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(57) ABSTRACT 

A multi-Zone high-density inductively-coupled plasma 
source includes a ?rst individually controlled RF antenna 
segment for producing a plasma from a process gas. A 
second individually controlled coil segment is included in 
the ICP source for producing a plasma from a process gas. 
In various embodiments, more than tWo sets of individually 
controlled coil segments may be used. In one embodiment, 
a separate poWer supply may be used for each coil segment 
individually. 
Another aspect of this invention is a hermetically-sealed 
inductively-coupled plasma source structure and method of 
fabrication Which eliminates the possibility of process con 
tamination, improves the source hardWare reliability and 
functionality, and improves the vacuum integrity and ulti 
mate base pressure of the plasma system. 
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APPARATUS AND METHOD FOR MULTI-ZONE 
HIGH-DENSITY INDUCTIVELY-COUPLED 

PLASMA GENERATION 

TECHNICAL FIELD OF THE INVENTION 

[0001] This invention relates generally to plasma process 
ing methods and systems, and more particularly to an 
apparatus and method for high-density inductively-coupled 
plasma generation for plasma-assisted fabrication processes 
used for manufacturing of semiconductor, data storage, 
?at-panel display, photovoltaic, and multi-chip module 
devices. 

BACKGROUND OF THE INVENTION 

[0002] Plasma processes are used for numerous fabrica 
tion steps in various device manufacturing applications such 
as semiconductor integrated circuit, data storage device 
(heads and media), and ?at-panel display manufacturing. 
Typically, plasma processes (also knoWn as plasma-en 
hanced or plasma-assisted processes) are used for physical 
vapor deposition (PVD), plasma-enhanced chemical-vapor 
deposition (PECVD), dry etching, Wafer cleaning (or surface 
preparation), in-situ chamber cleaning, and plasma-immer 
sion ion implantation (also knoWn as plasma doping) appli 
cations. Conventional or prior art methods of plasma gen 
eration employ one or a combination of several techniques. 
Various plasma generation techniques include parallel-plate 
capacitive discharge, microWave discharge (including elec 
tron cyclotron resonance or ECR plasma), holloW cathode 
discharge, and inductively-coupled plasma (ICP) sources. 

[0003] The high-density inductively-coupled plasma or 
ICP sources have recently received a signi?cant amount of 
attention due to their superior process performance, through 
put rate, and control capabilities. ICP sources can provide 
high-ldensity (np values ranging from 1><1011 cm-3 to over 
5><10 cm_3) plasmas using fairly simple inductive radio 
frequency (RF) excitation. Advanced ICP source designs are 
capable of producing fairly high plasma densities (corre 
sponding to the plasma electron density or np) even larger 
than 1><1013 cm_3. The RF source frequency is typically in 
the range of 1 to 30 MHZ (With a preference for 13.56 
MHZ). RF frequencies in the loW end of this range result in 
reduced induced RF voltages across the ICP antenna. This 
reduces the risk of capacitive coupling as Well as sputtering 
of the inner process chamber and ICP source Walls near the 
ICP antenna. LoWer ICP source frequencies, hoWever, result 
in reduced plasma densities and larger RF matching netWork 
components. On the other hand, higher RF frequencies can 
provide superior plasma densities and can be effectively 
coupled to the plasma load using more compact RF match 
ing netWork components. HoWever, precautions must be 
taken to ensure that no chamber Wall sputtering occurs due 
to the relatively high induced RF voltages that arise across 
the antenna. Higher induced RF voltages across the ICP 
source antenna can increase the risk of capacitive coupling 
and raising the plasma potential. 

[0004] One advantage of ICP over conventional parallel 
plate plasma is its ability to control the plasma density and 
ion energy (for the ion ?ux arriving at the substrate in 
process) independent of each other. The plasma density is 
primarily controlled by the applied RF current or poWer 
delivered to the ICP source antenna, Whereas the mean ion 
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energy control is performed by an applied RF bias to the 
substrate or Wafer. The substrate may be a semiconductor 
Wafer (e.g., silicon), a data storage substrate (AlSiMag or 
AlTiC), a photovoltaic substrate (e.g., polysilicon or sili 
con), or a ?at-panel display substrate (e.g., glass). 

