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SELF-CLEANING ETCH PROCESS 

BACKGROUND 

The present invention relates to a method for etching 

semiconductor substrates in etching chambers, and of cleaning the etching 

5 chambers. 

In the manufacture of integrated circuits, silicon dioxide, silicon 

nitride, polysilicon, metal silicide, and monocrystalline silicon on a substrate, are 

etched in predefined patterns to form gates, vias, contact holes, trenches, 

10 and/or interconnect lines. Jn the etching process, a patterned mask layer 

composed of oxide or nitride hard mask or photoresist, is formed on the 

substrate using conventional methods. The exposed portions of the substrate 

between the patterned mask are etched by capacitive or inductively coupled 

plasmas of etchant gases. During the etching processes, a thin polymeric etch 

15 residue deposits on the walls and other component surfaces inside the etching 

chamber. The composition of the etch residue depends upon the composition of 

vaporized species of etchant process gas, the substrate material being etched, 

and the mask or resist layer applied on the substrate. For example, when 

tungsten silicide, polysilicon or other silicon-containing layers are etched, silicon-

20 containing gaseous species are vaporized or sputtered from the substrate, and 

etching of metal layers resutts in vaporization of metal species. In addition. the 

resist or mask layer on the substrate is also partially vaporized by the etchant 

gas to form gaseous hydrocarbon or oxygen species. The vaporized or gaseous 

species in the chamber condense to form polymeric byproducts composed of 

25 hydrocarbon species from the resist; gaseous elements such as fluorine, 

chlorine, oxygen, or nitrogen; and elemental silicon or metal species depending 

on the composition of the substrate being etched. The polymeric byproducts 

deposit as thin layers of etch residue on the waits and components in the 
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chamber. The composition of the etch residue layer typically varies 

considerably across the chamber surf ace depending upon the composition of the 

localized gaseous environment, the location of gas inlet and exhaust ports, and 

the chamber geometry. 

The compositional variant, non-homogeneous, etch residue layer 

formed on the etching chamber surfaces has to be periodically cleaned to 

prevent contamination of the substrate. Typically, after processing of about 25 

wafers, an in-situ plasma "dry-clean" process is performed in an empty etching 

1 O chamber to clean the chamber. However, the energetic plasma species rapidly 

erode the chamber walls and chamber components, and it is expensive to often 

replace such parts and components. Also, erosion of the chamber surfaces can 

result in instability of the etching process from one wafer to another. The thin 

compositional variant etch residue can also make it difficult to stop the in-situ · 

15 plasma clean process upon removal of all the residue, resulting in erosion of the 

underlying chamber surfaces, and making it difficult to clean the hard residue off 

all the chamber surfaces. For example, the etch residue formed near the 

chamber inlet or exhaust often has a high concentration of etchant gas species 

than that formed near the substrate which typically contains a higher 

20 concentration of resist, hard mask, or of the material being etched. 

It is difficult to form a cleaning plasma that uniformly etches away 

the compositional variants of etch residue. Thus after cleaning of about 100 or 

300 wafers, the etching chamber is opened to the atmosphere and cleaned in a 

25 "wet-cleaning" process, in which an operator uses an acid or solvent to scrub 

off and dissolve accumulated etch residue on the chamber walls. To provide 

consistent chamber surface properties, after the wet cleaning step, the chamber 

surfaces are "seasoned" by pumping down the chamber for an extended period 

of time, and thereafter, performing a series of runs of the etch process on 

30 dummy wafers. The internal chamber surfaces should have consistent chemical 
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surfaces, i.e., surfaces having little or no variations in the COl'.\~entration, type, 

or functionality of surface chemical groups; otherwise, the etching processes 

performed in the chamber produce widely varying etching properties from one 

substrate to another. In the pump-down process, the chamber is maintained in 

5 a high vacuum environment for 2 to 3 hours to outgas moisture and other 

volatile species trapped in the chamber during the wet clean process. 

Thereafter, the etch process to be performed in the chamber, is run for 10 to 15 

minutes on dummy wafers, or until the chamber provides consistent and 

reproducible etching properties. 

10 

In the competitive semiconductor industry, the increased cost per 

substrate that results from the downtime of the etching chamber, during the dry 

or wet cleaning, and seasoning process steps, is highly undesirable. It typically 

takes 5 to 10 minutes for each dry cleaning process step, and 2 to 3 hours to 

15 complete the wet cleaning processes. Also, the wet cleaning and seasoning 

process often provide inconsistent and variable etch properties. In particular, 

because the wet cleaning process is manually performed by an operator, it often 

varies from one session to another. resulting in variations in chamber surf ace 

properties and low reproducibitity of etching processes. Thus it is desirable to 

20 have an etching process that can remove or eliminate deposition of etch residue 

on the chamber surfaces. 

ln semiconductor fabrication, yet another type of problem arises in 

the etching of multiple layers of materials that have similar constituent . 
25 elements, for example, silicon-containing materials such as tungsten silicide, 

potysilicon, silicon nitride, and silicon dioxide. With reference to Figures 1 a and 

1 b, a typical multilayer polycide structure on a semiconductor substrate 20 

comprises metal silicide layers 22 deposited over doped or undoped polysilicon 

layers 24. The polycide layers are formed over silicon dioxide layers 26, and 

30 etched to form the etched features 30. In these multilayer structures, it is 
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difficult to obtain a high etching selectivity ratio for etching the metal silicide 

layer relative to the overlying resist layer 28, or the underlying polysilicon layer 

24. It is especially desirable have high etching selectivity ratios for polycide 

structures that have a no.n-planar and highly convoluted topography, where the 

5 portion of the conformal metal silicide layer 22 between the etched fe~tures is 

thicker than the portion of the metal silicide layer 22 on top of the etched 

features (not shown). At a certain time during the etching process, the thinner 

metal silicide layer is etched through and etching of the underlying polysilicon 

.t.. layer begins, while the thicker metal silicide layer 22 is still being etched. This 

1 O requires that the polysilicon layer 24 be etched sufficiently slowly relative to the 

rate of etching of the metal silicide layer, that the entire polysilicon layer 24 

below the thinner metal silicide layer is not etched through, before completion of 

etching of the thicker portions of the metal silicide layer 22. Thus, it is 

desirable to etch the metal silicide layer 22 at a faster rate relative to the rate of 

1 5 etching of the polysilicon \ayer 24. The same problem arises in the etching of a 

mask layer of silicon nitride 32, on a very thin silicon dioxide layer 34, prior to 

forming trenches in a substrate comprising silicon 36, as for example shown in 

Figures 1 c and 1 d. The etched trenches 38 are used to isolate active MOSFET 

devices formed on the substrate. The etching selectivity ratio for etching silicon 

20 nitride relative to silicon dioxide has to be very high to stop on the silicon 

dioxide layer without etching through the layer. 

High etching selectivity ratios are obtained by using process gas 

compositions that etch the different silicon-containing materials at significantly 

25 different etching rates, which depend upon the chemical reactivity of the 

particular process gas composition with a particular layer. However, etching 

metal silicide layers with high selectivity to polysilicon, or etching silicon nitride 

layers with high selectivity to silicon dioxide layers, is particularly difficult 

because both materials contain elemental silicon and most conventional etchant 

30 plasmas etch the silicon containing layers to form gaseous SiCI" or SiF" species. 
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Thus, it is difficult for th~· etchant ptasnia to chemicaliy distinguish and 

preferentially etch the metal silicide layer 22 faster than the potysilicon layer 24, 

and the silicon nitride layer 32. faster than the silicon dioxide layer 34. This 

problem is further exacerbated because the etchant residue formed on the 

5 chamber sidewalls also contains silicon dioxide, and attempts to remove the 

etchant residue during the polycide etching process, result in substantially 

lowering the rate of etching selectivity ratio of these layers. 

