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(57) ABSTRACT 

A process for etching a dielectric layer with an underlying 
Stop layer, particularly in a counterbore proceSS for a dual 
damascene interconnect Structure. The Substrate is formed 
with a lower Stop layer, a lower dielectric layer, an upper 
Stop layer, and an upper dielectric layer. The initial deep via 
etch includes at least two Substeps. A first Substep includes 
a non-Selective etch through the upper Stop layer followed 
by a Second SubStep of Selectively etching through the lower 
dielectric layer and Stopping on the lower Stop layer. The 
first Substep may be preceded by yet another Substep includ 
ing a Selective etch part ways through the upper dielectric 
layer. For the oxide/nitride compositions, the Selective etch 
is based on a fluorocarbon and argon chemistry, preferably 
with a lean etchant combined with a richer polymer former, 
and the non-Selective etch includes a fluorocarbon or hydrof 
luorocarbon, argon and an oxygen-containing gas, Such as 
CO. 
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PLASMA DELECTRIC ETCH PROCESS USINGA 
LONG FILUOROCARBON 

RELATED APPLICATIONS 

0001) This application is a division of Ser. No. 09/728, 
294, filed Dec. 1, 2000, which is a division of Ser. No. 
09/112,864, filed Jul. 9, 1998, now issued as U.S. Pat. 
6,211,292. This application is also related to Ser. No. 09/112, 
094, filed Jul. 9, 1998. 

FIELD OF THE INVENTION 

0002 The invention relates generally to plasma etch 
processes. In particular, the invention relates to the highly 
Selective etching of insulating materials, particularly Silicon 
oxide, forming part of a complex integrated-circuit Structure. 

BACKGROUND ART 

0003. The technology of fabricating semiconductor inte 
grated circuits continues to advance in the number of 
transistors, capacitors, or other electronic devices which can 
be fabricated on a Single integrated circuit chip. This 
increasing level of integration is being accomplished in large 
part by decreasing the minimum feature sizes. Even as the 
number of layers in the integrated circuit continues to 
increase, advanced processes are being used which allow for 
a reduction in the number of processing Steps for a func 
tional layer. However, these advanced processes often make 
extraordinary demands upon the chemistry of the etching 
process. Dielectric etching has presented Some of the most 
difficult demands. 

0004. In the past, the common materials for inter-level 
dielectric have been based upon Silicon. Such materials 
include Silicon dioxide, Silica glass Such as BPSG, and 
related Silicon-based oxide materials that Serve as electrical 
insulators. Recently, interest has developed in insulating 
materials with low dielectric constants (low-k dielectrics), 
Some of which are based upon Silicon but others are based 
upon carbon. 
0005 Advanced integrated circuits contain multiple wir 
ing layerS Separated from the Silicon Substrate and from each 
other by respective dielectric layers. Particularly logic cir 
cuitry, Such as microprocessors, require Several layers of 
metallization with intervening inter-level dielectric layers. 
Small contact or via holes need to be etched through each of 
the dielectric layers. The contact or via holes are then filled 
with a conductor, composed typically of aluminum in the 
past but more recently composed of copper. A horizontal 
wiring layer is formed over one dielectric layer and then 
covered by another dielectric layer. The horizontal wiring 
and the underlying Vias are often referred to as a Single 
wiring layer. The conventional proceSS not only fills the 
contact or via holes but also overfills them to form a thick 
planar layer over both the filled holes and the dielectric. 
Conventionally, a metal lithographic Step then photographi 
cally defines a photoresist layer over the planar metal layer 
and etches the exposed metal into a network of conductive 
interconnects. 

0006. In contrast, a recently developed damascene pro 
ceSS Substitutes chemical mechanical polishing for metal 
etching. A dual-damascene Structure, as illustrated in Sec 
tioned orthographic view in FIG. 1, has been proposed for 
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advanced chips which avoids the metal etching and com 
bines the metallization of the via and horizontal intercon 
nect. There are two general types of dual-damascene pro 
cesses, Self-aligned and counterbore. The more conventional 
Self-aligned dual-damascene process will be described first. 
0007 Over a substrate 10 is formed a thin lower stop 
layer 12 having a minimal thick of, for example 100 nm, a 
lower dielectric layer 14, having a thickness of, for example, 
1 um or Somewhat less, and a thin upper Stop layer 16. The 
Stop layerS 12, 16 have compositions relative to the dielec 
tric material Such that a carefully chosen etch process that is 
Selective to the material of the Stop layer etches through the 
overlying dielectric but stops on the Stop layer. Although 
copper metallization and low-k dielectric would more fully 
utilize the advantage of the dual-damascene Structure, the 
present description will use Silicon dioxide as the principal 
inter-level dielectric. Silicon dioxide is preferably grown by 
plasma-enhanced chemical vapor deposition (PECVD) 
using tetraethylorthosilicate (TEOS) as the main precursor 
gas. Silicon nitride (SiN) is a common material for stop 
layers when the dielectric is an oxide. Silicon nitride is 
preferably also grown by PECVD to reduce the thermal 
budget. Its general composition is given by SiN, where X 
may vary Somewhat over a range of, for example 1 to 1.5. 
A dielectric photolithographic Step is performed to create 
circular holes 18 in the upper stop layer 16. The diameters 
of the circular holes 18 determine the diameters of the via 
holes, which usually represent the Smallest dimension 
defined in the dielectric etch. The Smallest defined lateral 
dimension in a level is often referred to as the critical 
dimension (CD). The dual-damascene structure can be used 
both at the power level, which is the uppermost metal layer, 
and at the Signal levels, for example, metal-1 and metal-2 
levels for a moderately complex logic chip. The power level 
typically has a larger via size, for example, 0.6 um, while the 
Signal levels typically have Smaller via sizes, for example, 
0.3 um. This diameter is being reduced to 0.25 um and to yet 
lower sizes in advanced Structures. Total dielectric thickneSS 
also varies between the power and Signal levels. The etching 
in this photolithographic Step is preferably Selective to the 
principal dielectric material so that at this point the holes 18 
do not significantly extend into the lower dielectric layer 14. 
0008. Then, in the continuation of the self-aligned dual 
damascene process, an upper dielectric layer 20 is deposited 
to a thickness of, for example, 1.4 um over the partially 
etched Structure, including deposition into the etched 
depressions in the patterned nitride layer 16. A photoresist 
mask is deposited and defined into the shape of a trench 22 
having a width of, for example, 1.2 um and a much longer 
length. A Self-aligned dual-damascene dielectric etch is then 
performed both to form the trench 22 in the upper oxide 
layer 20 and to extend the lower via holes 18 through the 
lower oxide layer 14 and down to the lower stop layer 12. 
The upper nitride stop layer 16 serves both as a stop for 
forming the trench 22 and as a hard mask for etching the Via 
hole 18. The combined etch must not significantly etch the 
upper stop layer 16 at the floor 24 of the trench 22, and it 
must stop at the lower stop layer 12 at the bottom 26 of the 
via holes 18. In a further step, not illustrated here because it 
is generally considered to be non-critical, a further non 
selective etch removes the portion of the lower stop layer 12 
at the bottom of the via hole 18 so as to expose the substrate 
10 to contacting when metal is filled into the trench 22 and 
via hole 18. 
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0009. In the self-aligned dual-damascene etch process, 
the selectivity of the oxide etch to nitride or other stop 
material in both the relatively open trench floor 24 and 
particularly at the shoulders 28 of the via holes 18 is 
especially crucial Since these areas are exposed to the 
etching plasma while the via holes 18 are being etched. 
Generally, the shoulders 28 etch faster than the trench floor 
24 because of their exposed geometry. The upper nitride 
layer 16 and its shoulder 28 are further exposed during a 
long over-etch of the lower oxide layer 14, typically greater 
than 100% to reliably open the via in the presence of process 
and other non-uniformities. Such Selectivity can be achieved 
by use of a highly polymerizing chemistry which deposits a 
protective polymeric coating on the non-oxide Surfaces and 
Vertical oxide Surfaces but generally not on the horizontal 
oxide Surfaces. However, the extensive polymerization 
impacts the etching of the narrow and deep via holes 18 and 
may cause etch Stop. Etch Stop occurs when the Side walls 
are So heavily polymerized that the polymer closes the hole 
and prevents further etching of the bottom of the hole. Of 
course, etch stop in the via holes 18 must be avoided. As a 
result, the proceSS Window for the Self-aligned proceSS is 
often limited by the conflicting requirements of the oxide 
etch to maintain the nitride shoulders 28 while continuing to 
open the oxide in the via hole 18. The etch must maintain the 
bottom critical dimension (CD) associated with the via hole 
18 in order to maintain tight control of the via resistance. 
The top critical dimension associated with the trench 22 is 
less critical, but depending upon the pitch of Via holes 18, it 
may determine the margin for Shorting between Vias asso 
ciated with different trenches. The trench profile needs to be 
Vertical to maintain consistent line widths. 

