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ffiGH ASPECT RA TIO SUB-MICRON CONT ACT ETCH PROCESS IN 

AN INDUCTIVELY-COUPLED PLASMA PROCESSING SYSTEM 

Background of the Invention 

The present invention relates to the fabrication of semiconductor integrated circuits 

(IC's). More particularly, the present invention relates to methods and apparatuses for 

etching ·through an IC's layer stack, including an oxide layer, during IC fabrication to create 

etched features therein. 

During the manufacture of a semiconductor-based product, for example, a flat panel 

10 display or an integrated circuit, multiple deposition and/or etching steps may be employed. 

During the deposition step, materials are deposited onto a substrate surface (such as the 

surface of a glass panel or a wafer). Conversely, etching may be employed to selectively 

remove materials from predefined areas on the substrate surface. Etching in this manner can· 
create etched features (such as vias, contacts, or trenches) in the oxide layer of a substrate 

15 surface wherein the etched features may be filled with metal to form a conductive path. As 

the term is employed herein, an oxide layer refers to a layer formed of a silicon dioxide­

containing material such as TEOS (ietraethylorthosilicate), BPSG (borophosphosilicate 

glass), PSG (phosporous-doped silicate glass) and the like. 

During etching, a mask formed of a suitable mask material, such as photoresist, is 

20 typically employed to define the areas to be etched in the oxide layer. In an exemplary 

photoresist technique, the photoresist material is first deposited on the oxide layer to be 

etched. The photoresist material is then patterned by exposing the photoresist material in a 

suitable lithography system, and by developing the photoresist material to form a mask to 

facilitate subsequent etching. Areas of the target layer (e.g., the oxide layer) that are 

25 unprotected by the mask may then be etched away using an appropriate etchant source gas, 

thereby forming etched features in the underlying layer. 

Referring initially to Fig. la, there is shown a layer stack 10 (not drawn to scale for 

ease of illustration). A substrate 20 is located at the bottom of layer stack 10 and includes a 

semiconductor wafer, which is typically formed of silicon. Substrate 20 may also include any 
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other layers that may underJie an oxide layer to be etched. An oxide Jayer 24 is formed above 
substrate 20. To create an etched feature to substrate 20 through oxide layer 24, ~ layer of 
photoresist material is deposited and· patterned using a conventional photolithography step. 
After patterning, an initial opening 26 is created in photoresist mask 28 to faciJitate 

5 subsequent oxide etching. The above-described layers and features, as well as the processes 
involved in their creation, are well known to those skilled in the art. 

Fig. 1 b shows the s~e layer stack 10 of Fig. 1 a and ~ts layers after processing. 
Within photoresist mask 28~ there is shown an opening 26, w}iich is created during the mask 
patterning process. Through opening 26, etchants (or more specifically plasma formed :from . . 

Io such etchants) react with the material of oxide layer 24 to etch features in oxide layer 24. 
During this etching process, the etchants tend to anisotropically etch oxide layer 24 through 
opening 26 in photoresist mask 28, forming an etched feature 30 having a diameter (or width) 
32 and a depth 34. The diameter (or width) is generally refers to as the feature size and tends 
to decrease with increasing circuit density. The.aspect ratio is the ratio of depth to width, and 

is tends to increase as the denominator of this ratio, i.e., the width, is decreased. After the 
etched feature is formed, a metal conductor may be deposited to· contact the underlying· 
layer(s) of substrate 20 through etched feature 30. 

Fig. 1 b also depicts, as shown by the dotted lines; the layers that are also impacted by 
the etcha.I)ts. As can be appreciated by one skilled in the art and though the illustration was 

20 not drawn to scale, photoresist layer 28 is eroded at a diffe~nt rate than oxide layer 24. 
Typically, the oxide layer is etched at a much faster rate than the photoresist layer. The 
difference between the two etching rates may be quantified by a ratio generally referred to as 
the oxide-to-photoresist selectivity; By way of example, if the oxide...:to-photoresist 
selectivity 3:1, the oxide layer is etched three (3) times faster than the photoresist layer. 

2s To achieve greater circuit density, modem integrated circuits are scaled with 
increasingly narrower design rules. By way of example, it is not uncommon to employ 
design rules as small as 0.18 microns or even smaller in the fabrication of some high density 
integrated circuits. As the devices are packed closer together, increased oxide-to-photoresist 
selectivity is needed because a thin layer of photoresist is typically applied. Further, as the 

JO width of the etched features decreases, the aspect ratio increases, necessitating a· high aspect 
ratio etch process. Further, as the width of the etched features decreases, the need for straight 
side-wall profiles increase. Straight profiles ensure that the subsequently deposited metal 
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material can properly fill the etched feature. e.g., without suffering voids due to pinch-offs, or 
the like. 

Furthermore, current chemistries employed to etch through the oxide layer tend to be 

toxic to the environment. Thus. the byproduct exhaust gases tend to require extensive 
s treatment before they can be properly discharged. Such treatment tends to require costly 

scrubbing devices and/or processes, which increases the final cost of the semiconductor­

based products. 

In view of the foregoing, there are desired improved techniques for etching featlll'es 

having narrow widths, high aspect ratios and straight profiles in the oxide layer. 
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Summary of the Invention 

The invention relates, in one embodiment, to a method of etching a feature in an 

oxide layer using a photoresist mask, the oxide layer being disposed above an underlying 

layer of a substrate in an inductively-coupled plasma processing chamber. The method 

s includes flowing an etchant source gas that includes CH2F2,C4Fs and 0 2 into the plasma 

processing chamber. The method further includes forming a plasma from the etchant source 

ga8. The method additionally includes etching through the oxide layer of the substrate with 

the plasma, wherein the etching substantially stops on the underlying layer, the underlying 

being one of a silicon layer and a tungsten-based layer. 

