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USE OF TEOS OXDES IN INTEGRATED CIRCUIT 
FABRICATION PROCESSES 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is a division of U.S. patent 
application Ser. No. 11/326,547 filed on Jan. 4, 2006, 
incorporated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to the fabrication of 
integrated circuits, and more particularly, to the use of TEOS 
oxides in integrated circuit fabrication processes. 

BACKGROUND OF THE INVENTION 

0003. In the manufacture of semiconductor devices, a 
variety of conductive device regions and layers are formed 
on a device substrate. Photolithography is employed to 
define patterns making up device regions in the various 
layers. A lithographic system consists of a radiation source, 
a resist-coated Sample and an image control system that 
regulates which part of the sample is illuminated by the 
radiation and which is not, according to a pattern. Selected 
portions of the resist are exposed by irradiating them with 
light of a selected wavelength. Depending on the type of 
resist, the exposed (positive tone process) or the unexposed 
(negative tone process) resist can be removed selectively by 
a developing process. The pattern is then inscribed into the 
resists and can be transferred to the sample by a subsequent 
process step, e.g., an etching step. 
0004. A photoresist patterned over a layer and the regions 
bared upon exposure are typically removed by an etch Such 
as a plasma etch or ion bombardment. However, the resist 
mask also may degrade during the plasma etch of the 
underlying material, reducing resolution of the image pat 
terned into the dielectric layer. Such imperfect image trans 
fer compromises the performance of the semiconductor 
device. 

0005 Certain inorganic materials known as hard masks 
have been interposed between dielectric and resist layers to 
reduce imperfections in image transfer from the resist layer 
to the underlying dielectric layer. The hard mask material, 
e.g. silicon dioxide, may be deposited via chemical vapor 
deposition (CVD) using organic precursors such as silane or 
tetra-ethyl-Ortho-silane (TEOS) and oxygen. A photoresist is 
then coated and imaged over the hard mask. The inorganic 
hard mask regions bared upon resist development are 
removed by a plasma etch to which the organic resist layer 
is resistant. Relatively high etch selectivity can be achieved 
between the inorganic hard mask layer and the overcoated 
patterned organic-based resist. 
0006. Upon such etching, the hard mask profile matches 
the resist mask. Regions exposed upon hard masketching 
Such as polysilicon now can be removed by an etchant for 
which the hard mask is resistant. The hard mask can then be 
removed by a separate etchant. Because high etch selectivity 
can be realized between the underlying layer material (such 
as polysilicon) and the hard mask, image transfer imperfec 
tions as discussed above can be avoided. See generally U.S. 
Pat. Nos. 6,890,448, 5,468,342, and 5,346,586. 
0007 One problem encountered in the conventional 
removal of hard masks made of silicon dioxide is that 
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etchants such as hydrofluoric acid (HF) remove not only the 
silicon dioxide hard mask, but also tend to remove exposed 
portions of high-density plasma (HDP) field isolation silicon 
dioxide between adjacent transistors. This is because the 
etch rates for the hard mask oxide and the field oxide are 
comparable. Removing portions of the HDP field oxides 
undesirably reduces the isolation between the transistors. 
What is needed therefore is a method of forming and 
removing silicon dioxide hard masks that minimizes the 
undesirable removal of field isolation oxides, by maximizing 
the difference in etch rates between the hard mask oxides 
and the HDP field oxides. 

SUMMARY OF THE INVENTION 

0008. The present invention provides a method for form 
ing a silicon dioxide hard mask that can be etched at a faster 
rate than HDP field oxide can be etched. In one embodiment, 
the invention calls for depositing a SiO hard mask at a low 
temperature of preferably 200 degrees Celsius or below 
using a TEOS precursor. The resulting hard mask has the 
property that when wet-etched by an etchant such as HF, the 
hard mask is etched faster than the HDP field dioxide used 
in the isolation trench oxide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0009 FIGS. 1-6 show various stages of processing a 
semiconductor device according to the present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

0010. In this description, it will be understood that when 
an element such as a layer, film, region, Substrate, or panel 
is referred to as being “on” another element, it can be 
directly on the other element or intervening elements may 
also be present. In contrast, when an element is referred to 
as being “directly on another element, there are no inter 
vening elements present. Note also that the thicknesses of 
the figures are not drawn to Scale, and should not be 
interpreted as limiting the invention to the disclosed embodi 
mentS. 

