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Optimizing the Isotropic Etching Nature and Etch
Profile of Si, Ge and Si0.8Ge0.2 by Controlling CF4

Atmosphere With Ar and O2 Additives in ICP
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Abstract—An isotropic etching, etch rate and surface rough-
ness of Si, Ge and Si0.8Ge0.2 subjected to CF4/Ar/O2 plasma has
been studied using inductively coupled plasma (ICP) system.
First, we applied the etching parameters on the silicon sub-
strate to observe the etching rate using carbon tetrafluoride (CF4)
under different flow rates and choose the parameters of high etch
rate. The chosen parameters for silicon was CF4 (60 sccm) and
etching in different ratios of argon (Ar) and oxygen (O2) were
also discussed. Second, it also reports on selective isotropic etch-
ing for germanium (Ge) and Si0.8Ge0.2 by ultrahigh vacuum
chemical vapor deposition (UHVCVD) and was etched under
selected conditions used for silicon under different atmospheres
in an inductively coupled plasma system. Starting from a pure
CF4 gas that etches Ge and Si0.8Ge0.2 with a good selectivity
to silicon, the modification of gas mixture was also investigated.
A possible mechanism based on the favored action of CF4 is
investigated. Relative etch rate between Si, Ge and Si0.8Ge0.2 are
explained with etch rate reductions achieved by selective CF4
plasma chemistries with Ar/O2. Etched profile, surface rough-
ness was examined and measured by using SEM and AFM
technique.

Index Terms—Isotropic etching, surface roughness, Ge, SiGe,
silicon, selectivity, ICP.

I. INTRODUCTION

IN ORDER to fit with the optimum technology nodes
(< 45nm) for the scaling of MOS devices, an innovative

architecture is required as an alternative for the conven-
tional approach. Nowadays, in order to match the increasing
demanding requirements concerning performance and device
dimensions, dry etching process need optimization through the
suitable choice of process parameters, working gas and high
mobility material. Therefore, Ge and SiGe materials can be
used for this requirement due its difference and similarity in
relation to silicon material [1]–[3]. Ge and SiGe [4]–[6] can
be used in its strained configuration between two silicon layers
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because of not much difference in lattice constant (1% for Ge
contents < 25%) [7]. Therefore, germanium offers the possi-
bilities to differentiate it from silicon for its highly selective
isotropic etching. Due to this, several parameters such as mix-
tures of gases, bias power, source power are to be optimized in
a way to etch the sacrificial materials. Several researchers have
shown that it is possible to etch Si1−xGex with x ≥ 0.15 selec-
tivity to silicon [8]. It also indicates that several parameters are
taken into consideration for the complete removal of sacrificial
layer/material.

Silicon (Si), germanium (Ge) and SiGe are one of the essen-
tial materials in the fabrication of micro and nanodevices such
as FinFET, GAAFET, photodetectors and bipolar structures.
Nowadays, SiGe is widely used by the semiconductor indus-
try because of their adjustable electrical properties that can
tune the Ge content for band gap engineering [9]–[11]. For
a longer period, dry and wet etching techniques on Si, Ge,
SiGe are well known and extensively studied. The lateral
etching of sacrificial layer is required for the realization of
their original 3D structures. Halogen-based chemistries includ-
ing fluorine (CF4 & SF6), chlorine (Cl2) and bromine (HBr)
reactive chemistries are generally used for etching these mate-
rials. Nowadays, fluorocarbon (FC) based gas such as CF4 is
extensively used in the semiconductor industry for the dry pat-
terning of SiO2 and Si3N4 films. Several researchers reported
that when the CF4 gas is combined with O2 with the aim
of increasing the F atoms’ yields and suppress the polymer-
ization on the active surfaces which are in contact with the
CF4 plasma [12]. In previous studies, it is established that
Ge is more rapidly etched than silicon using halogen-based
plasma chemistries and it is quite possible to reverse this
result by using CF4/H2/SF6 gas mixture and they achieve high
selectivity associated to isotropic etching [13]–[15]. Inductive
coupled plasma etching of SiGe alloy also indicates more
rapid etching than the elemental silicon by using halogen-
based chemistries. In contrast, hydrogen and sulfur-based
chemistries etch silicon faster by passivating the SiGe alloy
layer [14], [16], [17].