10 The invention relates, in another embodiment, to a method of etching a feature in an 

oxide layer using a photoresist mask, the oxide layer being disposed above an underlying 

layer of a substrate, the subs~te being disposed on an electrostatic chuck in an inductively~ 

coupled plasma processing chamber during the etching. The method includes flowing an 

etchant source' gas that comprises CH2F2,C4Fs and 02 into the plasma processing chamber. 

1 s The method further includes forming a plasma from the etchant source gas. The method 

additionally includes etching through the oxide layer of the substrate with the plasma, the 

etching substantially stops on the underlying layer, the underlying being one of a silicon layer 

and a tungsten-based layer, wherein the plasma processing chamber includes a temperature­

controlled top electrode, a distance between the top electrode and the electrostatic chuck is 

20 about 10 cm during the etching. 

The invention relates, in another embodiment, to a method of etching a feature in an 

oxide layer using a photoresist mask, the oxide layer being disposed above an underlying 

layer of a substrate in an inductively-coupled plasma processing chamber. The method 

includes flowing an etchant source gas that includes C3H3Fs,c..F's and Oi into the plasma 
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processing chamber. The method further includes forming a plasma from the etchant source 

gas. The method additionally includes etching through the oxide layer of the substrate with 

the plasma. wherein the etching substantially stops on the underlying layer, the underlying 

being one of a silicon layer and a TiN layer. 

5 The invention relates, in yet another embodiment, to a method of etching a feature in 

an oxide layer using a photoresist mask, the oxide layer being disposed above an underlying 

layer of a substrate, the substrate being disposed on an electrostatic chuck in an inductively­

coupled plasma processing chamber during the etching. The method includes flowing an 

etchant source gas that comprises C3H3Fs,C4Fs and 02 into the plasma processing chamber. 

Io The method further includes forming a plasma from the etchant source gas. The method 

additionally includes etching through the oxide layer of the substrate with the plasma, the 

etching substantially stops on the underlying layer, the underlying being one of a silicon layer 

and a TiN layer, wherein the plasma processing chamber includes a temperature-controlled 

top electrode, a distance between the top electrode and the electrostatic chuck is about 10 cm 

15 during the etching. 

These and other advantages of the present invention will become apparent upon 

reading the following detailed descriptions and studying the various figures of the drawings. 
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Brief Description of Drawings 

The present invention is ill~strated by way of example, and not by way of limitation, 
in the figures of the accompanying drawings and in which like reference numerals refer to 
simiJar elements and in which: 

s Fig. I a i11ustrates a cross-sectional view of a layer stack, representing some of the 
layers formed during the fabrication of a typical semiconductorIC. 

Fig. lb shows the same layer stack of Fig. la after a contact opening has been etched 
through the oxide layer. 

Fig. 2 is a simplified schematic diagram of a plasma reactor that may be suitably 
10 employed with the inventive etch process. 

Fig. 3a illustrates a cross-sectional view of a layer stack, including the oxide layer, 
prior to being etched using the inventive eteh process that employs the CH2F2'C4Fa/Oi 

,, etchant source gas. 

Fig. 3b shows the same layer stack of Fig. 3a after a contact opening has been etehed J • 
• 

1 s ·. ihrough the oxide layer using the inventive etch process th_at employs the CH2F2/C4Fs/02 

20 

etchant source gas. 

Fig. 4a illustrates a cross-seetional view o!a layer stack. including the oxide layer, 
prior to being etched using the inventive etch process that employs the C3H3Fs/~F8/02 
etchant source gas. 

Fig. 4b shows the same layer stack of Fig. 4a after a contact opening has been etched 
through the oxide layer using the inventive etch process that employs the C3H3Fs/CiFsl02 
etchant source gas. 

Fig. 5 is a flowchart that illustrates the etching process, in accordance with one 
embodiment of the present invention. 
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Detailed Description of Preferred. Embodiments, 

The present invention will now be described in detail with reference to a few 

preferred embodiments thereof and as illustrated in the accompanying drawings. In the 

following description. numerous specific details are set forth in order to provide a thorough 
s understanding of the present invention. It will be obvious, however, to one skilled in the art, 

that the present invention may be practiced without some or all of these specific details. In 

other instances, well known process steps have not been described in detail in order not to 

unnecessarily obscure the present invention. 

In accordance with one aspect of the present invention, high aspect ratios and 

10 increased oxide-to-photoresist selectivity is achieved by etching an oxide layer with an 

inventive etchant source gas chemistry in a plasma processing chamber. The etching takes 

place while the substrate is disposed on a chuck within a plasma processing chamber. 

Typical1y, the etchant source gas is flowed into the chamber, and the pressure is stabilized. 

After the pressure has been stabilized the plasma is ignited, thereby generating ions from the 
15 etchant source gas. Next, the plasma is stabilized and the ions are accelerated towards the 

substrate where they etch the oxide layer. As mentioned, the etched features may be 

employed as vias, contact openings, or trenches (such as those employed for trench capacitors · 

in DRAM circuits, for example). 