0.010 Following the etching of the dual-damascene struc 
ture by either the Self-aligned or counterbore process, a 
single metallization operation fills both the via holes 18 and 
the trench 22. The metallization operation may require that 
the trench 22 and via hole 18 be coated with barrier layers 
and wetting layers, as has become well known in metalli 
Zation of Small features in advanced integrated circuits. The 
metal deposition, usually performed at least partially by 
physical vapor deposition, is continued to the extent that the 
metal completely fills the via holes 18 and trench 22 and 
somewhat overlies the top 30 of the upper oxide layer 20. 
Chemical mechanical polishing is then performed, and 
because Silica is much harder than metal the polishing Stops 
when it encounters the upper oxide layer 20. Thereby, the 
metallization is restricted on the top of the wafer to the 
trench 22. The metallization may either serve both as a 
horizontal interconnect between two or more locations in the 
substrate through the via holes 18 and as an inter-level 
vertical interconnect in the via holes 18. The dual-dama 
Scene process is particularly useful for copper metallization 
because no copper etching is required. 
0011. In the self-aligned dual-damascene process, the 
lower Stop layer 12 is photolithographically patterned before 
the upper dielectric layer 20 is deposited, and the trench and 
the via are etched in a Single process Step. Such a proceSS 
requires balancing nitride Selectivity against etch Stop mar 
gin, and achieving a wide process window for an acceptable 
process poses a great challenge in developing an oxide etch 
recipe. 

0012. An alternative dual-damascene process, referred to 
as a counterbore dual-damascene process for reasons which 
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will become apparent, Separates the via and trench etch 
steps. Thereby, the nitride shoulder need not be exposed for 
Such long times to the oxide etch So that the balance between 
Selectivity and etch Stop is eased. The counterbore process is 
thus advantageous for Smaller via sizes. 
0013 The counterbore process is illustrated in the flow 
diagram of FIG. 2 with reference to the cross-sectional 
structures of FIGS. 3-8, which show the sequential devel 
opment of the dual-damascene Structure. In Step 40, an 
unpatterned planar dual-damascene Structure is grown com 
prising, as illustrated in the cross-sectional view of FIG. 3, 
the substrate 10, the lower stop layer 12, the lower dielectric 
layer 14, the upper Stop layer 16, and the upper dielectric 
layer 20. No photolithography is performed between the 
layers 12, 14, 16, and 20, and their compositions may be 
Such to allow their growth by chemical vapor deposition 
(CVD) in a single plasma reaction chamber by varying 
between the layers the composition of the feed gas and the 
operating conditions. 
0014. In step 42, a first photoresist layer 44 is deposited 
and photographically patterned to form mask apertures 46 
corresponding to the via or contact holes, only one of which 
is illustrated. It will be assumed that the underlying substrate 
10 includes a metal Surface in the area of the hole So it is 
properly called a via hole. Although the metal is preferably 
copper, the examples of the invention use an aluminum 
metallization. The composition of the metallization has very 
little effect upon the dielectric etch. 

0015. In a first etch step 48, an extended via hole 50, as 
illustrated in FIG. 4, is etched through the upper dielectric 
layer 20, the upper stop layer 16, and the lower dielectric 
layer 14 down to the lower stop layer 12. The etch chemistry 
is chosen to be selective to the material of the lower stop 
layer 12 so that the etch stops at the top surface 52 of the 
bottom stop layer 12. 
0016. In an unillustrated step, the first photoresist layer 
44 is stripped. In step 54, a second photoresist layer 56, as 
illustrated in FIG. 5, is deposited and photographically 
patterned to form a mask aperture 58 corresponding to the 
trench. In a second etch step 60, a trench 62, illustrated in 
FIG. 6, is etched through the upper dielectric layer 20 down 
to the top surface 64 of the upper stop layer 16 without 
Significantly eroding the top Surface 52 of the bottom Stop 
layer 12. The depth of the extended via hole 50 is thereby 
reduced to form a via hole 50'. 

0017. In a third etch step 66, the exposed portion of lower 
stop layer 12 at the bottom of the via hole 50' is etched, as 
illustrated in FIG. 7, through the lower stop layer 12 and 
down to an upper surface 68 of the substrate 10, which is 
typically a metal for a via. Depending upon the compositions 
of the two stop layers 12, 16, the third etch step 66 may 
remove portions of the upper Stop layer 16 exposed at the 
bottom of the trench 62 to form a shelf 70 in the upper oxide 
layer 14, but this thin portion is not critical. In another 
unillustrated step, performed either before or after the third 
etch step 66, the second photoresist layer 56 is stripped 
along with any Sidewall polymer forming in the dielectric 
etch. 