In this work, the nanoscale dry etching of Si, Ge and
SiGe was quantized by using conventional inductive coupled
CF4 plasma under different atmospheric condition inside the
plasma chamber and CF4 gas under varied working parameters
(flow rate, working pressure). Etch rate, etch profile and sur-
face roughness have been investigated as a function of varying
CF4 flow rate, argon and oxygen flow. We would also like to
inscribe that the O2 and Ar effect on the plasma parameters

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

https://orcid.org/0000-0003-2366-0098
https://orcid.org/0000-0002-3942-4236


178 IEEE TRANSACTIONS ON SEMICONDUCTOR MANUFACTURING, VOL. 34, NO. 2, MAY 2021

Fig. 1. Schematic of different line width & height pattern used in (a) Si etch
test, (b) Ge & SiGe etch test.

and materials composition has been investigated only for
binary (FC/O2) or ternary (FC/O2/Ar) gas mixtures, where an
increase in oxygen mixing ratio is accompanied by a decreas-
ing FC gas component. In order to obtain optimum process
conditions, the ternary (FC/O2/Ar) gas systems provide more
ways of changes in the gas mixing ratios. For example, keep-
ing the FC gas constant, but change the ratio between O2 and
Ar. That is why the correlation between the gas mixture com-
position (FC/O2/Ar) and plasma parameters with the FC gas
component of constant magnitude needs extensive investiga-
tion. In this study, basically two gas chemistries were used for
Ge and SiGe related pattering for dry etching, i.e., fluorine-
based chemistries that provides the lower etching rate of 20 to
50 nm/min, that is good for shallow etching with good depth
control.

II. EXPERIMENTAL DETAILS

In this part, all Si, SiGe, and Ge films were grown on
Si(100) substrate provided by Taiwan semiconductor research
institute (TSRI) using reduced pressure chemical vapor depo-
sition (CVD) tool. For etching test, lithography patterning
was performed on all the samples and the photomask used
were purchased from MICRO/NANO science and technology.
Photoresist AZ1500 and developer AD10 were also provided
by TSRI. Ge material was grown on Si (100) substrate using
TSRI four group epitaxy equipment by reduced pressure CVD
using GeH4 (10% H2) at the growth temperature from 375◦C-
400◦C and growth pressure of 40 mTorr whereas, SiGe mate-
rial of 100nm with Ge (20%) was also grown on Si (1 0
0) substrate at TSRI using SiH4 and GeH4 (10% H2) at growth
temperature of 700◦C and growth pressure of 20 mTorr. Prior
to feeding of input gas inside the process chamber and etch-
ing process, the chamber was cleaned and evacuated to 1 ×
10−5 Torr by using turbo pump. For better understanding of
experimental setting and results, the detailed dimensions (line
length, space size) and schematic is shown in Fig. 1.

An isotropic etching of silicon will be discussed first that
uses four different line width (10, 20, 30, 50 µm) of photore-
sists pattern and will observe whether the width of photoresist
possess effect on the etching rate and how the etched profile
responds to different CF4 flow rate with argon and oxygen

flow. For etching these all samples (materials), an ICP system
that uses 13.56 MHz as power supplies for both bias and
source power was used. ICP as bias power was fixed at
100W. The source power was set at 300 W for relatively
achieving a fast etching rate in ICP etching system. The phys-
ical etching by radicals and undercut profile primarily depends
on Inductive power. Anisotropy and undercut is improved with
an increase in ICP power. Increasing the ICP power directly
increases the vertical magnetic field through the plasma. This
will dramatically increase the number of electron-gas colli-
sions in the plasma to create more ions. Since the electrons
and ions remain in the charge neutral plasma, there will be
an insignificant amount of bias voltage increase. Therefore,
a conventional ICP power of 300W was used to balance the
undercut. The anisotropy of ICP dry etching also depends on
the ICP chamber working pressure. In this work, 20 mTorr was
used as chamber working pressure to optimize the anisotropy
etching for Si, Ge and SiGe. To observe the etching profile of
all the materials (Si, Ge & Si0.8Ge0.2), a photoresist AZ1500 of
different width (10, 20, 30, 50 µm) were used for test etching.
The etching time for silicon sample was 30 minutes (suitable
for our process chamber), whereas for Ge and Si0.8Ge0.2 was
1 minute.

