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The process of chemical-mechanical polishing of CdTe (110), Cdo,9Zno1Te (110) Ta Cdo.ssMnoosTe (110)
surface by etchants, based on solutions of the I1>—dimethylformamide system, has been studied. Ethylene glycol and
lactic acid were used as modifying components. The dependences of chemical-mechanical polishing rates on the
content of ethylene glycol and lactic acid in the composition of the basic solution have been studied. The
technological stability of the developed etchants has been determined. Qualitative characteristics of the surface are
established by atomic force microscopy and non-contact profilographic analysis. Based on the obtained results, the
compositions of etching solutions and technological modes of chemical-mechanical treatment of CdTe,
Cdo,eZno,1 Te and Cdo.gsMno.osTe single crystals were optimized. Etchants modified with an organic component are
promising for use in the semiconductor materials technology in the case when the main goal is to obtain high-

quality, clean from contaminants and impurities, structurally perfect surface.
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Introduction

Semiconductor compounds CdTe, Cd(Zn)Te,
Cd(Mn)Te are characterized by a number of properties
that determine their dominant role in modern technology
of electronic devices. These semiconductors are widely
used in the manufacture of solar cells, ionizing radiation
detectors, operating elements of infrared and nonlinear
optics. The electronic and structural properties of
semiconductor surfaces and interfaces result from the
existence of surface and interface states [1, 2]. Therefore,
high-quality operation of such devices depends not only
on the semiconductor physical-chemical characteristics,
but also on the chemical composition, structural perfection
and geometry of its surface, which makes extremely high
demands on its quality.

The main methods of surface treatment and
preparation in the technology of semiconductor materials
are traditionally its chemical etching and chemical-
mechanical polishing. These methods involve the use of
certain chemicals that can react with the semiconductor

single crystal,
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etching rate, chemical-mechanical polishing,

surface to form soluble interaction products. They are used
both at certain stages of the technological process of
manufacturing materials and structures, and for various
researches, aimed at studying the surface properties of
semiconductors, which ultimately determine the quality of
work, made of their devices.

The etchants compositions, used in semiconductor
materials technology, often include halogens or their
compounds. Etchants, based on bromine, dissolved in
methanol or other organic solvents, traditionally have
been used for chemical surface treatment of compounds
A'"BY and A'"BV!. After etching with such solutions, due
to the bromine high oxidizing ability, the stoichiometry of
the surface layer of semiconductors is often disturbed.
Sometimes poorly soluble, difficult-to-remove interaction
products are formed on the surface. Bromine-based
etchants are characterized by a high rate of interaction
with the semiconductor surface, which makes it
impossible to use them in the processing of thin films. In
addition, such etchants are unstable due to the high
bromine volatility and quite toxic.

lodine-based etchants have some advantages over
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bromine-based etchants and find applications in
semiconductor material technology. The HI-treatment
effects lead to improved power conversion efficiency in
CdTe solar cells [3]. Solutions of iodine in propanol [4, 5],
methanol, dimethylformamide [6, 7] and other organic
solvents, due to the lower iodine oxidizing ability, are
characterized by low dissolution rates of the
semiconductor material, are less volatile, more stable over
time and are not inferior in polishing properties to
bromine-based solutions. Low dissolution rates of
semiconductor crystals make it possible to use iodine-
based solutions in the process of chemical-mechanical
polishing of CdTe and its solid solutions.

In order to improve the basic technological
characteristics of etchants, a viscous component is often
added to their composition in addition to the oxidant [8].
This modification makes it possible the further reduction
rate of interaction of the etchants with the semiconductor
surface both in the process of chemical etching and in the
process of chemical-mechanical polishing.

The aim of this work is to study the effect of the
viscous component, such as ethylene glycol (EG) and
lactic acid (LA), on the technological characteristics of the
etching composition, formed on the basis of iodine
solution in dimethylformamide (DMFA). The main result
of the study should be the development and optimization
of the compositions of polishing etchants based on the I,—
DMFA-EG, I,-DMFA-LA etching systems, as well as
the improvement of technological modes of chemical-
mechanical polishing of the CdTe, Cd(Zn)Te and
Cd(Mn)Te surfaces.

I. Materials and methods

Single crystal samples of CdTe, CdogZnoiTe and
Cdo.gsMngosTe CdTe (8x8x2 mm?), cut from ingots grown
by the Bridgman method, were used for the study. All
samples were oriented in the crystallographic direction
[110]. Pre-treatment of the samples included stages of
grinding and mechanical polishing. In order to remove a
surface layer, disturbed by mechanical treatment, the
samples were chemically etched in a 3 % solution of
bromine in methanol.