Thus it is desirable to have an etch process that reduces formation 

10 of etch residue deposits in the etching chamber. It is also desirable that the 

etch or cleaning gases do not to erode the exposed surf aces in the chamber. It 

is further desirable to have an etch or cleaning process that restores the original 

chemical. reactivity and surface functional groups of the chamber surfaces. It is 

further desirabte for the chamber cleaning process to remove chemically adhered 

15 etch residue tayers having variable thickness and stoichiometry, without 

excessive erosion of underlying chamber surfaces. It is also desirable to have 

an etch process for removing etch residues generated by etching multiple layers 

of materials, for example, silicon dioxide containing etch residues during etching 

of tungsten silicide on polysilicon layers, or silicon nitride on silicon dioxide 

20 layers, without sacrificing their etching selectivity ratio. 

SUMMARY 

The present invention provides a method of etching a substrate in 

25 an etching chamber, that reduces or entirely eliminates the etch residues on the 

chamber surfaces and provides highly consistent and reproducible etching 

performance. In the method a substrate is etched and simultaneously, the 

etching chamber is cleaned off etch residue. A substrate is placed in the 

chamber, and a plasma is formed from process gas introduced into the chamber 

30 to simultaneously etch the substrate, and clean etch residue deposited on the 
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chamber surfaces. The process gas comprises (i) etchant gas for etching the 

substrate thereby forming etch residue on chamber surfaces, and (ii} cleaning 

gas for cleaning the etch residue formed on the chamber surfaces, the 

volumetric flow ratio of cleaning gas to etchant gas selected so that the etch 

5 · residue is substantially entirely removed from the chamber surfaces upon 

completion of the etch process. 

The method is useful for etching metal silicide, silicon nitride, 

polysilicon, or monocrystalline silicon on a substrate, while simultaneously 

10 cleaning the etching chamber of silicon dioxide containing etch residue. In this 

method, a plasma is generated from one or more process gases introduced into 

the chamber to etch the substrate and clean the etch residue on the etching 

chamber surfaces. The process gas comprises (i) etchant gases for etching 

metal silicide, polysilicon, or silicon on the substrate thereby forming silicon 

15 dioxide etch residue on the etching chamber surfaces, and (ii) cleaning gas for 

removing the silicon dioxide etch residue on the etching chamber surfaces. The 

volumetric flow ratio of cleaning gas to etchant gas selected to remove 

substantially all the silicon dioxide etch residue from the chamber surfaces upon 

completion of the etch process. 

20 

In one example of the present process, a substrate comprising 

silicon-containing material (metal silicide, monocrystalline silicon, polycrystalline 

silicon, silicon nitride ·or silicon oxide) is etched using a plasma· of process gas 

comprising Cl2, N2, and CF 4 , in a volumetric flow ratio selected to remove 

25 substantially all the etch residue formed on the chamber surf aces upon 

completion of the etching process. Preferably, the volumetric flow ratio of Cl2 , 

N2 , and CF 4 , is selected to remove substantially all the etchant residue 

generated by etching at least 2000 substrates in the chamber, without 

performing a separate cleaning step for cleaning the chamber. The ratio of the 

30 volumetric flow ratio of CF4 : (Cl2 + N2) is more preferably from about 1 :20 to 

IT 
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about 1 : 1 • In another example, the process uses a process gas comprising Cl2, 

N2, and SF6, preferably, the volumetric flow ratio of SF6 : (Cl1 + N2) being from 

about 1 :20 to about 1: 1. In yet another example, a suitable process gas 

comprises Cl2, N1, and NF3, preferably, t~e volumetric flow ratio of NF3 : (Cl 2 + 

5 N2) being from about 1 :20 to about 1: 1. 
~ 

The method is particularly useful for etching substrates comprising 

multiple layers, for example, for etching polycide structures composed of 

tungsten silicide and polysilicon layers, or for etching silicon nitride layers 

10 deposited over silicon dioxide layers -- while simultaneously cleaning the etching 

chamber of silicon dioxide containing etch residue. The multiple layers are 

etched in a multiple stage process. In a first etching stage, a first etchant gas is 

introduced into the chamber and a plasma generated from the first etchant gas 

for etching the first layer. In a second etching stage, a second etchant gas is 

15 introduced into the chamber and a plasma is generated from the second etchant 

gas for etching the second layer. tn one or more these stages, cleaning gas is 

added to the etchant gas to generate a cleaning plasma that removes all the 

silicon dioxide etch residue formed on the etching chamber surf aces in both of 

the etching stages. 

20 

In another aspect, the method of the present invention is useful for 

fabricating a semiconductor substrate. In this method, a process gas 

comprising etchant gases for etching the substrate, is introduced into the 

chamber, and a plasma is generated from the etchant gas to etch the substrate. 

25 A burst of cleaning gas is added to the process gas while the substrate is still 

being etched, to clean the chamber surfaces. The cleaning gas is added for a 

sufficient time, and the volumetric flow ratio of cleaning gas to etchant gases is 

sufficiently high, to remove substantially all the etch residue formed or 

deposited during the etching process. 

30 
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These and other features, aspects, and advantages of the present 

invention will be better understood from the following drawings, description and 

5 appended claims, which illustrate examples of the invention. While the 

description and drawings below illustrate exemplary features of the invention, it 

is to be understood that each of the features can be used in the invention in 

general, not merely in the context of the particular drawings, and the invention 

includes Any combination of the$e features. 

10 

Figure 1 a is a schematic cross-section of a substrate having silicon 

dioxide, polysilicon, metal silicide and resist layers; 

Figure 1 b is a schematic cross-section of the substrate of Figure 

16 1 a after etching of the metal silicide and polysilicon layers; 

20 

25 

Figure 1 c is a schematic cross-section of a silicon or polysilicon 

substrate having a mask layer of silicon nitride; 

Figure 1 d is a schematic cross-section of the substrate of Figure 

1 c after etching of trenches in the silicon or polysilicon; 

Figure 2 is a sectional schematic side view of an etching apparatus 

of the present invention; 

Figure 3 is a flowchart of the process steps _used ~o etch 

substrates and simultaneously clean the surf aces of the etching cham~er and its 

components; 

i--
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Figures 4a and 4b are graphs showing the WSi. and polysilicon 

etch rate, and WSi. to polysiticon etching selectivity ratio, respectively, f.or 

processing a batch of 3000 wafers without cleaning the chambe~;. 

-
~igures 5a and Sb are graphs showing the polysilicon and silicon 

dioxide etch rate, and polysilicon overetch rate stability, respectively, for 

processing a batch of 3000 wafers without cleaning the chamber; 

Figure 6 is a graph showing the variations in critical dimensions for 

10 the etched features on the wafers; and 

15 

Figures 7 a and 7b are graphs showing the average Adder particle 

Jevels for processing a batch of 3000 wafers without cleaning the chamber. 

DESCRf PTtON 

An apparatus 20 suitable for etching a substrate 25 according to 

the present invention, as schematically illustrated in Figure 2, comprises an 

enclosed process chamber 30 defining a process zone for processing the 

20 substrate. A load-lock transfer area (not shown) is maintained at low pressure 

for holding a cassette of substrates 25. The particular embodiment of the 

apparatus 20 shown herein is suitable for processing of semiconductor 

substrates 25, is provided only to illustrate the invention, and should not be 

used to limit the scope of the invention. The enclosed chamber 30 has 

25 sidewalls 45 and a bottom wall 50 fabricated from any one of a variety of 

materials including metals, ceramics, glasses, polymers, and composite 

materials. The process zone defined in the etching chamber 30 is directly above 

and surrounds the substrate 25 and comprises a volume of at least about 

10,000 cm3
, and more preferably about 10,000 to about 50,000 cm3

• The 

30 chamber comprises a ceiling 55 that is flat or rectangular shaped, arcuate, 
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conical, dome-shaped, or multiradius dome shaped. Preferably, the ceiling 55 is· 

dome-shaped to provide a uniform distribution of plasma source power across 

the entire volume of the plasma process zone. The dome-shaped ceiling 55 is 

further from the substrate center 60 than a flat ceiling, and can reduce 

5 · dissociated ion recombination losses near the substrate 25 to provide more 

uniform plasma ion density across the substrate surface than a flat ceiling. The 

dome ceiling 56 can be a flattened dome, conical, truncated conical, cylindrical, 

or other combination of such shapes, that provides a dome shaped surface 

above the substrate 25. 

