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The results of researches of plasma chemical treatment of lithium monocrystalline tantalate (LiTaOs) from gas
type, bias voltage (energy of chemically active ions) and from current of additional bias generator are given. A
closed-loop electron drift plasma chemical reactor and gas mixtures containing Ar, Ar + CIC,, and Ar + SF4 were
used for the experiments. It was found that the etching rate of LiTaO; for the discharge in the gas mixture Ar + CCly
is 14 times higher than all other mixtures that were used. It is shown that the proposed idea and approaches of Li-
TaO; processing can be effectively applied for the production of optical systems with a minimum core thickness of

about 2...3 um.
PACS: 52.77.Bn, 81.65.Cf

INTRODUCTION

Lithium tantalate crystal (LiTaO;) is a multifunc-
tional material of opto- and acoustoelectronics, which is
widely used in nonlinear optical systems and pyroelec-
tric devices, in the manufacture of which it is necessary
to introduce minimal surface damage [1]. It should be
noted that monocrystalline LiTaO; is particularly resis-
tant to wet chemical etching of any kind. However,
good results in the etching of such materials have been
achieved in dry plasma chemical etching, but there are
still some difficulties. First, it is necessary to remove the
surface charge from the processed material, because Li-
TaO; is a dielectric. This problem can be solved by con-
necting a RF offset generator to the active electrode with
a frequency of 100 to 500 kHz. However, it is necessary
to minimize the impact of one generator on another. Sec-
ondly, there is a significant amount of chemical bond that
needs to be broken in the crystal lattice. For example, the
binding energy in LiTaO;: LiO — 3.4 ¢V, TaO — 8 ¢V,
TaO, — 1.9 eV. As can be seen from these data, the en-
ergy of chemical bonding in crystal molecules is compa-
rable to the ionization energies of individual atoms (Li —
5.39 eV, Ta — 7.88 ¢V, O — 13.61 ¢V). The amount of
chemical bond energy in the molecules formed during
plasma chemical etching is much lower. Therefore, still
such conditions must carry out for LiTaO; treatment. The
first condition is to increase the energy of the interacting
ions and bring the process to physical sputtering. The
second condition is to choose the composition of the
working gases, which when interacting with the sub-
strate material will give volatile compounds with a bond
energy greater than in the crystal lattice.

1. EXPERIMENTAL RESULTS
AND DISCUSSION

A plasma chemical reactor with a closed electron
drift was used to etch LiTaO; substrates in Fig. 1 [2].
Argon, xenon, carbon tetrachloride and SF¢ were tested
as working gases. The RF discharge was ignited in a gas
mixture of Ar + CCly in a ratio of 1: 1 at a RF discharge
current of 10 A and a pressure of 5-107 Torr.
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A 440 kHz RF generator was used to remove the
surface charge. The bias voltage was adjusted using
controlled magnetic fields and an additional generator in
the range from 100 to 1000 eV. To avoid etching of the
entire sample, except for the core, we used a specially
made protective mask made of steel 12X18HI10T. The
control of the qualitative composition of the plasma was
carried out using the modernized spectral complex
KSOU-23 [3], in addition, a mass spectrometric analysis
of the composition of the plasma was performed.
Analysis of emission spectra showed (Fig. 2) that metal
impurities formed by spraying the surface of the active
electrode and protective mask, which include iron,
chromium, nickel, titanium, etc., in plasma at energies
of chemically active ions greater than 200 eV are pre-
sent [4]. The obtained spectra have a rather complex
structure, which makes it impossible to fully process
them with the identification of all the elements that are
present there. However, this makes it possible to link
the obtained etching rate of the material to a specific
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spectrum of emission. Knowing the general appearance
of the spectrum, it is possible to control the rate of etch-
ing or sputtering of the material.