All the samples used in this study was observed by SEM
model HITACHI U800 to observe the etching profile. SEM
image were taken to analyze etching patterns of differ-
ent process parameters to facilitate the adjustments and the
optimization of parameters for later part of etching analysis.
XRD and TEM image were also used to facilitate the further
study of these sample. Etching rate, etched profile and surface
roughness/smoothness were carried out at room temperature.

III. RESULTS AND DISCUSSION

A. Preliminary Test on Silicon

The main purpose of this work is to investigate which of
the gases (CF4, Ar & O2) can achieve the highest etch rate
for Si and will further realized for Ge and Si0.8Ge0.2. This
work is mainly categorized into three part. The first part is to
observe the etching rate results on Si with different line width
of photoresist (10, 20, 30, 50 µm) using carbon tetra fluoride
(CF4) gas with argon (Ar) and oxygen (O2) and choose the
line width of photoresist of high etch rate. In the second part,
the CF4 gas flow of high etching rate is chosen along with
argon and oxygen flow percentage. In third part, we used Ge
and Si0.8Ge0.2 material and applied the selected recipe from
the first and second part to further analyze the etching rate
with good selectivity for these materials.

1) Effect of CF4 Flow Rate (sccm): For a dry etching appli-
cation, main issue is the efficiency of the ion bombardment
that controls the contribution of physical etching pathways to
the overall etching process. The role of ion bombardment in an
ion-assisted chemical reaction may include the ion stimulated
desorption of low volatile reactive products, the destruction of
fluorocarbon film and the sputtering of native surface atoms.
In a CF4 discharge, the observed gas phase species are C, F,
CF and CF2. The plasma also facilitates etching by means
of reactive etchant species. Free fluorine (F) atoms can be
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generated in a CF4 plasma through dissociation, ionization and
attachment reactions and is depicted as follows [18]:

Dissociation reactions

e− + CF4 = CF3 + F + e−

e− + CF3 = CF2 + F + e−

e− + CF2 = CF + F + e−.

Ionization reactions

e− + CF4 = CF+
3 + F + 2e−

e− + CF4 = CF+
2 + 2F + 2e−.

Attachment reactions

e− + CF4 = CF−
3 + F + e−

e− + CF4 = CF3 + F− + e−.

Understanding the physical and chemical process occur-
ring in CF4 and its mixture in plasma is needed to achieve
the optimization of processing plasmas. The CFx radicals in
fluorocarbon plasmas are considered as etchants in the etch-
ing process and as vital precursors of the polymeric films.
Based on the possibilities of ICP equipment, different param-
eters such as RF power, bias power were used for the silicon
whereas, the chamber pressure was maintained and kept con-
stant during the experiment at 20 mTorr. The RF power was
kept constant at 300 W for this preliminary test. Variation in
CF4 flow rate from (10-60 sccm) was altered and the etching
rate for all line width of photoresist (10, 20, 30, 50 µm) was
observed separately. Therefore, the ratio of carbon to fluorine
(C/F) in the plasma is vital in determining the etching rate.
Fig. 2 shows the cross-section SEM image of silicon etch rate
using CF4 flow rate of (a) 60 sccm for 10 µm line width pho-
toresist (PR) of highest etch rate, (b) 10 sccm for 30 µm line
width PR of lowest etch rate, respectively. It is observed that
higher the flow rate of CF4, the more free radical could be
dissociated in a fixed volume of gas [19].

