current across the entire shield region. The tests 
of the different con?gurations Were repeated using Al,O, 
coupons placed under the coil and similar trends in the 
reduction of etch rate Were seen for this ceramic material. 
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TABLE 1 

Oxide Etch rate on the underside of the Ceramic dome for various 
shield con?gurations 

Standard V-Electrode V-Electrode 
Coupon Con?guration Grounded Floating 
Position SiO, E/R (A/min) SiO, ER (A/min) SiO, ER (A/min) 

Center 1064 1292 1369 

(5 locations) 1814 1079 1255 
Coil 
(4 locations) 1066 1099 1318 
Bottom 

(4 locations) 1315 1157 1314 
average 

[0051] There are several problems associated With the use 
of a grounded electrostatic shield. If the shield is properly 
designed, it Will effectively eliminate the ability to ignite the 
plasma discharge using only the inductive source since 
higher voltage (capacitive) breakdoWn is needed to initiate 
the discharge. Additionally, the total elimination of capaci 
tive coupling betWeen the plasma and the coil has been 
found to have a detrimental impact on the plasma stability 
for certain electronegative gases. This effect has been seen 
in the increase in the minimum source poWer needed to 
sustain plasma for some process gas miXtures. Table 2 beloW 
shoWs poWer levels required to sustain a plasma for several 
gases using a grounded shield and a ?oating shield of the 
invention. 

TABLE 2 

GAS TYPE VDE FLOATING VDE GROUNDED 

N2 150 WATTS 150 WATTS 
CR, 150 WATTS 150 WATTS 
CIQ 150 WATTS 300 WATTS 
HBR 150 WATTS 600 WATTS 

[0052] It is clear from Table 2 that some level of capacitive 
coupling is desirable for stable operation at relatively loWer 
poWer levels and that pure inductive coupling is possible 
only at high poWer. 

[0053] Uniformity of PlanariZation and Recess Etching 
Processes Using a VDE 

[0054] The etching rates for grounded and ?oating VDEs 
have been compared using polysilicon Wafers for Wafer 
planariZation processing and for recess processing. These 
results are summariZed in Table 3 beloW. 

TABLE 3 

PLANARIZATION 
PROCESS REcESS PROCESS 

ETCH ETCH 
CONFIG- RATE UNIFORMITY RATE UNIEORMITY 

URATION (A/MIN) (1 SIGMA) (A/MIN) (1 SIGMA) 

NO SHIELD 5870 2.53 533 4.6 
FLOATING 5964 1.93 505 3.95 
SHIELD 
NO SHIELD 6728 2.89 580 4.59 
GROUNDED 6792 3.38 565 4.32 
SHIELD 
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[0055] These results shoW that the presence of the ?oating 
VDE enhances the uniformity of the planariZation and recess 
etching processes. These processes used SF6 processing gas 
Which appears to be relatively unrestrictive to slight changes 
in ion densities caused by the small amount of capacitive 
coupling present When using the VDE shield in a ?oating 
con?guration as compared to the no shield or grounded 
shield con?guration. 

[0056] The System Control 

[0057] A system controller 260 shoWn in FIG. 7 controls 
the operation of a system incorporating a VDE of the 
invention. In a preferred embodiment, controller 260 
includes a memory 262, such as a hard disk drive, a ?oppy 
disk drive (not shoWn), and a card rack (not shoWn). The 
card rack may contain a single-board computer (SBC), 
analog and digital input/output boards, interface boards, and 
stepper motor controller boards. The system controller con 
forms to the Versa Modular European (VME) standard, 
Which de?nes board, card cage, and connector dimensions 
and types. The VME standard also de?nes the bus structure 
having a 16-bit data bus and 24-bit address bus. System 
controller 260 operates under the control of a computer 
program stored on the hard disk drive or other computer 
programs, such as programs stored on a ?oppy disk. The 
computer program dictates, for example, the timing, mixture 
of gases, RF poWer levels and other parameters of a par 
ticular process. System controller 260 includes a processor 
261 coupled to a memory 262. Preferably, memory 262 is a 
hard disk drive but may also be other kinds of memory, such 
as ROM, PROM, and others. 

[0058] The system controller 260 operates under the con 
trol of a computer program. The computer program dictates 
the timing, temperatures, gas ?oWs, RF poWer levels and 
other parameters of a particular process. The interface 
betWeen a user and the system controller is via a CRT 
monitor 265 and a light pen 266, as depicted in FIG. 7. In 
a preferred embodiment, tWo monitors, 265 and 265A, are 
used, one mounted in the clean room Wall for the operators 
and the other behind the Wall for the service technicians. 
Both monitors simultaneously display the same information, 
but only one light pen, 266 or 266A, is enabled. To select a 
particular screen or function, the operator touches an area of 
the display screen and pushes a button (not shoWn) on the 
pen. The touched area con?rms being selected by the light 
pen by changing its color or displaying a neW menu, for 
example. 