0011 Referring now to the figures, a method for forming 
a removable hardmask according to the present invention 
will be described. FIG. 1 shows a stage in the manufacture 
of a conventional semiconductor device (10) comprising a 
semiconductor Substrate (9) Such as monocrystalline silicon 
(8). P-wells (11) and N-wells (12) have been formed in 
substrate (9). A field dielectric (13) can be formed by 
shallow trench isolation (STI), to include a top layer of 
silicon dioxide formed by a high density plasma (HDP) 
process. Silane and oxygen can be the precursors in the HDP 
process, and the deposition temperature can be around 650 
degrees Celsius. Dielectric (13) can also be formed from 
thermally grown silicon dioxide by the LOCOS process or 
other processes. In one embodiment, the field dielectric (13) 
may have a thickness of about 2200 Angstroms. 
0012 Next, a layer (14) is deposited, and will later be 
patterned using a hard mask. In one embodiment, the layer 
(14) is a polysilicon or metal layer, or a stack of layers, e.g. 
a first (bottom) polysilicon layer, an oxide-nitride-oxide 
(ONO) layer, and a second (top) polysilicon layer. FIG. 6 
shows a number of polysilicon features (e.g. floating gates) 
formed from first polysilicon (14.1) over active areas of 
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substrate (9). ONO (14.2) is formed on the polysilicon gates 
(14.1) and field oxide regions (13). Second polysilicon 
(14.3) (e.g. to provide memory wordlines) is formed on 
ONO (14.2) over the floating gates (14.1) and the field oxide 
(13). 
0013 Next, to pattern the layer (14) (which may include 
the stack 14.1, 14.2, and 14.3 of FIG. 6), a SiO, hard mask 
layer (15) is utilized as shown in FIG. 2. FIG. 2 shows a 
hardmask SiO film (15) formed by plasma-enhanced 
chemical vapor deposition (CVD) using a TEOS (i.e., 
Si(CHS)) precursor at relatively low temperatures of 150 
250 degrees Celsius: 

250 degrees Celsius 

0014. In an embodiment, the deposition is performed at 
about 200 degrees Celsius, the flow rate of TEOS is about 
2.2 standard liters per minute (slim), and the oxygen flow rate 
is about 9 slim. 

