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PLASMA ETCHING OF SILICON CARBIDE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an improved pro 
cess of plasma etching dielectric materials such as silicon 
carbide. 

BACKGROUND OF THE INVENTION 

[0002] The manufacture of multilayer structures typically 
involves patterned etching of areas of the semiconductor 
surface that are covered by a photoresist protective material. 
One etching technique is reactive ion etching (RIE). This 
process involves positioning a semiconductor Wafer in a 
reaction chamber and feeding etchant gases into the cham 
ber. The etchant gases are dissociated in a radio frequency 
(RF) ?eld so that ions contained in the etchant gases are 
accelerated to the Wafer surface. The accelerated ions com 
bine chemically With unmasked material on the Wafer sur 
face. As a result, volatile etch product is produced and is 
incorporated into the plasma. The concentration of the 
volatile etch product can be tracked in order to determine the 
end-point of the RIE process, i.e., When the chemical 
reaction has removed the desired level of material from the 
Wafer surface. During the RIE process, a single layer or 
multiple layers of material or ?lm may be removed. These 
materials may include, for example, silicon nitride (Si3N4), 
PSG, silicon dioxide (SiO2) and poly-silicon (PSi). 

[0003] US. Pat. No. 3,398,033, issued to Haga, discusses 
Wet etching of silicon carbide by the use of a chemical 
reaction of a mixture of oxygen (O2) and chlorine (C12) 
heated to betWeen 1200° C. and 1300° C. US. Pat. No. 
4,351,894, issued to YoneZaWa, discloses a plasma etch 
process for removing SiC using carbon tetra?uoride (CF4) 
and optionally oxygen (O2). US. Pat. No. 4,595,453, issued 
to YamaZaki, discloses using hydrogen ?uoride gas in 
a dry etch plasma process. 

[0004] US. Pat. Nos. 4,865,685 and 4,981,551, both 
issued to Palmour, disclose reactive ion etching of SiC using 
NF3 and, alternatively, NF3 mixed With O2 and argon 

[0005] There is a need in the art for improved techniques 
for plasma etching of silicon carbide With selectivity to 
overlying photoresist or hard mask and/or dielectric layers 
overlying or underlying a silicon carbide layer. 

SUMMARY OF THE INVENTION 

[0006] A method of plasma etching a layer of silicon 
carbide With selectivity to an underlying and/or an overlying 
dielectric material is provided. A substrate, including a layer 
of silicon carbide and an underlying and/or an overlying 
layer of dielectric material, is positioned in a reactor cham 
ber and an etchant gas of a chlorine containing gas, an 
oxygen containing gas, and optional carrier gas are supplied 
to the chamber and energiZed into a plasma state. The 
plasma etches openings in the silicon carbide layer and the 
silicon carbide layer is etched at a faster rate than the 
dielectric material. 

[0007] The substrate may be a silicon Wafer and may 
include a patterned silicon dioxide hard mask and layer of 
loW-k dielectric above and/or beloW the silicon carbide 
layer. AloW-k dielectric above the silicon carbide layer may 
be previously etched to expose the silicon carbide layer at 
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locations corresponding to openings in the hard mask. The 
loW-k dielectric material may be an organic polymer mate 
rial. 

[0008] The method preferably provides a silicon carbide 
etch rate of at least 1200 A/min and a silicon carbidezdi 
electric etch rate selectivity ratio of at least 10 and may be 
used in a reactor chamber such as an ECR plasma reactor, an 
inductively coupled plasma reactor, a capacitively coupled 
reactor, a helicon plasma reactor or a magnetron plasma 
reactor. The method may be used to etch openings in a 
substrate, such as vias, contacts, and/or trenches and may be 
used as an etch method to form a single or dual damascene 
structure or self-aligned contact or trench structure. 