[0005] Various types of ICP source designs have been 
proposed in prior art. These include spiral coil antenna 
designs, helicon Wall source designs, and cylindrical coil 
antenna source designs. HoWever, all the prior art ICP 
designs share a common constraint or limitation Which 
makes them unable to control or adjust the plasma unifor 
mity pro?le in real time. The prior art ICP sources are 
primarily based on single-Zone designs and employ single 
coil antenna structures With a single RF plasma excitation 
source. The basic prior art designs mostly employ either a 
cylindrical or cone-shaped coil around a quartZ chamber 
(such as a quartZ bell jar) to generate a large-volume plasma 
or a planar spiral coil above a dielectric plate (outside the 
vacuum chamber) to generate a so-called planar plasma. The 
spiral coil ICP design often uses a ?at spiral coil, but 
provides the options to contour the surface topography of the 
ICP antenna dielectric housing and/or the antenna coil itself 
for improved plasma uniformity. 

[0006] The spiral coil design possesses certain technical 
advantages, but also has serious limitations. The spiral coil 
design alloWs placement of the antenna above a vacuum 
dielectric plate on the atmospheric side or Within the vacuum 
chamber using an epoxy encapsulation. One can provide a 
capability to reduce the induced RF voltage across the spiral 
coil by placing a feW capacitors in series With the spiral coil 
loops. This is not a trivial implementation task since the 
antenna coil is usually made of Water-cooled aluminum or 
copper tubing. Insertion of the series capacitors may require 
breaking the tubing Water ?oW by insertion of an in-line 
metal-to-ceramic insert. Unfortunately, this results in added 
structural complexity and increased equipment cost. The 
ICP sources With cylindrical coils around the electrically 
insulating plasma source or process chamber require an 
electrically insulating process chamber or plasma source 
Wall material such as quartZ tube or aluminum oxide tube 
used in some source designs such as the helicon plasma 
sources. These bulk ICP sources can suffer from plasma 
non-uniformity problems and usually require a multipolar 
magnetic bucket inserted betWeen the plasma source cham 
ber and the process environment to generate an expanded 
uniform plasma. This, hoWever, results in reduced process 
ing throughput due to reduced plasma density and ion ?ux 
density at the substrate. Moreover, these sources may gen 
erate contaminants and particulates due to sputtering of the 
plasma source chamber Wall material near the excitation RF 
antenna. 

[0007] The ICP coil is usually driven by a 13.56 MHZ RF 
source. The RF current also induces an RF voltage across the 
antenna coil. In order to eliminate any electric ?eld induced 
arcing or chamber sputtering, the amount of induced RF 
voltage must be minimiZed. This condition places a limit on 
the maximum alloWable excitation coil inductance or the 
number of coil turns. Moreover, for a given coil design (e. g., 
a given number of turns or inductance) there is an upper 
limit on the maximum alloWable RF source frequency. In 
addition, for a given conventional ICP source design and a 
speci?ed excitation RF frequency (e.g., 13.56 MHZ), there 
is a limit on the maximum alloWable RF poWer delivered to 
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the ICP antenna in order to ensure minimal chamber or 
plasma source Wall sputtering and reduced process contami 
nation. The prior art designs for ICP coils, therefore, mostly 
suffer from plasma process nonuniformity problems, are not 
easily scalable for larger Wafer processing, and have a 
relatively narroW useful process WindoW (in terms of RF 
poWer, pressure, etc.). The conventional ICP designs do not 
provide any direct method of real-time plasma uniformity 
control Without compromising the signi?cant process state 
or substrate state parameters. 

[0008] Advanced plasma fabrication processes require 
eXcellent plasma density and ion ?uX uniformity control 
over the entire Wafer surface. Plasma uniformity require 
ments in high-density plasma sources are dictated by both 
process uniformity requirements and device damage con 
siderations. Typically, the plasma nonuniformity must be 
less than 5% (3-sigma value) to ensure damage-free uniform 
processing. Many conventional ICP source designs fail to 
meet these stringent process uniformity requirements for 
various plasma processing applications. 

SUMMARY OF THE INVENTION 

[0009] In accordance With the present invention, a method 
and system for creating an inductively-coupled plasma (ICP) 
environment for various device fabrication applications is 
provided that substantially eliminates or reduces disadvan 
tages and problems associated With previously developed 
ICP processing methods and systems. The ICP processing 
method and system of this invention is applicable to manu 
facturing of semiconductor, data storage, ?at-panel display, 
and photovoltaic devices. 

