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(57) ABSTRACT 

The present invention provides an HDP-CVD tool using 
simultaneous deposition and sputtering of doped and 
undoped silicon dioxide capable of excellent gap ?ll and 
blanket ?lm deposition on Wafers. The tool of the present 
invention includes: a dual RF Zone inductively coupled 
plasma source; a dual Zone gas distribution system; tem 
perature controlled surfaces Within the tool; a symmetrically 
shaped turbomolecular pumped chamber body; a dual cool 
ing Zone electrostatic chuck; an all ceramic/aluminum alloy 
chamber; and a remote plasma chamber cleaning system. 
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THE DOME: SHAPE AND TEMPERATURE 
CONTROLLED SURFACES 

FIELD OF THE INVENTION 

[0001] The present invention relates to an apparatus and 
method for processing semiconductor substrates, and more 
particularly, to a high density plasma (HDP) chemical vapor 
deposition (CVD) tool for deposition of ?lms, preferably 
otC, otFC, SiN, SiON, doped and undoped SiO2 and BiN, 
onto substrates. 

BACKGROUND OF THE INVENTION 

[0002] Plasma tools used for semiconductor processes 
such as chemical vapor deposition (CVD), etching, reactive 
ion etching and so forth typically employ either inductive 
coupling or capacitive coupling to strike and maintain a 
plasma. One advantage of inductively coupled plasmas over 
capacitively coupled plasmas is that the inductively coupled 
plasma is generated With a much smaller bias voltage on the 
substrate, reducing the likelihood of damage thereto. In 
addition, inductively coupled plasmas have a higher ion 
density thereby providing higher deposition rates and mean 
free paths, While operating at a much loWer pressure than 
capacitively coupled plasmas. These advantages alloW in 
situ sputtering and/or ion directionality during processing. 

[0003] More recently, high density plasma (HDP) CVD 
processes have been used to provide a combination of 
chemical reactions and physical sputtering. HDP-CVD pro 
cesses promote the disassociation of the reactant gases by 
the application of radio frequency (RF) energy to the reac 
tion Zone proximate the substrate surface thereby creating a 
plasma of highly reactive ionic species. The relatively 
non-reactive ionic constituents, i.e., Ar, are given high 
momentum (e ?eld) used to dislodge deposited ?lm material 
selectively from speci?c areas along the pro?le of the ?lm 
based on a sputter yield curve. The high reactivity of the 
released ionic species reduces the energy required for a 
chemical reaction to take place, thus loWering the required 
temperature for these processes. 

[0004] The goal in most HDP-CVD processes is to deposit 
a ?lm of uniform thickness across the surface of a substrate, 
While also providing good gap ?ll betWeen lines and other 
features formed on the substrate. Deposition uniformity and 
gap via ?ll are very sensitive to source con?guration, gas 
?oW changes, source radio frequency generator poWer, bias 
radio frequency generator poWer, gas noZZle design, includ 
ing symmetry in distribution of noZZles, the number of 
noZZles, the height the noZZles are disposed above the 
substrate support and the lateral position of the noZZles 
relative to the substrate support. These variables change as 
processes performed Within the tool change and as process 
gases change. 

[0005] One problem encountered in semiconductor fabri 
cation is generation and maintenance of plasma density 
uniformity above the substrate. Plasma uniformity is depen 
dent upon magnetic and electric ?elds generated in the tool 
as Well as gas ?oW into and out of the tool. As substrate siZes 
increase, i.e., to 300 mm, uniformity over a larger area 
becomes even more dif?cult achieve. 

[0006] Another problem Which affects deposition unifor 
mity is uneven gas distribution over the substrate surface. 
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Typically, a gas plenum is provided around the perimeter of 
a processing region and a plurality of noZZles extend radially 
inWardly to provide gases to the substrate surface. In some 
applications, the gases tend to be unevenly distributed across 
the substrate surface, With more gas provided toWards the 
edge of the substrate and less gas provided toWards the 
center of the substrate. In addition, reactant gases are typi 
cally mixed in the gas injection system prior to their intro 
duction into the chamber. In these instances, material tends 
to deposit Within the gas injection system itself, thereby 
clogging some gas injectors further heightening non-uni 
form gas distribution. 

[0007] Still another problem encountered is maintaining a 
uniform temperature across the substrate surface. As a 
substrate is processed, there exists a signi?cant heat load due 
to plasma radiation and ion bombardment exposed to the 
substrate surface. If a temperature gradient exists across the 
substrate surface, the deposition of the ?lm can proceed in 
a non-uniform manner. Therefore, it is important to precisely 
control the temperature of the substrate. 