[0059] The computer program code can be Written in any 
conventional computer readable programming language 
such as 68000 assembly language, C, C++, Java or Pascal. 
Suitable program code is entered into a single ?le, or 
multiple ?les, using a conventional text editor, and stored or 
embodied in a computer-usable medium, such as a memory 
system of the computer. If the entered code text is in a hi-h 
level language the code is compiled, and the resultant 
compiler code is then linked With an object code of pre 
compiled WindoWs library routines. To execute the linked 
compiled object code, the system user invokes the object 
code, causing the computer system to load the code in 
memory, from Which the CPU reads and executes the code 
to perform the tasks identi?ed in the program. 

[0060] FIG. 8 shoWs an illustrative block diagram of the 
hierarchical control structure of computer program 300. A 
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user enters a process set number and process chamber 
number into a process selector subroutine 310 in response to 
menus or screens displayed on the CRT monitor by using the 
light pen interface. Tile process sets are predetermined sets 
of process parameters necessary to carry out speci?ed pro 
cesses, and are identi?ed by prede?ned set numbers. Process 
selector subroutine 310 identi?es the desired process 
chamber in a multi-chamber system, and (ii) the desired set 
of process parameters needed to operate the process cham 
ber for performing the desired process. The process param 
eters for performing a speci?c process relate to process 
conditions such as, for example, process gas composition 
and ?oW rates, temperature, pressure, plasma conditions 
such as RF poWer levels, and chamber dome temperature, 
and are provided to the user in the form of a recipe. The 
parameters speci?ed by the recipe are entered utiliZing the 
light pen/CRT monitor interface. 

[0061] The signals for monitoring the process are provided 
by the analog input and digital input boards of the system 
controller and the signals for controlling the process are 
output on the analog output and digital output boards of 
system controller 260. 

[0062] A process sequencer subroutine 320 comprises 
program code for accepting the identi?ed process chamber 
and set of process parameters from the process selector 
subroutine 310, and for controlling operation of the various 
process chambers. Multiple users can enter process set 
numbers and process chamber numbers, or a user can enter 

multiple process set numbers and process chamber numbers, 
so sequencer subroutine 320 operates to schedule the 
selected processes in the desired sequence. Preferably, 
sequencer subroutine 320 includes a program code to per 
form the steps of monitoring the operation of the process 
chambers to determine if the chambers are being used, (ii) 
determining What processes are being carried out in the 
chambers being used, and (iii) executing the desired process 
based on availability of a process chamber and type of 
process to be carried out. Conventional methods of moni 
toring the process chambers can be used, such as polling. 
When scheduling Which process is to be executed, sequencer 
subroutine 320 can be designed to take into consideration 
the present condition of the process chamber being used in 
comparison With the desired process conditions for a 
selected process, or the “age” of each particular user entered 
request, or any other relevant factor a system programmer 
desires to include for determining scheduling priorities. 

[0063] After sequencer subroutine 320 determines Which 
process chamber and process set combination is going to be 
executed next, sequencer subroutine 320 causes execution of 
the process set by passing the particular process set param 
eters to a chamber manager subroutine 330A-C, Which 
controls multiple processing tasks in chamber and possibly 
other chambers (not shoWn) according to tile process set 
determined by sequencer subroutine 320. 

[0064] Examples of chamber component subroutines are 
substrate positioning subroutine 340, process gas control 
subroutine 350, pressure control subroutine 360, and plasma 
control subroutine 370. Those having ordinary skill in the art 
Will recogniZe that other chamber control subroutines can be 
included depending on What processes are desired to be 
performed in a chamber. In operation, chamber manager 
subroutine 330A selectively schedules or calls the process 
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component subroutines in accordance With the particular 
process set being executed. Scheduling by chamber manager 
subroutine 330A is performed in a manner similar to that 
used by sequencer subroutine 320 in scheduling Which 
process chamber and process set to execute. Typically, 
chamber manager subroutine 330A includes steps of moni 
toring the various chamber components, determining Which 
components need to be operated based on the process 
parameters for the process set to be executed, and causing 
execution of a chamber component subroutine responsive to 
the monitoring and determining steps. 

[0065] The foregoing descriptions may make other, alter 
native arrangements apparent to those of skill in the art. The 
aim of the appended claims is to cover all such changes and 
modi?cations that fall Within the true spirit and scope of the 
invention. 

