
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2002/0000298 A1 

DOnohoe 

US 20020000298A1 

(43) Pub. Date: Jan. 3, 2002 

(54) 

(75) 

(73) 

(21) 

(22) 

(60) 

METHOD AND APPARATUS FOR 
IMPROVING ETCH UNIFORMITY IN 
REMOTE SOURCE PLASMA REACTORS 
WITH POWERED WAFER CHUCKS 

Inventor: Kevin G. Donohoe, Boise, ID (US) 

Correspondence Address: 
Terril G. Lewis 
HOWREY SIMON ARNOLD & WHITE, LLP 
750 Bering Drive 
Houston, TX 77.057-2198 (US) 

Assignee: Micron Technology, Inc. 

Appl. No.: 09/922,587 

Filed: Aug. 3, 2001 

Related U.S. Application Data 

Continuation of application No. 08/823,275, filed on 
Mar. 24, 1997, now Pat. No. 6,290,806, which is a 
continuation of application No. 08/524.249, filed on 
Sep. 6, 1995, now Pat. No. 5,904,799, which is a 

division of application No. 08/048,991, filed on Apr. 
16, 1993, now Pat. No. 5,662,770. 

Publication Classification 

(51) Int. Cl. ................................................ H01L 21/302 
(52) U.S. Cl. ............................................ 156/345; 438/710 

ABSTRACT (57) 
This invention is a hardware modification which permits 
greater uniformity of etching to be achieved in a high 
density-Source plasma reactor (i.e., one which uses a remote 
Source to generate a plasma, and which also uses high 
frequency bias power on the wafer chuck). The invention 
addresses the uniformity problem which arises as the result 
of nonuniform power coupling between the wafer and the 
walls of the etch chamber. The Solution to greatly mitigate 
the nonuniformity problem is to increase the impedance 
between the wafer and the chamber walls. This may be 
accomplished by placing a cylindrical dielectric wall around 
the wafer. Quartz is a dielectric material that is ideal for the 
cylindrical wall if silicon is to be etched selectively with 
respect to Silicon dioxide, as quartz, it is virtually inert under 
Such conditions. 
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METHOD AND APPARATUS FOR IMPROVING 
ETCH UNIFORMITY IN REMOTE SOURCE 

PLASMA REACTORS WITH POWERED WAFER 
CHUCKS 

FIELD OF THE INVENTION 

0001. This invention relates to ion-assisted plasma etch 
ing of Semiconductor wafers in remote Source plasma reac 
tors with powered wafer chuckS. More particularly, it relates 
to equipment improvements designed to improve etch uni 
formity over the surface of a wafer. 

BACKGROUND OF THE INVENTION 

0002 Integrated circuits are typically fabricated on a 
wafer of Semiconductor material Such as Silicon or gallium 
arsenide. During the fabrication process, the wafer is Sub 
jected to an ordered Series of Steps, which may include 
photomasking, material deposition, oxidation, nitridization, 
ion implantation, diffusion and etching, in order to achieve 
a final product. 
0003. There are two basic types of etches: ion-assisted 
etches (also called reactive-ion, plasma or dry etches) and 
Solution etches (also called wet etches). Solution etches are 
invariably isotropic (omnidirectional) in nature, with the 
etch rate for a single material being relatively constant in all 
directions. Reactive-ion etches, on the other hand, are 
largely anisotropic (unidirectional) in nature. Reactive ion 
etches are commonly used to create Spacers on Substantially 
vertical sidewalls of other layers, to transfer a mask pattern 
to an underlying layer with little or no undercutting beneath 
mask Segment edges, and to create contact Vias in insulative 
layers. 