The study of the chemical composition of the react-
ing gases and chemical kinetics was carried out using a
time-of-flight mass spectrometer MX-7304A. The
analysis of the obtained mass spectrograms revealed
ions of atomic chlorine and carbon, as well as a number
of ions of molecules CCl,", CCl,", CCI". The obtained
results made it possible to understand the chemical
processes that occur in the gas phase during the etching
of LiTaOs;. However, it is not possible to record chemi-
cal compounds such as TaCl,, TaCl; or others, because
the mass values of these compounds are outside the
measuring range of the device (from 1 to 200). The
choice of carbon tetrachloride as the working gas is
based on the idea of using an exothermic reaction of
carbon, which can be formed by dissociation of the
molecule CCl,, with oxygen:

C+0 — COt + 11.11 eV.

The research results showed that with a chemical
etching-sputtering it is possible to obtain much higher
processing rates of the material. Conventional physical
sputtering of substrates made it possible to obtain rates
of not more than 0.05 um/min, which is unsuitable for
etching several tens or hundreds of micrometers.
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Fig. 2. The emission spectrum of chemically active
plasma during the etching of LiTaO;
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Fig. 3. The dependence of the rate of plasma chemical
etching of LiTaOj; on the bias voltage

In Fig. 3, the dependence of the rate of plasma
chemical etching-sputtering of LiTaO; substrates de-
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pending on the self-bias voltage (ion energy) is pre-
sented. As can be seen from the graph, the etching rate
is a linear function of the ion energy and it increases
from 0.05 to 0.7 um/min.

However, it should be noted that LiTaO; substrates
do not withstand thermal stress and undergo degradation
and destruction at such treatment rates.

It was also recorded that the etching process is
strongly influenced by the RF offset generator. There is
a sharp decrease in the etching rate to 0.05 pm/min with
a decrease in the discharge current from 3 to 1 A with
constant other discharge parameters.

The effect of "eating" areas of material adjacent to
the edges of the metal mask covering the sample was
detected by etching LiTaO;. The depth of etching of the
material at the edges is 2 times greater than the depth of
etching in the central part of the processed sample. This
effect may be due to the following two factors.

The first factor is an increase in the constant field
strength at the sharp edges of the mask. As shown, the
etching rate increases with increasing ion energy, which
leads to much deeper etching in places adjacent to the
edges of the mask. The second factor is the charging of
the dielectric surface in the central part to a certain po-
tential, which limits the flow of ions to the substrate.

The latter factor can be easily counteracted by con-
necting an additional shift generator with a frequency of
440 kHz. As mentioned above, the connection of this
generator allows you to remove static charge from the
surface of the dielectric and thus improves the uniform-
ity of etching of the material.

As the results of the research, plasma chemical
etching of LiTaO; substrates with a total thickness of
200 pm was performed. The test samples had to be
etched to 2...3 um. The destruction of the tested sam-
ples was observed during one-sided etching caused by
defects that are on the untreated side of the sample. The
sequential etching technology on both sides of the sam-
ple was used to eliminate the influence of defects on the
reverse side.

After plasma chemical etching, the test samples
were purified in plasma of chemically neutral gas (ar-
gon). The cleaning time was 3...5 min. In this case, if
the etching rate of the samples in the reactive plasma
was 0.7 pm/min, then in the argon plasma did not ex-
ceed 0.05 um/min.

It is known that the aggressiveness of chlorinated
gases leads to the wear of the vacuum units of the ex-
perimental installation. Therefore, a series of experi-
ments were performed using fluorine-containing gases,
such as sulfur hexafluoride (SF). The RF discharge was
ignited in a gas mixture of Ar + SFg in a ratio of 1:1.
The processing time was up to 30 min at an RF dis-
charge current of 10 A, a pressure of 5-107 Torr. After
treatment LiTaO; in Ar + SFg, a layer of sulfur was re-
corded on the floor. The etching of the material was
virtually absent. The deposited layer of sulfur serves as
a stop layer, which practically shields the test sample
from chemically active ions.

