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Peculiarities of nanosized relief formation on
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The regularities of chemical-dynamic and chemical-mechanical polishing of the Cd,Hg, ,Te
(x = 0.2) single crystals surface by bromine-emerging etchants of K,Cr,O,—HBr-solvent
have been experimentally established. The dependences "solution concentration — dissolu-
tion rate” have been constructed and the concentration limits of polishing solutions have
been determined. The effect of the nature of the organic solvent on the rate of dissolution
and the quality of the polished surface has been also determined. It was shown that the
dissolution process is limited by diffusion stages. It was found that dilution of the base
polishing solution by tartaric acid and ethylene glycol leads to the formation of slow
polishing etchants with small (1.5—-18.5 um-min~!) etching rates. The condition and com-
position of the semiconductor surface after the polishing process have been investigated
using metallography, atomic force and scanning electron microscopy. The compositions of
polishing etchants and conditions for formation of nanosized relief on the surface of
Cd,Hg,_,Te single crystals have been optimized.

Keywords: chemical polishing, single crystal, semiconductor, solid solution, surface,
etchant.

Oco6auBocti ¢opmysanns HaHOposmipmoro peanedy na mnosepxmi Cd,Hg, ,Te
rpasaukamu  K,Cr,O,-HBr-posunanunkx. M.B.Haiika, 3.9.Tomawur, B.M.Tomawuk,
I'II.Mananuy, AA.Kopuosuii

ExcunepumMeHTanTbHO BCTAHOBJEHO 3aKOHOMipHocTi xiMiko-gumHamiumoro ra ximiko-me-
xaHiuHOTO ToNipyBaHHA moBepxHi Momokpucranis Cd,Hg,  Te (x = 0,2) 6pomBuzinArOYMMYI
rpaBEuKamMu  K,Cr,O,—HBr-posunnnuk. Ilobymoeamo sanesmmocti icknag posummy i
IWIBUAKICTL pPO3UYMHEHHSAL Ta BUSHAYEHO KOHIleHTpaliitni mexxki moaipyBanbHUX posumHis,
BUABJIEHO BIJIUB IIPUPOAV OPraHiYHOIO KOMIIOHEHTY Ha ILIBUJKICTH POSUMHEHHS, CTAaH IIO-
JnipoBarHo moBepxHi. Iloxkaszamo, 110 mpollec Po3UMHEHHA JiMiTyerhbea pudysifinumMu crazmig-
mu. BeranorieHo, 110 posBefieHHsS 6a30BOTO IOJIIPYIOUOro POSUNHY TAPTPATHOI) KUCJIOTOI) Ta
eTUJIEHTJIIKOJIeM IPUSBOAUTH 4O (GOpMYBaHHSA HOBLIBHUX MOJIPYBAJIBHUX TPABHUKIB 3 HeBe-
auknMu  (1,5—-18,5 MKM/XB) IIBUIKOCTAMU TpaBJeHHA. MeTomzaMu MIiKPOCTPYKTYPHOTO
aHAaJi3y, aTOMHO-CUJIOBOI Ta CKaHYIOUOI eJIeKTPOHHOI MiKpocKomil ZOCHimyKeHO cTaH Ta CKJIAT
noBepxHi HamiBmpoBizHUKIB micig mpollecy momipyBaHHA. OnTUMIiZ0BAHO CKJIAAU TPABUIbL-
HIUX PO3UYUHIB i pexumu GpopMyBaHHSA HAHOPO3MipHOTO penbdy Ha IMOBEPXHI MOHOKPUCTAIIB
Cd,Hg,_,Te.
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Introduction

Cd,Hg,_,Te solid solutions are used as
the main material in infrared electronics
due to their unique physicochemical proper-
ties [1]. Nanoscale structures based on these
materials are widely used in the creation of
infrared photodetectors (Schottky barriers),
structures such as metal — insulator —
semiconductor, photodiodes, injection lasers
[2, 8]. Proper selection of etching composi-
tions for both intermediate stages of chemi-
cal surface treatment and for final polish-
ing is an important condition for the forma-
tion of high-quality, structurally perfect
surfaces of semiconductor substrates for the
production of working elements of such de-
vices.