In the etchants we used crystalline iodine (I.),
dimethylformamide  (CsH;ON), ethylene  glycol
(CH20HCH,0H), lactic acid (CsHsO3) of chemical purity
grade. The process of chemical-mechanical polishing was
performed on a glass polisher using chemical-resistant
material "Pillon". The 15 % solution of iodine in DMFA
as a basic solution (BS) was used [3]. After chemical
treatment, the samples were washed with 1 M aqueous
sodium thiosulfate solution and then three times with
distilled water.

To study the effect of the viscous component on the
process of chemical-mechanical polishing, EG and LA
were gradually added to the base solution.

The dissolution rate of the semiconductor was
determined by decreasing of the thickness of the plates
using an ICh-10 clock indicator. The surface of the single
crystals after treatment was fixed by a Leitz/Wetzlar
microscope with a built-in MD-CP 250 camcorder with a
magnification (8x to 16x). The quality of polishing was
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determined by the method of optical measurement of
surface roughness on the non-contact 3D surface profiler

"New View 5022S" (Zygo0) and by the method of atomic
force microscopy (AFM).

1. Results and discussion

Experimental studies, related to the etching of CdTe
samples of different crystallographic orientation by the 1,—
DMFA etching system [3], have shown that the highest
quality surface can be obtained using a solution,
containing 15 wt % of iodine in DMFA. Therefore, this
composition was chosen as the basic solution for studying
the effect of the viscous component on the process of
chemical-mechanical polishing. The content of EG and
LA in the etchant composition varied from 0 to 80 % (by
volume).

The etching rate of CdTe in the basic solution (1
DMFA) was 8 pm/min [3]. When applying a mechanical
component in the process of polishing the samples, the rate
of their dissolution increased in 5 - 10 times depending on
the pressure on the plate. Under the conditions of our
experiment, the rate of chemical-mechanical polishing of
the studied samples in a I-DMFA solution was
38 - 43 um/min. The addition of an organic component to
the etching composition caused a gradual decrease in the
rate of chemical-mechanical polishing to 5 - 8 pm/min in
the case of ethylene glycol and 3 - 4 um/min in the case of
lactic acid. The dependence of chemical-mechanical
polishing rate of CdTe, CdggZnoiTe and CdogsMngosTe
on the content of ethylene glycol and lactic acid in basic
solution is shown in Fig. 1.

As can be seen from the Fig. 1, the concentration
dependences of the rate of CdTe, CdgeZnoiTe and
Cdo.esMng s Te surfaces using solutions containing EG and
LA are similar. The addition of EG and LA to basic
solution significantly slows down the dissolution rate of
all test samples, but when using lactic acid, this effect was
more noticeable. The addition of 30 vol.% viscous
component in basic solution in both cases slows down the
interaction more than twice, although a further decrease in
the etching rate with increasing content of EG and LA is
not so rapid. Therefore, the positive effect of the addition
of a viscosity modifier on the reduction of the
semiconductor  dissolution rate over the entire
concentration range (from 0 to 80 % by volume of the
organic component) was confirmed. At the same time, the
effect of etchants dilution on the quality of the resulting
surface was not so clear. It is shown that increasing the
content of EG and LA in the etchants composition to 40
vol. % leads not only to a significant reduction in the rate
of chemical-mechanical polishing, but also to improve the
quality characteristics of the semiconductor surface. The
sample surface, treated with solutions containing EG and
LA more than 40 vol. %, has poorer quality, which was
confirmed by measurements of surface roughness on the
Zygo profiler (Fig. 2).

The surface roughness of CdggsMnoosTe sample,
which was polished with a basic solution and solutions of
I1,-DMFA, containing up to 40 vol. % of the viscous
component, was in the range of 10-25nm (Fig. 2a).
Chemical-mechanical polishing of samples with solutions
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Concentration dependence of the chemical-mechanical polishing rate (um/min) of CdTe, Cdo,sZng1Te and

Cdo.gsMngsTe in solutions BS-EG (a), BS-LA (b), (T =293 K).
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Fig. 2. 3D image of a fragment of the CdogsMngosTe surface, treated by I,-DMFA-EG solutions (30 vol. % EG (a),
60 vol. % EG (b)).

in which the content of EG and LA was more than 40 vol.
%, leads to receive the surface with higher values of
roughness, the value of rms in this case increased to
40 - 50 nm (Fig. 2b). Similar measurements were carried
out for CdTe and CdogsZNo,04Te samples.