[0010] According to one aspect of the invention, there is 
provided a multi-Zone high-density inductively-coupled 
plasma source structure and method of use that includes a 
?rst individually controlled inductive coil for producing a 
?rst plasma Zone from a process gas. A second individually 
controlled coil is included in the ICP source for producing 
a second plasma Zone from a process gas. In various 
embodiments, more than tWo individually controlled induc 
tive coils may be used. In one embodiment, a separate RF 
poWer supply may be used for each ICP coil Zone. Each ICP 
coil Zone may be made of either a single coil segment or a 
set of coil segments interconnected using at least one series 
capacitor. 
[0011] Another aspect of the present invention is a her 
metically-sealed ICP source structure and fabrication 
method that are applicable to both the multi-Zone ICP 
structure of the present invention as Well as the in-situ 
monitoring sensors; (7) improved manufacturing equipment 
cleanliness for enhanced device manufacturing yield; (8) 
increased plasma process throughput; and (9) improved 
plasma equipment reliability and process repeatability/per 
formance due to improved ICP source integrity. 

[0012] The multi-Zone ICP source design is applicable to 
manufacturing of semiconductor devices, data storage 
devices, photovoltaic devices, and ?at-panel displays. Selec 
tion of the number of ICP Zones depends on several param 
eters and considerations including ICP source diameter, 
substrate siZe, source design type, maXimum total RF poWer, 
and plasma process throughput requirements. For most of 
the practical applications semiconductor processing, the 
number of the ICP source Zones may be tWo to four, 
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hoWever, greater number of Zones may be desirable for 
different applications such as those for very large-area 
substrate processing. For instance, a tWo-Zone ICP source 
(antenna) design may be used to adjust the relative edge 
to-center plasma process uniformity in a plasma equipment 
used for processing of ISO-mm or ZOO-mm semiconductor 
Wafers. An ICP source design With tWo to ?ve excitation 
Zones may be used for processing of ZOO-mm and 300-mm 
silicon Wafers. 

[0013] A technical advantage of the present invention 
therefore, is that it provides multi-Zone high-density plasma 
source structure using at least tWo individually controlled 
coil segments for uniform plasma processing. The multi 
Zone ICP source structure of this invention may be con 
structed either using the more conventional ICP source 
fabrication and assembly methods (i.e., at least tWo cooled 
or temperature-controlled coils placed either outside the 
process chamber adjacent to a dielectric vacuum plate or 
encapsulated in an electrically insulating housing inside the 
ICP vacuum process chamber), or using a hermetically 
sealed antenna structure placed Within the vacuum environ 
ment. 

[0014] Another technical advantage of the present inven 
tion is that is provides a hermetically-sealed ICP source 
fabrication structure and method that are applicable to both 
the conventional single-Zone ICP structures as Well as the 
multi-Zone ICP source structure of this invention. This novel 
method and structure eliminates the need for elastomer 
O-ring seals and separate ICP antenna epoXy encapsulation 
by providing a high-integrity ICP source structure compat 
ible With the ultrahigh vacuum (UHV) base pressure require 
ment of 5x10“9 Torr or less. 

[0015] Yet a further technical advantage of the present 
embodiment is an in-situ sensor vieW port design Which can 
be used for implementation of some useful plasma state and 
Wafer state sensors such as full-Wafer interferometry sensor 
and a spatially resolved optical emission sensor. The full 
Wafer-vieW optical port uses a hermetically sealed optical 
(e.g., sapphire or quartZ) WindoW or plug located at the 
center of the ICP source. This port enables real-time (or 
run-by-run) plasma process uniformity control using the 
multi-Zone ICP source design of this invention in conjunc 
tion With a process uniformity monitoring sensor (such as a 
full-Wafer interferometry sensor). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] For a more complete understanding of the present 
invention and the advantages thereof, reference is noW made 
to the folloWing description Which is to be taken in con 
junction With the accompanying draWings in Which like 
reference numerals indicate like features and Wherein: 

