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The chemical dissolution of the CdTe single crystals and Zn,Cd,_ Te, Cd,Hg,_,Te solid
solutions in aqueous solution of K,Cr,0,—HBr-ethylene glycol in reproducible hydrodynam-
ics conditions has been investigated for the first time. The graphic dependences "etchant
concentration — etching rate™ have been charted and determined the concentration limits
of polishing etchant. It was demonstrated that the dissolution process of these materials is
limited by the diffusion stages. The influence of the nature of the solid solutions of the
Zn,Cd,_ Te and CdHg, ,Te on the rate and character of their chemical etching was
established. The etchants composition and condition of realization of chemical-dynamic
polishing process of these semiconductors were optimized.

Keywords: chemical etching, solid solutions, cadmium telluride, etchant, dissolution
rate, chemical-dynamic polishing.

B BOCTIPOUBBOAMMEIX TUAPOJAUHAMUYECKUX YCIOBUAX BIIEPBLIE MCCIEAOBAH XAPAKTED XU-
MHYECKOro pacrBopenmsa MoHokpucrannos CdTe m tTeepasix pacrsopos Zn,Cd, Te u
Cd,Hg,_,Te B Bogurx pacrsopax K,Cr,0,—HBr-srurenrmurons. IlocTpoeHs! guarpaMMel  co-
CTAB TPABUTENSA — CKOPOCThb TPABJIEHUA U OIPEIeJeHbl KOHIEHTPAIMOHHbIE I'PAHUIILI [IOJIL-
pyroomux tpasureneil. [TokasaHo, 4TO MPOLECC PACTBOPEHUS YKASAHHBIX MATEPUAJOB JIMU-
Tupyerca IUQPQPYSUOHHBIMU CTAAUAMU. ¥ CTAHOBJIEHO BAMAHMNE IPUPOABI TBEPILIX PACTBOPOB
Zn,Cd,_ Te u Cd,Hg,_, Te Ha cKopocTs 1 XapaKTep MX XMMHUYECKOTO TpaBieHHd. OUTHMU3U-
POBaHLI COCTABLI TpaBUTENeM W PEKUMLI TPOBEAEHHWA MPOIECCa XUMUKO-IUHAMUUYECKOTO
TMOJINPOBAHNA YKAZAHHEIX MOJYIPOBOJHUKOB.

Onrumizanisa ckxagis 6pomBuginaiounx Tpasukis K,Cr,O,—HBr—eruaenraikons s
t¢opmysanns moaiposanmoi mosepxmi CdTe, Zn,Cd, ,Te rta CdHg, Te. M.B.Yaiixa,
3.P.Tomawur, B.M.Tonmawux, I'[l. Marnanuu, A A.Kopuoguil.

Y BiATBOpPIOBAaHMX TiAPOAMHAMIUHUX yMOBax BIIEpIIe TOCHiJMKeHO XapakTep XiMiuHoro
posunHenHa MoHokpuctanis CdTe ta Teepaux posummis Zn,Cd,  Te i Cd,Hg, ,Te y Bomzunx
posunrax K,Cr,0,~HBr-etunenrnixons. Ilo6ymosamo piarpamm “CKJIaJ TPaBHHKA —
IIBUAKICTh TPABJIEHHS TAa BU3HAUYCHO KOHIEHTPAIiiHI Mexi momipyroumx tpaBHukis. IToka-
3aHO, II[0 MIPOIEC POSUMHEHHS BKA3aHUX MaTepiaaiB Jaimiryerbcda mudysilinummu cragismu.
Beramosaeno BILIMB mpupopu TBepaux posuunis Zn,Cd,  Te ra Cd,Hg,  Te ma meuakicrs i
xapakrep iX ximiunoro rpasiaeHHA. ONTHMIiSOBAHO CKJAAM TPABHHUKIB Ta PEMUMU IIPOBECH-
HA Ipolecy XiMiKo-AMHAMIUHOIO MOJipYBAaHHS BKAasaHUX HAIIBIIPOBIIHUKIB.
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1. Introduction

II-VI semiconductor materials, in particu-
lar CdTe and Zn,Cd,,Te and Cd,Hg,,Te
solid solutions possess a wide range of
physicochemical properties and they are
served for creation IR photodetectors, in-
cluding the multicomponent lines and ma-
trixes, detectors of y-radiation and optoelec-
tronic elements [1, 2]. The work of such
devices depends not only on the physical
and chemical characteristics of single crys-
tals, but also on the chemical composition,
structural perfection and geometry of their
surface, which results in extremely high re-
quirements for their quality. To solve these
problems it is necessary to develop the
etchant with given properties, such as the
rate of chemical dissolution of the material,
roughness of the surface and other specific
parameters. In the process of creating the
working elements of the electronic devices,
the stage of chemical processing of single
crystals is particularly important, the main
task of which is to remove the broken layer
formed as a result of previous mechanical
etching, as well as to obtain high-quality,
maximally structurally perfect and homogene-
ous chemical composition of the surfaces [3].
These problems are successfully solved by chemi-
cal etching of semiconductor wafers, in particu-
lar by chemical-dynamic polishing (CDP) [4].

