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METHOD FQR FORMING A TAPERED OPENING IN SILICON 

Field of the Invention 

The present invention relates generally to semiconductor 
processing and more specifical_ly to a method for forming tapered 
openings in a semiconductor substrate. 

Background of the Invention 

In current semiconductor processing, it is typical and often 
15 desired to form shallow trenches to form trench isolations. These 

trenches are now scaled to submicron dimensions. The trench . 
profile must be well controlled in order to obtain trench 
isolations with low leakage and high breakdown voltages. 

20 Trench isolation techniques involve filling the trench with 
an dielectric, such as tetra ethyl ortho silicate (TEOS). During the 
deposition of the TEOS into the trench, voiding problems can often 
occur wherein the top of the trench is filled before the bulk 
volume of the trench is completely filled. Voiding typically 

25 occurs when the trench sidewall is straight or vertical, -- defined as 
;;::: 85°. These voids pose a reliability ·problem because in 
subsequent processing steps, polysilicon stringers are left in the 
voids which can cause electrical shorts. One way to resolve this 
voiding problem is to increase the width of the trench. This 

30 solution is impractical and inconsistent with advancing 
technology where devices are being scaled down in size rather 
than up. Thus, real estate on the silicon substrate is valuable and 

· can·not be wasted. An alternative solution to the voiding problem 
is to taper the sidewalls of the trench to promote uniform filling. 

35 A taper angle of less than 85°, as measured from the horizontal 
plane, is desired for uniform filling of a trench opening that is 
less than 0.45 µm wide. 
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Currently, an etching process using a chlorine and hydrogen 
bromide (Cl2/HBr) chemistry is used to form trench openings in 
silicon. This chemistry yields a good etch rate of approximately 

5 2600 A/minute which is acceptable for a manufacturing 
environment. A problem with this chemistry is that the resulting 
trench opening profile is not sufficiently tapered for openings 
smaller than 0.45 µm. This method only yields trench openings 
having· a sidewall taper angle of approximately 85°, which is .. · 

10 nearly vertical. This angle does not allow uniform filling of the 
trench to eliminate the voiding problem as desired if the trench 
opening is less than 0.45 µm. Thus, while ·the Cl2/HBr chemistry 

15 

is sufficient for forming trenches large, this method does not 
yield the desired result upon a scaling down of geometries. 

A second etching process uses a nitrogen tri~luoride and 
argon (NF3/Ar) chemistry to form the trench openings in silicon. 
While this method yields an opening having a sidewall taper angle 
of approximately · 82°, which is considered a good profile, this 

20 method has the drawback of a very low throughput. Using the 
NF3/Ar chemistry requires approximately 9 minutes to form an 
opening of 0.5 µm. deep, which is a typically desired depth. 
Furthermore, adjusting the taper profile is not easily achievable 
or controllable with this chemistry. 

25 
While it may seem trivial to strive for a few degrees in the 

sidewall taper angle, on a submicron. level,. a change of a mere 
couple· of degrees is critical in terms of having a successful 
process or an unacceptable process. However, determining a 

30 method for achieving that small change in the taper angle is often 
not a trivial thing due to constraints in geometries, materials, 
and chemistries involved. Nevertheless, it is desirable to find a 
method for forming tapered trenches that yield both an acceptable 
throughput as well as a good taper profile to eliminate voiding in 

35 the trench ·fill. 
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Brief Description of the Drawings 

The FIGURE illustrates, in cross-section, a desired taper 
5 profile for an opening in a silicon substrate in accordance with 

the present invention. 

It is important to point out that the illustration may not 
necessarily be drawn to scale, and that there may be other 

10 embodiments of the present invention which are not specifically 
illustrated. 

15 
Detailed Description of a Preferred Embodiment 

The present invention provides a method for forming tapered 
openings in a silicon substrate using a particular etching 
chemistry. The combination of a nitrogen trifluoride and hydrogen 
bromide (NF3/HBr) plasma etch allows both a good taper profile as 

20 well as a good etch rate, yielding a desirable manufacturing 
process having controllability and quick· cycle time. Although not 
limited to a trench size, method of the present invention is 
particularly well suited for openings smaller than 0.45µm. These 
and other features, and advantages, will be more clearly 

25 understood from the following detailed description taken in 
conjunction with the accompanying drawings. 