10 

Process gas is introduced into the chamber 30 through a gas 

distribution system 65 that includes a process gas supply 70 and a gas flow 

control system that comprises a conventional computer system 75 operating a 

gas flow control valve 80. The gas distribution system 66 can comprise gas 

15 outlets 85 located peripherally around the substrate 25 (as shown), or a 

showerhead mounted on the ceiling of the chamber 30 with outlets therein (not 

shown). A second gas supply system 200 provides cleaning gas to the 

chamber 30 via an electronically operated valve 206. Spent process gas and 

etchant byproducts are exhausted from the process chamber 30 through an 

20 exhaust system 90(typically including a 1000 liter/sec roughing pump) capable 

of achieving a minimum pressure of about 10·3 mTorr in the chamber 30. A 

throttle valve 95 is provided in the exhaust 90 to control the flow of spent 

process gas and the pressure of process gas in the chamber 30. Preferably, an 

asymmetric pumping channel 100 is used to pump gases out of the chamber 30 

25 to provide a more symmetrical and uniform distribution of gaseous species 

around the surface 105 of the substrate. 

A plasma is generated from the process gas introduced into the 

chamber 30, using a plasma generator 110 that couples an electric field into the 

30 process zone of the chamber. A suitable plasma generator 110 comprises an 
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inductor antenna 115 consisting of one or more inductor coils having a circular 

symmetry with a central axis coincident with the longitud.inal vertical axis that 

extends through the center of the process chamber 30 and perpendicurar to the 

plane of the substrate 25. Preferably, the inductor antenna 115 comprises 

5 solenoid coils having from 1 to 10 turns, and more typically from 2 to 6 turns. 

The arrangement and number of solenoid coils are selected to provide the 

desired product of current and antenna turns (d/dt)(N•I) near the ceiling 55 to 

provide a strong il'}ductive flux linkage with close coupling to the plasma and 

therefore greater plasma ion density in the plasma zone adjacent to the 

1 O substrate 25, as described in U.S. patent application no. 08/648,254, which is 

incorporated herein by reference. When the inductor antenna 115 is positioned 

near the dome ceiling 55, the ceiling of the chamber 30 comprises dielectric 

material which is transparent to RF fields, such as a slab of machined silicon 

dioxide or tiles of silicon or silicon dioxide bonded to one another to provide a 

16 curved shape. Preferabty, the inductor coil 115 wrapped around the sidewall 45 

of the process chamber 30 is a multiradius dome·shaped inductor coil having a 

"flattened" dome shape that provides increased plasma ion density directly over 

the substrate center 60 because ion density is affected by local ionization near 

the inductor coil 115, and a multiradius inductor coil is closer to the substrate 

20 center 60 than a hemispherical coil. In another preferred embodiment, the 

ceiling 55 comprises a multiradius dome having at least a center radius R and a 

corner radius r, wherein r is less than the center radius R and R/r is from about. 

2 to about 1 O. 

25 The plasma formed in the plasma zone can also be enhanced using 

magnetically enhanced reactors, in which a magnetic field generator (not 

shown), such as a permanent magnet or electromagnetic coils, are used to apply 

a magnetic field in the plasma zone to increase the density and uniformity of the 

plasma. Preferably, the magnetic field comprises a rotating magnetic field with 

30 the axis of the field rotating parallel to the plane of the substrate, as described 
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in U.S. Patent No. 4,842,683, issued June 27, 1989, which is inporporated 

herein by reference. The magnetic field in the chamber should be sufficiently 

strong to increase the density of the ions formed in the plasma, and sufficiently 

uniform to reduce charge-up damage to features such as CMOS gates. 

5 GeneraUy, the magnetic field as measured on the surf ace of the substrate is less 

than about 500 Gauss, more typically from about 10 to about 100 Gauss, and 

most typically from about 10 Gauss to about 30 Gauss. 

In addition to the inductor antenna 115, one or more process 

1 O electrodes can be used to accelerate or energize the plasma ions in the chamber 

30. The process electrodes include a first electrode 120 forming a wall of the 

process chamber 30, such as the ceiling 55 and/or sidewalls 46 of the chamber. 

The first electrode 120 is capacitively coupled to a second electrode 125 below 

the substrate 26. An electrode voltage supply 155 supplies an RF potential that 

15 maintains the first and second electrodes 120, 125 at different electrical 

potentials relative to one another. The frequency of the RF voltage applied to 

the inductor antenna 115 is typically about 50 KHz to about 60 MHZ, and more 

typically about 13.56 MHZ; and the power level of RF voltage applied to the 

antenna is about 100 to about 5000 Watts. 

20 

The enclosed chamber 30 comprises one or more ceramic surf aces 

that serve different functions. For example, in one preferred embodiment, the 

walls 45, 50, 55 of the process chamber are coated with a ceramic material, 

such as boron carbide, boron nitride, silicon, silicon oxide, silicon carbide, or 

25 silicon nitride, to protect the walls from chemically erosion in particular etchant 

gas compositions. For example, boron carbide is useful for protecting sidewalls 

45 of chambers from erosion in fluorinated gaseous environments. As another 

example, sapphire (aluminum oxide) gas distribution plates can be used to 

release process gas into the chamber 30. When the chamber contains ceramic 

30 surfaces, the etch residues are difficult to remove, because they can react with 
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some of the ceramic surfaces in the chamber 30 (for example, the surf ace of 

the monolithic ceramic member 135 which has highly reactive surface functional 

groups) such as aluminum oxide, aluminum nitride, siticon, and silicon oxide 

ceramic surfaces. For example, aluminum oxide or nitride surfaces when 

5 exposed to oxygen or moisture form Al-OH· surf ace functional groups that 

chemically react with the etch residue to form a hard adherent coating on the 

chamber surfaces or components. 

Another ceramic surface useful in the process chamber 30 is that 

10 of a monolithic ceramic member 135 having a ceramic receiving surf ace 140 for 

receiving a substrate 25 thereon. Suitable ceramic materials include one or 

more of aluminum oxide, aluminum nitride, boron carbide, boron nitride, silicon, 

silicon oxide, silicon carbide, silicon nitride, and titanium oxide. The second 

electrode 126 is embedded in the ceramic member 135 so that ceramic material 

15 completely surrounds the second electrode to form a unitary monolithic ceramic 

member. The second electrode 125 is fabricated from an electrical conductor 

metal such as tungsten, tantalum or molybdenum. The embedded second 

electrode 125 is the conductor to which a "hot" RF potential is applied, with the 

other electrodes in the chamber 30 maintained at different potentials, including 

20 etectrical ground or floating potentials, relative to the second electrode 125. 

Because it is embedded in the unitary ceramic member 135, the second 

electrode 125 does not have to be electrically isolated from the chamber 30 by 

additional insulator shields, thereby reducing the parasitic capacitance 

impedance loads in the chamber 30 that would otherwise result between the 

25 second electrode 125 and the grounded chamber walls 45, 50. The second 

electrode 125 also serves as an electrostatic chuck 145 that generates an 

electrostatic charge for etectrostatically holding the substrate 25 to the receiving 

surface 140 of the ceramic member 135 using a DC chucking voltage applied 

through an electrical conductor 150 inserted through the ceramic member 135 

30 to connect to the second electrode 125. 
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The first and second electrodes 120, 125 are electrically biased 

relative to one another by the electrode voltage supply 155 that includes-an AC 

voltage 160 supply for providing a plasma generating RF voltage to the second 

electrode 125, and a DC voltage supply 165 for providing a chucking voltage to 

5 · the electrode 125. The AC voltage supply 160 provides an RF generating 

voltage having one or more frequencies from 13.56 MHZ to 400 KHz to form a 

capacitively coupled plasma in the chamber 30. The power level of the RF bias 

current applied to the electrode 125 is typically from about 50 to about 3000 

Watts. A separate DC voltage is applied to the electrode 125 to form an 

10 electrostatic charge that holds the substrate 25 to the chuck 145. The RF 

power is coupled to a bridge circuit and an electrical filter to provide DC 

chucking power to the electrode 125. 

