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(57) ABSTRACT 

Gas switching is used during an etch process to modulate the 
characteristics of the etch. The etch process comprises a 
sequence of at least three steps, Wherein the sequence is 
repeated at least once. For example, the ?rst step may result 
in a high etch rate of oxide (108) While the second step is a 
polymer coating steps and the third step results in a loW etch 
rate of oxide and high etch rate of another material (114) 
and/or sputtering. 
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GAS SWITCHING DURING AN ETCH PROCESS 
TO MODULATE THE CHARACTERISTICS OF 

THE ETCH 

FIELD OF THE INVENTION 

[0001] The invention is generally related to the ?eld of 
semiconductor device fabrication and more speci?cally to 
dual damascene trench etching. 

BACKGROUND OF THE INVENTION 

[0002] As the density of semiconductor devices increases, 
the demands on interconnect layers for connecting the 
semiconductor devices to each other also increase. There 
fore, there is a desire to sWitch from the traditional alumi 
num metal interconnects to copper interconnects. Unfortu 
nately, suitable copper etches for a semiconductor 
fabrication environment are not readily available. To over 
come the copper etch problem, damascene processes have 
been developed. 

[0003] In a conventional interconnect process, the alumi 
num (and any barrier metals) are deposited, patterned, and 
etched to form the interconnect lines. Then, an interlevel 
dielectric (ILD) is deposited and planariZed. In a damascene 
process, the ILD is formed ?rst. The ILD is then patterned 
and etched. The metal is then deposited over the structure 
and then chemically-mechanically polished to remove the 
metal from over the ILD, leaving metal interconnect lines. A 
metal etch is thereby avoided. 

[0004] One prior art damascene process, a dual damascene 
process, is described With reference to FIGS. 1A-E. Refer 
ring to FIG. 1A, a silicon nitride layer 12 is deposited over 
a semiconductor body 10. Semiconductor body 10 Will have 
been processed through a ?rst metal interconnect layer. A via 
level dielectric 14 is deposited over silicon nitride layer 12. 
Via dielectric layer 14 comprises FSG (?uorine-doped sili 
cate glass). Another silicon nitride layer 18 is deposited over 
via level dielectric 14 and a second, trench level dielectric 20 
is deposited over silicon nitride layer 18. A via 22 is then 
patterned and etched through the trench level dielectric 20, 
silicon nitride layer 18 and via level dielectric 14. Silicon 
nitride layer 12 is used as a via etch-stop. 

[0005] Referring to FIG. 1B, a spin-on organic BARC 
(bottom anti-re?ection coating) 24 is deposited to ?ll a 
portion of via 22. The result is approximately 600 A of 
BARC over dielectric 20 and a thickness of 2000-2500 A 
inside the via 22. BARC 24 protects via 22 during the 
subsequent trench etch. Next, the trench pattern 26 is formed 
on the structure as shoWn in FIG. 1C. Trench pattern 26 
exposes areas of trench level dielectric 20 (With about 600 
A of BARC on top of dielectric 20) Where the metal 
interconnect lines are desired. Referring to FIG. 1D, the 
trench etch to remove portions of FSG layer 20 is performed. 
Oxide ridges 28 may undesirably form on the edges of via 
22. Pattern 26 is removed as shoWn in FIG. 1E. Oxide ridges 
impair device reliability due to the fact that it is dif?cult to 
ensure that a metal barrier completely covers the oxide 
ridges. 
[0006] NeWer technologies are sWitching to even loWer-k 
dielectrics such as organo-silicate glass (OSG) or ultra 
loW-k ?lms in place of FSG. Dual damascene processes for 
Working With the neWer dielectrics are needed. 

Nov. 29, 2007 

SUMMARY OF THE INVENTION 

[0007] The invention uses gas sWitching during an etch 
process to modulate the characteristics of the etch. The etch 
process comprises a sequence of at least three sub-steps that 
is repeated at least once. For example, the sequence may 
include a primary etch step that results in a high etch rate of 
oxide, a polymer coating step that helps protect the trench 
resist and feature sideWalls, and a ridge removal step that 
results in a loWer etch rate of oxide and higher etch rate of 
the via plug material. 

[0008] An advantage of the invention is providing an etch 
process that has a high etch rate, good CD and pro?le 
control, high selectivity, and good defect control. 