Bromine-based mixtures, in particular
solutions of Br, in CHOH C,HOH DMFA or
HBr, are often used to obtain a polished
surface of II-VI semiconductors [4]. The
main disadvantages of these etchants are
instability, high material removal rate, and
toxicity of their components. This is the
reason to search new, less toxic and more
technological etching compositions with low
dissolution rates of single crystals under
consideration.

Analysis of the literature shows that re-
searchers have developed etching solutions
of K,Cry,O; — mineral acid with the addi-
tion of wvarious solvents for treatment of
Cd,Hg,_, Te single crystals surface. Etching
compositions based on K,Cr,O; and nitric
acid are used for polishing the surface of
Cd,Hg,_,Te. To remove CdTe layers from
the surface of the single crystals under
study, an etchant containing 4 g of K,Cr,05
+ 10 ml of HNO3; + 20 ml of H,O is recom-
mended [5]. The structure and density of
etching pits of dissolution of Cd,Hg,_,Te
crystals [6] and epitaxial films [7, 8] were
determined in mixtures of 80 ml H,O +
10 ml HCl+ 20 ml HNOz; +8 g KyCr,O,.
The results of studies of detect liquation in-
homogeneities on the surface of Cd,Hg,_ ,Te
solid solutions (x = 0.210-0.223) were pub-
lished in [9]. It was found that after chemical
polishing with an etchant 12 ml HF + 2 g
chr207 4+ 15 ml HNO3 for 4060 s at T =
333-338 K, areas with different cadmium
content were colored differently. The process
of selective etching of Cd,Hg,_,Te single
crystals using K,Cr,0,—HNO3 solutions is es-
pecially important in the express control of
defects in the structure of semiconductors
during the production of electronic devices
based on them.
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The surface of Cd,Hg,_,Te (100) with x =
0.226 after chemical etching have been
studied by X-ray photoelectron spectroscopy
in [10]. The surface of the crystals was
treated in several stages: first, it was suc-
cessively degreased in an ultrasonic bath
with trichloroethane, acetone and methanol,
and then dried in a warm nitrogen flow. To
form a polished surface of Cd,Hg,_,Te, the
etching process was performed with the fol-
lowing solution: 4 g of K,Cr,O; + 10 ml of
H,SO,4 + 20 ml of H,O for 10 s, then the
formed TeO, was removed with the solution
(Na;S,05:NaOH:H,0) ~ 1:1:1 at 85°C for
10 s. It was found that Cr passivates the
polished surface of Cd,Hg,_Te(110) and
prevents the loss of Hg; the depth of the
dissolved cadmium layer was 21 ?.

Etchants based on K,Cr,O; are widely ap-
plied for many technological purposes, but
most of them have some disadvantages. The
formation of a tellurium film on the pol-
ished surface due to the chemical interac-
tion of CdTe with an etchant a disadvantage
of mixtures diluted with H,SO,4 [10]. It was
found that solutions based on HNO3 are char-
acterized by high polishing rates (up to
50 um-min~1) and selectivity of their action
[6]. Bromine-emerging solutions, in which
bromine is released as a result of the inter-
action of the initial components of the
etchant, are more practical for chemical
treatment of semiconductors. Mixtures
based on the K,Cr,O,—HBr system are espe-
cially promising. Earlier we found [11] that
aqueous solutions K,Cr,O,—HBr, which con-
tain 20-50 vol. % K,Cr,O; can be used for
chemical polishing the surfaces of CdTe sin-
gle crystals and Zn,Cd,_, Te and Cd,_,Hg,Te
solid solutions. They have low dissolution
rates of the semiconductor material
(1-7 um-min~1). This facilitates the control-
led dissolution of thin layers of material
and the surface final treatment of semicon-
ductors.

The purpose of this work is a systematic
experimental study of the regularities of
chemical-mechanical and chemical-dynamic
polishing of Cd,_,HgxTe solid solutions by
bromine-emerging etchants based on aque-
ous solutions of K,Cr,O,—HBr-solvent; iden-
tification of the influence of the nature of
organic solvents when diluting etchants on
the rate and quality of the polishing proc-
ess; study of a polished surface by metal-
lography, atomic force and scanning elec-
tron microscopy; development and optimiza-
tion of the composition of polishing
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etchants; creation of the procedure and
modes for the formation of a nanoscale re-
lief on the surface of Cd,Hg, ,Te single
crystals.