1. An electrode disposable betWeen an inductive coil and 
a dielectric WindoW, comprising: 

a plurality of conductors de?ning a plurality of gaps 
therebetWeen, Wherein the conductors are disposed on 
a dielectric backing member. 

2. The electrode of claim 1, Wherein the ratio of the area 
of the conductors to the area of the gaps is about 1 to 1. 

3. The electrode of claim 1, Wherein each gap is one of 
substantially equal to and greater than a Width of each 
conductor. 

4. The electrode of claim 1, further comprising a conduc 
tive central hub portion from Which the conductors radially 
extend. 

5. The electrode of claim 1, Wherein the dielectric backing 
member is made from polyamide. 

6. The electrode of claim 1, Wherein the electrode is 
shaped to substantially conform to an outer surface of the 
dielectric WindoW. 

7. The electrode of claim 1, Wherein the electrode is 
con?gured to substantially cover an outer surface of the 
dielectric WindoW. 

8. The electrode of claim 1, Wherein a plurality of holes 
are disposed through each distant end of the conductors. 

9. The electrode of claim 8, Wherein the holes are con 
?gured to couple the electrode to the dielectric WindoW. 

10. The electrode of claim 1, Wherein the conductors are 
radially arranged into a plurality of sections, and Wherein the 
gaps de?ned in each section are substantially parallel to each 
other. 

11. A processing chamber, comprising: 

an enclosure having a body and a dielectric WindoW; 

a substrate pedestal disposed in the enclosure; 

an inductive coil disposed adjacent the dielectric WindoW; 
and 

an electrode disposed betWeen the dielectric WindoW and 
the inductive coil, Wherein the electrode comprises a 
plurality of conductors de?ning a plurality of gaps 
therebetWeen, and Wherein the electrode is one of 
electrically ?oating, electrically connected to ground 
and electrically connected to a poWer source. 

12. The chamber of claim 11, Wherein the electrode is 
connected to a sWitch con?gured to connect the electrode to 
one of ground and the poWer source. 
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13. The chamber of claim 11, Wherein the electrode is 
removably coupled to the dielectric WindoW through one of 
an insulative support ring and a conductive support ring. 

14. The chamber of claim 11, further comprising a support 
ring disposed adjacent the dielectric WindoW, Wherein the 
support ring is con?gured to mount the electrode to the 
dielectric WindoW. 

15. The chamber of claim 14, Wherein a plurality of holes 
are disposed through each distant end of the conductors and 
are con?gured to attach the electrode to the support ring. 

16. The chamber of claim 11, Wherein the conductors are 
disposed at substantially right angles to the direction of 
current How in the coil. 

17. The chamber of claim 11, Wherein the conductors are 
disposed on a dielectric backing member. 

18. The chamber of claim 11, Wherein the dielectric 
backing member is made from polyamide. 

19. The chamber of claim 11, Wherein the ratio of the area 
of the conductors to the area of the gaps is about 1 to 1. 

20. The chamber of claim 11, Wherein each gap is one of 
substantially equal to and greater than the Width of each 
conductor. 

21. The chamber of claim 11, Wherein the electrode 
further comprises a conductive central hub portion from 
Which the conductors radially extend. 

22. The chamber of claim 11, Wherein the electrode is 
shaped to substantially conform to an outer surface of the 
dielectric WindoW. 

23. The chamber of claim 11, Wherein the electrode is 
con?gured to substantially cover an outer surface of the 
dielectric WindoW. 

24. The chamber of claim 11, Wherein the conductors are 
radially arranged into a plurality of sections, and Wherein the 
gaps de?ned in each section are substantially parallel to each 
other. 

25. A method of distributing current over an inductively 
coupled plasma chamber, comprising: 

disposing an electrode betWeen an inductive coil and a 
dielectric WindoW of the chamber, the electrode having 
a plurality of conductors de?ning a plurality of gaps 
therebetWeen, the conductors being disposed on a 
dielectric backing member; and 

applying a voltage to the inductive coil. 
26. The method of claim 25, Wherein the electrode is one 

of electrically ?oating, electrically connected to ground and 
electrically connected to a poWer source. 

27. The method of claim 25, further comprising electri 
cally isolating the electrode from ground and the inductive 
coil. 

28. The method of claim 25, further comprising electri 
cally connecting the electrode to one of ground and a poWer 
source through a sWitch. 

29. The method of claim 25, Wherein disposing the 
electrode betWeen the inductive coil and the dielectric 
WindoW comprises removably coupling the electrode to the 
dielectric WindoW through a support ring. 

30. The method of claim 25, Wherein disposing the 
electrode betWeen the inductive coil and the dielectric 
WindoW comprises disposing the electrode such that the 
conductors are at substantially right angles to the direction 
of current How in the coil. 