[0008] Another problem is deposition of material on the 
tool itself. During processing, deposition material deposits 
throughout the tool, on the substrate support member, and on 
the gas distribution components. Over time, such material 
build up can ?ake off into the chamber resulting in particle 
contamination on the substrate Which can compromise the 
integrity of the devices being fabricated. Thus, the tool must 
be periodically cleaned. A favored method of cleaning is to 
introduce cleaning gases into the chamber to react With the 
deposited material to form a product Which can be exhausted 
from the chamber. Typically, a cleaning gas, such as a 
?uorinated gas, is introduced into the chamber and a plasma 
is struck in the chamber. The resultant excited products react 
With the deposition material to form gas phase byproducts 
Which are then exhausted from the chamber. One problem 
With this process is that cleaning is typically localiZed in 
regions adjacent to the plasma. In order to enhance cleaning 
of all exposed chamber surfaces, the time period in Which 
the cleaning process is performed is increased, thereby 
decreasing throughput, and/or the cleaning process is per 
formed using high temperatures, thereby effectively over 
cleaning some of the chamber surfaces and increasing the 
cost of consumables and/or maintenance intervals. 

[0009] Therefore, there is a need for a process tool Which 
provides more uniform conditions for forming thin CVD 
?lms on a substrate, including enhanced cleaning features 
and high throughput, in a more manufacturing Worthy Way. 

SUMMARY OF THE INVENTION 

[0010] An embodiment of the present invention provides 
an HDP-CVD tool using deposition and sputtering of doped 
and undoped silicon dioxide capable of excellent gap ?ll and 
blanket ?lm deposition on Wafers having sub 0.5 micron 
feature siZes having aspect ratios higher than 1.2:1. The tool 
of the present invention includes: a dual RF Zone inductively 
coupled plasma source; a dual Zone gas distribution system; 
temperature controlled chamber components; a symmetri 
cally shaped, turbomolecular pumped chamber body; a dual, 
cooling Zone electrostatic chuck; an all ceramic/aluminum 
alloy chamber construction; and a remote plasma chamber 
cleaning system. 



US 2002/0000198 A1 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] So that the manner in Which the above recited 
features, advantages and objects of the present invention are 
attained 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. 

[0012] 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. 

[0013] FIG. 1 is a cross sectional vieW of a process 
chamber of the present invention; 

[0014] FIGS. 2A-2C are electrical schematic vieWs shoW 
ing three various RF matching con?gurations Which can be 
used to advance in the present invention; 

[0015] FIG. 3 is a schematic cross sectional vieW shoWing 
the dual Zone RF plasma source of the present invention; 

[0016] FIG. 4 is an exploded vieW of the top temperature 
control assembly and top antenna; 

[0017] FIG. 5 is a cross sectional vieW of a substrate 
support member of the present invention; 

[0018] FIG. 6 is a top cross sectional vieW of a substrate 
support member of the present invention; 

[0019] FIG. 7 is a top cross sectional vieW of a chamber 
having a substrate support member disposed therein; 

[0020] FIG. 8 is a top vieW of one embodiment of an 
electrostatic chuck; 

[0021] FIG. 8a is an alternative embodiment of the elec 
trostatic chuck; 

[0022] FIG. 9 is a cross sectional vieW of one embodiment 
of the electrostatic chuck of FIG. 8; 

[0023] FIG. 10 is a ?oW diagram of the temperature 
control aspects of the electrostatic chuck of FIG. 8 and 9; 

[0024] FIG. 11 is a cross-sectional vieW of an electrostatic 
chuck and a cover ring; 

[0025] FIG. 12 is a cross-sectional vieW of a cover ring 
disposed in proximity to a source coil; 

[0026] FIG. 13 is a side vieW partially in section shoWing 
the gas control system of the present invention; 

[0027] FIG. 14 is a side vieW partially in section shoWing 
the gas distribution ring and ?rst gas channel; 

[0028] FIG. 15 is a side vieW partially in section shoWing 
the gas distribution ring and the second gas channel; 

[0029] FIG. 16 is a side vieW partially in section shoWing 
the center gas feed assembly; 

[0030] FIG. 17 is an exploded vieW of the gas distribution 
ring and the lose plate of the lid assembly; 

[0031] FIG. 18 is a schematic side vieW partially in 
section shoWing the microWave remote plasma clean and its 
location on the chamber; 

[0032] FIG. 19 is a top vieW of a gas diffuser; 
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[0033] 
[0034] 

FIG. 20 is a side vieW of a gas diffuser; and 

FIG. 21 is a perspective vieW of a gas baf?er. 

DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0035] The tool Will be described in detail beloW With 
reference to each of the folloWing subassemblies: a chamber 
body, a chamber lid assembly, a cathode and lift assembly, 
a process kit, a gas distribution assembly and a remote 
plasma source. 