0018. Thereafter, as illustrated in FIG. 8, a metal 72 is 
filled into the trench 62 and underlying via hole 50' to 
contact the upper surface 68 of the substrate 10. Subsequent 
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chemical mechanical polishing (CMP) removes any metal 
overflowing the trench 62. The metal 72 forms both a 
horizontal interconnect 74 and a via 76 contacting the 
underlying layer 10. As mentioned before, the metal 72 may 
be the conventional aluminum or the more advanced copper. 
0.019 However, the counterbore etch process is very 
demanding. The first, via etch 48 of the extended via hole 50 
is deep and narrow, the width usually representing the 
critical dimension of the process. The via etch 48 must etch 
through the upper Stop layer 16 but Stop on the lower Stop 
layer 12. The deep via etch 48 thus requires a vertical profile 
and high selectivity to the bottom stop layer 12. Not only 
must the interconnect (trench) etch 60 stop on the upper stop 
layer 16, it must not significantly etch the lower Stop layer 
12, which is exposed during the entire interconnect etch. The 
interconnect etch 60 thus requires a vertical profile and high 
selectivity to the upper stop layer 16. If the lower stop layer 
12 is inadvertently etched through during the long over-etch, 
an effect called punch through, the underlying metal is 
Sputtered, and as a result device reliability is Severely 
impacted, particularly if copper is used as the underlying 
metallization. All etch Steps, but particularly those etching 
through the thicker dielectric layers, should be highly iso 
tropic, producing nearly vertical Side walls. To achieve the 
Vertical profile, the etching of the Stop layerS Should not 
Significantly Side etch the dielectric layers located above. 
0020. The first, via etch step 48 must selectively etch the 
upper stop layer 16 relative to the lower stop layer 12. This 
can be accomplished in a single etch Step with the choice of 
significantly different materials for the two stop layer 12, 16. 
However, the choice is limited and not attractive. The 
growth of the planar structure of FIG. 3 is preferably 
performed in a single CVD reactor, which may be difficult 
to accomplish for materials of vastly different chemistries. 
Also, it is desired to form both stop layers 12, 16 out of 
materials having fairly good insulating properties. Use of 
conductive metals for either Stop layer would form a ground 
ing plane, thus introducing electrical coupling between 
interconnects on the Same level. For Similar reasons, the 
Vertical extent of the Stop layers formed of only fair insu 
lators should be kept thin So as to reduce the lateral electrical 
conductance. Silicon nitride and related compounds Such as 
Some low-k Silicon-based dielectrics have reasonably high 
resistivities, can be grown in the same chamber as oxides, 
and nitride-Selective oxide etches are known, but it is not 
seen how to form two layers of such materials with vastly 
different etching characteristics while Simultaneously main 
taining high dielectric-to-stopper Selectivity. 

0021. It is thus desired to find a etching process satisfying 
these difficult and conflicting requirements without unduly 
complicating and lengthening the dielectric etch Step. 

SUMMARY OF THE INVENTION 

0022. The invention may be summarized as a plasma etch 
method, preferably performed in a Single inductively 
coupled high-density plasma (HDP) reactor, of etching 
through a multi-layer dielectric Stack including an interme 
diate and lower Stop layer. The etch continues through the 
intermediate Stop layer but stops on the lower Stop layer. The 
etch includes at least two Substeps, a earlier one of which is 
non-Selective to the intermediate Stop layer, a later one being 
Selective to the lower Stop layer. 
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0023. In a first preferred 2-substep sequence: a first, 
non-Selective etch extends to below the upper Stop layer, and 
a Second, Selective etch extends to and stops on the lower 
Stop layer. In a Second preferred 3-SubStep Sequence: a first, 
Selective etch on average does not quite reach the upper Stop 
layer; a Second, non-Selective etch punches through the 
upper Stop layer, and a third, Selective etch extends to and 
Stops on the lower Stop layer. 
0024. The invention may be applied to a dielectric stack 
Structure in which the dielectric layers are composed of 
Silicon dioxide or related Silicon oxide materials and the Stop 
layers are composed of Silicon nitride. With these compo 
Sitions, the Stack may be grown in a single plasma reactor. 
For a Stack of oxide and nitride, the Selective etch may be a 
polymerizing fluorocarbon reactive ion etch and the non 
Selective etch is accomplished by adding an oxygen-con 
taining gas, Such as CO, to the etching gas mixture. 
0025. In a multi-step etching process, preferably only the 
gas components are changed between the StepS. More pref 
erably, the principal etching gas remains Substantially the 
same with only the selective addition of polymer formers 
and oxygen-containing gases, thus providing a Smoother 
transition between the Steps with no fear of extinguishing the 
plasma. The changes in total active gas flow can be easily 
kept below 30%. 
0026. The etching process is advantageously performed 
at a relatively high pressure in the range of 40 to 150 
milliTorr or more advantageously in the range of 60 to 100 
milliTorr in the presence of diluent gas Such as argon having 
a fraction at least twice that of the etching gases. 
0027 Preferably, the selective etch uses both a lean 
hydrofluorocarbon, such as trifluoromethane (CHF), and a 
polymer-forming fluorocarbon or hydrofluorocarbon. The 
Strength of polymerization depends upon the aspect ratio of 
the feature being etched and whether the photoresist needs 
to be protected. The ratio of trifluoromethane to the polymer 
former is preferably in the range of 5 to 20. Preferred 
polymer formers are hexafluoroethane (CF), cyclic 
octafluorobutane (CF), and difluoromethane (CHF), 
dependent upon the geometry of the feature being currently 
etched. 

0028. A hot silicon Surface may be used to scavenge 
fluorine from the Selective etching gas to provide yet higher 
selectivity to both nitride and photoresist. 
0029. Etching in a high-density plasma enhances poly 
merization to thereby increase Selectivity and crackSCO into 
elemental oxygen, which provides better Selectivity to pho 
toresist than gaseous oxygen. 
0030 The invention is particularly applicable to a coun 
terbore dual-damascene etch having two dielectric layers 
underlaid with respective Stop layer. This etch proceSS 
requires an initial very deep via etch through the upper Stop 
layer and both dielectric layers down to the lower Stop layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0031 FIG. 1 is an orthographic view of the etched hole 
required for a dual-damascene via Structure for intercon 
necting two levels of metallization. 
0032 FIG. 2 is a process flow diagram for the counter 
bore dual-damascene etch of the invention. 
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0033 FIGS.3 through 7 are cross-sectional views of the 
Sequentially developed Structure in the counterbore dual 
damascene etch process of FIG. 2. 
0034 FIG. 8 is a cross-sectional view of the metalliza 
tion formed in the dual-damascene etch structure of FIG. 8. 