15 

Etching & Cleaning Process 

Operation of the etching chamber 30 to etch one or more of the 

layers on the substrate 25, and simultaneously clean the etching chamber, will 

now be described. The substrate 25 typically comprises a semiconductor 

material, such as a silicon or gallium arsenide wafer, with a plurality of layers · 

20 comprising, for example, an underlayer of silicon dioxide that functions as a 

gate oxide layer for MOS transistors, and an overlayer of polyicide, which is a 

combination of tungsten silicide and underlying polysilicon layers. The metal 

silicide layer on the substrate 25 comprises, for example, tungsten, tantalum, 

titanium, or molybdenum silicides. A polysilicon layer is below the metal silicide 

25 layer and over a silicon dioxide layer. · A patterned mask layer, such as 

photoresist, or a silicon dioxide or silicon nitride hard mask, is formed on the 

substrate 25. The exposed portions of the substrate between the mask layer 

are etched to form features, such as for example, contact holes for fabricating 

gate electrodes for MOS transistors; polycide interconnecting features that are 

30 typically used as gate electrodes; and vias which are multilayer metal structures 
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used to electrically connect two or more electrically conductive layers separated 

by insulating silicon oxide/nitrlde layers. tn another example, the substra_te 

comprises silicon nitride layers or silicon oxide layers on a silicon (doped or 

undoped} substrate. 

To perform the process of the present invention, a substrate 25 is 

transferred using a robot arm 170 from a load-lock transfer chamber through a 

slit valve and into the chamber 30. A lift finger assembly (not shown) has lift 

fingers that extend through lift finger openings in the chuck 145 to receive or 

10 lift the substrate 25 off the chuck 145. The robot arm 170 places the substrate 

25 on the tips of the lift fingers (not shown) that are elevated by the pneumatic 

lift mechanism 180 to extend about 2 to 5 centimeters above the surface of the 

chuck 145. The pneumatic mechanism, under the control of a computer 

system, Jowers the substrate 25 onto the electrostatic chuck 145, and helium is .. 
15 supplied through apertures 175 in the chuck to control the temperature of the 

substrate 25. 

A process gas comprising etchant gas for etching the substrate is 

introduced into the chamber 30 through the gas outlet 85, and the chamber is 

20 typically maintained at a pressure ranging from about 0.1 to about 400 mTorr. 

Suitable etchant gases for etching layers on the substrate 25, include for 

example, HCI, BCl3, HBr, Br2 , Cl2 , CCl4, SiCl4, SF6 , F, NF3, HF, CF3 , Cf 4, CH3F, 

CHF3 , C2H2F2, C2H4F6 , C2F6 , C3F8, C4F8 , C2HF5 , C4F10, CF2Cl2 , CFC13 , 0 2 , N2, He, 

and mixtures thereof. The etchant gas is selected to provide high etch rates, 

25 and highly selective etching of the particular layers that are being etched. When 

multiple layers are sequential etched, first, second, third, etc., etchant gas 

compositions are sequentially introduced into the chamber to etch each 

particular layer. Referring to Figure 2, a plasma is energized from the etchant 

gas using the plasma generator 110 by inductively and/or capacitively coupling 

30 energy into the chamber 30. For example, the ptasma can be formed by 



W099/25015 PCT/US98/21865 

16 
. 

applying an RF source current to the inductor antenna 115 encircling the 

chamber 30, and applying an RF bias voltage to the electrodes 120, 125. The 

etchant gas ionizes in the applied electric field to form ions and neutrals that 

etch the layer on the substrate 25 to form volatile gaseous species that are 

6 exhausted from the chamber 30. 

The present process allows etching of one or more layers on a 

substrate 25 and simultaneous cleaning of the plasma etching chamber 30 in 

which the etching process is performed, without stopping the etching process. 

10 In one or more of the etch process stages, a cleaning gas is added to the 

etchant gas in a volumetric ratio selected so that the etching residue formed in 

any one of the etching stages: or the residue formed in all of the etching stages 

is substantially entirely removed during the etching process. Preferably, the 

etchant gas comprises one or more of Cl2 , N2, 0 2, HBr, or He-02; and the 

15 cleaning gas comprises one or more of NF3, CF 4 , or SF6• It has been discovered 

that combinations of these gases provide unique and unexpected etching and 

cleaning properties. 

The volumetric flow ratio of cleaning gas to etchant gas is selected 

20 to remove the etchant residue generated from processing at least 2000 

substrate 25, and more preferably at least 3000 substrates, without performing 

a separate cleaning step for cleaning the chamber 30 in between processing of 

the substrates. A suitable volumetric flow ratio of cleaning gas to etchant gas 

is from about 1: 20 to about 1 : 1, and more preferably from about 1: 10 to about 

25 2:3, and most preferably about 2:3. It has been discovered that at these 

volumetric flow ratios of cleani!'lg gas to etchant gas, substantially all the 

etchant residues on the chamber surfaces 45, 50, 55 are removed without 

eroding the chamber surfaces. In addition, it has been unexpectedly discovered 

that the chamber surfaces are cleaned and conditioned by the etchant and 

30 cleaning gas combination step, without requiring a separate chamber 

IT 
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conditioning or seasoning step. The synergism of etching the substrate 25 and 

simultaneously removing the etching residues from the surfaces in the chamber 

30 f without terminating the etching process or requiring separate cleaning or 

conditioning steps) provides significantly improved process stability from 

5 substrate to substrate, and increased process throughput. 

In one example of the present process, a substrate 25 comprising 

metal silicide or silicon {i.e., polycrystalline or monocrystaUine silicon), is etched 

using a plasma of process gas comprising Cl2, N2, and CF4, and optionally 0 2, in 

t 0 a volumetric flow ratio selected to remove substantially all the etch residue 

formed on the chamber surfaces upon completion of the etching process. 

Preferably, the volumetric flow ratio of Cl2, N2, and CF4 is selected to remove 

substantially all the etchant residue generated by etching at least 2000 

substrates 25 in the chamber 30, without performing a separate cleaning step 

t 5 for cleaning the chamber. The ratio of the volumetric flow ratio of CF4 : (Cl2 + 
N2> is more preferably from about 1 :20 to about 1 :1. In another example, the 

process uses a process gas comprising Cl2, N2 , and SF6, preferably, the 

volumetric flow ratio of SF6 : (Cl2 + N2) being from about 1 :20 to about 1:1. In 

yet another example, a suitable process gas comprises Cl2, N2, and NF3, 

20 preferably, the volumetric flow ratio of NF3 : (Cf2 + N2) being from about 1:20 

to about 1 : 1 . 

A burst of cleaning gas is introduced into the etching chamber 30 

for a short burst of time to treat and condition the chamber surfaces, while the 

25 substrate 25 is still being etched by the etchant gas. Process gas comprising 

etchant gas is introduced into the chamber 30, and the composition of the 

process gas is adjusted to the desired etchant gas composition to etch one or 

more of the different layers of material on a substrate. During the etching 

process, a short burst of cleaning gas is added to the process gas while the 

30 substrate ls still being etched. For example, the burst of cleaning gas can be 
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added to the etchant gas used to etch a polysilicon layer (during the main etch 

of the polysilicon layer) and terminated before the polysilicon overetching_ step. 