[0009] The chlorine containing gas may be Cl2 or BCl3, 
the oxygen containing gas may be O2, CO, or CO2 and the 
carrier gas may be He, Ne, Ar, Kr, or Xe. The chlorine and 
oxygen gases may be supplied to the reactor chamber at a 
flow rate ratio of C12102 of 2: 1 to 3: 1. The oxygen containing 
gas may be supplied to the reactor chamber at a rate of 5 to 
30 sccm, preferably at a rate of 15 to 25 sccm; and the carrier 
gas may be supplied to the reactor chamber at a rate of 10 
to 80 sccm preferably at a rate of 40 to 60 sccm. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0010] The objects and advantages of the invention Will 
become apparent from the folloWing detailed description of 
preferred embodiments thereof in connection With the 
accompanying drawings in Which like numerals designate 
like elements and in Which: 

[0011] FIGS. 1A-D shoW schematic representations of a 
via-?rst dual-damascene structure Which can be etched 
according to the process of the invention, 

[0012] FIG. 1A shoWing a pre-etch condition, 

[0013] FIG. 1B shoWing a post-etch condition in Which a 
via has been etched, 

[0014] FIG. 1C shoWing the structure re-patterned for a 
trench etch and 

[0015] FIG. 1D shoWing a post-etch condition in Which 
the trench has been etched; 

[0016] FIGS. 2A-D shoW schematic representations of a 
trench-?rst dual-damascene structure Which can be etched 
according to the process of the invention, 

[0017] FIG. 2A shoWing a pre-etch condition, 

[0018] FIG. 2B shoWing a post-etch condition in Which a 
trench has been etched, 

[0019] FIG. 2C shoWing the structure re-patterned for a 
via etch and 

[0020] FIG. 2D shoWing a post-etch condition in Which 
the via has been etched; 

[0021] FIGS. 3A-B shoW schematic representations of a 
self-aligned dual-damascene structure Which can be etched 
according to the process of the invention, 

[0022] FIG. 3A shoWing a pre-etch condition and 

[0023] FIG. 3B shoWing a post-etch condition in Which a 
trench and a via have been etched; 
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[0024] FIG. 4 shows a schematic representation of an 
inductively coupled high density plasma reactor Which can 
be used to carry out the process of the invention; and 

[0025] FIG. 5 shoWs a schematic representation of a 
medium density parallel plate plasma reactor Which can be 
used to carry out the process of the invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0026] The invention provides a process for plasma etch 
ing silicon carbide (SiC) With selectivity to an overlapping 
and/or underlying dielectric layer of material. The dielectric 
material can comprise various loW-k dielectric materials, 
including organic loW-k materials, inorganic dielectric mate 
rials, silicon dioXide, silicon oXynitride, silicon nitride, or 
the like. In order to achieve a desired selectivity to such 
dielectric materials, the plasma etch gas chemistry is 
selected to achieve a desired etch rate of the silicon carbide 
While etching the dielectric material at a sloWer rate. 

[0027] Silicon carbide has favorable characteristics as a 
semiconductor material, including its Wide bandgap, high 
thermal conductivity, high saturated electron drift velocity, 
and high electron mobility. These characteristics make SiC 
an attractive dielectric material for integrated circuits. Addi 
tionally, SiC has found application as etch stops, protective 
coatings, masks, diffusion barriers, and the like due to its 
relative resistance to ceratin types of etchants utiliZed in 
multilayer integrated circuit manufacturing. HoWever, there 
are certain dif?culties Working With silicon carbide, includ 
ing high process temperatures, impurity of starting materi 
als, dif?culty With certain doping techniques, and limited 
development of suitable etching techniques With high selec 
tivity ratios. 

[0028] The invention provides a semiconductor manufac 
turing process Wherein openings can be plasma etched in 
silicon carbide layers While providing desired selectivity to 
underlying and/or overlying dielectric layers such as silicon 
dioxide (SiOZ), silicon nitride (Si3N4), silicon oXynitride and 
photoresist materials (PR). Such selectivity is of great inter 
est in the manufacture of damascene structures Wherein one 
or more silicon carbide etch stop layers are incorporated in 
a multilayer structure. During manufacture of such struc 
tures, features such as contacts, vias, conductor lines, etc. are 
etched in dielectric materials such as oXide and organosili 
cate glass layers in the manufacture of integrated circuits. 
The invention overcomes a problem With prior etching 
techniques Wherein the selectivity betWeen the silicon car 
bide and the overlying and/or underlying layers such as 
mask/oXide/loW-k dielectric/photoresist layers Was too loW 
for commercial applications. Such selectivity problems are 
solved by utiliZing an etching gas chemistry Which reduces 
the etch rates of such layers relative to the silicon carbide 
material. 