0035 FIG. 9 is a schematic illustration, partially in 
croSS-Sectional view, of an inductively coupled high-density 
plasma reactor on which the invention may be practiced. 
0.036 FIG. 10 is a process flow diagram for an inventive 
2-SubStep form of the via etching Step of the counterbore 
dual-damascene etch process of FIG. 2. 
0037 FIGS. 11 and 12 are cross-sectional views of the 
Sequentially developed structure in the 2-SubStep via etching 
step of FIG. 10. 
0.038 FIG. 13 is an optical emission profile for monitor 
ing the endpoint of the etching process of FIG. 10. 
0.039 FIG. 14 is a process flow diagram for an inventive 
3-substep form of the via etching step of the counterbore 
dual-damascene etch process of FIG. 2. 
0040 FIG. 15 is cross-sectional view of one intermediate 
structure in the 3-substep via etch step of FIG. 14. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0041. We have found that the counterbore process can be 
effectively applied to a dual-damascene Structure by using a 
multi-Substep etch for the deep via etch Step. The proceSS 
window is improved by the addition of certain gas Species to 
control Selectivity to the Stop layers. In one embodiment of 
the invention, the damascene Structure incorporates only 
Silicon oxide and Silicon nitride layers, and the deep via etch 
can include features associated with a conventional deep 
contact etch. 

0042. From the view of an integrated process, the coun 
terbore damascene method helps to maintain consistent via 
sizes. The critical dimension at the bottom of the via hole is 
defined during the deep via etch, and any misalignment of 
the trench mask will not affect the via contact area with the 
underlying metal. This insensitivity to misalignment is cru 
cial for via resistance, especially as the Via Size shrinks to 
0.25 um and below. In contrast, the Self-aligned damascene 
proceSS is Susceptible to this misalignment problem, which 
affects the distribution of the via resistance. 

0.043 An exemplary unpatterned structure, as illustrated 
in FIG. 3, is tabulated in TABLE 1. This structure was used 
in an example to be described later for a 0.3 um-diameter 
via. 

TABLE 1. 

Thickness 
Composition (nm) 

Upper Dielectric Oxide 500 
Upper Stopper Nitride 150 
Lower Dielectric Oxide 1OOO 
Lower Stopper Nitride 1OO 

0044) The oxide is nominally composed of silicon diox 
ide grown by a Standard plasma-enhanced CVD proceSS 
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using TEOS (tetraethylorthosilicate) as the principal precur 
Sor. The nitride is composed of Silicon nitride, nominally of 
composition SiN., grown by plasma-enhanced CVD. The 
thermal budget is improved because plasma-enhanced CVD 
of nitride can be performed around 400 C. while thermal 
CVD requires temperatures of greater than 700 C. All 
depositions can thus be performed in the Same plasma 
reaction chamber which is adapted for the Supply of the 
different gases and includes hardware compatible with the 
two types of deposited materials. Silicon nitride has a 
relatively high dielectric constant of 7.5, compared to 3.9 for 
SiO, and has a low but Still significant electrical conduc 
tivity. Therefore, the thickness of the nitride stop layers 
should be kept low. 
0045 Although all the etching steps of the counterbore 
process need to be consistent with the compositions of 
TABLE 1, the first etching step 48 to form the extended via 
hole 50 is the most demanding. We found that a process for 
the via etching Step involving two or three Substeps per 
formed in an inductively coupled high-density plasma 
(HDP) etch reactor successfully achieves the first, via etch 
ing Step. Such a reactor provides both the Selectivity and the 
process flexibility required to Satisfy the conflicting require 
ments. Such a reactor can also be advantageously used for 
the Second and third etching Steps as well as for the 
photoresist Stripping. There are other types of high-density 
plasma reactors, including remote plasma Source (RPS) and 
electron-cyclotron resonance (ECR). A high-density plasma 
may be defined as a plasma filling the entire Space it is in, 
excluding plasma Sheaths, and having an ionization density 
of at least 10' cm. 

0046) An example of Such an inductively coupled HDP 
etch reactor is the IPS (inductive plasma source) oxide etch 
reactor available from Applied Materials, Inc. of Santa 
Clara, Calif. and described by Collins et al. in U.S. patent 
application, Ser. No. 08/733,544, filed Oct. 21, 1996. The 
general reactor Structure and Some auxiliary equipment are 
illustrated in partial cross section in FIG. 9. A wafer 80 to 
be processed is Supported on a cathode pedestal 82, which 
is supplied with RF power from a first RF power supply 84. 
A silicon ring 86 surrounds the pedestal 82 and is control 
lably heated by an array of heater lamps 88. A grounded 
Silicon wall 90 Surrounds the plasma processing area. A 
Silicon roof 92 overlies the plasma processing area, and 
lamps 94 and water cooling channels 96 control its tem 
perature. The temperature-controlled Silicon ring 86 and to 
a lesser extent the Silicon roof 92 can be used to Scavenge 
fluorine from the fluorocarbon or other fluorine-based 
plasma. Processing gas is Supplied from one or more bottom 
gas feeds 94 through a bank of mass flow controllers 96. 
Alternatively, a top gas feed may be formed as a Small 
showerhead in the center of the silicon roof 92. An unillus 
trated vacuum pumping System connected to a pumping 
channel 98 around the lower portion of the chamber main 
tains the interior of the chamber at a preselected pressure. A 
system controller 100 controls the operation of the reactor 
and its auxiliary equipment. 

0047. In the used configuration, the silicon roof 92 is 
grounded, but its Semiconductor resistivity and thickneSS are 
chosen to pass generally axial RF magnetic fields produced 
by an inner inductive coil stack 106 and an outer inductive 
coil stack 108 powered by respective RF power supplies 
110, 112. Alternatively, a single RF power supply may be 
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used in conjunction with a Selectable power splitter. Other 
coil configurations are possible, for example, as in the TCP 
reactor having a flat, Spiral inductive coil overlying the roof 
92. 