In one embodiment, an etchant source gas chemistry ofCH2F2/C4Fs/02 is employed to 
20 etch features through an oxide layer down to an underlying silicon layer. When the 

CH2F2/C4F s/02 chemistry is employed with the etch parameters disclosed herein, the etch 

process produces small features in the oxide layer with high aspect ratios while providing 

good selectivity to the photoresist mask and underlying silicon layer. The CH2F2/C4fs/02 

etchant source gas chemistry may also be employed to etch features through an oxide layer 
25 down to an underlying tungsten-based layer. When the CH2Fi/C4Fs/02 chemistry is· 

employed with the ~ch parameters disclosed herein, good selectivities to the photoresist 

mask and underlying tungsten-based layer are also achieved. 

In one embodiment, an etchant source gas chemistry ofC3H3F5/C4Fs/02 is employed 

to etch features through an oxide layer down to an underlying silicon layer. When the 

30 C3H3Fs/C4Fs/02 chemistry is employed with the etch parameters disclosed herein, the etch 
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process produces small features in the oxide layer with high aspect ratios while providing 
good selectivity to the photoresist mask and underlying siiicon layer. The C3H3F5/C4Fa/Ch 
etchant source gas chemistry may alsQ be employed to etch features through an oxide layer 
down to an underlying TiN layer. Wh.en the C3H3Fs/~Fa/02 chemistry is employed with the 

s etch parameters disclosed herein, good selectivities to the photoresist mask and underlying 
TiN layer are also achieved, 

In a preferred embodiment, the present invention is practiced in a modified TCP™ 9100 
plasma reactor, which is available from Lam Research Corporation. Fig. 2 illustrates a · 
simplified schematic of the modified TCJ>TM 9100 plasma reactor. ·Plaslliareactor 100 includes 

JO a plasma processing chamber 102. Chamber 102 is preferably made from anodized aluminum. 
Above chamber 102, there is disposed an inductive electrode 104 (represented by a coil). 
Inductive electrode 104 is powered by a first RF power source 106 via a matching network (not 
shown in Fig. 2 to simplify the illustration). 

Typically, a gas distribution plate or shower head 108 is provided within chamber. 
1 s 102. Shower head 108 is preferably made from silicon nitride or another suitable material 

and includes a plurality of holes for releasing gaseous source materials, e.g., the etchant 
source gases, into the RF-induced plasma region between shower head 108 and a substrate 
110. The gaseous source materials may also be released from ports built into the walls of the 
chamber itself. Substrate 110 is introduced into chamber 102 and disposed on a chuck 112, 

20 which acts as a bottom electrode and is preferably biased by a second RF power source 114 
(also typically via a matching network). Chuck 112 may also include a focus ring (not shown 
to simplify illustration), preferably made from silicon nitride or ,a comQination of silicon 
nitride and silicon carbide, positioned around the bottom electrode. Chuck 112 may 
represent, for example, an ESC (electrostatic) chuck, which secures substrate 110 to the 

25 chuck's surface by electrostatic force. 

Helium cooling gas is introduced under pressure ( e.g;, about 20 Torr in one 

embodiment) between chuck 112 and substrate 110 to act as a heat transfer medium for 
accurately controlling the substrate temperature during processing to ensure uniform and 
repeatable etching results. During plasma etching, the pressure within chamber 102 is 

30 preferably kept low by exhausting the byproduct gas through port 116, e.g., between slightly 
above 0 mTorr to about 30 mTorr during etching. A plurality of heaters (omitted from Fig. 2 
to simplify the illustration) may be provided to maintain a suitable chamber temperature for 
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etching. To provide an electrical path to ground, the chamber wall ·of chamber l 02 is 
typically grounded. 

In one embodiment of the present invention, in the plasma reactor 100, a gap between 
the lower surface of shower head (top electrode) 108 and the upper surface of chuck (bottom 

s electrode) 112 is preferably set during etching at about 10 cm. While not wishing to be · 
bound by theory, it is believed that a larger gap has the effect of providing a larger chamber 
volume that allows the torroidally induced plasma to diffuse into a uniform plasma before 
contacting substrate 110. Thus, it is believed that the gap of IO cm between chuck 112 and 
shower head 108 may enhance the uniformity of the plasma, particularly over gaps ofless 

10 than 10 cm. A uniform plasma, typically, generates a more uniform etch from the center 
region of substrate 110 to the edge of substr~te 110~ 

Plasma reactor 100 is a modified design based on the Lam Research TCP™ 9100 
reactor that also includes provisions (not shown to simplify illustration) for circulating a· 
coolant, e.g., glycol or deionized water, through the antenna of inductive electrode 104 to 

15 control the temperature of inductive electrode 104. The antenna is bonded to the dielectric 
window which is in physical contact with shower head 108. The coolant is circulated by a• 
chiller (not shown to simplify illustration). The etch produced by such a modified plasma 
processing system is found to be more reproducible for some etches relative to the etches 
produced by current unmodified plasma processing systems (which do not include provisions 

20 for a temperature control mechanism). 

While not wishing to be bound by theory, it is believed that the lack of temperature 
control in unmodified plasma processing systems undesirably impacts oxide etch 
characteristics over time and suffers from poor reproducibility. It is believed that the 
temperature of shower head 108 is also controll~ by the temperature control mechanism 

25 mentioned above. It has been found that during oxide etching, a certain amount of polymer 
from the plasma generated in chamber 102 condenses on the relatively cooler surface of 
shower head 108. When other etch chemistries (different from the present invention) and 
those chemistries known to those skilled in the art are employed to facilitate etching, there 
may be a polymer shortage at the substrate 110 etch front. This polymer shortage is believed 

30 to disrupt the required well known balance between polymer formation and oxide etching. As 
will be explained later, the chemistries of the present invention. however, provide optimum 
etch characteristics in modified plasma processing systems. 
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Still referring to fig. 2, a turbomolecular pump 118, typically located below or on the 

side of chamber 102, maintains the appropriate pressure inside chamber 102. 