[0009] This and other advantages Will be apparent to those 
of ordinary skill in the art having reference to the speci? 
cation in conjunction With the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] 
[0011] FIGS. 1A-1E are cross-sectional diagrams of a 
prior art dual damascene process at various stages of fabri 
cation; and 

[0012] FIGS. 2A-2E are cross-sectional diagrams of a dual 
damascene process according to the invention at various 
stages of fabrication. 

In the draWings: 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0013] The invention Will noW be described in conjunction 
With a dual damascene copper interconnect process. It Will 
be apparent to those of ordinary skill having reference to this 
speci?cation that the bene?ts of the invention may be 
applied to other etch applications such as gate etch/shalloW 
trench isolation etch or contact/via etch to expand process 
margins and to achieve better etch results. 

[0014] A fabrication process according to an embodiment 
of the invention Will noW be discussed With reference to 
FIGS. 2A-2E. A semiconductor body 100 is processed 
through the formation of a ?rst interconnect layer 102 as is 
knoWn in the art. (Although referred to herein as the ?rst 
interconnect layer 102, layer 102 may be any interconnect 
layer except the uppermost interconnect layer.) A via etch 
stop layer 104 is deposited over the ?rst interconnect layer 
102. Etch-stop layer 104 typically comprises silicon carbide, 
but other suitable etch-stop layers are knoWn in the art (e. g., 
silicon nitride). As an example, the thickness of etch-stop 
layer 104 may be on the order of 600 A (e.g., 300 A-l000 
A). 
[0015] The via level dielectric 106 (sometimes referred to 
as interlevel dielectriciILD) and trench level dielectric 108 
(sometimes referred to as intrametal dielectriciIMD) are 
formed over etch-stop layer 104. As shoWn in FIG. 2A, ILD 
106 and IMD 108 can be a single layer. In the preferred 
embodiment, OSG (organo-silicate glass) is the material 
used for ILD 106 and IMD 108. OSG is a loW-k material 
having a dielectric constant in the range of 2.7~3.0. Alter 
natively, ILD 106 and IMD 108 may comprise tetra-ethyl 
ortho-silicate (TEOS), ?uorine doped silicate glass, another 
loW-k (k<3.0) or an ultra-loW-k (k§2.5) dielectric. The etch 
chemistries described hereinbeloW are optimiZed for an 
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OSG dielectric. The combined thickness of ILD 106 and 
IMD 108 may be approximately 5000 A (e.g., 2500 A-l0, 
000 A). 

[0016] A trench etch-stop layer is not necessary between 
ILD 106 and IMD 108. However, one could be included if 
desired. Eliminating the etch-stop layer between the ILD 
106 and IMD 108 has the advantage of reducing parasitic 
capacitance. 

[0017] Sometimes a capping layer is formed over IMD 
108. As an example, oxide capping layer may be deposited 
using a plasma enhanced tetraethylorthosilicate (PETEOS) 
process. The thickness of oxide capping layer is approxi 
mately 1000 A (e.g., 200 A-3000 A). Silicon nitride could 
also be used as a capping layer. It should be noted that a 
BARC layer is often used under the resist for both via and 
trench pattern. In the preferred embodiment, no capping 
layer or hardmask is used. 

[0018] Referring to FIG. 2A, vias 112 are etched through 
IMD 108 and ILD 106. The via etch stops on etch-stop layer 
104. Vias 112 are formed in areas where connection is 
desired between two metal interconnect layers. If an addi 
tional etch-stop layer was included between IMD 108 and 
ILD 106, the via etch also etches through this additional 
etch-stop layer. In the preferred embodiment, the via etch 
chemistry comprises C4F8, N2 and CO. 

[0019] Referring to FIG. 2B, a spin-on BARC 114 is 
coated to ?ll at least portion of via 112. FIG. 2B shows a 
full-?ll via. The result is approximately 850 A of BARC 
over IMD 108 and a thickness of 4500 A-7000 A inside the 
via 112. (The BARC thickness inside the via varies with the 
via density.) BARC 114 protects the bottom of via 112 
during the subsequent trench etch. 

[0020] Still referring to FIG. 2B, the trench resist pattern 
120 is formed. Trench pattern 120 exposes the areas where 
metal interconnect lines of a second or subsequent metal 
interconnect layer are desired. 