0048. The system controller 100 controls the mass flow 
controllers 96, the heater lamps 88,94, the supply of chilled 
water to the cooling channels 96, the throttle valve to the 
vacuum pumps, and the power supplies 84, 110, 112. All 
these regulated functions control the etching chemistry in 
conformance to a proceSS recipe of the Sort to be described 
in the examples below. The process recipe is Stored in the 
controller 100 in magnetic, optical, or Semiconductor 
memory, as is well known in the art, and the controller 100 
reads the recipe from a recording medium inserted into it. It 
is typical for the equipment Supplier to provide recipes on 
magnetic media Such as floppy disks or optical media Such 
as CDROMs, which are then read into controller 100. 
0049 Aprincipal advantage of the inductively coupled 
plasma reactor is that different amounts of power can be 
supplied to the inductive coils 106, 108 and to the capacitive 
pedestal 82. The inductive power creates a plasma Source 
region located in large part remotely from the wafer 30 while 
the capacitive power controls the plasma Sheath adjacent to 
the wafer 30 and thus determines the DC bias across the 
sheath at the wafer 30. The source power can be raised to 
increase the etching rate and control the number and type of 
excited radicals while the bias power can be varied to cause 
ions to be accelerated across the plasma sheath with either 
high or low energy and which then strike the wafer 30 with 
the Selected energy. 
0050. A first, 2-substep embodiment of the via etching 
step 48 is shown by the flow diagram of FIG. 10 with 
reference to the structures of FIGS. 11 and 12. A first 
substep 120 is a non-selective timed etch that, as illustrated 
in FIG. 11, etches a hole 122 through the upper oxide layer 
20, the upper nitride Stop layer 16, and part way into the 
lower oxide layer 14. A Second nitride-Selective etch Step 
124 selectively etches through the lower oxide layer 14 and 
stops on the lower nitride stop layer 12 to form the extended 
via hole 50 of FIG. 12. 

EXAMPLE 1. 

0051. The 2-substep via etching step 48 has been per 
formed upon the structure presented above in TABLE 1. 
using the process recipe of following TABLE 2. The mask 
for the via hole etch had a diameter of 0.3 um. 

TABLE 2 

First Second 
Substep Substep 

CHF, Flow (scCm) 8O 8O 
C.F. Flow (sccm) 1O 1O 
CO Flow (sccm) 15 O 
Air Flow (sccm) 425 425 
Inner Source Power (W) 710 710 
Outer Source Power (W) 2310 2310 
Bias Power (W) 1400 1400 
Pressure (mT) 75 75 
Roof Temp. (C.) 145 145 
Ring Temp. (C.) 350 350 
Cathode Temp. (C.) -10 -10 
Backside He Pressure (T) 15 15 
Time (s) 60 8O 

0.052 In the experimentally tested example, the oxide 
etch rate was about 850 nm/min, and the via profile was very 
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close to 90°. The nitride loss for the bottom stop layer was 
minimal even with a 20% overetch. In FIG. 13 is illustrated 
the output of the end point detector which monitors the 
optical emission associated with the CN radical during the 
via etching. The Signal Strength indicates the amount of 
nitride being etched. A first peak 124 during the first Substep 
is associated with the punch through of the upper nitride Stop 
layer. A Second, broader peak 126 is associated with the 
Selective etch Stopping on the lower nitride Stop layer. 

0053. The etch recipe was determined based on the 
following considerations. The deep via etch resembles a 
typical contact Structure with an aspect ratio of about 5.5:1. 
In the example of TABLE 2, trifluoromethane (CHF) is 
used as the main etchant gas with argon (Ar) as the chemi 
cally inactive diluent to constitute a relative lean chemistry 
for high oxide etch rate and vertical profile. Other diluent 
gases Such as neon (Ne) are available. It is believed that 
CHF, primarily forms neutral CF, radicals in the plasma 
which react with SO to form volatile SiF and CO. By a lean 
chemistry is meant that the F/C ratio of CHF is a relatively 
high value of 3 or greater resulting in Strong etching of SiO2 
and low polymerization. Another Single-hydrogen fluoro 
carbon that can be used as the lean principal etching gas is 
pentafluoroethane (CHF). Carbon tetrafluoride (CF) is 
also known as a lean etching gas. A high flow rate of the 
principal etching gas CHF is used to increase the oxide etch 
rate by the use of appropriate power Settings. 

0054 Argon ions activate the surface etching chemistry 
when they Strike the Surface with a relatively high energy but 
less than that associated with Sputter etching. 

0055 The addition of hexafluoroethane (CF) supplies a 
polymerizing gas to provide Selectivity to the bottom nitride 
stop layer. It is believed that multi-carbon fluorocarbons 
Such as CF provide C radicals required for effective 
polymerization during plasma etch, thus increasing etch 
selectivity to base layers as SiN and Si. The CF also 
provides Sidewall passivation by forming a carbon-rich 
polymer on the oxide Sidewalls, thereby reducing bowing of 
the via hole. The combination of the single-carbon hydrof 
luoromethane CHF and the higher-carbon fluorocarbon 
CF provides selectivity to SiN, and a vertical via profile 
with good etch depth margin. A minimum Selectivity of 5:1 
of etching oxide to nitride is required. Even higher values 
are desired, e.g. 10:1. Unless Stated otherwise, a fluorocar 
bon is understood to include a hydrofluorocarbon. In con 
trast, typical etch processes with high nitride Selectivity 
often result in tapered profiles, which impact the via resis 
tance. The ratio of the principal etching gas to the lesser 
amount of polymer former is 8:1 in the example. A most 
preferred range is 4:1 to 16:1 