[0017] FIG. 1 shoWs a cross-sectional vieW of a ?rst 
embodiment of the multi-Zone ICP source of present inven 
tion con?gured as a tWo-Zone ICP source; 

[0018] FIG. 2 provides a vieW of the tWo-Zone induc 
tively-coupled plasma antenna portion embedded in the 
middle ceramic ICP or dielectric plate for the FIG. 1 
embodiment (?rst embodiment); 
[0019] FIG. 3 shoWs a cross-sectional vieW of the top 
ceramic or dielectric plate of the FIG. 1 embodiment (?rst 
embodiment); 
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[0020] FIG. 4 illustrates the bottom vieW of the middle 
dielectric plate indicating the gas dispersion cavities and 
their associated gas injection inlets for the multi-Zone ICP 
embodiment of FIG. 1 (the ?rst embodiment); 

[0021] FIG. 5 depicts a ?rst cross-sectional vieW of an 
alternative or second embodiment of multi-Zone ICP struc 
ture of the present invention; 

[0022] FIG. 6 shoWs a second cross-sectional vieW of the 
FIG. 5 embodiment (second embodiment) of the invention; 

[0023] FIG. 7 provides a cross-sectional vieW of the 
middle dielectric plate of the FIG. 5 embodiment (second 
embodiment); 
[0024] FIG. 8 illustrates the hermetically-sealed coil 
structure of the FIG. 5 embodiment of the invention or the 
top vieW of the middle dielectric plate of the second embodi 
ment; 

[0025] FIG. 9 depicts a top facial vieW of the top vacuum 
plate of the FIG. 5 embodiment, indicating the feedthroughs 
for electrical RF, gas injection, and cooling Water; 

[0026] FIG. 10 shoWs a cross-sectional vieW of a modi?ed 
version of the second multi-Zone ICP embodiment Where the 
distance betWeen the vacuum plate and the ICP housing has 
been increased in order to enable smaller minimum ICP 
source to substrate spacing for enhanced ICP process 
throughput rate; 

[0027] FIG. 11 shoWs a second cross-sectional vieW of the 
modi?ed version of the second ICP embodiment of FIG. 10 
mounted on a vacuum process chamber for high-throughput 
plasma-assisted processing applications; 

[0028] FIG. 12 shoWs a ?rst cross-sectional vieW of 
another (third) embodiment of the invention; 

[0029] FIG. 13 includes a second cross-sectional vieW of 
the FIG. 12 embodiment (third embodiment); 

[0030] FIG. 14 provides a cross-sectional vieW of the 
middle dielectric plate of the FIG. 12 embodiment (third 
embodiment); 
[0031] FIG. 15 is a ?rst cross-sectional vieW of yet 
another embodiment of the present invention (fourth 
embodiment); 
[0032] FIG. 16 provides a second cross-sectional vieW of 
the FIG. 15 embodiment of the invention (fourth embodi 
ment); 
[0033] FIG. 17 illustrates a top vieW of the vacuum plate 
of the FIG. 15 embodiment (fourth embodiment), indicating 
various feedthroughs for process gas inlets, coolant ?oW, 
and electrical connections; 

[0034] FIG. 18 shoWs a bottom vieW of the vacuum plate 
appearing in FIG. 17, indicating the radial loW-reluctance 
magnetic rod positions; 

[0035] FIG. 19 depicts a cross-sectional vieW of the 
bottom dielectric plate for the FIG. 15 embodiment of the 
invention (fourth embodiment); 

[0036] FIG. 20 is a top vieW of the bottom dielectric plate 
of FIG. 19; 
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[0037] FIG. 21 provides a bottom facial vieW of the top 
dielectric plate of the FIG. 15 embodiment of the present 
invention (fourth embodiment); 
[0038] FIG. 22 shoWs the overall schematic vieW of a 
vacuum process chamber using the multi-Zone ICP source 
structures of this invention (eXample shoWs a three-Zone ICP 
con?guration); 
[0039] FIG. 23 illustrates the schematic diagram of a 
tWo-manifold gas distribution arrangement for the ICP 
source of FIG. 17 Where the input gases are partitioned into 
tWo groups; 

[0040] FIG. 24A shoWs a schematic electrical Wiring 
diagram of a three-Zone ICP con?guration for the multi-Zone 
ICP source of FIG. 17; 