0004) A plasma etch system (often referred to as a 
reactor) is primarily a vacuum chamber in which a glow 
discharge is utilized to produce a plasma consisting of 
chemically reactive species (atoms, radicals, and ions) from 
a relatively inert molecular gas. The gas is Selected So as to 
generate species which react either kinetically or chemically 
with the material to be etched. Because dielectric layers 
cannot be etched using a direct-current-induced glow dis 
charge due to charge accumulation on the Surface of the 
dielectric which quickly neutralizes the dc-Voltage potential, 
most reactors are designed as radio-frequency diode Systems 
and typically operate at a frequency of 13.56 MHz, a 
frequency reserved for non-communication use by interna 
tional agreement. However, plasma etch processes operating 
between 100 KHZ-80 MHZ have been used successfully. 
0005 The first ionization potential of most gas atoms and 
molecules is 8 eV and greater. Since plasma electrons have 
a distribution whose average energy is between 1 to 10 eV, 
Some of these electrons will have Sufficient energy to cause 
ionization of the gas molecules. Collisions of these ener 
gized electrons with neutral gas molecules are primarily 
responsible for the production of the reactive species in a 
plasma. The reactive Species, however, can also react among 
themselves in the plasma and alter the Overall plasma 
chemistry. 
0006 Since plasmas consisting of fluorine-containing 
gases are extensively used for etching Silicon, Silicon diox 
ide, and other materials used in VLSI fabrication, it is 
instructive to examine the glow-discharge chemistry of CF. 
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Initially, the only Species present are CFA molecules. How 
ever, once a glow discharge is established, a portion of the 
CF, molecules dissociated into other species. A plasma is 
defined to be a partially ionized gas composed of ions, 
electrons, and a variety of neutral Species. The most abun 
dant ionic specie found in CF plasmas is CF, Such ions 
being formed by the electron-impact reaction: e-CF= 
>CFF+2 e. In addition to CF molecules, ionic species, 
and electrons, a large number of radicals are formed. A 
radical is an atom, or collection of atoms, which is electri 
cally neutral, but which also exists in a State of incomplete 
chemical bonding, making it very reactive. In CF plasmas, 
the most abundant radicals are CF and F, formed by the 
reaction: e--CF =>CF+F+e. Radicals are generally thought 
to exist in plasmas in much higher concentrations than ions, 
because they are generated at a faster rate, and they Survive 
longer than ions in the plasma. 
0007 Plasma etches proceed by two basic mechanisms. 
The first, chemical etching, entails the steps of: 1) reactive 
Species are generated in the plasma; 2) these species diffuse 
to the Surface of the material being etched; 3) the species are 
adsorbed on the Surface; 4) a chemical reaction occurs, with 
the formation of a volatile by-product; 5) the by-product is 
desorbed from the surface; and 6) the desorbed species 
diffuse into the bulk of the gas. The Second, reactive-ion 
etching, involves ionic bombardment of the material to be 
etched. Since both mechanisms occur Simultaneously, the 
complete plasma etch proceSS would be better aptly identi 
fied as an ion-assisted etch process. The greater the chemical 
mechanism component of the etch, the greater the isotrop 
icity of the etch. 
0008 FIG. 1 is a diagrammatic representation of a typi 
cal parallel-plate plasma etch reactor. To perform a plasma 
etch, a wafer 11 is loaded in the reactor chamber 12 and 
precisely centered on a disk-shaped lower electrode 13L, 
thereby becoming electrically integrated there with. A disk 
shaped upper electrode 13U is positioned above the wafer 
(the number 13* applies to either 13L or 13U). The flow of 
molecular gas into the chamber 12 is automatically regulated 
by highly-accurate mass-flow controllerS 14. A radio-fre 
quency Voltage 15 is applied between electrodes 13L and 
13U. Chamber pressure is monitored and maintained con 
tinuously through a feedback loop between a chamber 
manometer 16 and a downstream throttle valve 17, which 
allows reactions products and Surplus gas to escape in 
controlled manner. Spacing of the electrodes is controlled by 
a closed-loop positioning System (not shown). At a particu 
lar Voltage known as the breakdown Voltage, a glow dis 
charge will be established between the electrodes, resulting 
in a partial ionization of the molecular gas. In Such a 
discharge, free electrons gain energy from the imposed 
electric field and lose this energy during collisions with 
molecules. Such collisions lead to the formation of new 
Species, including metastables, atoms, electrons, free radi 
cals, and ions. The electrical discharge between the elec 
trodes consists of a glowing plasma region 18 centered 
between lower electrode 13L and upper electrode 13U, a 
lower dark space 19L between the lower electrode 13L and 
plasma region 18, and an upper dark Space region 19U 
between the upper electrode 13U and plasma region 18. 
Dark Space regions 19* are also known as “sheath” regions. 
Electrons emitted from the electrodes 13* are accelerated 
into the discharge region. By the time the electrons have 
reached plasma region 18, they have acquired Sufficient 
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kinetic energy to ionize Some of the molecular gas molecules 
and raise the electrons of other molecular gas molecules to 
leSS-Stable atomic orbitals of increased energy through a 
mechanism known as electron impact excitation. AS each of 
these excited electrons "relaxes” and falls back to a more 
Stable orbital, a quantum of energy is released in the form of 
light. This light gives the plasma region its characteristic 
glow. Free electrons may also collide with Species already 