0056. In order to punch through the upper nitride stop 
layer, an oxygen-containing gas providing a Source of oxy 
gen consumes any polymer building up on the Silicon nitride 
Since SiN unlike SiO2 does not contain oxygen. In the 
example of TABLE 2, the oxygen-containing gas is carbon 
monoxide (CO). The interaction of the oxygen in the plasma 
and carbon in the polymer produces volatile carbon mon 
oxide, thereby reducing the Selectivity to the oxygen-free 
nitride. Molecular oxygen (O) can be used for this purpose, 
but an O. plasma also efficiently etches photoresist. The 
Selectivity to photoresist should be kept as high as possible 
to maintain the photomasking with a minimum initial thick 
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neSS. In the high-density plasma achievable in the induc 
tively coupled IPS chamber of FIG. 9, CO dissociates into 
C and O* radicals, thereby providing a Source of oxygen 
for nitride polymer removal without excessive photoresist 
removal. It is noted that the use of CO for decreasing 
Selectivity to nitride or Silicon is contrary to the teachings of 
Tahara in U.S. Pat. No. 5,356,515, according to which 
increasing the flow of CO in a fluorocarbon plasma etch 
proceSS increases the Selectivity to nitride. 
0057 The relatively high pressure of 75 milliTorr used in 
the recipe of TABLE 2 increases the selectivity to photore 
sist and at the Same time increases the oxide etch rate. A 
preferred range of pressures is 40 to 150 milliTorr. A more 
preferred range is 60 to 100 milliTorr. Also a good profile is 
achieved with the combination of high flow and high pres 
Sure achieved by flowing the diluent gas at at least twice the 
rate of the etching gases. 
0058. The total source power of 3020W with a power 
ratio of 3.25 between outer and inner coils provides good 
uniformity of etch acroSS the wafer. 
0059) The lower silicon roof temperature of 145° C. is 
used to increase the etch rate and etch depth margin Since the 
Silicon roof acts as a fluorine-Scavenging Surface providing 
selectivity to photoresist. Similarly, a hot silicon ring at 350 
C. is used to scavenge free fluorine F* in the plasma. The 
elevated Silicon temperatures, particularly keeping the sili 
con ring above 200 C. and the silicon roof above 130 C., 
keeping the roof free of polymer, thus reducing particulates 
and providing a clean process. The wafer temperature is kept 
low by means of high helium backside pressure and low 
chiller temperature to promote polymerization and reduce 
the photoresist etch rate. 
0060. The only significant change between the two Sub 
steps is the Supply of CO, which affects nitride etching. The 
oxide etch rate should be about the same. The transition 
between the two Substeps can be quickly made. Although it 
is not necessary, advantageously the plasma should be 
maintained through the Sequence of Substeps with the gas 
flows changing only in fairly minor extent to affect the 
selectivity. In the two-substep process of TABLE 2, the 
active gas flow changes less than 30% between the Substeps, 
the other proceSS parameters being maintained constant with 
no interruption of the plasma. The chemically inactive 
diluent gas, Ar, has a flow of four times that of the active 
gases. Similar effects are expected with a factor of two or 
greater. The process can be readily modified for different 
dielectric Stack Structures by changing the etching times for 
the respective Substeps. 
0061 An alternative 3-substep via etching step 48" is 
shown by the flow diagram of FIG. 14 with reference to the 
cross-sectional views of FIGS. 15, 11, and 12. In the first 
substep 130, a nitride-selective etch forms a first hole 132, 
as illustrated in FIG. 15, that only partially extends through 
the upper oxide layer 20, leaving a thin portion 134 of the 
oxide layer 20 under the hole 132. Preferably, the first 
substep 130 involves an etching chemistry that includes no 
carbon monoxide and is Selective to nitride. Such a chem 
istry is relatively Selective to the photoresist So as to protect 
the hard mask as long as possible. The Selectivity provides 
a vertical profile and also provides process margin Since the 
etch cannot significantly extend into the upper nitride layer 
16. Such an etch that selectively etches oxide over nitride is 
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well known and is not particularly difficult since the hole 
132 at that point has a relatively low aspect ratio and the 
selectivity to nitride need not be high for the Small fraction 
of holes in which the upper nitride layer 16 is exposed. The 
first substep 130 is a timed step and does not critically rely 
upon the selectivity of the etch. It is possible to extend the 
time of the first substep 130 so that the etch would reliably 
extend to but Stop on the upper nitride layer 16. That is, in 
this variant the thin oxide portion 134 underlying the hole 
132 disappears during the first Substep 130. 

0062) The second and third substeps 136, 138 are func 
tionally similar to the substeps 120, 124 of the two-substep 
process 48 of FIG. 10. The second substep 136 etches 
through the upper nitride layer 16, as illustrated in FIG. 11. 
It may be a timed etching Step that is relatively unselective 
between oxide and nitride. The timing is chosen So that the 
hole 132 is deepened to the hole 122 which reliably extends 
through the upper nitride layer 16 and may extend part way 
into the lower oxide layer 14. Verticality is desired but is not 
critical in view of the relative shallowness of the second 
etching Substep 124. 

0063. The third etching substep 138 completes the for 
mation of the extended via hole 50, as illustrated in FIG. 12. 
The time of the third substep 138 is chosen to be sufficiently 
long that the etch reaches and stops on the lower nitride layer 
12. This etching substep is difficult because of the high 
aspect ratio of the hole 50, which promotes etch stop. Good 
Verticality and moderately high Selectivity to nitride is also 
required. Generally, Stronger polymer formation is required 
in the final substep 138, but etch stop should be prevented 
by the continued use of a lean chemistry. One example of the 
etching gases used in this Substep 126 includes the principal 
etchant trifluoromethane (CHF), a lesser amount of the 
polymer former octafluorocyclobutane (CF), and a large 
amount of the diluent argon. Trifluoromethane is lean rela 
tive to CF in forming polymer, thereby reducing the risk of 
etch Stop. Selectivity to nitride is enhanced by maintaining 
the Silicon ring at a relatively high temperature to Scavenge 
fluorine from the plasma. 

EXAMPLE 2 

0064. The 3-substep via etch was tested using a dielectric 
stack having a structure Summarized in TABLE 3. The via 
mask aperture had a diameter of 0.6 um and the total oxide 
thickness was much thicker, So this dual-damascene Struc 
ture is more appropriate for a power level. 

TABLE 3 

Thickness 
Composition (nm) 

Upper Dielectric Oxide 1400 
Upper Stopper Nitride 50 
Lower Dielectric Oxide 1OOO 
Lower Stopper Nitride 50 

0065. The 3-substep process recipe that was developed 
for the broader trench geometry is summarized in TABLE 4. 
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TABLE 4 

First Second Third 
Substep Substep Substep 

CHF. Flow (sccm) 90 90 8O 
CHF, Flow (sccm) 1O 1O O 
CO Flow (sccm) O 15 O 
CFs Flow (sccm) O O 1O 
Air Flow (sccm) 425 425 425 
Inner Source Power (W) 610 610 610 
Outer Source Power (W) 21OO 2310 2310 
Bias Power (W) 1400 1400 1400 
Pressure (mT) 75 75 75 
Roof Temp. (C.) 145 145 145 
Ring Temp. (C.) 350 350 350 
Cathode Temp. (C.) -10 -10 -10 
Backside He Pressure (T) 15 15 15 
Time(s) 70 50 60 

0066. The example yielded an oxide etch rate of 930 
nm/min. The via profile was vertical at close to 90°. The 
nitride loss at the bottom stop layer was less than 10 nm after 
a 16% overetch. 

0067. The recipe is similar to that for the 0.3 um process. 
However, the oxide is thicker and the nitride Stop layers are 
thinner So that the total etch time is much longer for the same 
photoresist thickness of 900 nm. 
0068. In order to reduce photoresist etch rate, difluo 
romethane (CHF) is added for the first and second sub 
Steps. Difluoromethane is a dihydrofluorocarbon providing a 
Source of hydrogen, which is believed to Scavenge free 
fluorine in the plasma and promotes polymerization on the 
photoresist to improve Selectivity to photoresist. 