[0036] Chamber Body 

[0037] FIG. 1 is a cross sectional vieW of a processing tool 
10 of the present invention. The processing tool 10 generally 
includes a chamber body 12, a lid assembly 14 and a 
cantilevered, removable substrate support member 16. These 
members in combination form a physically and electrically 
symmetric, evacuable enclosure and exhaust passage 22 in 
Which substrate processing is carried out. 

[0038] The chamber body 12 is preferably a unitary, 
machined structure having a sideWall 18 Which de?nes an 
inner annular processing region 20 and tapers toWards its 
loWer end to de?ne a concentric exhaust passage 22. The 
chamber body 12 de?nes a plurality of ports including at 
least a substrate entry port 24 sealed by a slit valve 44 and 
a side port 26 through Which the cantilever mounted sub 
strate support member 16 is disposed. The substrate entry 
port 24 and the support member port 26 are preferably 
disposed through opposite sides of the chamber body 12. 
TWo additional side ports are disposed on opposite sides of 
the chamber Wall 18 at about the level of the upper surface 
of the substrate support member 16 and are connected to a 
gas channel 28 formed in the chamber Wall 18. Cleaning 
gases, such as disassociated ?uorine containing gases, are 
introduced into the channel 28 from a remote plasma source 
30 and into the chamber through the gas inlet ports provided 
therefor and shoWn in FIG. 18. The location of the openings 
of the ports into the chamber are provided to direct gases 
toWards areas of the reactor Where heavy build-up occurs. 
The remote plasma source and cleaning gas delivery Will be 
described in more detail beloW. 

[0039] The upper surface of the chamber Wall 18 de?nes 
a generally ?at landing area on Which a base plate 33 of the 
lid assembly 34 is supported. One or more o-ring grooves 36 
are formed in the upper surface of the Wall 18 to receive one 
or more o-rings 38 to form an airtight seal betWeen the 
chamber body 12 and the base plate 33. The lid assembly 
Will be described in more detail beloW. 

[0040] The substrate support member 16 partially extends 
through the side access port 26 formed in the chamber Wall 
18 and is mounted to the chamber Wall 18 on a ?ange 46 to 
provide a generally annular substrate receiving surface 200 
in the center of the chamber. When the support member 16 
is positioned in the chamber, an outer Wall 50 of the annular 
support member 16 and an inner Wall 52 of the chamber 
de?ne an annular ?uid passage 22 that is substantially 
uniform about the entire circumference of the support mem 
ber 16. It is preferred that the substantially uniform passage 
22 and the exhaust port 54 be substantially concentric With 
the substrate receiving surface of the support member. The 
exhaust port 54 is centered beloW the substrate receiving 
portion of the support member 16 to draW the gases evenly 



US 2002/0000198 A1 

through the uniform passage 22 and out of the chamber. This 
enables more uniform gas ?oW over the substrate surface 
about the entire circumference thereof and radially doWn 
Wardly and outWardly from the chamber through eXhaust 
port 54 centered in the base of the chamber. The uniform 
?uid passage 22 promotes uniform deposition of ?lm layers 
by maintaining pressure and residence time uniformity, 
lacking in eXisting processing chambers, such as substrate 
locations With differing proximity in relation to the pumping 
port. 

[0041] A pumping stack comprising a tWin blade throttle 
assembly 56, a gate valve 58 and a turbomolecular pump 60 
is mounted on the tapered loWer portion of the chamber body 
to provide pressure control Within the chamber. The tWin 
blade throttle assembly 56 and the gate valve 58 are mounted 
betWeen the chamber body 12 and the turbomolecular pump 
60 to alloW isolation via gate valve 58 and/or pressure 
control at pressures of from about 0 to about 100 milliTorr 
as determined by settings of the tWin blade throttle assembly 
56. A 1600 L/sec turbo pump is a preferred pump, hoWever, 
any pump Which can achieve the desired pressure in the 
chamber can be used. A foreline 57 is connected to the 
eXhaust port 54 at positions upstream and doWnstream from 
the turbo pump. This provides backing pump capability. The 
foreline is connected to the remote mainframe pump, typi 
cally a roughing pump. A port 59 is formed in the pumping 
stack to mount a ?ange 61 of the foreline. During chamber 
cleaning, cleaning gases are ?oWn into the chamber at a high 
rate, thereby increasing the pressure in the chamber. In one 
aspect of the invention, therefore, the turbo pump is isolated 
from the chamber by the gate valve 58 and the mainframe 
pump is used to maintain the pressure in the chamber during 
the cleaning process. 