2. Experimental

For experimental studies, undoped
CdyoHgggTe single crystals grown by the
Bridgman method were used. Semiconductor
substrates with an area of 0.5 cm? and a
thickness of 1.5 to 2 mm were cut from the
single-crystalline ingots with a diamond
wire saw. A deformed layer is formed on
the surface of II-VI semiconductors due to
intense mechanical impact during cutting
[12]. The damaged layer with a thickness of
80 to 100 um was partially removed by me-
chanical grinding using abrasive powders of
grades M10, M5 and M1 in the form of
aqueous suspensions. To remove the surface
structurally defective layers formed during
cutting and grinding, the samples under
study were mechanically polished with ACM
grade 7/5, then ACM 3/2 and ACM 1/0
diamond powders with a gradually decreas-
ing abrasive grain size. This made it possi-
ble to significantly minimize surface defor-
mation. The process was carried out on a
polishing machine, which was constantly
cleaned of waste, powder residues and sus-
pensions.

An important stage of surface treatment
of semiconductor plates during the produc-
tion of working elements of the devices is
the inter-operative cleaning. The process is
aimed to remove contaminants from the
surface after each stage of mechanical
treatment: cutting, grinding and mechanical
polishing. Residues of abrasive powders,
particles of material and other contami-
nants were removed according to the devel-
oped technological scheme [13]: washing
(HxO dist. + surfactant) — washing (H,O dist.)
— degreasing (acetone, CoHsOH) — drying
(dry air flow).

Before finishing polishing, the damaged
layer with a thickness of 80 to 100 um,
formed during cutting and grinding, was
removed from the Cd,_,Hg,Te surface with
an etchant based on HNO3;—HBr-C,4HgOgq
(Vpor = 85 pm'min~1);  and  chemical-me-
chanical polishing (CMP) with a developed
universal etchant based on K,Cr,O,—HBr-
ethylene glycol (V,,; = 7 um-min~!) was car-
ried out. The process of CMP allows obtain-
ing a better surface compared to mechanical
polishing with an abrasive [12, 14]. The
surface polished by the CMP method is
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characterized by an ideal structure, a high
degree of purity and homogeneous proper-
ties. The process of chemical dissolution of
surface layers of semiconductors is due to
active components of the etching solution,
while the polisher mechanically removes the
products of their interaction and the re-
mains of the semiconductor material. For
the CMP process, a glass polishing machine
covered with batiste was used. The etching
solution was continuously dripped onto the
polisher by a drip method from a dropping
funnel with a built-in dispenser at a rate of
2-8 ml'min~1 at 293 K.

Etching mixtures were prepared before
starting measurements according to the
method proposed in [15] using 40 % HBr
(high purity), 10.9 % aqueous solution of
K>CryO5, 27 % tartaric acid (C4HgOg), glyc-
erol (GL) and ethylene glycol (EG) (all re-
agents were high purity). Before the etch-
ing, all the solutions were kept for two
hours to establish the equilibrium of the
chemical reaction:

= 2CrBry + 8B, + 2KBr + TH,0’

The  patterns of  dissolution of
Cd,_,Hg,Te solid solutions in etching com-
positions based on K,Cr,O,—HBr solutions
were investigated under reproducible hydro-
dynamic conditions using a rotating disc
and a device for chemical-dynamic polishing
(CDP) at T = 285-301 K and the disc rota-
tion speed Y= 82 min~! [4].

The dissolution rate was determined
from the decrease in the thickness of the
plates before and after polishing using a
1-MIGP time indicator an accuracy of
0.5 um. Four samples fixed in a fluoro-
plastic holder were simultaneously polished.
In this case, all single crystals were in the
same plane and dissolved uniformly, which
made it possible to avoid the turbulent flow of
the etchant. The CDP process was carried out
for 3-5 min, and the error in determining the
dissolution rate was 0.1-0.8 pm-min™!.