0069 Carbon monoxide (CO) is added in the second 
Substep to reduce Selectivity to nitride when punching 
through the upper nitride layer. Carbon monoxide is useful 
in this Step Since it affords reasonably good Selectivity to the 
photoresist. Carbon dioxide (CO) has the potential of 
providing the Same Selectivity to nitride in a high-density 
plasma, but experiments have shown a degradation in Selec 
tivity to photoresist relative to CO, probably because of a 
different degree of dissociation in the plasma. Gaseous 
oxygen (O) would be expected to be non-Selective. 
0070 Octafluorocyclobutane (CF) is added in the criti 
cal third Substep to increase Selectivity to the lower nitride 
layer. It, like CF, provides C. Species for effective poly 
merization and resultant nitride Selectivity. Since the nitride 
layer is thinner in this structure, CFs is chosen over CF 
because of its greater polymerizing power over either the 
CF, or CHF, used in the first two Substeps. It is generally 
easier to form polymer on Small exposed nitride Surfaces as 
compared to the larger exposed Surfaces experienced here. 
For Small features size, CF is more desirable Since it 
provides adequate nitride Selectivity without Sacrificing etch 
depth in the Via, that is, without etch Stop. For larger feature 
sizes, CFs can be used to provide high nitride Selectivity 
without too much concern about etch depth margin. 
0071 Generally, the longer the carbon molecule, the 
better it performs as a polymer former. Some carbon in the 
fluorocarbon also indicates Stronger polymer formation. 
0.072 The critical etching steps are preferably performed 
in a high-density plasma. First, it affords a higher etch rate. 
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Secondly, the Separate biasing of the pedestal allows control 
of the ion energy without Sacrificing etching rate. Thirdly, it 
has been experimentally observed that a polymer formed in 
a high-density plasma has a higher carbon-to-fluorine ratio. 
A low-fluorine polymer provide better selectivity to under 
lying layers not containing oxygen. 
0073. Each of the two-substep and three-substep pro 
cesses summarized in TABLES 2 and 3 is preferably per 
formed in a single high-density plasma reactor in an essen 
tially continuous process. The RF powers and more 
importantly the various temperatures are maintained the 
Same So no reequilibration is required. The gas flow of the 
principal etchant CHF is maintained constant to within 15% 
with only the selective additions of the polymer formers and 
the oxygen-containing CO, to an extent of no more than 30% 
of the active gas flow. The oxygen-containing CO has a flow 
rate of less than 25% of the active etching gases and less than 
20% of the primary etchant CHF. Additionally, the high 
diluent flow, greater than twice that of the active gases, 
allows the gas pressure to remain essentially constant with 
no adjustment of the throttle valve. Thereby, the substeps 
Smoothly transition with no interruption of the plasma. 
0074 Although the via etch is the critical step for the 
counterbore dual-damascene etch, the trench etch, its pho 
tomasking, and the lower Stop removal must be performed 
consistent with the entire process. These further Steps are 
part of an integrated process disclosed by Hung et al. in U.S. 
patent application Ser. No. 09/112,094, filed Jul. 9, 1994 and 
incorporated herein in its entirety. The details of the other 
parts of the integrated process are not essential to this 
invention. An unexpected feature of the integrated process is 
that it is preferred to Strip the photoresist in the post-etch 
treatment (PET) or ashing step before the lower nitride stop 
layer is removed. Exemplary process recipes for these steps 
are Summarized in TABLE 5. These Steps can be sequen 
tially performed also in the IPS chamber of FIG. 9 after the 
formation of the trench photomask. The IPS chamber may 
be the same chamber or another one. Alternatively, Since the 
trench etch and other StepS associated with it are not So 
critical, it is possible to perform them in a leSS Sophisticated 
plasma etch reactor, for example, one relying Solely upon RF 
capacitive coupling between the pedestal and the grounded 
chamber walls. 

TABLE 5 

Trench Nitride 
Etch Ash Etch 

CFs Flow (sccm) 14 O O 
CHF, Flow (sccm) O O 40 
O. Flow (sccm) O 400 60 
Air Flow (sccm) 1OO O 1OO 
Inner Source Power (W) 260 8OO 42O 
Outer Source Power (W) 1040 24OO 132O 
Bias Power (W) 1400 150 150 
Pressure (mT) 7 60 9 
Roof Temp. (C.) 18O 18O 18O 
Ring Temp. (C.) 270 270 270 
Cathode Temp. (C.) +10 +10 +10 
Backside He Pressure (T) 15 15 15 
Time(s) 1OO 60 1OO 

0075) The trench etch when performed with the 0.3 um 
counterbore via with the above recipe produced an oxide 
etch rate of 600 nm/min. The trench profile was slightly 
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V-shaped at between 85 and 90°. The nitride loss of the 
upper stop layer was less than 20 nm with a 20% over etch. 
The bottom Stop layer lost Significant thickness, but there 
was no punch through. 

0.076 The chemistry used in the exemplary trench etch 
uses CF/Ar at low Source power. Since the trench etch is 
performed with a low aspect ratio with a large area of 
exposed SiN. at the upper Stop layer and an unprotected 
bottom SiN layer, it is desirable to use a highly polymer 
izing proceSS with a low ion density to minimize Sputtering 
of SiN. The highly polymerizing nature of CF provides 
good Selectivity to the top nitride layer. The lower Source 
power reduces the ion density, which in turn reduces the 
Sputtering of the SiN corner of the upper Stop layer, to 
thereby maintain the critical dimension of the Via. A rela 
tively high silicon roof temperature of 200° C. is used as an 
additional control to increase Selectivity to nitride. The 
relatively low chamber pressure of 7 mT is used in this case 
to minimize micro-loading between different sizes of the 
trenches, which can range between 0.3 um to greater than 1 
tim. Micro-loading produces differential etching rates for 
different geometries, which results in SiN erosion in one of 
the geometries. The lower preSSure also produces a more 
Vertical profile, especially for the highly polymerizing 
chemistry being used in the trench etch. 

0077. The photoresist and polymer are stripped in a 
typical ashing Step Summarized in TABLE 5 using only O. 
at high Source power and low bias power. The Stripping is 
performed prior to the nitride removal Step to avoid residue 
originating form the polymer coming from the roof and 
wafer. 

0078. The third and final etch step 66 removing the 
exposed lower Stop layer 12 is typically a Soft plasma etch 
to avoid copper Sputtering and the formation of a residue. 

0079 The various temperature settings for all three steps 
in TABLE 5 are the same allowing a quick transition 
between the Steps. 

0080 Although the examples of the invention have relied 
upon the inductively coupled IPS chamber, other etch reac 
tor and particularly other types of high-density plasma 
reactors may be used advantageously with the invention. 

0.081 Although the examples of the invention have used 
layers of PECVD SiO, and SiN for the oxide and nitride 
layers, the invention is not So limited. There are other forms 
of Silicon oxide, Such as borophosphosilicate glass (BPSG), 
fluorinated silica glass (FSG), and spin-on glass (SOG) and 
other forms of oxygen-free Silicides. Indeed, the broader 
aspects of the invention are not limited to only Silicon-based 
dielectricS and Stop layers but may be extended to carbon 
based materials for one or both of these types of layers. 