The burst of activated cleaning gas provides a larger number of highly reactive 

cleaning species that removes the freshly deposited etch residues before they 

5 can chemically adhere to the chamber surfaces. Also, a first etchant gas 

composition can generate a first etch residue that is weakly adhered to the 

chamber surf aces or that has a chemically soft and reactive composition; 

however, when second etchant gas. is introduced into the chamber, the second 

etchant gas can react with the first etch residue and make it a chemically hard 

10 sticking residue. In these processes, the short burst of cleaning gas is 

introduced into the chamber during the first stage of the etch process, to 

remove the freshly generated etch residue before it is chemically changed by 

exposure to another chemical gas composition. A high flow rate burst and 

quick removal of the cleaning gas from the chamber 30 also reduces the 

15 possibility of the cleaning gas combining to form other chemical species that 

erode the chamber surfaces and components. This mechanism is further aided 

by the high flow rates of the burst of gas which flush out reaction byproducts 

from the chamber 30. Preferably, the burst of activated cleaning gas is 

introduced into the et,ching chamber a~ a flow rate FR equivalent to a rate of at 

20 least about 40 to about 200 seem for an etching chamber 30 having a volume 

of about 40,000 cm3 for a time period of about 5 to about 100 seconds to 

clean the etch residue, substantially without eroding the walls 45, 50, 55 and 

components in the chamber 30. 

25 After completion of processing, the substrate 25 is dechucked 

using suitable dechucking means. A pneumatic lifting apparatus 180 raises lift 

pins through the electrostatic chuck 145 to raise the substrate 25 and a robotic 

transport arm is inserted between the substrate 25 and the chuck to lift the 

substrate off the lift pins. Thereafter, the lift pins are retracted into the chuck 
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146t and the robotic arm transports the first substrate 25 out of the etching 

chamber 30 and into a transfer chamber maintained in a vacuum environment. 

Multiple Etching Stages 

In another aspect of the present process, multiple stages are used 

to etch multiple layers on the substrate, and the cleaning gas is introduced in at 

least one of the stages to remove the etch residue deposited on the chamber 

surfaces in one or more of the multiple etching steps, as illustrated in Figure 3. 

1 O This process is useful for etching, for example, polycide structures that 

comprise multiple layers of tungsten silicide and polysilicon tayers or for etching 

silicon nitride layers or silicon dioxide layers on silicon wafers. Although the 

present process is illustrated in the context of etching such layers, it should be 

understood that the process can be used to etch other layers such as metal 

15 layers and silicon dioxide layers. Thus, the present process should not be 

limited to the examples and illustrative methods provided herein. 

The multi-stage process comprises a plurality of etching stages. In 

a first etching stage, a first etchant gas is introduced into the process chamber 

20 30, and a plasma is formed from the first etchant gas to etch the first layers on 

the substrate 25 (for example, a tungsten silicide layer). The first or tungsten 

silicide layer is typically etched using a first etchant process gas comprising 

chlorine-containing gases, for example a mixture of chlorine and nitrogen, and 

optionally oxygen. Preferably, the volumetric flow ratio of chlorine to nitrogen 

25 is about 1 :3 to about 1: 1, and more preferably about 2:3. The pressure in the 

chamber 30 is maintained at 1 to 10 mTorr, the inductor coil source power level 

at 200 to 800 Watts, and the process electrodes R.F. bias power level at 20 to 
ll 

120 watts. 
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In ·the second etching stage, a second etchant gas is introduced 

into the chamber 30, and a plasma is formed to etch the second layers (~or 

example a polysilicon layer below ttle tungsten silicide layer) after the first layer 

has completed etching. The second or polysilicon layer can be etched in more 

5 than one etching process step, with the etchant gas composition being changed 

during each etching step. Suitable second etchant gas compositions comprise 

Cl2 in a flow rate of from 20 to 120 seem, HBr at about 80 to 240 seem, and 

He-02 at about 2 to 10 seem. The chamber pressure is from about 25 to 200 

mTorr. The power level of the source current applied to the inductor antenna 

10 115 is from about 200 to 800 Watts, and the bias RF power level of the voltage 

applied to the process electrodes 1·20, 125 is from about 20 to 120 Watts. 

In one or more of the first and second stages, a cleaning gas Is 

added to the etchant gas in a volumetric ratio selected so that the etching 

15 residue formed in any one of the stages is substantially entirely removed during 

the etching process. The etch residue formed in the first and second stages 

typically comprises polymeric organic compounds containing halogen, carbon, 

hydrogen, and oxygen. When silicon-containing layers are being etched, the 

etchant residue comprises predominantly silicon dioxide compounds formed. 

20 during etching of both the tungsten silicide and polysilicon layers on the 

substrate 25. However, the composition of etch residue can vary from the first 

to the second layer, the first etch residue composed more of W and Si species, 

and the second etch residue composed more of Si and 0 species. Thus the 

cleaning gas is added to the process gas in the first or second stage, in a 

25 volumetric ratio suitable for removing the first etch residue formed in the first 

etching stage in which the tungsten silicide layer was etched, as well as the 

second etch residue formed during the second etching stage in which the 

polysilicon layer was etched. It has been discovered that a suitable volumetric 

flow ratio of cleaning gas to etchant gas is from about 1 :10 to about 2:3. For 

30 example, to a flow rate of first etchant gas of about 80 seem Cl2 and 40 seem 
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N2, was adde-d a cleaning gas comprising CF4 at a ftow rate of ao·sccm, to 

provide a volumetric ratio of cleaning gas to first etchant gas of about 2:~. It 

has been discovered that at these volumetric flow ratios of cleaning gas to 

etchant gas, substantially all the etchant residues on the chamber surfaces 

5 (which are formed during the different stages of the etching process) are 

removed without eroding the chamber surfaces. In addition, it has been 

unexpectedly discovered that the chamber surf aces are cleaned and conditioned • 

by the etchant and cleaning gas combination, without requiring a separate 

seasoning or conditioning process step. 

10 

The chamber treatment process of the present invention has been 

found to uniformly remove etch residues, irrespective of their thickness or 

chemical stoichiometry, during performance of an etching process. Prior art 

cleaning processes, particularly those performed by an operator, often fail to 

15 uniformly clean and remove the etch residue deposits formed on chamber 

surfaces. Build-up of etchant deposits on the chamber surfaces, result in flaking 

off the etchant deposits and contamination of the substrate 25 etched in the 

chamber. By uniformly removing the etch residues formed across substantially 

all of the chamber surfaces, such contamination and resultant reduced substrate 

20 25 yields, are substantially minimized. 

The cleaning gas also results in much less erosive damage to the 

chamber compared to conventional in-situ plasma cleaning steps, because of the 

reduced energy levels of the plasma in the etching chamber. This was difficult 

25 to accomplish in prior art processes, in which high powered plasmas used to 

remove the residue deposits also resulted in extensive erosion of chamber 

surfaces and components. By reducing the need to replace chamber 

components, the cost of operating the chamber 30 and the cost per substrate 

25 are significantly reduced. Furthermore, the activated cleaning gas can be 

30 used to efficiently clean an chamber 30 in-situ during etching of substrates 25, 
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rather than stopping processing to wet clean the chamber walls and 

components, thereby increasing etching throughput and further reducing .costs 

per substrate. The cleaning process is expected to increase chamber lifetimes 

by a factor of at least 2, and also increase substr~te yields by reducing the 

5 ·deposition of flaked-off etchant byproducts onto the substrate. 

The cleaning process removes chemically-adhered etchant deposits 

from the surfaces in the chamber 30, and restores the original chemical 

reactivity and surface functional groups of these surf aces, without requiring a 

10 chamber conditioning process after the cleaning process. The cleaning and 

treatment process is also particularly useful for cleaning etch residue that is 

strongly adhered to, or chemically reacted with chamber surfaces. The cleaning 

gas is effective at treating and reconditioning these ceramic surfaces to provide 

surf ace chemistries and surf ace functional groups that are chemically compatible 

15 with the etching process. The conditioned ceramic surf aces provide more 

reproducible etching properties in the chamber 30, than that provided by 

alternative chamber cleaning processes, such as wet cleaning or RIE cleaning 

processes. The significantly improved reproducibility of etching processes 

performed in the chamber 30 is highly desirable. 