The surface microstructure of the plate
after polishing was studied in white light
using a metallographic microscope MIM-7
with a digital video camcorder eTREK
DCM800 (8 Mpix, magnification from 25X
to 1600X). The surface micro-profiles and
the main roughness parameters of
Cd,_,Hg,Te single crystals were studied
using a HOMMEL-ETAMIC W5 profilometer
by the mechanical contact method at a base
length of 0.25 mm (tracing length of
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Fig. 1. Dependences of the chemical dissolution rate (Um-min!) (T =294 K, y= 82 min™!) of
CdgoHgg g Te single crystals on the composition of etchants at a volume ratio of components (a)
K,Cr,O,—HBr-C HgOg and (b) K,Cr,O,—HBr-EG in C and x, respectively: — 50:50:0; x — 20:50:30

(I — polishing and IT — unpolishing etchants).
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Fig. 2. Dependence of the chemical dissolution rate (Ummin~!) (T =294 K, y= 82 min!) of
CdgoHgg g Te single crystals on the composition of etchants at a volume ratio of components (a)
K,Cr,O;,—HBr-C4HgOg and (b) K,Cr,O,—HBr-EG in y, z respectively: y — 85:65:0; z — 385:35:30 (I —

polishing and II — unpolishing etchants).

1.5 mm and tracing rate of 0.15 um-min™1),
which allows determination of the microrough-
ness height >5 nm (DIN 4772, class 1, accu-
racy 3 %). The quality of polished surfaces
was assessed by atomic force microscopy
(AFM) using the intermittent contact mode
imaging on a NanoScope IIla Dimension
3000TM scanning probe microscope (Digital
Instruments, USA). The measurements were
carried out in the central zone of the sam-
ples using NanoWorld silicon probes with a
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nominal probe tip radius to 10 nm, at a
resonant frequency of 320 kHz and a con-
sole roughness of 42 nm. The elemental
composition of the surfaces of the
Cdj oHgg gTe single crystals was determined
using a scanning electron microscope with a
2 nm resolution on a Zeiss EVO 50XVP
equipped with an INCAPentaFETx3 energy
dispersive X-ray spectrometer system for ele-
mental analysis with an accuracy of ~ 0.1 %.
Images of the surfaces were obtained at ac-

Functional materials, 29, 2, 2022



MYV.Chayka et al. /| Peculiarities of nanosized ...

3.5

284 288 292 296 300
T,K

a)

2.0

284 288 292 296 300
T,K

b)

Fig. 8. Dependence of the CDP rate (um-min~!) of the Cdj,Hgg g Te single crystals versus tempera-
ture (y= 82 min!) in solution containing (in vol. %) (a) 85 K,CryO; + 50HBr + 15C4HgOg and (b)

35 K,Cr,0; + 50 HBr + 15 EG.

celerating voltages V = 20 kV, a probe cur-
rent I =40 pA, and magnifications from
5% to 1000000x.

3. Results and discussion

Chemical dissolution of semiconductors
is accompanied by redox reactions on the
surface of single crystals and layers of ma-
terial removed from it. Etching solutions
must have not only good polishing proper-
ties, but also the ability of the reagents of
these solutions to break the chemical bond
in semiconductors and form soluble com-
pounds of the reaction products. It was pre-
viously established [11] that the range from
20 to 50 vol. % of Ky,Cry,O; in HBr is opti-
mal for the adding the third component
(27 % solution of tartaric acid, ethylene
glycol and glycerol) and excluding from the
study the compositions of the K,Cr,O,—HBr
solutions that passivate the surface. The in-
troduction of organic acids significantly im-
proves the polishing properties of etchants
due to the inhibition of hydrolysis of the
reaction products. Addition of a EG or GL
solution with high viscosity (5.026 and
22.164 cP, respectively [16]) into bromine-
emerging solutions based on K,Cr,O,—HBr
allows partial controlling the release of bro-
mine, which is supplied to the surface of
the semiconductors under study during
CDP. In addition, the dissolution rate of the
single crystals can be partly regulated in
this way.Figs. 1 and 2 show the concentra-
tion dependences of the CDP rate of
CdozHgosTe single crystals in chr207—HBr
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etching solutions, which were additionally
diluted with tartaric acid or ethylene glycol.
It was found (Fig. 1) that the rate of addi-
tionally diluted with tartaric acid or ethyl-
ene glycol. It was found (Fig. 1) that the
rate of CDP decreases in the studied range
from 7 to 2 um'min~! when organic solvent
was added to etchants with a constant con-
tent of HBr. It was shown that solutions
with the maximum K,Cr,O; oxidant content
have the highest polishing rate. Thin white
film is formed on the semiconductor surface
during dissolution in etchants with a
C4H606 content of more than 20 vol. %
(Fig. 1a). It can be removed with filter
paper after the samples have dried, but the
surface of the single crystals remains matte
with a dull sheen (unpolishing etchants).
Fig. 2 shows the dependence of the
chemical dissolution rate of Cdg,Hgg gTe in
the solutions with a constant content of oxi-
dant (K,Cr,O;) and different contents of
HBr and solvent (EG or C4HgOg). It was
found that the introduction of tartaric acid
to the etching composition led to a decrease
in the polishing rate from 5 to 8.2 um-min~
1 (Fig. 2a), and addition of EG — up to
1 um'min~! (Fig. 2b). The reason may be
not only the good chelating ability of EG
and tartaric acid, but also the increasing
viscosity of etching compositions. The in-
crease in the viscosity of the solutions par-
tially inhibits the interaction of reagents,
which leads to a decrease in the rate of
chemical dissolution and deterioration of
the polished surface quality of semiconduc-
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Fig. 4. Dependence of the CDP rate (um-min~1)
of the Cdjy,HggsTe versus storage time of
solution containing (in vol. %) 85 K,Cr,0; +
50 HBr + 15 EG.