0082 It is thus seen that the deep via etch through 
multiple layers can be efficiently and quickly performed in 
a Single etch reactor while providing a highly desirable 
Structure, particularly in conjunction the counterbore dual 
damascene Structure. However, the invention is not limited 
to a dual-damascene Structure but may be applied to other 
multi-layer dielectric Structures. 

0.083 Although the recipes of the examples are presented 
for the combination of Silicon oxide and Silicon nitride, 
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many aspects of the invention can be applied to other 
dielectric structures, including those using carbon-based 
low-k dielectrics. 

What is claimed is: 
1. A multi-level dielectric etch method, comprising the 

Steps of 
placing into a plasma reactor a Substrate containing a 

layered Structure formed over a Substrate and compris 
ing Sequentially, from a bottom thereof, a first Stop 
layer, a first dielectric layer, a Second stop layer, a 
Second dielectric layer, and a first photomask patterned 
with at least one first aperture; 

a first flowing Step of flowing a first gas mixture into Said 
reactor and exciting it into a first plasma, Said first 
plasma being capable of etching both Said Second 
dielectric layer and Said Second Stop layer through Said 
at least one first aperture; continuing Said first Step at 
least until Said Second stop layer is etched through; and 

a Second flowing Step, performed without removing Said 
Substrate from Said reactor after Said flowing Step, of 
flowing a Second gas mixture into Said reactor and 
exciting it into a Second plasma, Said Second plasma 
etching Said first dielectric layer through Said at least 
one first aperture Selectively to Said first Stop layer; 

wherein at least one of Said first and Second gas mixtures 
comprise a single-hydrogen fluorocarbon gas and 
multi-carbon fluorocarbon gas. 

2. The multi-level dielectric etch method of claim 1, 
wherein Said Single-hydrogen gas has as F/C ratio of 3 or 
greater. 

3. The multi-level dielectric etch method of claim 1, 
wherein Said multi-carbon gas has an F/C ratio of 3 or less. 

4. The multi-level dielectric etch method of claim 2, 
wherein Said multi-carbon gas has an F/C ratio of 3 or less. 

5. The multi-level dielectric etch method of claim 2, 
wherein Said first gas mixture further comprises CO. 

6. An etching method, comprising the Step of: 
providing a Substrate having formed on the Surface a 

Sequentially arranged Structure comprising a Stop layer, 
a lower dielectric layer, and an upper dielectric layer; 

defining a first photomask over Said structure having a 
plurality of first apertures extending from a top most 
level a bottom most level of said photomask; 

placing Said Substrate defined with Said first photomask 
into a first plasma reactor Substrate and powered by RF 
power Supply; 

a first Step of flowing gas mixture into Said reactor and 
exciting it into a first plasma, Said first plasma etching 
Said upper dielectric layer through Said first apertures, 
and 

a Second step, performed without removing Said Substrate 
from Said reactor after Said first flowing Step, of flowing 
a Second gas mixture into Said reactor and exciting it 
into a Second plasma, Said Second plasma etching 
through Said lower dielectric layer Selectively to Said 
Stop layer until Said Stop layer is exposed; 

wherein at least one of Said Stop first and Second gas 
mixtures comprise a first Single-hydrogen fluorocarbon 
gas and a first multi-carbon fluorocarbon gas. 
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7. The etching method of claim 6, wherein said single 
hydrogen gas has as F/C ratio of 3 or greater. 

8. The etching method of claim 7, wherein said multi 
carbon fluorocarbon gas comprises a fluorocarbon having an 
F/C ratio of 3 or less. 

9. The etching method of claim 6, wherein said first 
multi-carbon fluorocarbon gas comprises a fluorocarbon 
having an F/C ratio of 3 or less. 

10. The etching method of claim 9, wherein said fluoro 
carbon has at least four carbon atoms. 

11. The etching method of claim 6, wherein Said first gas 
mixture further comprises CO. 

12. The etching method of claim 6, further comprising: 
providing a Second photomask over Said Substrate to 

define a plurality of trenches, and 
performing a trench etch comprising the Steps of 

a first trench etch substep of flowing a first trench etch 
gas mixture into Said reactor and exciting it into a 
plasma So as to etch said upper dielectric layer to 
thereby define trenches, 

a first ash Step of flowing ashing gas to etch Said Second 
photomask, and 

a Second trench etch Substep of flowing a Second trench 
etch gas mixture into Said reactor and exciting it into 
a plasma So as to etch Said Stop layer. 

13. The etching method of claim 12, wherein at least one 
of Said first trench etch gas mixture and Second trench etch 
gas mixtures comprises a second single-hydrogen fluorocar 
bon gas and a Second multi-carbon fluorocarbon gas. 

14. The etching method of claim 16, wherein said second 
multi-carbon fluorocarbon gas comprises a hydrogen-free 
fluorocarbon having at least four carbon atoms. 

15. A multi-level dielectric etch method, comprising the 
Steps of: 
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placing into a plasma reactor a Substrate containing a 
layered Structure formed over a Substrate and compris 
ing Sequentially, from a bottom thereof, a first Stop 
layer, a first dielectric layer, a Second stop layer, a 
Second dielectric layer, and a first photomask patterned 
with at least one first aperture; 

a first flowing Step of flowing a first gas mixture including 
a first fluorocarbon into Said reactor and exciting it into 
a first plasma, Said first plasma being capable of etching 
both Said Second dielectric layer and Said Second Stop 
layer through Said at least one first aperture; continuing 
Said first Step at least until Said Second Stop layer is 
etched through; and 

a Second flowing Step, performed without removing Said 
Substrate from Said reactor after Said flowing Step, of 
flowing a Second gas mixture including a hydrogen-free 
Second fluorocarbon into Said reactor and exciting it 
into a Second plasma, Said Second plasma etching Said 
first dielectric layer through Said at least one first 
aperture Selectively to Said first Stop layer; 

wherein Said Second fluorocarbon is more heavily poly 
merizing than Said first fluorocarbon. 

16. The method of claim 15, wherein said first fluorocar 
bon is a hydrogen-containing fluorocarbon. 

17. The method of claim 16, wherein said second fluo 
rocarbon contains at least 4 carbon atoms. 

18. The method of claim 17, wherein said first fluorocar 
bon comprises CHF. 

19. The method of claim 16, wherein said second fluo 
rocarbon contains at least 4 carbon atoms. 

20. The method of claim 19, wherein said second gas 
mixture additionally includes CO. 

k k k k k 