For 30 µm line width PR, the damaged surface is quite
visible in Fig. 2(b) and it is noticeable that etching rate is
affected by the loading effect which may be caused by the
gap between the line width of PR between each other and is
not large enough as it is confirmed by Fig. 2(a) and Fig. 2(b).
Fig. 3 shows the etch rate characteristics of different line width
PR versus CF4 flow rate (sccm). Etch rates were found to
increase significantly for all line width PR at different CF4
flow rate. It was observed that line width PR > 10 µm, the
pattern was extremely damaged. For these reasons, we limited
and chosen 10µm line width PR for further analysis.

It is also notable that etch rate increases with the increase in
CF4 flow rate. The maximum etch rate (42.2 nm/min) obtained
is for 10 µm line width PR at 60 sccm flow rate whereas, the
minimum etch rate (22.4 nm/min) is at 10 sccm for 30 µm
line width PR.

2) Effect of Argon Flow (%): Ar plasma is commonly
used for cleaning, prevent oxidation and in removing organ-
ics without modifying the surface being exposed. It is also
used with CF4 and CF4/O2 to etch the Si, Ge or SiGe mate-
rials. Previously, it was observed that the dilution of CF4 by

Fig. 2. Cross-section SEM image of silicon etch rate using CF4 flow rate
of (a) 60sccm for 10µm line width photoresist (PR) of highest etch rate,
(b) 10sccm for 30µm line width PR of lowest etch rate, respectively.

Fig. 3. Relationship between silicon etching rate and carbon tetrafluoride
(CF4) flow rate (sccm) of different line width photoresist.

approximately 30-50% Ar shifts the dominant surface process
pathway from polymerization to etching [20]. Based on the
preliminary results, CF4 flow rate of 60 sccm was chosen and
then the argon flow rate (5-80%) were used to observe the
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Fig. 4. Cross-section SEM image of silicon etch rate using Ar/[Ar + CF4]
% flow of (a) 5% for 10µm line width PR of highest etch rate (47.8 nm/min),
(b) 80% for 30µm line width PR of lowest etch rate (17.3 nm/min),
respectively.

etching characteristics. In this study, we have quantified the
flow rate value in flow percentage, i.e., 1% gas flow is equiva-
lent to 3 sccm. Therefore, 20% of Ar/[Ar+CF4] is equivalent
60 sccm. Fig. 4(a) depicts the cross-section SEM image of
highest etch rate (47.8 nm/min) for 10 µm line width PR at
20% Ar flow and lowest etch rate (17.3 nm/min) for 50 µm
line width PR at 80% Ar flow is shown in Fig. 4(b). It is also
notable that for 10 µm line width PR, the pattern sidewall is
damaged whereas, for 30µm line width PR, low etch rate is
observed. The main reason could be high percentage of argon
ions causes CF4 gas free radical to be in low amount.

In this study, we have chosen 20% and 40% as the suitable
flow rate of argon that improves the etching rate(also possess
less sidewall damages). Etching rate can be maximized under
a quantitative argon environment. For process with low argon
flow (5% to 10%), it is evident that the etch rates are low as
compared to higher Ar flow rate, but there is dramatic decrease
in silicon etch rate for 80% argon flow due to loading effect,
see Fig. 5.

3) Effect of Oxygen Flow (%): In this part, at fixed 60 sccm
flow rate of CF4, the oxygen flow from (5% to 40%) was var-
ied to observe the etching behavior of silicon material. With
the decrease in CF4 flow ratio and the increase in oxygen
flow, the etching rate increases until 20%, but then at 40%
O2 flow ratio, it dramatically decreases. Previous report sug-
gests that when O2 is increased > 7% result in a maximum

Fig. 5. Silicon etching rate as a functions of argon (Ar) added in a pure
CF4 plasma flow of different line width photoresist.