[0042] During processing of a substrate in the chamber, 
the vacuum pump evacuates the chamber to a pressure in the 
range of about 4 to about 6 milliTorr, and a metered ?oW of 
a process gas or gases is supplied through the gas distribu 
tion assembly and into the chamber. The chamber pressure 
is controlled by directly measuring the chamber pressure and 
feeding this information to a controller that opens and closes 
the valves to adjust pumping speed. Gas ?oWs/concentra 
tions are controlled directly by mass ?oW controllers 
through a softWare set point provided in a process recipe. By 
measuring the ?oW rate of gases being pumped out of the 
chamber through the eXhaust port 54, a mass ?oW controller 
(not shoWn) on the inlet gas supply can also be used to 
maintain the desired pressure and gas concentration in the 
chamber. 

[0043] Chamber Lid Assembly 

[0044] The chamber lid assembly 34 is generally com 
prised of an energy transmitting dome 32, an energy delivery 
assembly 62 and a temperature control assembly 64 sup 
ported on a hinge mounted base plate 33. The base plate 33 
de?nes an inner annular channel in Which a gas distribution 
ring is disposed. O-ring grooves are formed in the top of the 
gas distribution ring to receive an o-ring to seal the dome 32 
and the top of the gas distribution ring. In combination, the 
lid assembly provides both the physical enclosure of the 
plasma processing region as Well as the energy delivery 
system to drive processing. A cover is preferably provided 
over the entire lid assembly to house the various compo 
nents. 
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[0045] The dome 32 is generally comprised of a cylindri 
cal sideWall 66 Which is closed on one end by a ?at top 68. 
The cylindrical sideWall is generally perpendicular to the 
upper surface of the substrate support member 16 and the 
planar top 68 is generally parallel to the upper surface of the 
support member 16. The junction 70 betWeen the sideWall 
and the top is rounded to provide a curved inner Wall of the 
dome 32. The dome 32 is made of a dielectric material Which 
is transmissive to RF energy, preferably a ceramic such as 
aluminum oXide (A1203), aluminum nitride (AIN) or quartZ 
(SiOZ). 
[0046] TWo separately poWered RF coils, a top coil 72 and 
a side coil 74, are Wound external to a dielectric dome 32. 
The side coil 74 is preferably covered by a ground shield to 
reduce electrical crosstalk betWeen the coils 72 and 74. The 
RF coils 72 and 74 are poWered by tWo variable frequency 
RF sources 76 and 78. 

[0047] Each poWer source includes a control circuit Which 
measures re?ected poWer and Which adjusts a digitally 
controlled synthesiZer in the RF generator to sWeep frequen 
cies, typically starting at 1.8 MHZ, to minimiZe the re?ected 
poWer. When the plasma ignites, the circuit conditions 
change because the plasma acts as a resistor in parallel With 
the coil. At this stage, the RF generator continues to sWeep 
the frequency until a minimal re?ected poWer point is again 
reached. The poWer source circuitry is designed so that each 
set of Windings resonates at or near the frequency at Which 
the minimum re?ected poWer point is reached, so that the 
voltage of the Windings is high enough to drive suf?cient 
current to sustain the plasma. Thus, frequency tuning guar 
antees that the system remains close to resonance even if the 
resonance point of the circuit changes during processing. In 
this Way, frequency tuning eliminates the need for circuit 
tuning and impedance matching by varying the values of 
impedance matching components (e.g., capacitors or induc 
tors). 
[0048] Each poWer source ensures that the desired poWer 
is delivered to the load despite any impedance mismatches, 
even continuously varying impedance mismatches Which 
can arise due to changes in the plasma impedance. To ensure 
that the correct poWer is delivered to the load, each RF 
generator dissipates the re?ected poWer itself and increases 
the output poWer so that the delivered poWer remains at the 
desired level. 

[0049] FIGS. 2(a),(b) and (c) shoW three separate local RF 
match con?gurations schematically. FIG. 2(a) shoWs a 
matching con?guration for use With a coil L having one end 
grounded. The tWo capacitors C1 and C2 form an RF voltage 
divider. In FIG. 2(b), a balanced coil L having tWo shunt 
capacitors C2 and C3, Where C2zC3, across it to ground is 
used to match the load (plasma) frequency. Finally, in FIG. 
2(c), a pi netWork match is used having tWo variable 
capacitors to ground across the coil L. Since the output 
impedance of most conventional RF generators is designed 
to be 50 ohms, matching netWorks 2(a), (b) or (c) can be 
used to transfer maXimum poWer to plasmas ranging in 
impedance from as loW as 5 ohms to as high as 900 ohms (in 
the balanced load case). This dual coil system alloWs control 
of the radial ion density pro?les in the reaction chamber. 

[0050] FIG. 3 is a schematic side vieW of the chamber 
shoWing principally the coil geometry and RF feeds for top 
coil 72 and side coil 74. The pi netWork matching system 




