formed by collisions between free electrons and gas mol 
ecules, leading to additional Subspecies. Because free elec 
trons have little mass, they are accelerated much more 
rapidly toward the electrodes than are ionized gas molecules, 
leaving the plasma with a net positive charge. The Voltage 
drop through the plasma is Small in comparison to the 
Voltage drops between the plasma and either of the plates at 
any given instant of an AC Voltage cycle. Therefore, plasma 
ions which are accelerated from the plasma to one of the 
plates are primarily those that happen to be on the edge of 
one of the dark Spaces. Acceleration of ions within the 
plasma region is minimal. Although ions are accelerated 
toward both electrodes, it is axiomatic that the Smaller of the 
two electrodes will receive the greatest ionic bombardment. 
Since the ions are accelerated Substantially perpendicularly 
between the two electrodes (parallel to the electric field), the 
ions will collide with the wafer perpendicularly to the 
wafer's Surface. AS anion collides with an atom or molecule 
of reactive material on the wafer, the two may react to form 
a reaction product. Because ion bombardment of the elec 
trodes with ions and electrons causes an elevation of elec 
trode temperature, both electrodes are normally cooled by 
the circulation of deionized water through the electrodes and 
an external temperature control unit (not shown). Water 
cooling prevents elevation of wafer temperature to levels 
which would destabilize photoresist. Typical plasma reac 
tors consist of a Single proceSS chamber flanked by two 
loadlock chambers (one for wafer isolation during loading, 
the other for isolation during unloading). 
0009 Parallel-plate etch reactors have fallen into disfa 
Vor for certain applications. For example, the Voltage 
required to Sustain the plasma is far higher that is required 
to etch polycrystalline Silicon or Single-crystal Silicon. In 
fact, the Voltage is So high that ions are accelerated to 
energies Sufficient to etch Silicon dioxide. For this reason, it 
is very difficult to perform an etch of Silicon that Stops on a 
Silicon dioxide layer using a parallel-plate reactor. For Such 
applications, a new type of plasma reactor has been devel 
oped. In this type of reactor, the plasma is generated in a 
Source chamber remote from the wafer (typically at the very 
top of the chamber, and the wafer chuck is powered Sepa 
rately from the plasma Source generator. Such a reactor is 
generally called a high-density Source plasma reactor. 
Examples of Sources used to create the high-density plasma 
are: a Mori Source, a helicon Source, and an electron 
cyclotron resonance (ECR) source. A description of the 
operation of Such Sources is beyond the Scope of this 
disclosure, and not particularly relevant thereto. 
0.010 FIG. 2 is a diagrammatic representation of a typi 
cal high-density-Source plasma reactor. The reactor com 
prises an etch chamber 21 formed by a cylindrical sidewall 
22, which is grounded, a floor wall 23, and a ceiling wall 24. 
A source chamber 25 adjoins the etch chamber 21. A 
disc-shaped wafer chuck 26 is concentrically mounted 
within the lower portion of the etch chamber 21. A wafer 27 
is precisely centered on the wafer chuck 26, thereby becom 
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ing electrically integrated therewith. The wafer may be held 
in place against the wafer chuck 26 by any one of a variety 
of known techniques, Such as the use of a clamping ring 28, 
or an electrostatic chuck (not shown). The flow of molecular 
gas, which is depicted as being introduced into the Source 
chamber 25 through a primary manifold 29, is automatically 
regulated by highly-accurate mass-flow controllers 30. 
However, molecular gases and/or atomic gases may be 
introduced at other locations in either the Source chamber 25 
or the etch chamber 21. A high-density plasma 31 is gen 
erated within the source chamber 25 by either a Mori source, 
a helicon Source, or an ECR Source (not shown). A radio 
frequency Voltage generator 32 is coupled between the wafer 
chuck 26 and ground. Chamber pressure is monitored and 
maintained continuously through a feedback loop between a 
chamber manometer 33 and a downstream throttle valve 34, 
which allows reactions products and Surplus gas to escape in 
controlled manner. AS the high-density plasma escapes from 
the Source chamber 25 and migrates toward the etch cham 
ber 21, its density usually decreases and it usually becomes 
more spacially uniform. The less dense plasma 35 within the 
etch chamber 21 receives additional power from the pow 
ered wafer chuck during the etch process. Power coupling 
between the wafer chuck 26 and the cylindrical sidewall 22 
causes reactive ions to be accelerated through a dark Space 
that is established just above the surface of the wafer 27, 
permitting ion-assisted etching of etchable material on the 
Surface of the wafer to occur. The amount of power Supplied 
to the wafer chuck 26 greatly influences etch rates, etch 
uniformity, and profile control. The discussion of ion-as 
Sisted etching relative to the parallel-plate etch reactor is 
also largely applicable in the case of a high-density Source 
plasma reactor. 
0.011) Still referring to FIG. 2, it should be noted that the 
cylindrical sidewall 22 is normally fitted with a large number 
of Vertical magnetic Strips of alternating polarity, thus cre 
ating a magnetic field wall on the interior Surface of cylin 
drical Sidewall 22. Such an arrangement is known as a 
“McKenzie bucket' or simply a “confinement bucket', and 
was devised as a means to more evenly distribute reactive 
ions which were generated within the source chamber 25 
and which have migrated downward to the etch chamber 21. 
This feature is not depicted, as it is not relevant to this 
invention. 