etch rate of Si and the use of CF4/O2 (95%/5%) may indeed
already lead to saturation of oxygen (prevents further etch-
ing), leading to a saturation in the NO concentration [21]. The
etching rate depends on the relative variations in atomic O
concentrations and atomic F concentrations in the gas phase
as the O2 flow increases. O2 slows down the homogeneous
recombination of F atoms with other species either by block-
ing access to the favorable combinations or by depleting the
reactions through oxidation. The ideal reason could be the for-
mation of passivation layer that prevents from further etching.
Several researchers suggest that the addition of oxygen pro-
motes the formation of an oxide that plays the role of an etch
stop in addition with fluorine-based gas [12]. Additionally, the
atomic F concentrations may be decreased effectively due to
the inability to produce reactive F species with further increase
in O2. Oxygen plays a dual role in Si etching: (i) it slows down
the etching reaction by absorbing on the active surface, and (ii)
by enhancing the F etchant in the plasma. These two resulting
phenomena possess opposite effects on the etching rate, and
the etch rate reaches a maximum value at a lower O2 concen-
tration in the feed gas in compared to the maximum F atom
concentration.

It is obvious from Fig. 6 that increase in small amount
of oxygen increases the number of fluorine free radicals
by contributing to CFx dissociation. The highest etch rate
(108 nm/min) is observed for 10 µm line width PR at 20%
O2 flow rate. At 40% oxygen flow, the etch rate decreased
slowly contributing in formation of an oxide layer but etching
did not stop completely and is evident from Fig. 7.

B. Etching Optimization of Ge and Si0.8Ge0.2

In this part, we described the etch rate characteristics, selec-
tivity and root mean square (RMS) surface roughness of
germanium and Si0.8Ge0.2.

Fig. 8 shows the TEM image of germanium and Si0.8Ge0.2
in which 1.0 µm of germanium film and 100 nm of Si0.8Ge0.2
were grown on Si (100). To verify and confirm the thickness of
film growth, the XRD analysis of Ge and Si0.8Ge0.2 is shown
in Fig. 9. From Fig. 9(a) and Fig. 9(b), it is evident that 68.5◦
and 70.0◦ have an obvious bragg diffraction peak.

The larger diffraction peak at 70.0◦ corresponds to
(100) crystal planes of silicon and the smaller diffraction peak
of 68.5◦ corresponds to Ge and SiGe crystal plane, showing
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Fig. 6. Cross-section SEM image of silicon etch rate using O2/[O2 + CF4]
% flow of (a) 20% for 10µm line width PR, (b) 40% for 30µm line width
PR of highest etch rate, respectively.

Fig. 7. Silicon etching rate as a functions of oxygen (O2) added in a pure
CF4 plasma of different line width photoresist.

successful growth of single crystal Ge and SiGe film on sin-
gle crystal silicon (100) substrate with epitaxy technology and
with good crystallinity.

In this study, we have chosen the suitable plasma condition
from the previous section of preliminary etch test of silicon
to analyze it on Ge and Si0.8Ge0.2.The samples of germa-
nium and Si0.8Ge0.2 were etched in the recipe for one minute
at a constant process parameter of 300W ICP power, 100W
bias power, 20mTorr working pressure and maintained at room
temperature. Selectivity of target material determines the lat-
eral etch depth and etch rate during the whole etching process.

Fig. 8. TEM image of (a) 1.0µm of Ge film grown on silicon, (b) 100nm
of Si0.8Ge0.2 film grown on silicon (100) substrate.

Fig. 9. XRD diffraction curve measurement of (a) 1.0µm of Ge film grown
on silicon, (b) 100nm of Si0.8Ge0.2 film grown on silicon (100).

Fig. 10. Selectivity evaluation method for Ge and SiGe.

It is not an easy to realize selective etching of one material
to other and control the profile of the etched features at the
same time. Several authors have studied the reactive ion etch-
ing of SiGe alloys and high selectivity that has been associated
with isotropic etching [17], [22]. In this study, the lateral etch
and the selectivity of Ge and Si0.8Ge0.2 was evaluated, and its
method is shown in Fig. 10 [23].