Turbomolecular pump 118 is shown to be below chamber 102 in plasma reactor 100. In one 

embodiment, turbomolecu)ar pump 118 has a capacity of 2000 liters/sec. In an effort to 

5 reduce cost, however, the modified plasma reactor design, according to a preferred 

embodiment of the present invention, employs a turbomolecular pump 1 18 having a 

relatively low capacity of about 1,300 liters/sec. Low capacity turbomolecular pumps, while 

being much less expensive than their high capacity counterparts, however changes the rate at 

which exhaust byproduct gases are removed from the chamber interior, which impacts the 

Io etch process. This is because the flow rate of the etchant source gas into the chamber must 

also be reduced to keep the pressure in the low pressure ranges desired for oxide etching. 

One aspect of the present invention, as discussed below·, inv<;>lves finding the appropriate 

parameters that allow oxide etching to occur with small widths, high aspect ratios, and high 

selectivities to other layers· in the modified inductively coupled plasma processing reactor 

IS using the two inventive chemistries. 

It should be noted that the eteh parameters as8ociated with a high total flow rate into 

the plasma processing chamber (of the source etchant gases, additives and the like), which 

total flow rate may be aecomniodated by the use of a _turbomolecular pump having a high 

capacity of about 2000 liters/sec to keep the j,ressure low, provides oxide etch results that 

20 may not be realizable when the total flow rate is feduced. As mentioned earlier, the total 

flow rate into the chamber is reduced when a low capacity turbomolecular pump is employed 

since a b~ce needs to be maintained between the inflow and the outflow in order to 

maintain the chamber pressure within the desired low pressure ranges during etching. 

An. additional complication is introduced if the.low capacity pump is employed in 

25 conjunction with a high volume chamber (e.g., by raising the gap as is done in the modified 

plasma processing reactor of the present invention). In this case, process parameters that 

produce commercially acceptable etch rates and oxide etch characteristics in an etching 
. .·· . 

process that employs a plasma chamber of a relatively small volume (because the gap 

between chuck 112 and shower head 108 is less than 10 cm, for exam.pie) and/or a relatively 

30 high capacityturbomolecular pump (of about 2,000 liters/sec, for example) may not provide 

acceptable etch rates and oxide etch characteristics when they are implemented in an etching 

process that employs a plasma chamber of a relatively large volume (because the gap between 
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chuck 118 and shower head 108 is about 10 cm, for example) and/or uses a relatively low 

capacity turbomolecular pump (of about 1,300 liters/sec, tbr example). The inventioii, in one 

embodiment, involves the use of novel chemistries in a modified inductively coupled plasma 

processing reactor that has a relatively large gap, a cooled top electrode, and a low capacity 

s turbomolecular pump to etch features in the oxide layer while achieving small widths, high 

aspect ratios, and good selectivities. 

In accordance with one embodiment of the present invention, an inventive etch 

process employing an etch chemistry that includes CH2F2, ~Fa and.02 is employed to 

achieve etched features having an etched feature size of between about 0.2 to 0.35 microns 

10 with an aspect ratio of about 10: 1. Also, the inventive etch process produces an etch profile 

of 88 degrees and maintains a relatively high oxide-to-photoresist selectivity of about 5: 1 and 

a oxide-to-silicon (monocrystalline or polycrystalline) selectivity of about 50: 1. The etch · 

profile is measured as an angle formed by the etch side wall with a plane parallel to the top 

surface of the oxide layer. 

15 Fig. 3a illustrates a typical layer stack 200 that may be etched with the inventive etch 

process employing the etchant source gas chemistry that includes CH2F2/C,.F s/Oi. A 

photoresist layer 210 with a patterned mask opening 212 is disposed above an oxide layer 

214. The oxide layer 214 is disposed above a substrate having thereon a silicon layer 216 

(monocrystalline or polycrystalline), which underlies the target oxide layer. 

20 Fig. 3b shows the layer stack 200 of Fig. 3a after etching is accomplished using the 

inventive etch process, which employs a CH2F2/~Fs/Oi-based etchant source gas. Through 

the patterned mask opening 212, etchants (formed by a plasma created with the inventive gas 

chemistry) react with the material of the oxide layer 214 to an etched feature 218 in oxide 

layer 212. During this etching process, the plasma tends to anisotropically etch etched 

2s featme 218. The plasma also tends to erode away some ofphotoresist layer 210 from an 

initial thickness (shown by the dotted lines 220) to the final thickness shown. Due to the high 

oxide-to-photoresist selectivity, however, some photoresist remains after etching to protect 

areas of the oxide layer where etching is not desired. Further, the high oxide-to-silicon 

selectivity causes the etch to essentially stop on underlying silicon layer 216 as shown. 

30 It is also discovered that the inventive etch process employing the CH2F2'~F s/02-

based etchant source gas also has a high oxide-to-tungsten selectivity. Thus, the underlying 
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layer may be formed of any tungsten~based Ill~ and the inventive etch process effectively 
stops thereon after etching through.the oxide layer. Two such tungsten-based metals are W 
orWSi. 