0012 One of the problems associated with high-density 
Source plasma etch reactorS is that etching is not uniform 
acroSS the Surface of the wafer. Nonuniform power coupling 
between the wafer and the walls of the etch chamber can be 
the dominant cause of nonuniform etching rates across the 
Surface of the wafer. Nonuniform power coupling occurs 
because regions near wafer edge are physically closer to the 
grounded walls of the chamber than are regions closer to the 
wafer center. Thus, higher power is coupled to the walls 
through a unit area near the edge of the wafer than is coupled 
by a unit area located nearer the center of the wafer. This 
radially nonuniform coupling of the rf power to the chamber 
walls results in lower etch rates near the center of the wafer 
than near the edge. It can also adversely affect other proceSS 
results. Such as feature profile and/or Selectivity. 

SUMMARY OF THE INVENTION 

0013 This invention is a hardware modification which 
permits greater uniformity of etching to be achieved in a 
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high-density-Source plasma reactor (i.e., one which uses a 
remote Source to generate a plasma, and which also uses 
high-frequency bias power on the wafer chuck). The inven 
tion addresses the uniformity problem which arises as the 
result of nonuniform power coupling between the wafer and 
the walls of the etch chamber. The solution to greatly 
mitigate the nonuniformity problem is to increase the imped 
ance between the wafer and the chamber walls. This may be 
accomplished by placing a cylindrical dielectric wall around 
the wafer. Quartz is a dielectric material that is ideal for the 
cylindrical wall if silicon is to be etched selectively with 
respect to Silicon dioxide, as quartz, it is virtually inert under 
Such conditions. Any dielectric material can be used, includ 
ing those which are etchable, provided that they do not have 
a negative impact on the etch process. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0.014 FIG. 1 is a diagrammatic representation of a typi 
cal parallel-plate plasma etch reactor; 
0.015 FIG. 2 is a diagrammatic representation of a typi 
cal remote plasma Source etch reactor having a powered 
wafer chuck; 
0016 FIG. 3 is a diagrammatic representation of the 
remote plasma source etch reactor of FIG.2, which has been 
fitted with a cylindrical dielectric wall decoupler; and 
0017 FIG. 4A is a plot of the etch rate for polycrystalline 
Silicon, in A/min. as a function of location on the wafer for 
a power setting of 3,000 watts for the source plasma 
generator and about 95 watts for the wafer chuck power 
Setting for both a Standard high-density Source plasma 
reactor and a high-density Source plasma reactor which 
incorporates the invention; 
0018 FIG. 4B is a plot of the etch rate for polycrystalline 
Silicon, in A/min. as a function of location on the wafer for 
a power setting of 3,000 watts for the source plasma 
generator and about 60 watts for the wafer chuck power 
Setting for both a Standard high-density Source plasma 
reactor and a high-density Source plasma reactor which 
incorporates the invention; and 
0019 FIG.4C is a plot of the etch rate for polycrystalline 
Silicon, in A/min. as a function of location on the wafer for 
a power setting of 3,000 watts for the source plasma 
generator and about 31 watts for the wafer chuck power 
Setting for both a Standard high-density Source plasma 
reactor and a high-density Source plasma reactor which 
incorporates the invention. 