tors. In addition, the content of the active
component of bromine-containing solutions,
HBr, decreases withan increase in the con-
tent of the organic solvent in etchants.

It was established that the areas of pol-
ishing etchants occupy most of the investi-
gated interval. The CDP treatment of
Cd,Hg,_, Te solid solutions in such mixtures
is carried out at the same rate; the etchant
evenly dissolves the thin damaged layers
and allows obtaining a high-quality polished
surface with a mirror finish.

The dependences of the CDP rate of
Cdj oHgg gTe single crystals on the tempera-
ture of the solutions in the temperature
range of 285-301 K (at Y= 82 min~1) were
studied for the polishing etchants with com-
positions (in vol. %): 85 K,Cr,O; + 50 HBr
HBr + 15 EG (Fig. 3b). The optimum tem-
perature for formation of an ultra-smooth
polished surface is 294 K. The apparent ac-
tivation energy (Ea) of Cd,Hg,_,Te chemical
dissolution was calculated from the tem-
perature dependences of the etching rate.
The calculated value of E, of the process of
dissolution semiconductors in solutions di-
luted with tartaric acid is 19.8 kdJ-mol7l,
and in the case of EG — 24.6 kJ-mol~!, that
is, they do not exceed 30 kJ-mol~1, this in-
dicates on the limiting of the dissolution by
diffusion stages [17].

The study of the effect of storage of so-
lutions is an important condition for the
choice of polishing etching compositions for
CDP of semiconductor surfaces. For this
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Fig. 5. Dependences of CMP rate of
CdgoHgggTe single crystals on the degree of
dilution of the base solution B1 (K,Cr,O,—
HBr—C,HgOg) with a (1) tartaric acid and base
solution B2 (K,Cr,O,—HBr-EG) by (2) ethylene
glycol and (3) glycerin.

purpose, we studied the effect of storage
time of polishing etchant composition
(vol.%): 85 Ky,CryO; + 50 HBr + 15 EG on
the dissolution rate and polishing ability of
Cdy oHgg gTe. It was found (Fig. 4) that the
CDP rate proportionally decreased by 0.1-
0.2 um-day™!; and after 7 days it was re-
duced from 8.5 um-min~! to 2.8 pum-min~1.
This is probably due to the gradual removal
of bromine from the etchant. The polishing
rate almost did not decrease for a long time
(up to 62 days), because the concentration
of bromine did not change. The polishing
properties of the solution were retained
throughout the entire study period; no films
and sediments were formed on the surface of
the samples. This indicates the prospect of
using the polishing solution for a long time
after formation (up to 1440 hours).

In the chemical dissolution of semicon-
ductor surfaces, it is often necessary to si-
multaneously reduce the thickness of the
wafer to a given size while maintaining
flatness. In such cases it is better to use the
method of CMP. The polishing solutions
were selected from the two systems
K2Cr207—HBr-tartaric acid and chr207—HBr-
EG to study the effect of the nature of the
organic component on the rate of CMP and
the quality of the polished surface of
Cd,Hg,_,Te single crystals. These are the
base solutions (B): Bl refers to the
chr207—HBr—C4H606 system (Flg. la, point
B1) and B2 — to K,Cr,O,-HBr-EG (Fig. 1b,
point B2), which are characterized by low

Functional materials, 29, 2, 2022
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Table 1. Roughness parameters of the Cdy,Hg,gTe surface after different stages of treatment.