[0041] FIG. 24B shoWs a schematic electrical Wiring 
diagram of a tWo-Zone ICP con?guration for the multi-Zone 
ICP source of FIG. 17; 

[0042] FIG. 25A shoWs a schematic electrical Wiring 
diagram of a three-Zone ICP con?guration for a single RF 
poWer supply based on an adjustable capacitor array; and 

[0043] FIG. 25B shoWs a schematic electrical Wiring 
diagram of a three-Zone ICP con?guration for a single RF 
poWer supply based on an adjustable air-core transformer. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0044] Preferred embodiments of the present invention are 
illustrated in the FIGUREs like numerals being used to refer 
to like and corresponding parts of the various draWings. 

[0045] The embodiment of the present invention that 
FIGS. 1 through 4 describe is a hermetically-sealed multi 
Zone (HMZ) ICP source for various high-density plasma 
applications, including plasma etch, PECVD, surface clean 
ing, plasma hydrogenation, and other plasma-assisted, fab 
rication processes. The concepts of the present invention 
apply not only to a tWo-Zone ICP source, but also to a 
multi-Zone source With any number of ICP excitation Zones 
(2, 3, 4, and more). Moreover, the preferred embodiment of 
this invention is for implementation of the HMZ ICP source 
inside the ICP vacuum process chamber in order to eliminate 
the need for a dielectric vacuum WindoW and to enable 
implementation of an all-metal-seal ICP source and process 
chamber for improved vacuum integrity by reducing the 
chamber vacuum base pressure. It is, hoWever, understood 
that the HMZ ICP source of this invention can also be 
implemented outside the vacuum chamber using a dielectric 
vacuum WindoW for separating the source from the process 
chamber. 

[0046] The HMZ ICP source of FIGS. 1 through 4 
provides a design in conjunction With a six-Zone shoWerhead 
gas injector. The HMZ ICP source, hoWever, is also com 
patible With the use of either a single-Zone shoWerhead or a 
multi-Zone shoWerhead With any number of independently 
controlled shoWerhead Zones (e.g., from one to ten Zones). 
Some applications such as surface cleaning may require only 
a single-Zone shoWerhead While other applications such as 
PECVD may bene?t from using multiple shoWerhead Zones 
for improved process uniformity control via multi-Zone gas 
?oW adjustment. The multi-Zone shoWerhead feature alloWs 
radial control of the process gas mass transport pro?le Which 
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is particularly useful for uniform PECVD applications. 
Moreover, using the multi-Zone shoWerhead, the source can 
be used for injection of multiple gases Without premixing the 
gases. As a result, mixing of multiple gases occurs in the 
plasma process environment and not inside the delivery gas 
lines or inside the ICP source. Separation of multiple process 
gases, such as in a binary gas system in CVD applications, 
can eliminate the possibility of gas phase nucleation and 
particulate generation inside the shoWerhead. For instance, 
in a PECVD process used for silicon dioxide deposition, the 
process gas system may comprise SiH4 and N20. Using the 
multi-Zone shoWerhead arrangement of this invention, these 
gases can be separated and injected as a binary system into 
alternating adjacent shoWerhead Zones. 

[0047] With this introduction, more particular attention is 
noW draWn to FIG. 1. FIG. 1 shoWs HMZ ICP source 100 
that includes Water-cooled or temperature-controlled metal 
lic top vacuum plate 102, Which may be formed of stainless 
steel or aluminum, that adjoins top dielectric plate 104. Top 
dielectric plate 104 is hermetically sealed or bonded to 
middle dielectric plate 106 Which itself hermetically bonds 
to shoWerhead injector plate 108. Optical plug (or WindoW) 
110 passes through metallic top plate 102, top dielectric 
plate 104, middle dielectric plate 106, and shoWerhead 
injector plate 108, and provides an optical vieWport to the 
entire Wafer surface throughout the fabrication process. The 
optical vieWport can also be used for monitoring of the 
plasma process parameters using a suitable optical sensor, 
such as spatially resolved plasma emission sensor. 