The main objective is to investigate the possibility of selec-
tivity control between Si, Ge and Si0.8Ge0.2 using remote
plasma etching tool. In previous work, researchers have
presented pure CF4 as an adapted chemistry for selective Ge
and SiGe removal because of the spontaneous reaction of flu-
orine species with Si and Ge. This can be explained by the



182 IEEE TRANSACTIONS ON SEMICONDUCTOR MANUFACTURING, VOL. 34, NO. 2, MAY 2021

Fig. 11. Cross-section SEM image of (a) etched Ge film, (b) etched
Si0.8Ge0.2, when Ar flow is 20% and oxygen flow is 5% with fixed CF4
flow rate at 60 sccm.

difference between Si-Si and Si-Ge binding energies (2.31 eV
and 2.12 eV, respectively) [24]. Every atom of Ge in Si makes
four bonds weaker and more reactive to fluorine chemical
action. Once a Si-Ge bond is broken, a Si-F or Ge-F bonds
and reactive dangling bonds are created, initiating the reaction
with additional fluorine atoms that are required for complete
removal of Si and Ge atoms by forming volatile SiFx and
GeFy. Previous works on reactive ion etching (RIE) of SiGe
suggest mechanisms to explain the high etch rate of SiGe
than the silicon, in halogen-based plasma treatments [24]. As
it will be presented in this study, high selective etching of
Si0.8Ge0.2 to Ge can be achieved using conventional halo-
gen plasma (CF4) at low ion bombardment conditions, but
it is always associated to isotropic etching profiles. In this
approach, the selectivity is crucial because both similar mate-
rials are exposed to the complete etching process whereas only
one has to be etch away. We fixed the flow of carbon tetraflu-
oride, added 5% oxygen and 10%, 20% and 40% argon into
ICP system. Fig. 11 shows the cross-section SEM image of
etched Ge and Si0.8Ge0.2, when Ar flow is 20% and oxygen
flow is 5% with a fixed CF4 flow rate at 60 sccm.

The lateral etch is evident on Ge and Si0.8Ge0.2 whereas,
etch selectivity is high for (Si0.8Ge0.2 /Si) (Ge/Si). Etch

Fig. 12. Characteristics of Ge and Si0.8Ge0.2; (a) lateral etch rates,
(b) selcticity as function of argon flow(%) in a pure CF4 plasma with
fixed O2 (5%).

selectivity for Si0.8Ge0.2 is greater than Ge due to the presence
of Si0.8Ge0.2 that monopolizes the etching species and the etch
rate is linked to the number of Si–Ge bonds that initiate the
reactions [7]. Lateral etching depth (813 nm) and lateral etch
rate (13.5 nm/min) for Si0.8Ge0.2 is high (813 nm) as com-
pared to Ge under the same process parameter. Modification
of Ge surface has been reported by several researchers and it
is assumed that physical sputtering plays a vital role in the
etching reaction and regulate the stoichiometry of the etched
SiGe surface [25]. We observed that the situation of lateral
etching cannot be further improved so we added an argon gas
to catalyze the etching rate. We observed that the sidewalls
are etched rapidly when argon flow rate is 10% and found
to be minimum lateral etching rate. The results are good (lat-
eral etch rate & selectivity) when argon is 20%. Etch rate
increases when the oxygen is 5%. we also added 10% oxy-
gen with 20% argon in CF4 (60 sccm), this results in poor
surface roughness (data not shown). The etched germanium
and Si0.8Ge0.2 active surface become very rough due to pres-
ence and deposition of carbon reactive species because these
etching by-products are quite volatile in nature. It is assumed
that their self-masking phenomena directly causes the surface
roughness. The fluorine atoms react with Ge atoms sponta-
neously and forms a volatile product of GeF4, where desorbs
from the active surface and is pumped out. As a result of higher
ion flux, the bond breaking and sputter adsorption of etching
phenomena will also increase. It can be found that once the
oxygen ratio is too high the surface roughness become worse.
When argon 20% and oxygen 5% was used, the roughness is
quite low, but the surface roughness increases with an increase
in oxygen ratio. Therefore, it is evident that the addition of
oxygen can improve the etching rate but excessive oxygen
flow rate results in damaging side profile. We quantified that
the atmosphere parameter such as 5% oxygen and 20% argon
in CF4 (60 sccm) plays vital role in the isotropic and selective
etching and can achieve high lateral etch rate, see Fig. 12.