In order to optimize the etchant composition for
chemical-mechanical polishing of CdTe and its solid
solutions, a set of metallographic studies of the samples
surface after polishing by I.-DMFA-EG (LA) etchants
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was performed (Fig. 3).

The obtained results confirmed the conclusions, made
from the analysis of profilographic measurements. It is
shown that chemical-mechanical polishing of samples in
solution 1,-DMFA with the addition of 30 vol. % EG (Fig.
3a) makes it possible to obtain a high-quality mirror
surface, free from dirt, insoluble films and visible defects.
Increasing the content of EG in the composition of basic
solution to 60 vol. % (Fig. 3b) adversely affects the
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Fig. 3. The Cdo.gsMnoosTe surface, chemically-mechanically polished with 1,-DMFA-EG solutions
(30 vol. % EG (a), 60 vol. % EG (b)).

polishing properties of the etchants, because the surface of
the samples appears relief, visible even to the naked eye.

Satisfactory quality characteristics of the CdTe,
CdoeZno,1 Te and Cdo.gsMnoosTe surface, polished with a
modified solutions of iodine in dimethylformamide, the
minimum values of interaction rates make it possible to
recommend such solutions for chemical-mechanical
polishing of semiconductors, if controlled removal of
material is required, and also in the process of final
polishing of semiconductor materials and thin films.

From a technological point of view, one of the
defining characteristics of etching solutions is their
stability. If the etchant contains a volatile component, then
its composition changes uncontrollably over time.
Particularly critical changes occur when the volatile
component of the etching composition is an oxidant. The
change in the etchant composition occurs faster, if the
volatility of the ingredient is higher, which makes it
impossible to carry out the experiment under stable
reproducible conditions and adversely affects the result of
chemical treatment of the semiconductor surface.

In order to study the time stability of iodine solutions
in dimethylformamide, modified with ethylene glycol and
lactic acid, the dependence of the CdTe, CdogeZno1Te and
Cdo.ssMnogsTe chemical-mechanical polishing rate and
the dependence of surface quality on the solutions storage
time were obtained and analyzed. Samples of CdTe,
CdoeZno Te and CdogsMnoosTe were polished by the
chemical-mechanical method using 1,-DMFA solutions
containing 0, 10, and 30 vol. % EG and LC, aged for 2,
24, 48, 72, 96, 120, 168 and 240 hours after preparation.
The dependence of the rate of CdTe chemical-mechanical
polishing on the storage time of 1,-DMFA-EG solutions
with different contents of the organic component is shown
in Fig. 4. When lactic acid was used as a viscosity modifier
and for CdogZngiTe and CdogsMngosTe samples, the
specified dependence was similar.

It has been shown that the storage of I,-DMFA and
I-DMFA-EG etchants at room temperature does not
cause a critical decrease in the rate of chemical-
mechanical polishing of samples. A slight decrease in the
polishing rate was observed in the initial period of time,
while longer storage of etchants had little effect on the rate
of the process. Dependence analysis shows that the
addition of an organic component (EG) to the basic
solution slightly slows down the degradation rate of the
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etchant with time. The decrease in the rate of chemical-
mechanical polishing when holding the etchant for 48 h.
was more noticeable in solutions that did not contain
ethylene glycol. The addition of 10 and 30 vol. % EG
stabilizes the etchants and minimizes the relative
reduction in polishing rate, even at the initial time.
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Fig. 4. Dependence of the CdTe chemical-mechanical
polishing rate by solutions with EG different contents vs
the storage time of the etchant (T = 293 K).

The surface quality of samples polished with I—
DMFA solutions without and with the addition of EG and
LA, aged for different times after preparation was studied
by atomic force microscopy. It is shown that storage of
etchants for up to 48 hours does not cause loss of their
polishing properties. The treated surface remained shiny,
without visible defects, the roughness did not exceed 25
nm. AFM image of the CdTe sample, polished with a
solution of 1,-DMFA-10 vol. % EG, aged for 48 hours is
shown in Fig. 5.

The surface of the samples, polished with solutions
aged for more than 48 hours, was also shiny and without
visible defects. However, it should be noted that its
roughness slightly increases. This can be caused by a
decrease of oxidant content in the etchants composition,
which leads to a weakening of the chemical component
and strengthening of the mechanical component in the
polishing process. The surface of the samples polished
with solutions, aged more than 48 h, in some cases had a
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s = 17.94 nm

Fig. 5. AFM image of the CdTe surface, polished in a I,-DMFA-10 vol. % EG solution.

roughness up to 50 nm.