0015 The resulting TEOS oxide layer (15) is highly 
porous. In one embodiment, the thickness of the TEOS oxide 
layer is 2000 Angstroms. 
0016 A silicon oxynitride (SiON) layer (16), anti-reflec 
tive coating (ARC) layer (17.1), and photoresist layer (17.2) 
are subsequently deposited on the TEOS oxide layer as 
shown in FIG. 2. The ARC (17.1) and SiON (16) layers 
under the photoresist (17.2) act to minimize the critical 
dimension non-uniformity across the cell array during pho 
tolithographic processing by reducing the Substrate reflec 
tivity. The ARC (17.1) may be, for example, an organic 
spin-on ARC. Photoresist (17.2) is patterned photolitho 
graphically as shown in FIG. 3, and dry etching removes the 
exposed portions of the SiON layer (16) and TEOS oxide 
(15). The TEOS oxide (15) will act as a hard mask for the 
dry etch of layer (14). Resist (17.2) can be removed before 
the etch of layer (14) as shown in FIG. 4, or can be left in 
the structure and removed after the etch of layer (14). 
0017 Next, portions of the layer (14) left exposed by the 
hard mask oxide (15) are dry etched (FIG. 4). In one 
embodiment, layer (14) is a polysilicon Stack comprising 
two layers of polysilicon that sandwich an ONO (oxide 
nitride-oxide) layer. (See, for example, FIG. 6.) The ONO 
layer may be dry etched with typical oxide etch chemistries 
Such as CF/CHF gas chemistry, which may also etch a 
substantial portion of the hard mask oxide (15). In the 
multi-layer polysilicon stack embodiment, up to 75% of the 
hard mask (15) is removed during etching of layer (14) 
(removal not shown in FIG. 4). In this case, removal of 
portions of the hard mask (15) concurrently with the ONO 
in layer (14) further minimizes loss of the field oxide (13) 
during Subsequent wet etching, since there will be less hard 
mask (15) remaining after the dry etch. 
0018. Once layer (14) is removed by dry etching, the field 
oxide (13) is exposed. Finally, to remove the hard mask (15), 
an agent such as dilute 100:1 hydrofluoric acid (HF) (i.e., 
100 parts water to 1 part HF) is used to wet etch the 
hardmask, as shown in FIG. 5. 
0019. In one embodiment, a 100:1 HF agent etches the 
porous TEOS oxide layer (15) formed at 200 degrees Celsius 
at a rate of about 350 Angstroms/minute. In contrast, the 
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100:1 HF agent etches the HDP SiO, layer (13) at a rate of 
only about 48.3 Angstroms/minute. Thus the TEOS oxide 
layer is etched 7 times faster than the HDPSiO layer. This 
difference in the etching rates allows selective etching 
whereby the TEOS oxide layer is removed quickly, while 
undesirable loss of the field oxide layer (13) is minimized. 
The decreased wet etch time also helps reduce tunnel oxide 
loss and oxide-nitride-oxide (ONO) undercut in the remain 
ing portions of layer (14). 
0020. In addition to minimizing the undesirable loss of 
field oxide (13), a further advantage of the present invention 
is that the dry etch rate for oxide hard masks formed at about 
200 degrees Celsius is nevertheless similar to the dry etch 
rate for conventional oxide hard masks formed at higher 
temperatures. Hence, the dry etch rates and film composi 
tions for layer 14 in some embodiments of the present 
invention are similar to those of conventional methods, and 
therefore the by-products of dry-etching necessary for side 
wall passivation (Such as CFX) are also similar, leading to 
similar profile and selectivity control. Combining the inven 
tion with prior art dry etching processes is therefore sim 
plified in Some embodiments. 
0021 Note that various modifications to the embodi 
ments disclosed herein are also within the scope of the 
present invention. For example, various substitutes for the 
100:1 HF wet dip etchant can be employed, such as 100:1 
buffered oxide etchant (BOE). Furthermore, the invention is 
not limited to a 100:1 concentration, as greater or lesser 
concentrations may be used without deviating from the spirit 
of the invention. The field oxide layers can be formed by 
processes other than a high-density plasma process. The 
invention is not limited to the field oxide being exposed 
when the hard mask is being removed, or to other structural 
features described above. The invention is not limited to the 
particular processes or process parameters. The invention is 
defined by the appended claims. 

What is claimed is: 
1. A semiconductor device comprising: 
a semiconductor Substrate; 

an insulating layer formed on the semiconductor Sub 
Strate; 

an at least partially conductive layer formed on the 
insulating layer; and 

a porous tetra-ethyl-Ortho-silicate (TEOS) layer formed 
on the conductive layer. 

2. The semiconductor device of claim 1, further compris 
ing: 

a layer of photoresist formed on the porous TEOS layer. 
3. The semiconductor device of claim 2, further compris 

ing: 

a layer of silicon oxy-nitride (SiON) formed on the porous 
TEOS layer and under the photoresist layer. 

4. The semiconductor device of claim 3, wherein the at 
least partially conductive layer comprises a polysilicon 
layer. 


