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Two reactive ion etching (RIE) processes were studied to show the relative etch selectivity between SiO5 and
Si using two fluorocarbon gases, CF4 and CHF3. Results show that CHF3 gives better selectivity (16:1) over
CF4 (1.2 :1). On the other hand, the etch rate of SiOy of CF4 is approximately 52.8 nm/min, faster than

CHF3 (32.4 nm/min).
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I. Introduction

In nanofabrication, etching a SiO5 layer over a Si layer
(or vice versa) is a common process. To make sure
the target material is completely removed, a 10% over-
etching is often included in process design. However, for
most devices, as little over-etch as possible is preferred.
In the reactive ion etching (RIE) process, etching hap-
pens primarily via chemical reaction. The plasma in reac-
tion is formed by the high frequency electric field applied
between two electrodes fixed on top and bottom. The
electric field also defines the direction of plasma move-
ment, which gives RIE process the merit of being high
anisotropic. Fig. 1 shows the Oxford 80 Plus RIE, with
a 220mm diameter platen, used in this study.

FIG. 1. Oxford 80Plus RIE

Fluorocarbon gases are commonly used for the dry
etching of SiOs or Si. The mechanism of fluorine-based
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FIG. 2. Fluorocarbon gases etching process

Si substrate

FIG. 3. Cross-section view of the test structure

etching has been well studied!. Fluorine atoms are ion-
ized and react with Si, resulting in gaseous products such
as SiFy, as is shown in Fig 2. Adding Hy or Os in the
gas flow will affect the reaction, resulting higher etching
rate of SiO5 or Si respectively. Meredith Metzler and co-
workers studied etching behavior of Si, SiO5 and SizNy
in CF4 or CHF3/05 gases during RIE process with Ox-
ford 80plus, and showed the etch rate and selectivity of
substrates to organic resists?> . This study aims at di-
rect comparison of etch rate and selectivity between Si
and SiOg with two fluorocarbon gases (CF4 and CHF3)
in the RIE process. The results suggest different appli-
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FIG. 4. (a) silicon substrate start, (b) deposit SiO2, (c) spin coat photoresist, (d) lithography, (e) RIE to create trench, (f) HF

surface clean (g) strip photoresist (h)RIE test.

cations of these two gases in practice.

Il. Experiment

To investigate the etch selectivity (SiOg: Si) of CFy
or CHF3, a trenched structure is created in photoresist.
Fig 3 shows the top view and cross section of this struc-
ture. The width of each trench is identically 100 m. In
the fabrication process of this structure, a layer of SiOq
is deposited on top of a silicon substrate via plasma-
enhanced chemical vapor deposition (PECVD). The mea-
sured thickness of the as-deposited oxide layer is 339 nm.
After the lithography, the sample is etched with RIE to
remove most of the SiOs in the trench. Then followed by
hydrogen fluoride to clean the oxide residual in the ex-
posed areas. With this process, SiOy trenches are made
with Si completely exposed in those trenches. The key
in this process flow is to keep the Si substrate untouched
for further analysis. Figure 4 shows the process flow.

Then the RIE process is performed on a series of chips,
each with the structure shown in Fig 4 (g). Both SiOq
and Si can be etched by fluorocarbon gases. After etch-
ing, the change in thickness of SiO4 is measured by reflec-
tometry (Filmetrics F40), and the change in the trench
depth is measured by 2D profilometry (P7 profilometer).

The CF4 etching process starts by pumping the cham-
ber pressure to 5.5 x 107° Torr. Then CF4 flows at
20.0 sccm and the chamber is maintained at 6.5 x 1072
Torr. The CHF3 etching process starts by pumping to
4.5 x 10~* Torr, CHF3 then flows at 12.0 sccm and Ar
at 38.0 sccm, the chamber pressure is kept at 3.0 x 1072
Torr.

I1l.  Results and Discussion

In fluorocarbon gases, the fluorine atoms are responsi-
ble for the etching of Si. In the etching process, the CF3
radicals generated are absorbed on the Si substrate and
form a thin film that resists the etching of Si, while the
etching of SiOy continues because of those radicals. Ad-
dition of Hy reduces the etch rate of Si by forming HF”.
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FIG. 5. Etch depth of SiOs vs time for the CF4 and CHF3
processes
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FIG. 6. Etch depth of Si vs time for the CF4 and CHF3
processes
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Hence using CHF3 should increase the etch rate of SiOs.