Processing steps

Processing steps R, nm

Cutting string 4580%

Cutting string + grinding by abrasive ASM 10/7 31032

Cutting string + grinding by abrasive ASM 10/7 + ASM 5/3 13532

Cutting string + grinding by abrasive ASM10/7 + ASM5/3 + ACM1/0 4302
Cutting string + grinding by abrasive + CDP with etchant compositions 2.5P

K,Cr,O; + HBr + EG
Cutting using string + grinding by abrasive + CMP with etchant compositions 1.9b
(vol. %) 50 B2 + 50 GL

a _ profilometer HOMMEL-ETAMIC W5, ® — method of AFM

CDP rates (5.7 and 8.5 um-min~!, respec-
tively) and high polishing properties. Before
the CMP process, a certain amount of vis-
cosity modifier was added to the B to deter-
mine the effect of diluting B with a viscous
component on the state of the polished sur-
face. A certain amount of tartaric acid (TA)
was additionally introduced into the etchant
B1, and ethylene glycol and glycerin were
gradually added to the B2 to reduce the
dissolution rate of the semiconductor mate-
rial and improve the quality of the polished
surface.

It was determined that the rate of CDP
of the CdjoHg, gTe single crystal surface in
the B1 solution is 5.7 um-min~1 (Fig. 1a),
and the rate of CMP in this solution is
much higher V,o_ 165 um-min - It has been
established (Fig. 5, curve 1) that the disso-
lution rate gradually decreases to
0.75 um'min~! with an increase in the con-
tent of tartaric acid in the etchant. The
surface of single crystals becomes a matt
light gray after CMP in solutions contain-
ing C4HgOg from O to 40 vol. % in BI.
Polishing solutions are formed in the range
of 40-80 vol % C4HgOg in B1. The surface
of polished single crystals in these solutions
is characterized by a mirror luster without
films and sediments, and the rate of CMP is
in the range of 10—2 um-min~1.

The polishing effect of the etchant im-
proves with an increase in the viscosity of
the solution, which is probably due to a
decrease in the rate of CMP as a result of
slowing down the removal of dissolution
products and delivery of fresh portions of
active components of etching compositions
into the interface "single crystal — etching
solution™. It was found (Fig. 5, curve 2)
that the use of EG as a viscosity modifier
reduces the rate of CMP of the Cdy,HgygTe
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surface to 0.8 um-min~! when the EG con-
tent in the etchants increases. The ultra-
smooth surface with a mirror luster is
formed in the range of concentrations 30—
70 vol % EG in B2, and the rate of CMP
decreases from 8.5 to 1.5 um'min~1. Dilu-
tion of the B2 etchant by glycerol leads to
the formation of polishing solutions in the
entire area under study (Fig. 3) and makes
it possible to obtain a high-quality polished
surface of the studied single crystals. If the
content of the organic component (C4HgOg,
GL or EG) increases more than 80 vol. % in
B, a thin white film is formed on the pol-
ished surface of the semiconductors.

The surface quality of Cd,Hg,_,Te solid
solutions after CDP and CMP in K,Cr,O,—
HBr-solvent etchants and the change in the
parameters of the surface roughness of
CdyoHgg gTe after different stages of me-
chanical and chemical treatment has been
studied using the methods of metallography
and profilometry, atomic force and scanning
electron microscopy (Table 1).

Table 1 shows that each subsequent
stages of mechanical treatment reduces the
surface roughness Cdgy,HgggTe from
4580 nm after cutting to 430 nm after
grinding with an abrasive. The structure of
the sample surface after CDP in the
K>;Cr,O~HBr-EG  polishing solution was
studied by AFM. It was found that the
arithmetic mean surface roughness of the
Cdj oHgg gTe substrate after chemical treat-
ment is R, = 2.5 nm (the analysis area is
3x3 um). The surfaceroughness (rms) of
CdyoHgggTe crystals after CDP  with
K;Cr,O—~HBr-EG  aqueous  solutions is
4.3 nm according to profilometry.