[0021] Next, the trench etch is performed to etch IMD 108 
as shown in FIG. 2C. The trench etch is a gas switching 
process to modulate the etch characteristics. The gas switch 
ing process uses a sequence of at least three sub-steps (e.g., 
an oxide etch step, a polymer coating step, and a ridge 
removal step). The sequence is repeated at least once and 
preferably three or more times. Additional steps may be 
included and repeated at least once. At least one process gas 
is changed for each sub-step in order to modulate the etch 
characteristics. 

[0022] In a preferred embodiment, the ?rst step is an oxide 
“etching” step that preferentially etches the IMD 108 with 
respect to the BARC ?ll 114. The second step is a “polymer 
coating” step that uses a polymeriZing ?uorocarbon gas or 
gases. The polymer coating step protects the resist 120 
surface and the etched sidewall to help reduce LER (line 
edge-roughness) and protects the via 112 corner thus reduc 
ing via ?aring. The third step is a short “ashing/sputtering” 
step that preferentially etches the BARC ?ll 114 with respect 
to etching the oxide of the IMD and sputters/removes any 
ridges that may begin to form during the oxide etching step. 
Each step has a different etch selectivity ratio. Differing etch 
selectivity ratios may be obtained by changing one or more 
of the gases used, changing the ?ow ratios, and/or changing 
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the RF power for each step. The remaining process param 
eters (e.g., pressure, chuck temperature, gap, etc.) may or 
may not remain the same. 

[0023] In one example, after an initial etch step to remove 
the exposed portion 11411 of BARC layer over IMD 108, a 
short oxide etching step is performed. The oxide etching step 
is tuned to provide a high etch rate for the IMD 108. A short 
polymer coating step is then performed using a low power 
with a polymeriZing ?uorocarbon gas (or gases) such as 
CH2F2, CH3F, CHF3, C4F6, or C5F8. The polymer coating 
step protects the resist 120 surface, the sidewall, and the via 
corner. A short ashing/ sputtering step is then performed. The 
oxide etch step, polymer coating step, and ashing/sputtering 
steps each use a different gas chemistry (i.e., at least one 
process gas of the gas chemistry is different). The sputtering 
step is optimiZed to prevent the formation of oxide ridges 
that would result from using the oxide etching step alone. 
For example, the sputtering step may have a lower IMD etch 
rate and higher BARC etch rate or higher inert gas ?ow. The 
oxide etch, polymer coating, and sputtering steps are 
repeated at least once. 

[0024] A preferred set of etch parameters for etching a 
trench in OSG are given in Table l. The initial step is used 
to etch the BARC 11411. The First sub-step is an oxide 
etching step that preferentially removes the IMD 108 with 
respect to BARC 114. The Second sub-step is a polymer 
coating step and the Third sub-step is a sputtering step that 
preferentially etches BARC 114 with respect to the IMD 108 
and removes ridges formed during the ?rst sub-step. In one 
preferred embodiment, the First, Second, and Third sub 
steps are repeated 3 times for a total of 57 seconds. 

TABLE I 

Preferred Etch Sequence 

Gas Gas Gas 
Step Pressure Power Species species species Temp. Time 

Initial 40 mT 1400 W 80 CF4 20 O2 160 Ar 60 C/ 20 s 
40 C 

First 40 mT 1500 W 10 C41:8 300 N2 100 Ar 60 C/ 10 s 
40 C 

Sec- 50 mT 300 W 20 CH2F2 200 Ar 60 C/ 4 s 
0nd 40 C 
Third 40 mT 500 W 5 O2 100 N2 400 Ar 60 C/ 5 s 

40 C 

[0025] As in the preferred example above, the First, Sec 
ond, and Third sub-steps may differ by one or more gas 
species, ?ow rate, or pressure. The remaining process 
parameters may or may not remain the same. In the above 
example, power, ?ow rate, and time are changed in addition 
to changing a gas species. The First sub-step above has a 
high etch rate of oxide as in a traditional “etching” step. The 
Second sub-step provides a temporary polymer coating to 
protect resist surface and via corners. The Third sub-step 
may be more of an “ashing” with high etch rate of organic 
BARC inside the vias and very low etch rate of oxide and a 
“sputtering” with a high ?ow rate of inert gas to remove 
ridges. The modulated etch process of Table I can reduce or 
eliminate oxide ridges with a full BARC-?ll of the vias. It 
can also achieve good sidewall pro?le and CD control for 
the OSG trench etch. The Third sub-step is preferably 
shorter than the First sub-step so that oxide ridge formation 
can be prevented without too much resist loss. 