[0029] According to one aspect of the invention, in the 
manufacture of a single or dual-damascene structure 
Wherein a loW-k dielectric layer is etched With 0.25 pm or 
smaller geometry to an etch depth of at least 1.8%m, a 
silicon carbide etch stop layer is etched With a silicon 
carbide:loW-k dielectric/photoresist/oXide etch rate selectiv 
ity of greater than 5:1. Such structures can include a hard 
mask having a thickness of around 40 to 60 nm, loW-k 
dielectric layers having thicknesses of around 200 to 400 
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nm, etch stop layers having a thickness of around 40 to 60 
nm, barrier layers having a thickness of around 40 to 60 nm, 
metalliZation layers, metalliZation ?lled vias and trenches, 
and the like. In the folloWing description, silicon carbide 
may be used for one or more layers of various damascene 

structures. HoWever, the process of the invention is appli 
cable to any integrated circuit structure Wherein silicon 
carbide is used as an etched component of the structure. 

[0030] FIGS. lA-D shoW schematics of hoW a silicon 
carbide layer can be etched during a via ?rst dual-damascene 
etch process. FIG. 1A shoWs a pre-etch condition Wherein 
an opening 10 corresponding to a via is provided in a 
photoresist 12 Which overlies a stack of layers including a 
mask 13 of silicon dioXide, silicon nitride, silicon carbide, 
silicon nitride, or the like, a ?rst loW-k dielectric layer 14, a 
?rst stop layer 16 such as silicon nitride or silicon carbide, 
a second loW-k dielectric layer 18, a second stop layer 20 
such as silicon nitride or silicon carbide, and a substrate 22 
such as a silicon Wafer Which may include an electrically 

conductive layer (not shoWn) and other layers such as barrier 
layers (not shoWn) beneath the etch stop layer 20. FIG. 1B 
shoWs the structure after etching Wherein the opening 10 
eXtends through the mask 13, the loW-k dielectric layers 14, 
18 and ?rst stop layer 16 to the second stop layer 20. FIG. 
1C shoWs the structure after re-patterning the masking layer 
for a trench 24. FIG. 1D shoWs the structure after stripping 
of the photoresist and etching Wherein the ?rst loW-k dielec 
tric layer 14 is etched doWn to the ?rst stop layer 16. 

[0031] FIGS. 2A-D shoW schematics of hoW a silicon 
carbide layer can be etched during a trench-?rst dual 
damascene etch process. FIG. 2A shoWs a pre-etch condi 
tion Wherein an opening 30 corresponding to a trench is 
provided in a photoresist masking layer 32 Which overlies a 
stack of layers including a mask layer 33, a ?rst loW-k 
dielectric layer 34, a ?rst stop layer 36 such as silicon nitride 
or silicon carbide, a second loW-k dielectric layer 38, a 
second stop layer 40 such as silicon nitride or silicon 
carbide, and a substrate 42 such as a silicon Wafer Which 
may further include metalliZation and barrier layers (not 
shoWn) beneath the stop layer 40. FIG. 2B shoWs the 
structure after etching Wherein the opening 30 extends 
through the loW-k dielectric layer 34 to the ?rst stop layer 
36. FIG. 2C shoWs the structure after re-patterning for a via 
44. FIG. 2D shoWs the structure after etching Wherein the 
second loW-k dielectric layer 38 is etched doWn to the 
second stop layer 40. 

[0032] FIGS. 3A-B shoW schematics of hoW a silicon 
carbide layer can be etched during a single step dual 
damascene etch process. FIG. 3A shoWs a pre-etch condi 
tion Wherein an opening 50 corresponding to a trench is 
provided in a photoresist 52 and a masking layer 53 Which 
overlies a stack of layers including a ?rst loW-k dielectric 
layer 54, a ?rst stop layer 56 such as silicon nitride or silicon 
carbide, a second loW-k dielectric layer 58, a second stop 
layer 60 such as silicon nitride or silicon carbide, and a 
substrate 62 such as a silicon Wafer Which can include 

metalliZation and barrier layers (not shoWn) beneath the stop 
layer 60. In order to obtain etching of vias through the ?rst 
stop layer 56 in a single etching step, ?rst stop layer 56 
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includes an opening 64. FIG. 3B shows the structure after 
etching Wherein the opening 50 extends through the loW-k 
dielectric layer 54 to the ?rst stop layer 56 and the opening 
64 extends through the second loW-k dielectric 58 to the 
second stop layer 60. Such an arrangement can be referred 
to as a “self-aligned dual-damascene” structure. 