The results of AFM studying the surface
Cdg oHgg gTe (Fig. 6) after CMP with 50 B2
+ 50 EG etchants (vol. %) confirm the high
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Table 2. Results X-ray microscopy evaluation for Cdy,Hg, ¢sTe samples after different surface of

treatment
Surface treatments Concentrations of elements (at. %)

(Cd + Hg)/Te C O Cr Br
string cutting 1.03 32.01 11.72 - -
grinding by abrasive ASM 1/0 1.01 46.98 - - -
CDP with B2 1.01 25.07 9.50 - -

(9 months in isopropanol)
CMP with 50 B2 + 50 GL 1.00 - - - -

(2 hours in air)

quality of chemical treatment and the effec-
tiveness of our method for forming a nanos-
cale relief on the Cd,Hg,_Te surface. The
roughness parameters of the Cdy,HggygTe
(R, =1.9 nm, rms = 2.3 nm) meet the re-
quirements [18] for super-smooth polished
surfaces of semiconductor materials in pro-
duction and do not exceed R, < 10 nm.

The elemental composition of the surface
layers of Cdgy,HggygTe after polishing with
the developed etchants was studied using
scanning electron microscopy (Table 2). This
method was used to control the concentra-
tions of matrix elements (Cd + Hg, Te) as
well as probable contamination with com-
pounds that were part of the etchants and
mixtures used for washing the semiconduc-
tor materials under study.

Table 2 shows that the ratio [Cd +
Hgl/[Te] on the Cdgy,HgpgTe surface is
stoichiometric. This indicates the same dis-
solution of matrix elements with etchants
based on K,Cr,O,—HBr-EG aqueous solu-
tions. The absence of Br, Cr, S and K on the
surface of the samples confirms the high
efficiency of the developed method for
washing single crystals after CDP and CMP.

As a result of the obtained experimental
data, it was established that to obtain a
high-quality polished surface of
Cdj oHgg gTe single crystals, the process of
chemical-dynamic polishing should be car-
ried out at 294 K and the rate of disc rota-
tion Y= 82 min~l. Upon completion of pol-
ishing, it is recommended to immediately
wash the samples in 0.1 M Na,S,03 to re-
move unreacted residues of the etchant
from the surface and then in a large
amount of distilled water and dry in a flow
of dry air [19]. It has been established that
the simultaneous action of the chemical and
mechanical components in CMP increases
the dissolution rate of the single crystals
under study in comparison with CDP. It was
determined that by introducing different
amounts of solvents to the composition of
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Fig. 6. AFM-images of the Cd;,Hg,gTe sur-
face after CMP with etchant composition
(vol. %) 50 BB2 + 50 EG.

base solutions it is possible to regulate the
rate of the polishing and obtain etchants
with the required range of dissolution rates
of the materials under study. The developed
mixtures are characterized by high polish-
ing ability (R, < 10 nm) and can be used for
controllable removing thin layer to the
given thickness. For finishing treatment
with the formation of high-quality polished
surface with nanometer roughness and
chemical treatment of thin films, the
etchants with V,,, = 1-5 um:min™! could be
recommend.

4. Conclusions

For chemical-mechanical and chemical-
dynamic polishing of the surface of Cd,Hg,_
«1e (x = 0.2) solid solutions by the etching,
the compositions based on aqueous solutions
of K,Cr,O,-HBr-tartaric acid and K,Cr,O—
HBr-ethylene glycol have been studied and
the concentration limits of the polishing so-
lutions have been determined. It was estab-
lished that the addition of an organic sol-
vent leads to the formation of polishing
etchants with low rates of CDP (2-
7 um'min~1) and CMP (1.5-18.5 pum-min~1).
The surface state of the single crystals after
different stages of mechanical and chemical
treatment has been studied using the meth-
ods of metallography and profilometry,

Functional materials, 29, 2, 2022
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atomic force and scanning electron micros-
copy. Optimized compositions of slow pol-
ishing etchants, developed modes for proc-
ess of CDP and CMP and the operation of
an effective method for washing the pol-
ished samples after chemical treatment
could be recommended for controlled bring-
ing the thickness of the plates to the speci-
fied dimensions, finishing chemical treat-
ment of films and formation of nanosized
relief on the surface of Cd,_,Hg,Te single
crystals.
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