In accordance with: one embodiment of the present inv~tion, an inventive etch 
s process employing an e~clrehemistry that includes C3H3F5, C~F8 and 02 is employed to 

. i achieve etched features l)aving an etched feature size of about ().25 microns and below with ; .. ·• 
an aspect ratio of greatert~an 7: 1. Also, the inventive etch pro~ess maintains a relatively 
high oxide-to-photoresist selectivity of about 5:1 and a oxide-tQ-silicon (monocrystalline or 
polycrystalline) selectivio/ pf about SO: 1. The chemistry employed in this process also offers 

10 advantages with low to~icity, non-flammability, and low reactivity. 

· Fig. 4a illustrates a typical l~yer stack 300 that may be etched with the inventive etCh 
process employing the etcrumt source gas chemistry that incl~~ C3H3F5/C.if a/02. A. 
photoresist layer 310 with a patterned mask opening 312 is di~osed above an oxide layer 
314. The oxide layer 314 ·is disposed above a substrate having thereon a silicon layer 316 

15 (monocrystalline or poly(}ijstalline). which Underlies the target oxide layer. 

Fig. 4b shows the l~yer stack 300 of Fig .. 4a aftq etching is accomplished using the 
inventive etch process, which employs a C3H3FyCiFa/Q2-ba;ed etchant source gas. Through 
the patterned mask openhlg 312, etchants (formed by a plasmacreated with the inventive gas 
chemistry) react with the material of the oxide layer 314 to an etched feature 318 in oxide 

20 layer 312. During this etching process, the plasma tends toanisotropically etch etched 
feature 318. The plasma also tend to erode away some of photoresist layer 310 from an initial 
thickness (shown by the dotted lines 320) to the. final thickn~· shown. Due to the high 
oxide-to-photoresist selecti~ty, however, some photoresist rem8ins after etching to protect 
areas of the oxide layer where etching is not desired. Further, the high oxide-to-silicon 

25 selectivity causes the etch to essentially stop on Wlderlying silico~ layer 316 as shown. 

It is also discovered that the inventive etch process employing the C3HJFs/C4Faf02-
based etchant source gas alsri has a high oxide-to-titanium nitride.(TiN) selectivity. In soine ., 

processes a nitride layer is needed for a "diffusion barrier. Thus,· the underlying layer may be 
formed of TiN, and the inventive etch process effectively stops thereon after etching through 

30 the oxide layer. In one embodiment, the oxide-to-TiN selectivity is about 20: 1. 
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To further illustrate the etching process, Fig. 5 shows a flow diagram of the relevant 
steps involved in etching IU.).:;o~ide layer with the inventive etcHii3fOcesses. Prior to etching, 
conventional pre-etch steps, which may involve preparation of the substrate and the plasma 
reactor, are performed. These pre-etch steps (step 500) are conventional and readily 

5 understood by those skilled in the art. Typically, etching an oxide layer includes three steps. 
The first step 502 (flow) involves stabilizing the pressure and the flow of the etchant source 
gas. The etchant source gas is flowed into the chamber and allowed to stabilize at a specific 
pressure. Oncethe gas is stable the second step begins. The second step 504 (strike) 
includes striking the plasma with a first RF power source connected to the inductive 

10 electrode. The ignited plasma is then stabilized to a specific etch pressure inside the 
chamber~ After the chamber pressure has stabilized, the third step 506 (etch), which is the 
actual etch step, takes place. During the etch step, a bias power is preferably placed on the 
bottom electrode to accelerate the ions toward the substrate. 

The plasma etches the oxide layer and is terminated using a conventional endpointing 
15 process. Thereafter, conventional post-etch processing (step 508) may be performed. These 

post-etch processing steps are well known to those skilled in the art and may include 
additional processing steps to form the IC or flat panel display products. 

In two exemplary applications of this invention, a 200 mm substrate having thereon 
an oxide layer, e.g., a silicon-dioxide containing layer (e.g., TEOS, BPSG, PSG, or the like) 

20 is etched in the aforementioned modified TCP™ 9100 plasma processing system. However, 
it should be noted that this invention is not limited to a particular sized substrate. 

Aimlication #1 

In this application, a BPSG layer is etched using an etch process that employs the 
CHiF2'C..Fs/02-based chemistry in the modified TCP™ 9100 plasma etch reactor. The 

25 substrate is 200mm in diameter, with about a 4.0 microns thick layer of BPSG overlying a 
monocrystalline silicon underlying layer. The thickness of the photoresist layer is between 
about 6,000 to 8,000 angstroms. The bottom electrode is He cooled and operates at a 
temperature of about 20 degrees Celsius. 

The pressure within the aforementioned plasma processing reactor system is 
30 preferably maintained from about 5 milliTorr (mT) to about 30 mT, more preferably from 
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about 20 mT to about 39 piT and preferably at about 30 mT during etching. The top RF 
power is preferably maintained from about 500 watts (W) to about 2000 w. morepreferably 
from about 1200 W to aboµt 1500 W and preferably at about 1500 W during etching. The 
bottom electrode power is preferably maintained from about 500 watts (W) to about 2000 W, 

s more preferably from about 700. W to about l lOO W and preferably at about 900 W during 
etehirig •. 

The flow rate of CH2F2 is preferably from about 20 sUµi4ard cubic centimeters per 
minute (seem) to about 50 seem, more preferably from about 40 seem to about 50 seem and 
preferably at about 50 seem during etehing. Preferably, the flow rate of CH2F2 is between . 

10 about 10% to 50% of the total flow. The flow rate ofC4F8 is preferably from about 5 
standard cubic centimeters per minute (seem) to about 30 seem, more preferably from about 
lO seem to about 20 seem and preferably at about 20 seem during etching. The ratio of the 
Ciif s flow rate to the CH2F2 flow rate is preferably from about 10% to 150% and pkferably 
at about 40%. Preferably, the C.J' s flow rate is between about 5% to 30% of the total flow. 