[0048] Metallic top plate 102 includes numerous 
feedthroughs or penetrations, some of Which are for coolant 
(e.g., Water) ?oW purposes, some are for ICP gas injections, 
and the remaining ones are for electrical RF feedthroughs. 
For example, the ?rst set of shoWerhead gas inlets 112, 114, 
and 116 pass through metallic top plate 102, are bonded to 
the holes Within the top dielectric plate 104, and feed into the 
holes Within the middle dielectric plate 106 in order to inject 
the process gases into respective shoWerhead Zone disper 
sion cavities 118, 120, and 122. ShoWerhead Zone cavities 
118, 120, and 122 direct process gases to the rings of 
injection holes 124, 126, and 128 of shoWerhead injector 
plate 108. Likewise, shoWerhead inlets 130, 132, and 134 
also pass through metallic top plate 102, are bonded to holes 
Within the top dielectric plate 104, and feed into the holes 
Within the middle dielectric plate 106 in order to inject the 
process gases into respective shoWerhead Zone dispersion 
cavities 136, 138, and 140. From the associated shoWerhead 
Zone cavities 136, 138, and 140, plasma process gases pass 
through and out of several rings of gas injection holes 142, 
144, and 146 of shoWerhead injector plate 108. 

[0049] Also penetrating through vacuum base plate 102 
are a plurality of electrical RF feedthroughs including RF 
feedthroughs 150 and 152. RF feedthrough 150, for 
example, connects through RF feedthrough connection 154, 
passes through channel 156 of metallic top plate 102, 
continues through top dielectric plate 104, and continues 
into cooling Water channel 160 of middle dielectric plate 106 
until it contacts ICP antenna RF coil segment 173 (Which is 
part of a tWo-Zone HMZ ICP source 100 arrangement). 

[0050] Hermetically-sealed ICP source 100 includes tWo 
Zones of cooling (such as Water cooling) to remove heat 
generated by the ohmic poWer losses due to RF poWer 
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delivery and ICP plasma generation process. The ?rst Zone 
includes inlet channel 162 that passes through metallic top 
plate 102 and is bonded to the top dielectric plate 104 for 
providing cooling Water to cooling Water channel 164 of 
middle dielectric plate 106. Middle dielectric plate 106 
provides internally a cooling path by Which Water may enter, 
for example, cooling channel 164, pass through to cooling 
channels 160 and ultimately enter cooling channel 166. 
From cooling channel 166, cooling Water exits from the ICP 
source through outlet 168. Outlet 168 receives the cooling 
Water from the Zone 1 cooling channels and permits con 
tinuous How of cooling Water from cooling Water inlet 162 
through cooling channels 164, 160, and 166 With a continu 
ous heat removal action. In the ?rst Zone of hermetically 
sealed ICP source 100, Zone-1 RF contact 170 provides a 
path by Which an RF current may ?oW through each of 
plated (or molded or inserted) coil segments 172, 173, and 
174 of Zone-1. 

[0051] In completing the description of hermetically 
sealed ICP source 100 as depicted in FIG. 1, in metallic top 
plate 102 are cooling channel feedthroughs for receiving 
cooling Water including cooling channel 176 connected to 
Zone-1 inlet channel 162 (via an in-line insulating ceramic 
tube insert), and cooling channel 178 connected to Zone-1 
outlet channel 168 (via an in-line insulating ceramic tube 
insert for electrical isolation). Cooling Water inlet 180 con 
nects to in-line insulating ceramic tube insert 182 for pro 
viding cooling Water to cooling channel 184 of Zone-2 of 
hermetically-sealed ICP source 100 and its surrounding 
region. In middle dielectric plate 106, coolant passes to 
cooling Water channel 188 for cooling coil segment 190 and 
its surrounding region. From cooling channel 188, cooling 
Water ?oWs in middle dielectric plate 106 to cooling channel 
192 for cooling coil segment 194 of Zone-2 of the hermeti 
cally-sealed ICP source and its surrounding region. The 
cooling Water subsequently ?oWs out of the Zone-2 coils via 
coolant outline 197. 