Small amount of germanium concentration in SiGe could
affect the SiGe material and this could facilitate by an
unknown catalytic gasification of Si atoms, but it remains con-
centrated on the surface. Si and Ge in the pseudo-morphic
SiGe alloy are highly strained that could increase the strain-
reducing phase and the volatile rate formation phase. It is
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Fig. 13. AFM images of (a, c) Ge and Si0.8Ge0.2 sample before etching
with RMS = 0.23 and 0.24 nm, (b, d) after etched Ge and Si0.8Ge0.2 sample
using argon (20%) with RMS = 0.3 nm and 0.4 nm; respectively at fixed CF4
flow rate (60sccm) and O2 (5%).

Fig. 14. RMS roughness characteristics on etched germanium and
Si0.8Ge0.2 as a function of increased argon flow(%).

nearly difficult to separate formation rate of a volatile from
the electronic effects since the it primarily dependent on strain.
Surface roughness could be an indication of plasma etch dam-
ages or defects. Rough surface is generally caused due to
plasma induced damages and other defects.

Fig. 13 shows the AFM images of: (a, c) Ge and
Si0.8Ge0.2 sample before etching with RMS = 0.23 nm and
0.24 nm, (b, d) after etched Ge and Si0.8Ge0.2 sample using
argon (20%) with RMS = 0.3 and 0.4 nm; respectively at
fixed CF4 flow rate (60 sccm) and O2 (5%). It is evident that
the surface roughness has increased after etching these mate-
rials using downstream CF4 plasma with oxygen. It indicates
that SiGe possess high roughness than Ge because SiGe bonds
(3.12 eV diatomic) are of lower strength making it more sus-
ceptible to CF4 attack. It is quite evident from Fig. 14 that
the RMS roughness increases with the increase in argon flow
for both Ge and Si0.8Ge0.2. When the argon concentration
is 20%, the etched surface is very rough with RMS value
of 0.3 nm (for Ge) and 0.4 nm (for Si0.8Ge0.2). The etched
surface showed significant improvement with decrease in Ar
concentration to 10%. The chemical non-volatile etching prod-
ucts deposited on the substrate acting as a mask, which might

result in rough surface. The primary role of argon is to remove
the non-volatile etch products by physical bombardments.

It is evident that ion bombardment plays vital role in the
etching process. Among these two materials, Si0.8Ge0.2 has
the larger RMS roughness which is not due to physical
sputtering. However, ion bombardment on CF4 physiosorbed
molecules can still induce nonhomogeneous etching and con-
sequently an increase in the surface roughness. An increase
in surface roughness could induce the formation of new inho-
mogeneous specific surfaces for CF4 physisorption, leading to
amplification of the roughness [26].

IV. CONCLUSION

In this work, isotropic etching of Si, Ge and Si0.8Ge0.2
has been widely studied using ICP etching. In the first part,
we discussed isotropic etching with different line width of
photoresist. It is evident that the etching rate of the four-
line widths are not much different, but the 10 µm line width
achieve highest etching rate. Later, we explored the down-
stream flow of CF4 (60 sccm) on the silicon for test etching
which did not reach etch rate saturation. In the second part,
we explored argon at different flow ratios and found that the
etching rate of 20% and 40% achieved the high etch rate(with
less sidewall damage). A small amount of oxygen flow (5%)
increases the number of fluorine free radicals by contributing
to CFx dissociation. In the third part, we discussed the etching
result of Ge and Si0.8Ge0.2 in atmosphere of argon and oxy-
gen that achieved fast etching rate. The lateral etch was evident
on Ge and Si0.8Ge0.2 whereas, etch selectivity was high for
Si0.8Ge0.2 w.r.t Ge. We also verified the surface roughness of
Si0.8Ge0.2 and Ge using AFM analysis and the RMS rough-
ness was low when the optimal atmosphere parameter was 5%
oxygen and 20% argon. It was observed that SiGe possess high
RMS (0.4 nm) than Ge.
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