15 The flow rate of 02 is may be as little as 0 standard cubic centimeters per Jrtinute (seem). to 
ahout 30 seem, more preferably from about 10 SCCin to ~bout 20.SCClll and preferably ai abOut 
17' seem during etching. The ratio of the 02 flow rate to the CH2F2 flow rate is preferably 
from about 0% to 1500/o arid preferably at about 30%. Preferably, the 02 flow rate is between 
about 0% to 30% of the total flow. The etch source gas described above may include a diluent 

· 20 · ga8, such as Argon. 

It should be noted, however, that the flow rates of the component source gases may 
be ·Scaled as needed when larger substrates are involved. Thus, while the relative flow rate 
among the various component gases (which may be expressed as a percentage of the CH2F2 
flow rate) is important, the absolute flow rate for each component gas may be modified as 

25 needed to accommodate different substrate sizes. 

When the substrate is etched using the above-disclosed etch parameters and 
chemistry, aspect ratios of greater thaii 10:1 (feature sizes of.0.2 microns and 0.35 microns 
with respective depths of2.4 microns and 4 microns) are achieved. Also, the oxide-to­
photoresist selectivity is about 5: I without significant adverse impact on the etch profile 

30 and/or etch rate. In fact, the etch profile produced has an 88 degree taper. 
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In this application, a TEOS layer is etched using an etch process that employs the 

C3HJFs/C4Fs/02-based chemistry in the modified TCP™ 9100 plasma etch reactor. The 

substrate is 200 mm in diameter, with about a 1.0 micron thick layer of TEOS overlying a 

s TiN underlying layer. The thickness of the photoresist layer is between about 8,000 to 

10,000 angstroms. The bottom electrode is He cooled and operates at a temperature of about 

20 degrees Celsius. 

The pressure within the aforementioned plasma processing reactor system is 

preferably.maintained from about 5 milliTorr (mT) to about 30 ml', more preferably from 

10 about 20 mT to about 30 mT and preferably at about 30 mT dwing etching. The top RF 

power is preferably maintained from about 500 watts (W) to about 2000 W, more preferably 

from about 1200 W to about 2000 W and preferably at about 1700 W dwing etching. The 

bottom electrode power is preferably maintained from about 500 watts (W) to ~bout 2000 W, 

more preferably from about 1200 W to about 2000 W and preferably at about 1700 W during 

15 etching. 

The flow rate ofC3H3Fs is preferably from about 5 standard cubic centimeters per 

minute.(secm) to about 30 seem, more preferably from about 10 seem to about 20 seem and ·· 

preferably at about 20 seem during etching. Preferably, the C3H3Fs flow rate is between 

about 5% to 30% of the total flow. The flow rate ofC4F8 is preferably from about 5 standard 

20 cubic centimeters per minute (seem) to about 30 seem, more preferably from about 5 seem to 

about 15 seem and preferably at about 8 seem dwing etching. The ratio of the C4Fs flow rate 

to the C3H3F s flow rate is preferably from about I 0% to 300% and preferably at about 50%. 

Preferably, the C4Fs flow rate is between about 0% to 300/o of the total flow. The flow rate of 

0 2 is may be as little as 0 standard cubic centimeters per minute (seem) to about 30 seem, 

25 more preferably from about 10 seem to about 20 seem and preferably at about 15 seem during 

etching. The ratio of the 02 flow rate to the C3H3Fs flow rate is preferably from about 10% 

to 300% and preferably at about 50%. Preferably, the 0 2 flow rate is between about 0% to 

30% of the total flow. The etch source gas described above may include a diluent gas, such as 

Argon. 

30 It should be noted, however, that the flow rates of the component source gases may be 

scaled as needed when larger substrates are involved. Thus, while the relative flow rate 
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among the various component gases (which may be expressed as a percentage of the C3H.Jf s 
flow rate) is important, the absolute flow rate for each component gas may be modified as 
needed to accommodate different substrate sizes. 

When the substrat~ is etched using the above-disclosed etch parameters and 
s chemistry, aspect ratios of greater than 7: I (feature size of 0.25 microns and a depth ·of 1.8 

microns) are achieved. A~o,.the oxide-to-photoresist selectivity is about 5:1 without 
significant adverse impact on the etch profile and/or etch rate. Also, the gas chemistry of 
C3H3Fs/C4Fs/02 produces a TiN selectivity of about 20:1. Another distinct advantage of the 
gas chemistry of C3H3Fs/C4Fsf02 is its low global wanning potential, low toxicity, low 

10 reactivity and non-flammability. 

It is observed that the present invention provides the ability to etch smaller features 
with high aspect ratios through an oxide layer while offering high selectivities with 
photoresist and a plurality of different underlying layers, e.g., silicon, tungsten-based metal 
and TiN. The present invention is capable of etching feature sizes of 0.25 microns or smaller 

IS . while achieving aspect ratios in a range of about 7: 1 to greater than 10: I withoutsignificant 
adverse impact on the etch profile and/ Qr the etch rate. In the processes disclosed, 
photoresist selectivity was increased to about 5.: 1 and in one embodiment the TiN selectivity 
was about 20: 1. Also, uniform. etching from the inside to outside edge of the substrate is 
achieved by confining the plasma and increasing its volume with a large gap between the top 

20 electrode and the substrate. 