US 2007/0275561 A1 

[0026] In another preferred embodiment, the order of the 
sub-steps in the sequence differs from the above example. In 
this embodiment, the ?rst step in the sequence is a polymer 
coating step. The second step is a sputtering/ridge removal 
step and the third step is an oxide etching step. 

[0027] In yet another preferred embodiment, the sub-steps 
in the sequence differ from the above example. In this 
embodiment, the ?rst sub-step in the sequence is a plasma 
treatment step that protects the loW-k/ultra-loW-k ?lm during 
ashing. The second sub-step is an ashing/resist removal step. 
The third sub-step is a plasma curing step that cures the 
damage done to the loW-k/ultra-loW-k ?lm by etching and 
ashing. The sequence may be performed in a reactive ion 
etch (RIE) tool such as a one using dipole ring magnets or 
a super capacitively coupled module, both available from 
Tokyo Electron Limited (TEL), a capacitively coupled 
plasma from Lam Research Corporation or Applied Mate 
rials, Inc. or other inductively coupled plasma (ICP) etchers. 

[0028] Referring to FIG. 2D, the resist and BARC from 
trench pattern 120 are removed, for example, by ashing. 
Next, an etch-stop etch is performed to remove the etch-stop 
layer at the bottom of the vias. (If the capping layer is thin 
(e. g., <500 A), it can be removed during etch-stop layer etch. 
HoWever, if the capping layer is >500 A, it is removed 
during metal CMP.) 

[0029] Processing then continues With the formation of the 
second metal interconnect layer 122, as shoWn in FIG. 2E. 
(Although referred to as the second metal interconnect layer, 
layer 122 can be any metal interconnect layer other than the 
loWest interconnect layer.) Typically, a barrier layer 124, 
such as tantalum-nitride (TaN) is deposited ?rst. Due to the 
fact that no oxide ridges are formed, it is fairly easy to form 
a continuous barrier layer 124 in the trench/via. This advan 
tage also increases the process margin. The purpose of the 
barrier layer is to prevent diffusion of the subsequently 
formed metal into the IMD/ILD. Breaks in the barrier layer 
alloW metal diffusion and thus reduce yield and reliability. 
The invention thus improves both the yield and reliability by 
preventing the formation of oxide ridges and reducing 
defects in the via. 

[0030] After the barrier layer 124 is deposited, a copper 
seed layer is typically formed. This is folloWed by the 
formation of the copper interconnect 122 and a top nitride 
(Si3N4) or silicon carbide (SiC) capping layer 128. The 
above process can then be repeated to form subsequent 
metal interconnect layers. 

[0031] While this invention has been described With ref 
erence to illustrative embodiments, this description is not 
intended to be construed in a limiting sense. Various modi 
?cations and combinations of the illustrative embodiments, 
as Well as other embodiments of the invention, Will be 
apparent to persons skilled in the art upon reference to the 
description. For example, the etch chemistries of the primary 
and secondary steps may be reversed such that the primary 
step etches BARC faster and the secondary step etches OSG 
faster. It is therefore intended that the appended claims 
encompass any such modi?cations or embodiments. 

1. A method for fabricating an integrated circuit, com 
prising the steps of: 

providing a semiconductor body having a layer formed 
thereover; 
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forming a patterned resist and Bottom Anti-Re?ective 
Coating (BARC) over said layer; 

etching said layer using a sequence comprising at least a 
?rst step, a second step, and a third step, Wherein said 
sequence is repeated at least once, and Wherein said 
?rst step uses a ?rst gas chemistry, said second step 
uses a second, distinct, gas chemistry, and said third 
step uses a third, distinct, gas chemistry; and 

then, removing said patterned resist and BARC. 
2. The method of claim 1, Wherein said ?rst gas chemistry 

provides a higher etch rate for said layer, said second gas 
chemistry uses at least one polymeriZing gas, and said third 
gas chemistry provides a loWer etch rate for said layer. 

3. The method of claim 1, Wherein said ?rst step uses a 
?rst poWer setting, said second step uses a second, distinct 
poWer setting, and said third step uses a third, distinct poWer 
setting. 