20 

Example 1 

Continuous Etching of 3000 Wafers Without Cleaning Chamber 

The following examples demonstrate the effectiveness of the 

25 etching and cleaning processes according to the present invention. In these 

examples, a Silicon DPS process chamber, commercially available from App\ied 

Materials, Santa Clara, California, was used to etch polycide layers on a 

substrate. In these examples, the substrates comprised a silicon wafer 

comprising an underlayer of 1000 A of Si02, covered by a polycide layer 

30 comprising 3000 A polysilicon and 3000 A WSix. Over 3000 wafers were 

i. 
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sequentially etched in the etching chamber 30, and the etched properties of the 

features, etching rates, and etching selectivity ratios measured from time. to 

time. 

The tungsten silicide etching process used a flow rate of first 

etchant gas comprising 80 seem Cl2 and 40 seem N2• To the first etchant gas 

was added a cleaning gas comprising CF 4 at a flow rate of 80 seem, which 

provides a volumetric flow ratio of cleaning gas to etchant gas of about 2:3. 

The pressure in the chamber was maintained at 4 mTorr, the inductor coil 

10 source power level at 600 Watts and the process electrode R.F. bias power 

level at 60 watts. 

The polysilicon layers on the substrate 25 were etched in two 

stages, including a main etch stage and an "overetch" stage, in order to stop 

15 the etching process without etching through the silicon dioxide underlayer on 

the substrate. The main etch stage was stopped immediately before the 

polysilicon layer was completely etched through, and the overetch stage is 

performed to etch through the residual portion of the polysilicon layer. 

Typically, the halogen content of the etchant gas was reduced in the overetch 

20 stage to obtain slower and more controllable etch rates. For example, in the 

main etching stage, the polysilicon layer was etched using an etchant gas 

comprising 60 seem Cl2 , 140 seem HBr, and 5 seem He-02; the power level of 

the source current applied to the inductor antenna 115 was at 480 Watts, and 

the bias RF power level of the voltage applied to the process electrodes 120, 

25 125 was at 64 Watts. In the over-etch process stage, the etchant gas 

comprised 90 seem HBr and 6 seem He-02; a chamber pressure of 50 mTorr; a 

source power level of 400 Watts; and a RF bias power level of 140 Watts. 

One unexpected discovery was that the combination of etchant 

30 and cleaning gases provided unexpectedly high etching rates and etching 
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selectivity ratios, for etching of tungsten silicide relative to polysilicon, in the 

first stage of the process. Figure 4a shows the tungsten silicide and polysilicon 

etch rates for the 3000 wafers consecutively processed in the etching chamber. 

Prior art etching processes required cleaning and conditioning of the chamber 

5 after processing of 200 to 300 wafers, because of the variation in etching rates 

and etching selectivity ratio and the higher particle contamination levels that 

resulted from etch residue deposits on the chamber surfaces, after processing 

such a large number of wafers. In contrast, the present etching and 

simultaneous cleaning process provided consistently high and uniform tungsten 

10 silicide etch rates of 3000 A/min and a variation in etch rate of about 1. 7%, 

during continuous etching of 3000 wafers without cleaning the chamber 25. 

Similarly, the poly silicon etch rate was maintained at a high rate of about 

2350 A/min. 

15 It was discovered that the etchant and cleaning gas also provided 

uniform and consistent etching rates for etching the tungsten silicide and 

polysilicon for processing of over 3000 wafers. The tungsten silicide and 

polysilicon etch rate uniformity was measured for a 3000 wafer process cycle. 

The tungsten silicide etch rate varied by less than 8 % and the polysilicon etch 

20 rate varied by less than 2%. In addition, it was discovered that the etchant and 

cleaning gas provided an etching selectivity ratio of 1.2 for etching tungsten 

silicide relative to polysilicon, which was at least 50% higher than etching 

selectivity ratios of prior art polycide etching processes which are typically from 

0.6 to 0.8. For example, Figure 4b shows the average tungsten silicide to 

25 polysilicon etching selectivity ratio ranges is about 1.3: 1 for the 3000 wafer 

batch. In addition, the etching_ selectivity ratio varied by only about 0.02 from 

wafer to wafer for etching of all 3000 wafers. 

It was further discovered that very high polysilicon to silicon 

30 dioxide etch rates and etching selectivity ratio were obtained, and also that the 

r 
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polysilicon etch rate was relatively uniform for etching of 3000 wafers, during 

the second stage of the process. As shown in Figure 5a, a potysilicon etch rate 

of 2204 A/min was obtained, and an extremely Jow silicon dioxide etch rate of 

168 A/min was obtained. These results provided a very high average pofysilicon 

5 to silicon oxid~ etching selectivity ratio of 13: 1, which meant that the 

underlying silicon dioxide layer was not at all etched during etching of the 

overlying polysilicon layer. This high etching selectivity ratio was highly 

desirable to prevent overetching and breakthrough of the underlying electrically 

insulating silicon dioxide layer. Figure Sb further demonstrates the stability and 

10 uniformity of the etching rate for etching polysilicon layers on the substrate. It 

was seen that the polysilicon overetch rate of 1855 A/minute was obtained, and 

the uniformity of the polysilicon overetch rate was less than 6 % during the 

entire 3000 wafer batch process. 

15 The variations in critical dimensions for the etched features on the 

wafers was also measured, as shown in Figure 6. Conventional etching 

processes often f ai1 to maintain the critical dimensions which are predefined and 

desirable dimensions of the etched features used to determine the electrical 

properties of the etched features in the design of integrated circuits. In newer 

20 integrated circuits, the line widths of interconnect lines and diameters of contact 

plugs are becoming increasingly smaller than 0.25 microns, to accommodate 

higi1er circuit densities. Because the electrical resistance of these features is 

proportional to the cross-sectional area of the etched features, it is important to 

maintain consistent and uniform dimensions without variations from feature to 

25 feature. Tapering cross-sections and cross-sectional profiles that vary as a 

function of the spacing of the features are no longer acceptabte in these 

integrated circuits. 

The critical dimensions are typically measured as a ratio or 

30 difference between the width W, of the resist features and the width W, of the 
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etched features. The closer the width of the etched feature to that of the resist 

feature the more predictable and reliable are the electrical properties of th.e 

etched feature. In the present examples, as shown in Figure 6, the densely 

packed feature portion of the substrate (which had closely spaced· etched 

5 ·features), exhibited a critical dimension of about 0. 4 microns, and a critical 

dimension bias of about 0.04 microns. The 3o standard deviation level of the 

critical dimension, from wafer to wafer, was about 0.009 microns, which was 

also extremely low and indicative of uniform and consistent etch properties 

across the substrate. 

10 

During etching of over 3000 wafers in the chamber 30, the 

contaminant particles flaking off from the etch residue formed on the chamber 

surfaces, were measured at predetermined at intervals of time, for example, 

after each lot of twenty-five substrates 25 had completed etching. The particle 

15 contamination levels when measured using a TENCOR Surfscan 6200 with a 

3 mm edge exclusion. Figure 7a shows the average count for contaminant 

particles, when process gas comprising 80 seem CF 4, 80 seem Cl2, and 40 

seem N2 was flowed into the chamber 30. The contaminant particle counts 

averaged about 8.8, which was 5 to 6 times lower than the prior art Adder 

20 counts of about 60 particles obtained in conventional etching processes. 