CONCLUSIONS

The process of lithium tantalate treatment by plasma
chemical etching in various gas mixtures using a plasma
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chemical reactor with a closed electron drift (coaxial
magnetic field) has been developed. It is shown that an
etching rate of up to 0.7 pm/min can be obtained. How-
ever, special attention should be paid to the manufacture
of protective equipment, as well as to ensure the re-
moval of static charge, which is formed by charging the
surface of the processed dielectric. The original tech-
nology of etching of LiTaO; to the thickness of the core
of about 2...3 microns is offered. This plasma treatment
technology can be used in the development of optical
systems with different core thickness based on LiTaO;.
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OCOBEHHOCTHU INMIASMOXUMHYECKOI'O TPABJIEHU S TIOAJIOKEK
TAHTAJIATA JIMTUA (LiTaOs)

O.A. ®eooposuu, O.B. I'naokoeckan, B.B. I'nadkoeckuit, A.D. Heovloaniox

[IpuBeneHsl pe3ynbTaThl HCCIAEI0BAHUN TIA3MOXUMHUUECKOH 00pa0OTKH MOHOKPHCTAIUIMYECKOTO TAHTAJaTa JIH-
tust (LiTaOs3) B 3aBHCUMOCTH OT pojia rasa, HalpsDKeHUs! CMEIeHUs! (SHEPTUH XUMUUECKH aKTHBHBIX HOHOB), & TaK-
e OT TOKa JIOMOJTHUTENBHOI0 reHepaTopa cMeleHus. [ 3KCIIepUMEHTOB HCIOIb30BaH [UIa3MOXUMUYECKUl pe-
aKTOp C 3aMKHYTBIM JIpeH(OM 3JIEKTPOHOB U ra3oBble cMecH, copepxkamue Ar, Ar + CCly u Ar + SF¢. O0HapyxeHo,
4t0 ckopocTb TpasieHust LiTaO; st paspsina B razoBoii cmecu Ar + CCly B 14 pa3 BbIlIe BceX UCIIOIb3yEMbBIX CMe-
ceil. [lokazaHo, 4TO mpeayIoKeHHas uaes U nojaxoasl 0opadorku LiTaO; MoryT ObITh 3()()eKTHBHO MCITOIH30BAHBI
JUTSE IPOU3BOZICTBA ONTHYECKUX CUCTEM C MUHUMAJIBHOMN TOJIIUHOW aKTHBHON 30HBI OKOJIO 2...3 MKM.

OCOBJINBOCTI IVIABMOXIMIYHOI'O TPABJIEHHSA INIAKJIAJJOK
TAHTAJIATY JITIIO (LiTaOs)

0.A. ®eooposuu, O.B. I'naokoecvka, B.B. I'naokoscvkuii, A.®D. Heoubaniox

[IpuBeneHo pe3ynbTaTh TOCHTIHKEHb IIa3MOXiMiYHOT 00pOOKH MOHOKpHUCTaIigYHOro TanTanary Jitito (LiTaOs) B
3aJIeKHOCTI BiJI POy Ta3y, HaIpyru 3MilIeHHs (€Heprii XiMiYHO aKTUBHUX 10HIB), @ TAKOX BiJl CTPYMY JI0JJaTKOBOTO
reHeparopa 3MileHHs. J[is ekcriepuMeHTiB BUKOPUCTAHO IIa3MOXIMIYHUH PEAKTOp i3 3aMKHYTHM Jpei(oM eneKT-
POHIB Ta ra3oBi cymimi, 1o Mmictats Ar, Ar+CCl, ta Ar+SF4. Bussieno, mo mBuakicts Tpasiaenus LiTaO; mis
po3psiny B razosii cyminn Ar+CCly y 14 pa3ziB BuIIa Bij ycixX iHIIMX BUKOPUCTOBYBaHMX cymimeid. [TokaszaHo, 1mo
3arpornoHoBaHa iges Ta miaxoau oopodku LiTaO; MokyTh OyTH epeKTHBHO 3aCTOCOBaHI 11 BUPOOHUIITBA ONTHY-
HHUX CHUCTEM 3 MiHIMaJIbHOIO TOBIIMHOIO aKTHBHOI 30HU OJNM3BKO 2...3 MKM.

ISSN 1562-6016. BAHT. 2021. Ne4(134)

190