[0033] The process of the invention is applicable to etch 
ing of silicon carbide layers in damascene or other integrated 
circuit structures including etching of silicon carbide layers 
in the form of substrates. The process of the invention is 
particularly useful in manufacturing multilayer structures 
Which include various loW-k dielectric layers including 
doped silicon oxide such as ?uorinated silicon oxide (FSG), 
silicate glasses such as boron phosphate silicate glass 
(BPSG) and phosphate silicate glass (PSG), organic polymer 
materials such as polyimide, organic siloxane polymer, 
poly-arylene ether, carbon-doped silicate glass, silsesquiox 
ane glass, ?uorinated and non-?uorinated silicate glass, 
diamond-like amorphous carbon, aromatic hydrocarbon 
polymer such as SiLK (a product available from DoW 
Chemical Co.), c-doped silica glass such as CORAL (a 
product available from Novellus Systems, Inc.), or other 
suitable dielectric material having a dielectric constant 
beloW 4.0, preferably beloW 3.0. Such loW-k dielectric 
layers can overlie an intermediate layer such as a barrier 
layer and a conductive or semiconductive layer such as 
polycrystalline silicon, metals such as aluminum, copper, 
titanium, tungsten, molybdenum or alloys thereof, nitrides 
such as titanium nitride, metal suicides such as titanium 
silicide, cobalt silicide, tungsten silicide, molybdenum sili 
cide, etc. 

[0034] The plasma can be produced in various types of 
plasma reactors. Such plasma reactors typically have energy 
sources Which use RF energy, microWave energy, magnetic 
?elds, etc. to produce a medium to high density plasma. For 
instance, a high density plasma could be produced in a 
transformer coupled plasma (TCPTM) etch reactor available 
from Lam Research Corporation Which is also called induc 
tively coupled plasma reactor, an electron-cyclotron reso 
nance (ECR) plasma reactor, a helicon plasma reactor, or the 
like. An example of a high flow plasma reactor Which can 
provide a high density plasma is disclosed in commonly 
oWned US. Pat. No. 5,820,261, the disclosure of Which is 
hereby incorporated by reference. The plasma can also be 
produced in a parallel plate etch reactor such as the dual 
frequency plasma etch reactor described in commonly 
oWned US. Pat. No. 6,090,304, the disclosure of Which is 
hereby incorporated by reference. 

[0035] The process of the invention can be carried out in 
an inductively coupled plasma reactor such as reactor 100 
shoWn in FIG. 4. The reactor 100 includes an interior 102 
maintained at a desired vacuum pressure by a vacuum pump 
connected to an outlet 104 in a loWer Wall of the reactor. 
Etching gas can be supplied to a shoWerhead arrangement be 
supplying gas from gas supply 106 to a plenum 108 extend 
ing around the underside of a dielectric WindoW 110. A high 
density plasma can be generated in the reactor by supplying 
RF energy from an RF source 112 to an external RF antenna 
114 such as a planar spiral coil having one or more turns 
outside the dielectric WindoW 110 on top of the reactor. The 
plasma generating source can be part of a modular mounting 
arrangement removably mounted in a vacuum tight manner 
on the upper end of the reactor. 
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[0036] A semiconductor substrate 116 such as a Wafer is 
supported Within the reactor on a substrate support 118 such 
as a cantilever chuck arrangement removably supported by 
a modular mounting arrangement from a sideWall of the 
reactor. The substrate support 118 is at one end of a support 
arm mounted in a cantilever fashion such that the entire 

substrate support/support arm assembly can be removed 
from the reactor by passing the assembly through an opening 
in the sideWall of the reactor. The substrate support 118 can 
include a chucking apparatus such as an electrostatic chuck 
120 and the substrate can be surrounded by a dielectric focus 
ring 122. The chuck can include an RF biasing electrode for 
applying an RF bias to the substrate during an etching 
process. The etching gas supplied by gas supply 106 can 
flow through channels betWeen the WindoW 110 and an 
underlying gas distribution plate 124 and enter the interior 
102 through gas outlets in the plate 124. The reactor can also 
include a cylindrical or conical heated liner 126 extending 
from the plate 124. 