Thus, solutions of iodine in dimethylformamide,
modified with ethylene glycol and lactic acid, were
characterized by low dissolution rates of the
semiconductor material and stability over time. Such
etchants were more environmentally friendly compared to
other  halogen-containing and  halogen-emerging
solutions, which were traditionally used for surface
treatment of A'"BY' semiconductor compounds. The
elaborated etching compositions can be recommended for
chemical-mechanical polishing of the surface of cadmium
telluride and its solid solutions in the case when the
purpose of processing is the controlled removal of thin
layers of material and obtaining a polished surface of high
quality.

Conclusions

A series of new compositions of solutions for
chemical-mechanical polishing of CdTe, Cdo,sZno1Te and
Cdo.gsMngosTe has been developed on the basis of the I,—
DMFA etching composition. Solutions modified with
ethylene glycol and lactic acids are characterized by low
rates of interaction with the semiconductors surface. It was
shown that the addition of the organic component into the

polishing solution of the I1,-DMFA system can
significantly reduce the dissolution rate of the
semiconductor  while  maintaining  high  quality
characteristics of the treated surface. lodine solutions in
dimethylformamide, modified with ethyleneglycol and
lactic acid, didn’t lose their polishing properties during
storage, which indicated their satisfactory technological
characteristics. Optimized compositions of etching
solutions can be recommended for chemical-mechanical
polishing of CdTe and its solid solutions, if it is necessary
to remove thin layers of material in a controlled manner,
finish processing of wafers and thin films to achieve
nanometer roughness of their surface.
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B.T". Ipaniupka, [1.M. ®@ouyk

IHoaipyBanusa monokpucrtaais CdTe, Cd(Zn)Te, Cd(Mn)Te po3unnamu ioxy
y auMeTujipopmamiai

Yepniseyvruil Hayionanvhull yrisepcumem imeni FOpis @edvkosuua, Yepnisyi, Yipaina, v.ivanitska@chnu.edu.ua

BuBuyeHo mporec ximiko-mexaniunoro mouipyBanHs moBepxHi CdTe (110), CdooZnoiTe (110) Ta
Cdo.9gsMno.osTe (110) TpaBHHKaMK Ha OCHOBI po34nHIB cucteMu [>—numernndopmamia. B skocti Moaudikyrounx
KOMITOHCHTIB BUKOPHCTAHO CTHWJICHIIIIKONb Ta JIAKTATHY KUCIOTY. JlOCTiIKEeHO 3a/IeKHOCT] MIBUAKOCTEH XiMiKO-
MEXaHIYHOTO MOJIipyBaHHsI Bi/l BMICTY €THJICHIJIIKOJIIO Ta JIAKTATHOI KUCIIOTH Y CKJIaJii 6a30BOTO PO3UMHY, a TAKOXK
BH3HAYEHO TEXHOJOTIYHY CTaOUIBHICTh PO3POOIEHIX TPAaBHUKIB. SIKICHI XapaKTePHCTUKH TIOBEPXHI BCTAHOBIICHI
METOZOM aTOMHO-CHJIOBOT MIKPOCKOIIT Ta O€3KOHTaKTHOTO mpodinorpadidaoro anamizy. Ha ocHOBI ogepkaHuX
pe3yNbTaTiB ONTHMI30BaHO CKJIAAM TPABWIBHHX PO3YMHIB Ta TEXHOJOTIYHI PEKHMH IPOBEICHHS XIMIKO-
MexaHiuHoi 06po6ku  MoHokpuctainiB CdTe, CdoosZnoiTe, CdoesMnoosTe. MomudikoBani oOpraHiqHUM
KOMITOHEHTOM TPABHUKH € ITEPCIIEKTHBHUMH ISl BUKOPHCTAHHS y TEXHOJIOTIT HAIIBIIPOBIJHUKOBUX MaTepialiB y
TOMY BHIIQJKy, KOJIH OCHOBHOIO METOIO € OJIep)KaHHS BHCOKOSKICHOI, 4HCTOi Bil 3a0pyIHEHb 1 CTOPOHHIX
JOMIIIOK, CTPYKTYPHO-IOCKOHAIOT ITOBEPXHi.

KiwuoBi ciaoBa: CdTe, TBepmi po3YMHM, MOHOKPHCTAJ, MIBHIAKICTH TPABICHHS, XIMiKO-MeXaHIuHE
MoJIipyBaHHs, IUMETHIGopMamiz, Hox.
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