A further advantage of the chemistry of C3H3Fs/C4Fsf02 is that it is an environment 
friendly gas, it can be safely discharged .to the atmosphere With minimal or no additional 
processing .. This feature advantageously reduces the cost associated with abatement of 
harmful by-product gases. 

25 While this invention has been described in terms of several preferred embodiments, 
there are alterations, permutations, and equivalents which fall within the scope of this 
invention. It should also be noted that there are many alternative ways of implementing the 
methods and apparatuses of the present invention. It is therefore intended that the following 
appended claims be interpreted as including all such alterations, permutations, and 

30 equivalents as fall within the true spirit and scope of the present invention. 
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What is claimed is: 

1. In an inductively-coupled plasma processing chamber, a method of etching a feature 

in an oxide layer using a photoresist mask, said oxide layer being disposed above an 

underlying layer of a su_bstrate, comprising: 

s flowing an etchant source gas that comprises CHzF2,C.,Fs and 02 into said plasma 

processing chamber; 

forming a plasma from· said etchant source gas; and 

etching through said oxide layer of said substrate with said plasma, wherein said 

etching substantially stops on said underlying layer, said underlying being one of a silicon 

10 layer and a tungsten-based layer. 

15 

2. The method of claim 1 wherein said plasma processing chamber includes a 

temperature-controlled top electrode. 

3. . The method of claim I wherein said plasma processing· chamber includes a top 

electrode and said substrate being disposed on an electrostatic chuck during said etching, a: 
distance between said top electrode and said electrostatic chuck is about 10 cm. · 

4. The method of claim 1 wherein said etchant source gas consists essentially of 

20 ClhF2,C4Fs and Qi. 

S. The method of claim 1 wherein said oxide layer comprises of a material selected from 

a group consisting of BPSG, PSG and TEOS. 

25 6. The method of claim 1 wherein said photoresist mask has a thickness between about 

6,000 to 8,000 angstroms. 

7. The method of claim 1 wherein said underlying layer is said silicon layer. 

30 8. The method of claim 7 wherein said silicon layer is formed from one of a 

monocrystalline silicon material and a polysilicon material. 
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9. The method of claim 1 wherein said etchant source gas includes a diluent gas. 

10. The method of claim 9 wherein said diluent gas is Argon. 

s 11. The method of claim 1 wherein said underlying layer is said tungsten-based layer. 

12. The method of claim 1 wherein said tungsten-based layer is one of a W layer and a 
WSi layer. 

10 13. The method of claim I wherein said feature has a feature size of betWeen about 0.2 to 
about 0.35 microns. 

14. The method of claim l wherein said oxide layer has a depth between about 3 to about 
4microns. 

15 

15. The method of claim l wherein a ratio of a tlo\\_' rate of said C,.f 3 to a flow rate of said 
CH2F2 is between about 10% and about 150% . 

.. ~ (). The method of claim 1 wherein a ratio, of a flow rate of said C4Fs to a flow rate of said 
20. CH2F2 is about 40%. 

17. The method of claim I wherein a ratio of a flow rate of said 02 to a flow rate of said 
CH,iF2 is between about 0% and about 150%. · 

25 18. The method of claim 1 wherein a ratio of a flow rate of said 02 to a flow rate of said 
C"2F2 is about 30%. 

19. The method of claim I wherein a flow rate of said CH2F2 is between about l 0% to 
SOOA of the total flow. 

30 

20. The method of claim 1 wherein a flow rate of said C4F8 is between about 5% to 30% 
of the total flow. 
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21. The method of claim 1 wherein a flow rate of said 0 2 is between about Oo/o to 30% of 
the total flow. I:.•.• 

22. In an inductively-coupled plasma processing chamber, a method of etching a feature 
s in an oxide layer using a photoresist mask. said oxide layer being disposed above an 

underlying layer of a substrate, said substrate being disposed on an electrostatic chuck in said 
plasma processing chamber during said etching, said method comprising: 

flowing an etchant source gas that oomprises CH2F2,C..Fa and 02 into said plasma 
processing chamber; 

10 forming a plasma from said etchant source gas; and 

etching through said oxide layer of said substrate with said plasma, said etching 
substantially stops on said underlying layer, said underlying being one of a silicon layer and a 
tungsten-based layer, wherein said plasma processing chamber includes a temperature­
controlled top electrode, a distance between said top electrode and said electrostatic chuck is 

IS about 10 cm during said etching. 

23. The method of claim 22 wherein said underlying layer is said silicon layer. 

24. The method of claim 22 wherein said diluent gas is Argon. 

20 

25. The method of claim 22 wherein said underlying layer is said tungsten-based layer. 

26. The method of claim 25 wherein said tungsten-based layer is one of a W ·layer and a 
WSi layer. 

27. The method of claim 22 wherein said feature has a feature size ofbetween about 0.2 
to about 0.35 microns. 

28. The method of claim 22 wherein said oxide layer has a thickness between about 3 to . 
30 about 4 microns. 

29. The method of claim 22 wherein a ratio of a flow rate of said C~8 to a flow rate of 
said CH2F2 is between about 10% and about I OOo/o, 

19 
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30. The method of claim 22 wherein a ratio of a flow rate Qf said C4Fs to a flow rate of : . . ·i 

said CH:zF2 is about 40%.' 

s 31. The method of ~l~m 22 wherein a ratio of a flow ra~, o'f said ~ to a flow rate of said 

CH2F2 is between aboul Qo/.i and about 15,0%. 
! ' 

" ' 

32, The method of ~laim 22 wherein a ratio of a flow rat¢ of said 02 to a flow rate of said 

CHiF2 is about 30%. 