PREFERRED EMBODIMENT OF THE 
INVENTION 

0020 Referring now to FIG. 3, a conventional high 
density-Source plasma reactor has been fitted with a device 
which uniformly increases the impedance between the wafer 
and the chamber walls. The impedance-increasing device is 
a cylindrical dielectric wall 37 that, like the wafer 27, is 
precisely centered (i.e., concentrically mounted) on the 
wafer chuck 26. Quartz is a dielectric material that is ideal 
for the cylindrical wall 35 if silicon is to be etched selec 
tively with respect to Silicon dioxide, as quartz it is virtually 
inert under wafer chuck power Settings of 60 watts. It is 
hypothesized that power coupling between the wafer and the 
chamber wall 22 is uneven because the electrical paths from 
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the wafer Surface, through the dark Space above the wafer 
Surface, through the plasma 35, and, finally, to the chamber 
wall 22, are of different lengths, depending on the radial 
location on the Surface of the wafer. The center of the wafer 
is the farthest from the wall, So one would expect power 
coupling for the wafer's center region to be less than for the 
wafer's edge. Actual etch rates do Support to this hypothesis. 
It is assumed that the dielectric wall 37 is successful in 
improving the uniformity of etch rate because it increase the 
power coupling path for all portions of the wafer 27. 
However, the increase in path length is greater for portions 
of the wafer nearest the edge. 
0021 FIGS. 4A, 4B, and 4C demonstrate the effective 
neSS of the invention at a plasma Source power Setting of 
3,000 watts, but at different wafer chuck power settings. In 
these figures, the circular data points represent measured 
data for the standard reactor without the dielectric wall 37, 
and the Square data points represent measured data for the 
reactor with the dielectric wall 37. 

0022 FIG. 4A is a plot of the etch rate for polycrystalline 
Silicon, in A/min. as a function of location on a Six-inch 
wafer. Position 3 represents the center of the wafer, and 
positions 0 and 6 represent the edges of the wafer. For the 
data represented by FIGS. 4A, 4B, and 4C the wafer chuck 
power Settings were approximately 95 watts, 60 watts, and 
31 watts, respectively. It will be noted that at a wafer chuck 
power Setting of approximately 95 watts, etch uniformity is 
measurably improved with the dielectric wall 35 installed in 
the reactor. However, substantial nonuniformity is still 
present. Although the higher the wafer chuck power Setting, 
the more rapid the etch, this improvement in etch uniformity 
may not be Sufficient for the process concerned. At a wafer 
chuck power Setting of approximately 60 watts, etch uni 
formity with the dielectric wall 35 installed is greatly 
improved over that obtained with the standard reactor. At a 
wafer chuck power Setting of approximately 31 watts, non 
uniformity of the etch with the dielectric wall 35 installed 
may not even be accurately measurable. 
0023 Although only a single embodiment of the inven 
tion has been disclosed herein, it will be obvious to those 
having ordinary skill in the art of ion-assisted etching that 
changes and modifications may be made thereto without 
departing from the Scope and the Spirit of the invention as 
hereinafter claimed. 

1. A method for improving the uniformity of etch rate in 
a high-density Source plasma etch reactor, Said reactor 
having an etch chamber with walls, a plasma Source cham 
ber remote from the etch chamber, a wafer chuck on which 
a wafer may be affixed, the wafer chuck being positioned 
between the chamber walls, and an AC Voltage being applied 
to the wafer chuck Such that when a plasma is present in the 
etch chamber, electrical power will be coupled between the 
wafer and the etch chamber walls, Said method consisting of 
increasing the impedance between the wafer and the etch 
chamber walls. 

2. The method of claim 1, wherein impedance between the 
wafer and the etch chamber walls is increased by placing a 
dielectric wall around the circumference of the wafer so that 
power between the wafer and the etch chamber walls are 
coupled in paths which traverses the top of the dielectric 
wall. 
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3. The method of claim 2, wherein the dielectric wall is 
made from quartz. 

4. The method of claim 2, wherein the dielectric wall is 
made from any dielectric material that does not adversely 
affect the etch process. 

5. The method of claim 4, wherein the dielectric wall is 
made from a dielectric material that is etched during the etch 
proceSS. 

6. In combination with a high-density Source plasma etch 
reactor, Said reactor having an etch chamber with walls, a 
plasma Source chamber remote from the etch chamber, a 
wafer chuck on which a wafer may be affixed, the wafer 
chuck being positioned between the chamber walls, and a 
radio-frequency Voltage being applied to the wafer chuck 
Such that when a plasma is present in the etch chamber, 
electrical power will be coupled between the wafer and the 
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etch chamber walls, a cylindrical dielectric wall which is 
installed around the circumference of the wafer So that 
power between the wafer and the etch chamber walls are 
coupled in paths which traverses the top of the dielectric 
wall. 

7. The combination of claim 4, wherein the dielectric wall 
is made from quartz. 

8. The combination of claim 6, wherein the dielectric wall 
is made from any dielectric material that does not adversely 
affect the etch process. 

9. The combination of claim 6, wherein the dielectric wall 
is made from a dielectric material that is etched during the 
etch process. 