[0037] The process of the invention can also be carried out 
in a parallel plate plasma reactor such as reactor 200 shoWn 
in FIG. 5. The reactor 200 includes a chamber having an 
interior 202 maintained at a desired vacuum pressure by a 

vacuum pump 204 connected to an outlet in a Wall of the 

reactor. Etching gas can be supplied to a shoWerhead elec 
trode by supplying gas from gas supply 206. A medium 
density plasma can be generated in the reactor by a dual 
frequency arrangement Wherein RF energy from RF source 
208 is supplied through a match netWork 210 to a shoWer 
head electrode 212 and RF energy from RF source 214 is 
supplied through a match netWork 216 to a bottom electrode 
218. Alternatively, the shoWerhead electrode 212 can be 
electrically grounded and RF energy at tWo different fre 
quencies can be supplied to the bottom electrode 218. A 
substrate 220 supported on the bottom electrode 218 can be 
etched With plasma generated by energiZing the etch gasses 
into a plasma state. Other capacitively coupled reactors can 
also be used such as reactors Wherein RF poWer is supplied 
only to a shoWerhead electrode or to a bottom electrode. 

[0038] An example of an etch process carried out in a dual 
frequency medium density parallel plate plasma chamber is 
set forth in Table 1 Wherein the etchant gas chemistry is a 
Cl2/O2Ar mixture. Although the optimal flow rates and 
ratios of this gas mixture may change depending on the 
choice of plasma etch chamber, substrate siZe, etc., in the 
case of etching a damascene structure on a 200 mm silicon 

Wafer, the individual constituents of the etchant gas can be 
supplied to the reactor chamber at flow rates of: 5 to 100 
sccm, and more preferably 20 to 60 sccm Cl2;, 2 to 50 sccm 
and more preferably 10 to 30 sccm O2; and 0 to 500 sccm, 
and more preferably 200 to 300 sccm Ar. During etching, the 
chamber pressure can be set at 1 to 500 mTorr, preferably 50 
to 200 mTorr. The flow rate of the Cl2 preferably exceeds the 
flow rate of the 02. However, the flow rate of the Cl2 can be 
less than the flow rate of the 02. For example, the ratio of 
the flow rate of Cl2 to the flow rate of 02 can be set at 0.5 
to 2.0, more preferably 1.25 to 1.75 to achieve a desired 
degree of selectivity With respect to other layers of the 
etched structure. 
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TABLE 1 

Supply Chamber Top Rf Bottom RF SiC Etch 
Etchant Gas Rate Pressure PoWer PoWer cRate 
Component (sccm) (mTorr) (A/min) 

C12 40 5 360 60 1400 
O2 20 
Ar 50 

[0039] The above etching process can be modi?ed by 
substituting different gases for the C12, 02 and/or Ar. For 
example, other Cl-containing gases such as BCl3 can be 
substituted for or added to the C12, carbon monoxide (CO) 
or carbon dioxide (CO2) can be substituted for or added to 
the O2, and other inert gases can be substituted for or added 
to the Ar. 

[0040] In the process utilizing the parameters of Table 1, 
the silicon carbide layer Was located between dielectric 
layers of SiO2 and Si3N4. Using RF powers of 360 Watts for 
the shoWerhead electrode and 60 Watts for the bottom 
electrode, the etch rate of the silicon carbide layer Was about 
1400 angstroms per minute (A/min) While providing a 
selectivity ratio of SiC:SiO2 and SiC:SiN of at least 10, 
preferably at least 20. 

[0041] The high SiC:dielectric selectivity can be obtained 
using other dielectric materials such as loW-k organic dielec 
trics such as polyimide, an organic siloxane polymer, poly 
arylene ether, carbon-doped silicate glass or silsesquioxane 
glass, spin-on glass, ?uorinated or non-?uorinated silicate 
glass, diamond-like amorphous carbon, aromatic hydrocar 
bon polymer, such as “SILK,” a trademark of DoW Chemical 
Co., or any similar loW dielectric constant (loW-k) material 
knoWn in the art to be useful as a dielectric material. 