Fig 5 and 6 depicts the etch curve of each gas with
respect to etching SiO5 and Si. Fig 5 shows that the
etch rate of SiOq of CFy is approximately 52.8 nm/min,
faster than CHF3 (32.4 nm/min). On the other hand,
the etch rate of silicon is comparable of CF4 and CHF3,
while CHF3 etches much less of SiO5 than CF4 as shown
in Fig 6. The measured data are listed in Table I and II
with a schematic image of labels in Fig 7. Based on those
measurements, the etch rate and selectivity were calcu-
lated as listed in Table III. CHF3 gives better selectivity
(16:1) over CF4 (1.2 :1). Taken as a whole, a better etch
selectivity (SiOq: Si) of CHF3 and a faster etch rate of
SiOs by CF4 were observed.

Initial Oxide
Oxide Remaining

Si substrate

(a) (b)

FIG. 7. Schematic images for measurement (a) before RIE
(b) after RIE

IV. Summary

According to the result, CHF3 gives better selectivity
of SiO9 to Si (16:1) versus CF4 (1.2 :1). The etch rate of
SiOy of CFy is approximately 52.8 nm/min, faster than
CHF3 (32.4 nm/min). For applications, CHF; fits for

where SiO5 needs to be etched while Si remained un-
touched, CF fits for when a single type of material gets
exposed to etch and it gives better etch rate.It should
be noted that this study did not specify the effect of gas
pressure and different mixture of gas components. This
is a qualitative comparison of CF4 and CHF3 in the RIE
process.

V. Acknowledgements

This work was performed at the Singh Center for Nan-
otechnology at the University of Pennsylvania, a member
of the National Nanotechnology Coordinated Infrastruc-
ture (NNCI) network, which is supported by the National
Science Foundation (Grant NNCI-1542153).

1Vincent M. Donnelly. Review article: Reactions of fluorine atoms
with silicon, revisited, again. Journal of Vacuum Science & Tech-
nology A, 35(05C202), 2017.

2Meredith Metzler. Reactive ion etch (RIE) of silicon dioxide
(Si02) with tetrafluoromethane (CF4). Scholarly Commons, Uni-
versity of Pennsylvania, 2016.

3Meredith Metzler. Reactive ion etch (RIE) of silicon dioxide
(Si02) with trifluoromethane and oxygen (CHF3/02). Scholarly
Commons, University of Pennsylvania, 2016.

4Meredith Metzler. Reactive ion etch (RIE) of silicon nitride (SiNx)
with tetrafluoromethane (CF4). Scholarly Commons, University
of Pennsylvania, 2016.

5Meredith Metzler. Reactive ion etch (RIE) of silicon nitride (SiNx)
with trifluoromethane and oxygen (CHF3/02). Scholarly Com-
mons, University of Pennsylvania, 2016.

6Steven Wood, Gerald G Lopez, and Meredith Metzler. Reactive
ion etch (RIE) of silicon and ZEP520A resist mask with tetraflu-
oromethane (CF4) using oxford 80 plus. Scholarly Commons,
University of Pennsylvania, 2016.

"Ephrath L M. Dry etching for vlsia review. Journal of the Elec-
trochemical Society, 129(62C-66C), 1982.



Zhang et al. (2019)

Published by Singh Center for Nanotechlogy

TABLE 1. Measurement of oxide thickness and step height before and after CHF4 etch

Initial oxide (nm)  Etch time (min)  Oxide remaining (nm)  Step (nm)  Oxide etched (nm)  Silicon etched (nm)
339 1 298.1 324 40.9 259
339 2 239.7 318.4 99.3 78.7
339 3 190.3 308.9 148.7 118.6
339 4 138.5 301.2 200.5 162.7

TABLE II. Measurement of oxide thickness and step height before and after CHF3 etch

Initial oxide (nm)  Etch time (min)  Oxide remaining (nm)  Step (nm)  Oxide etched (nm)  Silicon etched (nm)
339 2 263 270.9 76 7.9
339 3 231 237 108 6
339 4 197.6 204.5 141.4 6.9
339 5 166.2 177.7 172.8 11.5

TABLE III. Etch rate and selectivity (SiO2:Si)

Etch rate (nm/min) Si0- Si Selectivity
CHF'3 32.4 2 16:1
CF4 52.8 45 1.2:1