Figure 7b shows the Adder contaminant particle levels for a plasma of a process 

gas comprising 80 seem CF 4 , 80 seem Cl2 , and 40 seem N2; for which an 

average count of 5.7 was obtained, which was ten times lower than the prior 

art processes. In addition to the Adder particle counts, the etching chamber 

25 surfaces were visually examined for etchant residue deposits. It was discovered 

that even after etching 3000 wafers, the chamber surfaces were pristine clean 

: with no etch residues left on the chamber surfaces. It was further discovered 

that substantially no dry or wet cleaning process was needed to clean, 

seasoning or condition the chamber walls, even after etching of 3000 wafers, 
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which is about 3 to 1 O times as many wafers as that etched in prior art 

processes without cleaning of the chamber. 

Examoles 2 to 7 

5 Comoaratiye Examotes With High Etchjna Selectivity Ratios and Etching Bates 

In these examples, silicon wafers having successive layers of Si02, 

polysiticon, WSi11 , and resist were etched using gas mixtures of Cl2-He-02, and 

with or without addition of a cleaning gas of CF4 • Table I shows the process 

1 O conditions used in the baseline processes and the CF 4 addition processes, along 

with the results measured for etching selectivity ratio, and WSi. and polysiticon 

etching rates. In all of the examples, the etchant gas comprised 100 seem Cl2 • 

The additional etchant and cleaning gases, as listed in Table I, include He-02 , 

and optionally CF 4 • The pressure in the chamber was maintained at 4 or 9 

15 mTorr, the source power level at 300 or 500 watts, the process electrode R.F. 

bias power level at 60 watts, and the temperature of the substrate at 50°C. 

The properties of the etched ·features, etching rates, and etching selectivity 

ratios were measured using conventional SEM methods. 

20 TABLE I 

Resist 
WSito 

Polysillcon 
Polysilicon Wsl Etching 

He02 CF4 
p Ws Selectivity Selectivity Uniformity t%t Etching 

Ratio 
Ratio 

Uniformity t%1 

5 0 9 500 0.90 1.09 3.09 3.02 

25 s 20 9 500 1.17 1.25 2.87 2.20 

5 40 9 300 1.08 , .19 3.19 2.59 

5 20 4 500 1.08 1.33 2.05 3. 19 

0 0 9 500 0.83 1.01 3.53 2.62 

10 20 9 500 1. 17 1.23 2.78 2.29 

30 
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Table I demonstrates that the combination of Cl2, He-02 , and CF4 

in Examples 3 and 7, provided unexpectedly high etching selectivity ratio..s for 

etching of tungsten silicide relative to resist, of greater than about 1 . 1 . This 

etching selectivity ratio is 20% higher than the ratio provided by the 

5 conventional etching processes of Examples 2 and 6 that used only Cl2 or Cl2, 

and He02 , which were about 0.8 to 0.9. 

Table I further shows that the combination of Cl2, He-02 , and CF4 

in Examples 3, 5, and 7, also provided unexpectedly high etching selectivity 

1 O ratios for etching of tungsten silicide relative to polysilicon, of greater than . . 

about 1.2. These etching selectivity ratios were 50% higher than the etching 

processes of Examples 2 and 6 that used only Cl2 or Cl2 and He02 , and that 

provided etching selectivity ratios of 0.8 to 0.9. 

15 Prior art etching processes also resulted in significant variations in 

etching rates of WSi.x and polysilicon across the surf ace of the substrate. In 

contrast, the present etching and cleaning process provided consistent high and 

uniform tungsten silicide and polysilicon etch rates across the substrate. As 

shown in Table I, the variation in uniformity of etch rates for the WSi .. layer.was 

20 as low as 2% (Example 5) in contrast to etching variations of greater than 3 to 

3.5% of conventional processes, as demonstrated in Examples 2 and 6. The 

variation in uniformity etch rates for the polysilicon layer was as low as 2.2% 

(Example 3) in contrast to etching variations of greater than 2.6 to 3% of 

conventional processes, as demonstrated in Examples 2 and 6. In these 

25 examples, the uniformity of the WSix ·and polysilicon etch rates was determined 

from: 

30 

(Maximum Etch Rate - Minimum Etch Rate)/(2 x Average Etch Rate) x 100%. 

The etch rates were measured from multiple points on SEM cross-sectional 

micrographs of etched features of WSix and polysilicon. 
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Example 8 

In this example, a silicon nitride layer 32 on a silicon dioxide layer 

34, was etched to form a mask (prior to a shallow trench 38 isolation of the 

5 underlying silic_on 36) as shown in Figures 1c and 1 d. A plasma of Cl2, 0 2, and 

SF6 was used to etch the silicon nitride layer· 32, while simultaneously cleaning 

the chamber walls. Shallow trench isolation involves forming a shallow trench 

38 in the silicon substrate 36 and then filling it with silicon oxide or polysilicon 

to isolates two or more adjacent devices formed in the same siticon substrate 

1 O (not shown). In forming these trenches a layer of silicon nitride 32 is deposited 

over a silicon dioxide layer 34 on the silicon substrate 36, patterned using 

conventional photolithographic techniques, and then etched by the process of 

the present invention to form a silicon nitride mask. The silicon substrate is 

etched to form the shallow trench which is then filled silicon oxide or 

15 polysilicon. Thereafter, the MOSFET devices are formed using standard CMOS 

processing methods. 

Preferably, the volumetric flow of Cl2 : 0 2 : SF6 is selected to 

provide high etching selectivity ratios for etching silicon nitride to silicon 

20 dioxide, and to remove substantially all the etchant residue generated by etching 

at least 2000 substrates in the chamber,. without performing separate cleaning 

steps for cleaning the chamber. It has further been discovered that high silicon­

nitride etch rates were obtained, and that the silicon-nitride etch rate was 

relatively uniform for sequential etching of large numbers of wafers. The high 

25 silicon-nitride to silicon oxide etching selectivity ratio means that the underlying 

silicon dioxide layer is not substantially etched during etching of the overlying 

silicon-nitride layer. This high etching selectivity ratio is desirable to prevent 

overetching and "breakthrough" of the underlying electrically insulating silicon 

dioxide layer. 

30 
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- The present invention has been described with reference to certain 

preferred versions thereof; however, other versions are possible. For ex~mple, 

the treatment and cleaning process of the present invention can be used for 

treating chambers for other applications, as would be apparent to one of 

5 . ordinary skill. For example, the process can be applied, as would be apparent to 

one of ordinary skill in the art, to treat sputtering chambers, ion implantation 

chambers, or deposition chambers, or in combination with other cleaning 

processes. Therefore, the spirit and scope of the appended claims should not 

be limited to the description of the preferred versions contained herein. 

10 
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What is claimed is: I lfllHlJf JIJI HIJl 11111 JI 1111 
* C L M S * 

1 . A method of simultaneously etching a substrate and 

cleaning a chamber, the method comprising the steps of: 

(al placing a substrate in the chamber; 

(b) forming a plasma from process gas introduced into 

the ·chamber to simultaneously etch the substrate and clean etch residue formed 

on the chamber surfaces, the process gas comprising (i) etchant gas for etching 

the substrate thereby depositing etch residue on the chamber surfaces, and 

10 {ii) cleaning gas for cleaning the etch residue deposited on the chamber 

surfaces, the volumetric flow ratio of cleaning gas to etchant gas selected so 

that the etch residue is substantially entirely removed from the chamber 

surfaces upon completion of the etch process. 

15 2. A method according to claim 1 wherein the etchant gas 

comprises one or more of Cl2, N2, 0 2, HBr, or He-02; and wherein the cleaning 

gas comprises one or more of NF3, CF 4 , or SF6• 

3. A method according to claim 1 wherein the volumetric ftow 

20 ratio of cleaning gas to etchant gas is selected to remove the etchant residue 

generated from processing at least 2000 substrates in the chamber, without 

performing a separate cleaning step for cleaning the chamber. 