[0042] Further, as is knoWn to those familiar With plasma 
science, a plasma can be formed under a number of gas 
pressure and electric poWer conditions. It should be under 
stood, therefore, that the selection of temperatures, poWer 
levels, and gas pressures used in practicing the present 
invention can vary Widely and that those speci?ed herein are 
given by Way of example, and not as limitations on the scope 
of the invention. 

[0043] Although the present invention has been described 
in connection With preferred embodiments thereof, it Will be 
appreciated by those skilled in the art that additions, dele 
tions, modi?cations, and substitutions not speci?cally 
described may be made Without department from the spirit 
and scope of the invention as de?ned in the appended 
claims. 

What is claimed is: 
1. A method of plasma etching a layer of silicon carbide 

With selectivity to underlying and/or overlying dielectric 
material, the method comprising: 

positioning a semiconductor substrate in a reactor cham 
ber, the substrate including a layer of silicon carbide 
and an underlying and/or overlying layer of dielectric 
material; 

supplying an etchant gas to the chamber, the etchant gas 
comprising a chlorine containing gas, an oxygen con 
taining gas, and optional carrier gas; and 
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energizing the etchant gas into a plasma state and etching 
openings in the silicon carbide layer, the silicon carbide 
layer being etched at a faster rate than the dielectric 
material. 

2. The method of claim 1, Wherein the oxygen containing 
gas is 02, CO, or CO2 and the chlorine containing gas is Cl2 
or BCl3. 

3. The method of claim 1, Wherein the carrier gas is He, 
Ne, Ar, Kr, or Xe. 

4. The method of claim 1, Wherein the chlorine containing 
gas and the oxygen containing gases are supplied to the 
reactor chamber at a How rate ratio of at least 2:1. 

5. The method of claim 1, Wherein the chlorine containing 
gas is Cl2 and the oxygen containing gas is O2. 

6. The method of claim 1, Wherein the chlorine containing 
gas is supplied to the reactor chamber at a rate of 5 to 50 
sccm. 

7. The method of claim 6, Wherein the oxygen containing 
gas is supplied to the reactor chamber at a rate of 2 to 25 
sccm. 

8. The method of claim 1, Wherein the carrier gas is 
supplied to the reactor chamber at a rate of 10 to 400 sccm. 

9. The method of claim 8, Wherein the carrier gas is 
supplied to the reactor chamber at a rate of 25 to 100 sccm. 

10. The method of claim 1, Wherein the silicon carbide is 
etched With an etch rate selectivity to an overlying silicon 
oxide mask layer of at least 10 and/or an etch rate selectivity 
to an underlying loW-k dielectric layer of at least 5. 

11. The method of claim 1, Wherein the silicon carbide 
etch rate is at least 1200 A/min. 

12. The method of claim 1, Wherein the substrate includes 
a patterned silicon dioxide hard mask and layer of loW-k 
dielectric above the silicon carbide layer, the loW-k dielec 
tric having been previously etched to expose the silicon 
carbide layer at locations corresponding to openings in the 
hard mask, the silicon carbide comprising an etch stop layer 
etched With an etch rate selectivity to the hard mask of at 
least 5. 

13. The method of claim 12, Wherein the substrate further 
includes a layer of loW-k dielectric beloW the silicon carbide 
layer. 

14. The method of claim 13, Wherein the loW-k dielectric 
material comprises an organic polymer material and the 
silicon carbide comprises hydrogenated silicon carbide. 

15. The method of claim 1, Wherein a silicon carbide:di 
electric etch rate selectivity ratio is at least 10. 

16. The method of claim 1, Wherein the reactor chamber 
comprises an ECR plasma reactor, an inductively coupled 
plasma reactor, a capacitively coupled reactor, a helicon 
plasma reactor or a magnetron plasma reactor. 

17. The method of claim 1, Wherein the openings com 
prise vias, contacts, and/or trenches. 

18. The method of claim 1, Wherein the openings are in a 
single or dual damascene structure. 

19. The method of claim 1, Wherein the chamber pressure 
in the reactor chamber is 5 to 500 mTorr. 

20. The method of claim 1, Wherein the silicon carbide 
layer comprises an upper portion of a silicon carbide sub 
strate. 