It has been found that a plasma of NF3/HBr provides all the 
advantages desired in etching a tapered opening 18 for silicon 

30 processing. First, a ·silicon substrate 14 is placed inside the 
process chamber of the plasma etch equipment. An example of a 
suitable etch machine for practicing the present invention is 
Applied Materials Precision 5000™. Operation of the equipment is 
known to one practicing in this area, and operation manuals 

35 provided with . the equipment can be consulted. The silicon 
. substrate may have already. gone through previous processing 
steps, such that the substrate has on its top surface, one or 
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several dielectric layers as insulators, a hard mask 16 overlying 
the dielectric layers wherein this hard mask may contain another 
organic dielectric material different from the underlying 
dielectric layers, and openings in the dielectric layers and the 

5 hard mask to _expose a portion of the underlying silicon substrate. 
The purpose of the hard mask is to protect the underlying 
substrate during plasma etch._ 

The power setting on the equipment is set to a preselected 
10 value. It has been found that varying the RF power, on the Applied 

Materials Precision 5000™, affects the resulting profile of the 
tapered opening. As the power is increased, the taper angle q of 
the opening decreases, wherein a smaller angle translates to a 
more tapered opening. A preferred range of power for practicing 

15 the invention is approximately 300 to 550 Watts. Using power 
setting in this range should result in a tapered opening having a 
taper angle q in an optimal range of 60° to 85°. 

In addit.ion to the power setting, the pressure of the process 
20 can also be set. A preselected pressure of 100 millitorr was used 

in a reduction to practice, but this value should in no way be 
9onsidered limiting. The pressure setting _may be varied to 
further adjust the resulting profile of the opening 18. 

25 Flows of NF3 and HBr are introduced into the process 
chamber. These flows need not be introduced simultaneously in 
practicing the invention. However, as a practical matter, these 
two flows would be introduc_ed within a fairly short time of each 
other, such ·as within 60 seconds of each other. For practical 

30 purposes, the introduction of the flows would be done 
simultaneously or within 5 to 10 seconds of each other. The order 
of the- introduction of the two flows is not critical. In the 
reduction to practice, a flow rate of 5 cubic centimeter (cc) per . 
minute of NF3 was used, while the HBr flow rate was 40 cc/min. 

35 . This· translates into an NF3/HBr ratio of 1 : 8. However, a person 
practicing the invention is not limited to these specific flow 



-5-

rates or this ratio because ·they may be varied to adjust the taper 
profile. In particular, increasing the flow of NF3 relative to the 
flow of HBr has been found to reduce the taper angle q yielding a 
more tapered opening. For example, it has been found in a 

s reduction to practice that doubling the flow rate of NF3 while 
keeping all other parameters constant reduces the angle from 82° 
to 60°. A practicable setting for the NF3/HBr ratio ranges from 
1 :8 to 1 :4. 

10 Once the flows of both NF3 and HBr are stabilized and all 
other parameter settings on the equipment have achieved steady 
state conditions, a plasma generated with the NF3 and HBr input 
gases is ignited in the process chamber. This plasma etches the 
tapered opening 18 in the portion of the silicon substrate 14 that 

15 is not covered .bY the hard mask 16. While in no way limited to 
submicron wide openings, the present invention has been found to 
be particularly effective for etching an <?Pening having a width w 
that is less than 0.45 µm but still having a taper angle q ranging 
from 85° to 60°. The present invention has an etch rate of 

20 approximately 2500 to 3000 A/minute. Thus, for an opening 
having a depth d of approximately 0.5 µm, the etch should take 
approximately 1.5 minutes. Of course, the depth d of the opening 
is physically limited to 0.5 · w · tan q, which translates to 
approximately 1.6 µm for an" opening 0.45 µm with a taper angle 

25 of 82°. However, in practice, the depth of an opening would range 
from 0.3 µm to 1.0 µm for a typical semiconductor device 
application. 