4. A method according to claim 1 wherein the volumetric flow 

26 ratio of cleaning gas to etchant gas is from about 1: 20 to about 1: 1 • 

5. A method according to claim 4 wherein the volumetric flow 

ratio of cleaning gas to etchant gas is from about 1: 10 to about 2:3. 
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6. A method according to claim 1 wherein the cleaning gas is 

·introduced into the chamber for about 5 to about 100 seconds. 

7. A method according to claim 1 wherein the cleaning gas is 

5 introduced into the chamber at a flow rate FR equivalent to a rate of at least 

about 40 to about 200 seem for a chamber having a volume of about 40,000 

cm3
• 

8. A method of etching metal silicide, silicon nitride, 

10 polysilicon, or monocrystalline silicon on a substrate in an etching chamber, 

while simultaneously cleaning the etching chamber, the method comprising the 

steps of: 

(a) placing the substrate in. the etching chamber: and 

(b) forming a plasma from one or more process gases 

15 introduced in the etching chamber to etch the metal silicide, polysilicon, or 

monocrystalline silicon on the substrate and simultaneously clean the etch 

residue on the etching chamber surfaces, a process gas comprising (i) etchant 

gases for etching the substrate thereby depositing silicon dioxide etch residue 

on the etching chamber surfaces, and (ii) cleaning gas for removing the silicon 

20 dioxide etch residue, the volumetric flow ratio of cleaning gas to etchant gas 

selected to remove all of the silicon dioxide etch residue from the etching 

chamber surfaces upon completion of the etch process. 

9. A method according to claim 8 wherein the etchant gas 

25 comprises one or more of Cl2, N2, 0 2, HBr, or He-02; and wherein the cleaning 

gas comprises one or more of NF3, CF4 , or SF6 • 

IT 
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1 O. A method according to claim B wherein the v·oh.imetric flow 

ratio of cleaning gas to etchant gas is selected to remove the etchant ref!idue 

generated from processing at least 2000 substrates in the chamber, without 

performing a separate cleaning step for cleaning the chamber. 

1 1 . A method according to claim 8 wherein the volumetric flow 

ratio of cleaning gas to etchant gas is from about 1 :20 to about 1 :1. 

12. A method according to claim 8 wherein the cleaning gas is 

10 introduced into the etching chamber tor about 5 to about 100 seconds. 

13. A method of etching substrates in a chamber, while 

simuttaneously cleaning the chamber, the method comprising the steps of: 

(al placing a substrate having first and second layers, in 

15 the chamber~ 

(b) in a first etching stage, introducing a first etchant gas 

into the etching chamber and forming a plasma from the first etchant gas for 

etching the first layer; 

(c) in a second etching stage, introducing a second 

20 etchant gas into the etching chamber and forming a plasma from the second 

etchant gas for etching the se_cond layer; and 

{d) in one of the first and second stages. adding a 

cleaning gas to the first or second etchant gas for forming a cleaning plasma 

that removes all the silicon dioxide etch residue on the etching chamber 

. ~5 surfaces formed in both the first and second etching stages. 

30 

14. A method according to claim 13 wherein the first and 

second etchant gases comprise one or more of Cl21 N2 , 0 2, HBr, or He-02 ; and 

wherein the cleaning gas comprises one or more of NF3, CF4 , or SF6 • 
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15. A method according to claim 13 wherein the volumetric 

flow ratio of cleaning gas to etchant gas is selected to remove the etchant 

residue generated from processing at least 2000 substrates in the chamber, 

without performing a separate cleaning step for cleaning the chamber. 

16. A method according to claim 13 wherein the volumetric 

flow ratio of cleaning gas to etchant gas is from about 1 :20 to about 1 :1. 

17. A method according to claim 1 3 wherein the cleaning gas is 

10 introduced into the etching chamber for about 5 to about 100 seconds. 

18. A method of fabricating a semiconductor substrate, the 

method comprising the steps of: 

(a) placing a substrate in a process zone of a process 

15 chamber; 

(b) introducing into the process zone one or more 

process gas comprising etchant gas for etching the substrate, and generating a 

plasma from the process gas to etch the substrate; and 

(c) adding a burst of cleaning gas to the process gas 

20 while the substrate is still being etched, the cleaning gas provided for a 

sufficient time, and the volumetric flow ratio of cleaning gas to etchant gases 

being sufficiently high, to react with and remove substantially all the etch 

residue deposited by the process gas. 

25 19. A method according to claim 18 wherein the etchant gas 

comprises one or more of Cl2, N2, 0 2, HBr, or He-02; and wherein the cleaning 

gas comprises one or more of NF3, CF4 , or SF6 • 

20. A method according to claim 18 wherein the volumetric 

30 flow ratio of cleaning gas to etchant gas is from about 1 : 20 to about 1 : 1 • 

IT-
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21 • A method according to claim 18 wherein the cleaning gas is 

introduced into the process chamber for about 5 to about 100 seconds •. 

22. A method according to claim 18 wherein the burst of 

5 cleaning gas is introduced into the process chamber at a flow rate FR equivatent 

to a rate of at least about 40 to about 200 seem for an process chamber having 

a volume of about 40,000 cm3
• 

23. A method of simultaneously etching a substrate and 

10 cleaning an etching chamber, the method comprising the steps of! 

(a) placing a substrate in the etching chamber, the 

substrate comprising silicon-containing material; and 

(b) forming a plasma from process gas introduced into 

the etching chamber to etch the substrate and simultaneously clean etch residue 

15 formed on the chamber surfaces, the process gas comprising Cl2, N2 , and CF 4 , 

in a volumetric flow ratio selected to remove substantially all the etch residue 

formed on the chamber surfaces upon completion of the etching process. 

24. A method according to claim 23 wherein the volumetric 

20 flow ratio of Cl2 , N21 and CF4 is selected to remove substantially alt the etchant 

residue generated by etching at least 2000 substrates in the chamber, without 

performing a separate cleaning step for cleaning the chamber. 

25. A method accord•ng to claim 23 wherein the ratio of the 

26 volumetric flow ratio of CF4 : CCl2 + N2) is from about 1 :20 to about 1 :1. 

26. A method of simultaneously etching a substrate and 

cleaning an etching chamber, the method comprising the steps of: 

(a) placing a substrate in the etching chamber, the 

30 substrate comprising silicon-containing material; and 
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(b) forming a plasma from process gas introduced into 

the etching chamber to etch the substrate and simultaneously clean etch_ residue 

formed on the chamber surfaces, the process gas comprising Cl2, N2, and Sf 6, 

in a volumetric flow ratio selected to remove substantially all the etch residue 

5 form.ed on the chamber surfaces upon completion of the etching process. 

27. A method according to claim 26 wherein the volumetric 

flow ratio of Cl2 , N2 , and SF6 , is selected to remove substantially all the etchant 

residue generated by etching at least 2000 substrates in the chamber, without 

1 O performing a separate cleaning step for cleaning the chamber. 

28. A method according to claim 26 wherein the ratio of the 

volumetric flow ratio of SF6 : (Cl2 + N2) is from about 1 :20 to about 1: 1. 

15 29. A method of simultaneously etching a substrate and 

cleaning an etching chamber, the method comprising the steps of: 

(a) placing a substrate in the etching chamber, the 

substrate comprising silicon-containing material; and 

(b) forming a plasma from process gas introduced into 

20 the etching chamber to etch the substrate and simultaneously clean etch residue 

25 

formed on the chamber surfaces, the process gas comprising Cl2, N2, and NF3, 

in a volumetric flow ratio selected to remove substantially all the etch residue 

formed on the chamber surfaces upon completion of the etching process. 

30. A method according to claim 29 wherein the volumetric 

flow ratio of Cl2 , N2 , and NF3 , i_s selected to remove substantially all the etchant 

residue generated by etching at least 2000 substrates in the chamber,· without 

performing a separate cleaning step for cleaning the chamber. 
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31 . A method according to claim 29 wherein the ratio of the 

volumetric flow ratio of NF3 : (Cl2 + N2l is from about 1 :20 to about 1 :.1 • 