10 :, i 

33. The method of cl~ 22 wherein a flow rate of said CH2F2 is between about I 0% to . ; . ' . 

50% of the total flow. 

34. The method of claim 22 wherein a flow rate of said C..Fs is between about 5% to 30% 

15 of the total flow. 

35. The method of claim 22 wherein a flow rate of said~ ·~s between about 0% to 30% 

of the total flow. 

20 36. In an inductively-COupl~d plasma processing chamber, a method of etching a feature 
' ' 

ill an ·oxide layer using a photoresist mask, said oxide layer being disposed above an 

underlying layer of a substrate, comprising: 

flowing an etchant .source gas that comprises C3H3F5;C..f s and 0 2 into said plasma 

processing chamber; 

25 forming a plasma from said etchant source gas; 8nd 

etching through said oxide layer of said substrate with said plasma, wherein said 

etching substantially stops on said underlying layer, said underlying being one of a silicon 

layer and a TiN layer. 

30 37. The method of claim 36 wherein said plasma processing chamber includes ,a 

temperature-controlled fop electrode. 

38. The method of claim 36 wherein said plasma processing chamber includes a top 

20 
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electrode and said substrate being disposed on an electrostatic chuck during said etching, a 

distance between said top eieetrode and said electrostatic chuck i~ ,about 1 O cm. 

39. The method of claim 36 wherein said etchant source gas consists essentially of 

s C3H3Fs,C4f's and 02. 

40. The method of claim 36 wherein said oxide layer comprises of a material selected 

from a group consisting of BPSG, PSG and TEOS. 

10 41. The method of claim 36 wherein said photoresist mask has a thickness between about 

8,000 to 10,000 angstroms. 

42. The method of claim 36 wherein said underlying layer is said silicon layer. 

IS 43. The method of claim 42 wherein said silicon layer is formed from one of a 

monocrystalline silicon material and a polysilicon material. 

44. The method of claim 36 wherein said etchant source gas includes a diluent gas. 

20 45. The method of claim 44 wherein said diluent gas is Argon. 

46. The method of claim 36 wherein said underlying layer is said TiN layer. 

47. The method of claim 36 wherein said feature has a feature size that is less than about 

25 or about 0.25 microns. 

48. The method of claim 36 wherein said oxide layer has a depth that is about 1.8 

microns. 

30 49. The method of claim 36 wherein a ratio of a flow rate of said~ 8 to a flow rate of 

said C3H3Fs is between about 10% and about 300%. 

SO. . The method of claim 36 wherein a ratio of a flow rate of said C,.F s to a flow rate of 

21 
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said C:Ji;Jf 5is about 50%. 

51. The method of claim 36 wherein a ratio of a flow rate C)f said 02 to a flow rate of said 
C3H3F5is between about, 10% and about 3000/o. 

s 
52. The method of claim 36 wherein a ratio of a flow rate of said Oi to a flow rate of said 
C3H3F sis about 50%. 

· 53. The method of claim 36 wherein a flow rate of said C3H3Fs is between about 5% to 
10 30% of the total flow. 

54. The method of claim 36 wherein a flow rate of said C4f 8 is between about 0% to 30% 
of the total flow. 

IS 55. The method of claim 36 wherein a flow rate of said 0 2 is between about 0% to 30% 
of the total flow. 

56. In an inductiveJy;;.~oupled plasma processing chamber, a method of etching a feature 
in an oxide layer using a photoresist mask, said oxide layer being disposed above an 

20 underlying layer of a substrate, said substrate being disposed on an electrostatic chUck. in said 
plasma processing chamber during said etching, said method comprising: 

flowing an etchant source gas that comprises C3H3F s,C4Fa and 02 into said plasma 
·processing chamber; 

forming a plasma from said etchant source gas; and 
25 etching through said oxide layer of said substrate with said plasma, said etching 

30 

substantially stops on said underlying layer, said underlying being one of a silicon layer and a 
TiN layer, wherein said plasma processing chamber includes a temperature-controlled top 
electrode, a distance betWeen said top electrode and said electrostatic chuck is about 10 cm 
during said etching. 

57. The method of claim 56 wherein said underlying layer is said silicon layer. 

58. The method of claim 56 wherein said diluent gas is Argon. 

22 
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59. The method of claim $6 wherein said underlying layer is said TIN layer. 

60. The method of claim 56 wherein said feature has a feature size that is less than about 
s or about 0.25 microns. 

61. The method of claim 56 wherein said oxide layer has a thickness about 1.8 microns. 

62. The method of claim 56 wherein a ratio of a flow rate of said C4f s to a flow rate of 
JO said CJH3Fs is between about 10% and about 3000/0. 

63. The method of claim 56 wherein a ratio ofa flow rate of said C4Fa to a flow rate of 
said C3H3f sis about SOOA>. 

is 64. The method of claim 56 wherein a ratio of a flow rate of said Qi to a flow rate of said 
C3H3F s is between about 10% and about 300%. 

65. The method of claim 56 wherein a ratio of a flow rate of said Ch to a flow rate of said 
C3H3Fs is about 50%. 

20 

66. The method of claim 56 wherein a flow rate of said C3H3F s is between about 5% to 
300/0 of the total flow. 

67. The method of claim 56 wherein a flow rate of said C,.F 8 is between about 0% to 30% 
25 of the total flow. 

68. The method of claim 56 wherein a flow rate of said Oi is between about 0% to 30% 
of the total flow. 
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