The combination of NF3 and HBr in the plasma etch to form 
30 tapered openings yields a manufacturably desirable process having 

a good etch rate and good controllability on the taper profile. 
First, the etch rate of the NF3/HBr plasma is comparable to that 
of the Cl2/HBr plasma of the prior art. It is believed that the 
presence of NF3 in. the plasma endows the process with the good 

35 etch rate because use of NF3 alone has been observed to yield a 
fairly quick etch process. However, NF3 alone causes an undercut 
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problem in the opening which is undesirable. The presence of HBr 
in the present process, however, appears to solve the undercut 
problem created by NF3. Practicing the present invention yields 
the desired taper profile for openings less than 0.45 µm wide, 

5 which has not been possible with the Cl2/HBr plasma of the prior 
art. As mentioned previously, a good taper profile previously . 
required U$ing an NF3/Ar plasma but doing so meant a large 
sacrifice in cycle time due to the slow etch rate of this 
chemistry. However, the present invention provides a fast etch 

10 · rate. Thus, practicing the present invention provides all of the 
advantages associated with the prior art processes but with .none 
of their disadvantages. 

The foregoing description and illustrations contained herein 
15 demonstrate many of the advantages associated with the present 

invention. Thus it is apparent that there has been provided, in 
accordance with the invention, a method for forming an opening in 
·a silicon substrate that fully meets the need and advantages set 
forth previously. Although the invention has been described and 

20 illustrated with reference to specific embodiments thereof, it is 
not intended that the invention be limited to these illustrative 
embodiments. Those skilled in the art will recognize that 
modifications and variations can be made without departing from 
the spirit of the invention. For example, the power, the pressure, 

25 and the ratio of NF3/HBr may all be varied in the process to fine 
tune the taper profile. Alternatively, only one setting may be 
varied while the· remaining parameters are kept constant to . adjust 
the taper profile. Therefore, it is intended that this invention 
encompasses all such variations and modifications falling within 

30 the scope of the appended claims. 



111111111111111111111111 ·111111 -7-* C "L M S * 

CLAIMS 

1 . A method for forming an opening in a semiconductor 
substrate, comprising the steps of: 

5 providing a silicon substrate having a dielectric layer 

10 

overlying a surface of the silicon substrate, the 
dielectric layer having a first opening therein to 
expose a portion of the surface; and 

forming a plasma with only NF3 and HBr as input gases 
over the portion of the surface of the silicon 
substrate to etch a second opening in said portion 
of the surface. 

2. A method for forming a tapered opening in a 
15 semiconductor substrate, comprising the steps of: 

20 

25 

30 

placing a substrate having a dielectric layer overlying 
a silicon surface into a process chamber of a 
plasma etch machine, the dielectric layer having a 
first opening therein to expose a portion of the 
silicon surface; 

setting a power value on the plasma etch machine; 
setting a· pressure for the process chamber; 
introducing a first input gas of NF3 into the process 

chamber; 
introducing a second input gas of HBr into the process 

chamber, wherein no other input gases are 
introduced into the process chamber; 

igniting a plasma generated with both first and second 
input gases; and 

etching a tapered second opening in the portion_ of the 
silicon surface. 
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3. A method for forming a tapered opening in. a 
semiconductor substrate, comprising the steps of: 

placing a substrate having a dielectric layer overlying 
a silicon surface into a process chamber of a 

5 plasma etch machine, the dielectric layer having a 
first opening therein to expose a portion of the 
silicon surface; 

10 

15 

20 

25 

setting a power on the plasma etch machine to a value 
ranging from 300 to 550 Watts; 

setting a pressure for the process chamber; 
introducing a first input gas of NF3 into the process 

chamber; 
introducing a second input gas of HBr into the process 

chamber, wherein· this step of introducing the 
second input gas is performed within 60 seconds 
of the . step of introducing the first input gas and 
wherein no other input gases are introduced into 
the process chamber; 

igniting a plasma generated with both first and second 
input gases; and 

etching a tapered second opening, having a profile 
approximately 85° to 60° relative to a horizontal 
reference line, in the portion of the silicon 
surface. 