4. The method of claim 1, Wherein said ?rst step uses a 
?rst ?oW rate, said second step uses a second, distinct ?oW 
rate, and said third step uses a third, distinct ?oW rate. 

5. The method of claim 1, Wherein said sequence is 
repeated at least three times prior to removing said patterned 
resist and BARC. 

6. The method of claim 1, Wherein said sequence is 
performed in a reactive ion etcher. 

7. A method of fabricating an integrated circuit, compris 
ing the steps of: 

providing a semiconductor body having an interlevel 
dielectric (ILD) and intrametal dielectric (IMD) formed 
thereover; 

etching a via in said IMD and in said ILD; 

?lling said via With a BARC material; 

forming a trench patterned resist and bottom anti-re?ec 
tive coating (BARC) over said IMD; 

etching a trench in said IMD using a sequence comprising 
at least an oxide etching step, a polymer coating step, 
and an ashing and sputtering step, Wherein said 
sequence is repeated at least once; and 

removing said trench patterned resist and BARC. 
8. The method of claim 7, Wherein said ILD and IMD 

comprise a material selected from the group consisting of 
tetra-ethyl-ortho-silicate (TEOS), ?uorine doped silicate 
glass, loW-k dielectrics, and ultra-loW-k dielectric. 

9. The method of claim 7, Wherein said oxide etching step 
uses a ?rst gas chemistry, said polymer coating step uses a 
second, distinct gas chemistry, and said sputtering step uses 
a third, distinct, gas chemistry. 

10. The method of claim 9, Wherein said ?rst gas chem 
istry provides a higher etch rate for said IMD and said third 
gas chemistry provides a loWer etch rate for said IMD. 

11. The method of claim 9, Wherein said ?rst gas chem 
istry comprises C4138, nitrogen, and argon, said second gas 
chemistry comprises a polymerizing ?uorocarbon gas and 
argon, and said third gas chemistry comprises 02 and one or 
more gases selected from the group consisting of nitrogen 
and argon. 

12. The method of claim 11, Wherein said polymerizing 
?uorocarbon gas comprises CH2F2. 
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13. A method of fabricating an integrated circuit, com 
prising the steps of: 

providing a semiconductor body having an interlevel 
dielectric (ILD) and intrametal dielectric (IMD) formed 
thereover; 

etching a via in said IMD and in said ILD; 

?lling said via With a bottom anti-re?ective coating 
(BARC) material; 

forming a trench resist pattern over said IMD; 

etching a trench in said IMD using an etch sequence 
comprising: 
supplying a ?rst gas chemistry comprising at least one 

?rst process gas; 

changing said ?rst gas chemistry to a second gas 
chemistry by replacing said at least one ?rst process 
gas With at least one second process gas; and 

changing said second gas chemistry to a third gas 
chemistry by replacing said at least one second 
process gas With at least one third process gas, 
Wherein said at least one ?rst process gas, said at 
least one second process gas and said at least one 
third process gas are distinct from each other, 

Wherein said etch sequence is repeated at least once; and 
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then, removing trench resist pattern and said BARC 
material. 

14. The method of claim 13, Wherein said step of sup 
plying the ?rst gas chemistry comprises etching said IMD 
preferentially With respect to said BARC material, Wherein 
the at least one second process gas comprises a polymerizing 
?uorocarbon gas, and Wherein said step of changing the 
second gas chemistry to the third gas chemistry comprises 
an ashing and sputtering effect. 

15. The method of claim 14, Wherein said polymerizing 
?uorocarbon gas is selected from the group consisting of 
CH2F2, CH3F, CHF3, C4136, and C5138. 

16. The method of claim 13, Wherein the at least one ?rst 
process gas comprises a polymerizing ?uorocarbon gas, 
Wherein the step of changing the ?rst gas chemistry to the 
second gas chemistry comprises an ashing and sputtering 
effect, and Wherein the step of supplying the third gas 
chemistry comprises etching the IMD preferentially With 
respect to the BARC material. 

17. The method of claim 16, Wherein said polymerizing 
?uorocarbon gas is selected from the group consisting of 
CH2F2, CH3F, CHF3, C4136, and CSFS. 

18. The method of claim 13, Wherein the etch sequence is 
repeated at least three times. 