[0052] In middle dielectric plate 106, cooling Water chan 
nels 164, 160, 166, 184, 188, and 192 have been shoWn With 
progressively greater depths. This con?guration enables 
vertical contouring of respective coil segments 174, 173, 
172, 186, 190, and 194. This ICP antenna contouring (con 
vex or concave contouring) provide an additional design 
parameter to optimiZe the ICP uniformity performance. 
ShoWerhead 108 is made of an electrically insulating and 
thermally conductive material, preferably formed of a 
ceramic material such as aluminum nitride (AlN), aluminum 
oxide (A1203), or boron nitride (BN). Similarly, the top and 
middle dielectric plates 104 and 106 should be made of a 
suitable electrically insulating and thermally conducting 
material such as AlN, A1203, or BN. As appropriate, the 
contacting interfaces betWeen the plates of hermetically 
sealed ICP source 100 are hermetically bonded or fused 
(preferably using a thermal bonding process) or otherWise 
connected (such as With a high-temperature cured UHV 
compatible epoxy) in order to establish a sealed ICP antenna 
encapsulation housing for ultraclean plasma processing. For 
example, metallic top vacuum plate 102 and top dielectric 
plate 104 are fused or hermetically bonded together using a 
thermal bonding (eg with indium) or epoxy bonding pro 
cess. Top dielectric plate 104 and middle dielectric plate 106 
are also bonded together at their contact interface junctions. 
Similarly, middle dielectric plate 106 and shoWerhead injec 
tor plate 108 are also bonded together at their contact 



US 2001/0047760 A1 

junctions. All four plates (metallic plate 102 and ceramic 
plates 104, 106, and 108) can be bonded together using a 
single thermal bonding process using indium or another 
suitable bonding or brazing material. 

[0053] Optical plug 110 provides a vieWpoint for probing 
or vieWing the plasma process environment. On top of 
optical plug 110 is vieW port 198 Which is connected or 
sealed (using a metal or Wire seal) to metallic top plate 102 
through hermetically sealed ?ange 200. The hermetically 
sealed ICP source employs a Water-cooled (or gas-cooled) 
metallic (stainless steel) top vacuum plate 102 to support the 
ICP source inside the plasma process chamber and to enable 
establishing a UHV base pressure of less than 1x10“8 Torr. 
Metallic top plate 102 also provides all the necessary 
feedthroughs (RF, gas inlets, and cooling Water inlets/outlets 
for the ICP coil channels), and provides a vacuum seal (e.g., 
using a metal seal) to the ICP process chamber. The metallic 
top vacuum plate 102 cooling may be performed either 
indirectly using the ICP source coolant (Water) ?oWing 
through the coil channels in the ceramic housing, or directly 
using separate embedded cooling channels inside the metal 
lic vacuum top plate 102 itself. 

[0054] Hermetically-sealed ICP source 100 of the FIG. 1 
embodiment, therefore, consists of tWo RF poWer sources 
(for a 2-Zone ICP arrangement), 12 electrical RF 
feedthroughs for 6 coil segments and six pairs of electrical 
contacts, four coolant feedthroughs (including tWo inlets and 
tWo outlets), and six process gas inlets (assuming six injec 
tion Zones). HoWever, for the same tWo-Zone ICP coil 
con?guration of hermetically-sealed ICP source 100, the 
number of external coolant feedthroughs can be reduced to 
tWo by connecting the Zone-1 and Zone-2 Water channels in 
series Within the ICP ceramic housing middle dielectric 
plate. 

[0055] FIG. 2 shoWs a top vieW of the middle dielectric or 
ceramic insulator plate comprising the tWo-Zone antenna 
con?guration for ICP antenna 202 of the present embodi 
ment. Multi-Zone ICP antenna 202 is fabricated Within 
middle dielectric plate 106 of hermetically-sealed ICP 
source 100. Middle dielectric plate 106 is made of a ther 
mally conductive and electrically insulating material such as 
AlN, A1203, or BN. Formed in ICP source middle dielectric 
plate 106 are tWo RF antenna Zones for ICP generation that 
are conceptually differentiated by dash line 206. For 
example, that portion of ICP antenna 202 outside of dash 
line 106 corresponding to the antenna segments 172, 173, 
and 174 forms the Zone-1 antenna 208, While that portion 
Within dash line 206 containing the antenna segments 186, 
190, and 194 forms the Zone-2 antenna 210. 

[0056] As FIG. 2 further indicates, at the center of Zone-2 
antenna 210 appears the feedthrough hole for optical vieW 
port plug 110. Zone-1 or outer Zone antenna 208 begins With 
outer Zone-1 RF contact 211 that connects to plated (or a 
combination of sputtered and plated, or inserted broken ring) 
coil segment 172 that Was originally introduced in FIG. 1. 
The coil segment 172 is formed in a circular path as a broken 
ring and continues to RF terminal contact 212. The coolant 
groove 164 over outer Zone coil segment 172 is connected 
in series to the adjacent outer Zone coils segment 173 coolant 
channel 160 via jumper Water channel 214 of middle dielec 
tric plate 106. Connecting to unplated (electrically insulat 
ing) jumper Water channel 214 is RF terminal contact 150 
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(FIG. 1) Which also connects to ICP coil segment 173. ICP 
coil segment 173 is also formed as a broken ring and takes 
a circular path around middle dielectric plate 106 to connect 
to RF terminal contact 216. The coolant groove 160 of the 
outer Zone segment 173 is connected in series to the coolant 
groove channel 166 of the outer Zone segment 174 via 
unplated or conductor-free coolant channel 218 betWeen the 
RF contacts 216 and 220. The RF terminal contact 220 
connects to outer Zone plated (or conductor covered) coil 
segment 174 that takes a broken ring circular path to outer 
Zone RF contact 170. 

[0057] The inner Zone or Zone-2 antenna 210 begins at RF 
contact 222 Which connects to inner Zone coil segment 186. 
Coil segment 186 runs in a circular pattern as a broken ring 
and connects to RF terminal contacts 222 and 224. The 
coolant groove channel 184 of the inner Zone coil segment 
186 connects to the inner Zone adjacent coil segment coolant 
groove channel 188 via unplated (conductor free or electri 
cally insulating) coolant channel jumper 226. The inner Zone 
coil segment 190 runs as a broken ring (using plated or 
inserted conductor) underneath coolant groove channel 188 
betWeen RF contacts 227 and 228. The coolant groove 
channel 188 of the inner Zone coil segment 190 connects to 
the inner Zone coolant groove channel 192 of the coil 
segment 194 via unplated (conductor free or electrically 
insulating) coolant channel 230. The RF contacts 224 and 
227 are externally connected together via an RF capacitor. 
Similarly, the RF contacts 228 and 232 are linked together 
via another external RF capacitor. These external capacitor 
connections (on the atmospheric side of the ICP source) 
create a 3-turn inner Zone coil With tWo series capacitors for 
reduced induced voltage. The inner Zone RF poWer supply 
contacts are the RF contacts 222 and 234. The RF contact 
234 connects to coil segment 194 Which surrounds optical 
vieWport plug 110 as a broken ring and connects to inner 
Zone RF contact 232. As can be seen in ICP antenna 202, 
Zone-2 antenna portion 208 may operate independently of 
Zone-1 antenna 210 using tWo separate RF poWer supplies. 

[0058] The hermetically-sealed ICP source 100 antenna 
202 of FIG. 2, therefore, contains tWo inductive antenna 
Zones each With three turns. The same design may be 
arranged With a different external Wiring con?guration in 
order to establish, for instance, a three-Zone ICP source With 
tWo coil turns in each Zone. Although a three-Zone ICP 
con?guration or another design With more Zones is Well 
Within the scope of the present invention, the remainder of 
this description focuses on a tWo-Zone ICP source design 
con?guration. It should be also noted that the design of 
FIGS. 1 through 4 is electrically con?gurable externally 
Without any hardWare design modi?cations Within the ICP 
source structure. 

[0059] As FIG. 2 shoWs, six pairs of electrical RF contacts 
are made to the six coil turns using ultrahigh vacuum (UHV) 
compatible electrical RF feedthroughs in metallic top plate 
102 and spring-loaded (or soldered) electrical Wires attached 
to the coil segments. These 12 electrical contacts connect to 
the multi-Zone segment terminals 211 (Zn), 212 (Z12), 150 
(113x216 (Z14), 220 (Z15), 170 (Z16). 222 (Z21). 224 (Z22). 
227, (Z23), 228 (Z24), 232 (Z25), and 234 (Z26). For a 
tWo-Zone hermetically-sealed ICP source 100 con?guration 
With three coil turns in each Zone, the external electrical 
Wiring and capacitor connections is as folloWs: The electri 
cal RF terminal contacts 211 (Z11) and 170 (Z16) connect to 




