For II-VI semiconductors the bromine-
based mixtures are most often used, among
which the most common are solutions of Br,
in CH;0OH or HBr [5-8]. However, the high
rate of material removal and the consider-
able toxicity of their components lead to the
research the new, less toxic etchants with low
dissolution rates of the semiconductors. The
analysis of literature data shows that etching
solutions that contain the dichromate ions and
bromic acid are characterized by low dissolu-
tion rates of II-VI and III-V semiconductors
with high quality of the obtained polished sur-
face [9, 10].

The authors [10] found that the chemical
etching of InSb by the 3K,Cr,04:1HBr:2HCI
etching solutions can significantly improve
the surface quality of investigated single
crystals and reduce some defects. The etching
of InAs single crystals in the K,Cr,O,—HBr-ox-
alic acid, Ky,Cry,04-HBr-HCI-H,O  and
K5Cry0O,—HBr-acetic acid (Trilon B) bromine-
emerging solutions has been studied in [11-
13]. It has been found that such etchants
have low dissolution rate, which is in the
range from 0.1 to 8.5 um-min~1. Most solu-
tions of these systems form a mirrored, pol-
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ished surface, and the area of polishing so-
lutions on the Gibbs diagram increases with
successive replacement of solvents in the se-
ries: acetic acid — trilon B — chloride
acid — oxalic acid.

The chemical etching of II-VI semicon-
ductor crystals by the solutions, which in-
clude dichromate ions and inorganic acid, the
literature contains only a few data about
their using for etching the CdTe surface. The
kinetics and mechanism of CdTe etching by
the chr207—H2804 —Hzo and the chr207—
HCI-H,0 mixtures have been investigated in
[14, 15]. It was established that etching
rate in these solutions is limited by the rate
of tellurium film dissolution, which is
formed at the chemical interaction of the
CdTe and etchant. With the increase in the
oxidizing capacity of the solution, that is,
with the increase in the content of K,Cr,O-,
the CdTe etching rate increases. The system-
atic researching of the chemical processing
semiconductors of II-VI semiconductors in
suchetchants was not performed, but our pre-
vious exploring showed the prospect for using
these etchant in CDP and selective etching.

The purpose of this work is to experi-
mentally investigate the chemical dissolu-
tion of CdTe, Zn,Cd,_,Te and Cd,Hg,_Te
single crystals in the K,Cr,O,—HBr-ethylene
glycol (EG) etching compositions, the chart-
ing of the diagrams "etchant concentration —
etching rate”, and the determination of the
concentration limits of etching compositions
by the nature of their action on the semi-
conductors surfaces, the observation of ki-
netics and setting the limiting stages of the
dissolution process, the optimization of the
compositions of the developed slow polishing
etchants and the regimes of conducting the
CDP of the researched materials.

2. Experimental

Regularities of the CdTe and Zn,Cd,_Te
and Cd,Hg,_,Te solid solutions dissolution
in the K,Cr,O,—HBr-EG etching solutions
were investigated under reproducible hydro-
dynamic conditions using a rotating disc
and a device for CDP at T = 285-301 K at
the speed of disc rotation y = 27-109 min 1.
Such undoped single crystals were used for
experimental investigation: CdTe,
Zng 4Cdy gTe and Cdgy,HgggTe, which have
been grown by Bridgman method, and
Zng 94Cdg ggT€ obtained from the gas phase.
The samples were characterized by the sur-
face area of about 0.5 cm? and the thick-
ness of 1.5 to 2 mm and were cut from the
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Fig. 1. Concentration dependence of the Br, con-
tent in HBr (vol. %) in aqueous solutions of the
K,Cr,0,—HBr system (T= 295 K, y = 82 min™1).

single-crystalline ingots. Before the realiza-
tion of CDP process, the disturbed layer
with thickness from 80 to 100 um was re-
moved from the surfaces of plates that were
previously smoothed and mechanically pol-
ished by the etchant of (10-15) wt.% of I,
in the CH3OH. The dissolution rate was de-
termined by the thickness reduction of the
single crystals before and after etching
using 1-MIGP time indicator with precision
10.5 um. Four samples that were attached
in fluoroplastic holder and held it wide open
were etched simultaneously. Thus all sam-
ples were in one plane, evenly etched and
avoiding turbulent flow etchant. Etching
mixtures were prepared using 10.9 % high
grade aqueous solution of K,Cr,O,, 40 %
high purity HBr and high grade EG. Before
the etching, all solutions were allowed to
stand during two hours to establish equilib-
rium of chemical reaction:

K,CryO7 + 14HBr =
= 2CrBr; + 8Br, + 2KBr + TH,0.

(1)

Microstructures of samples surface after
the etching were investigated with white
light using metallographic microscope MIM-
7 with 8 Mpix digital video camcorder
eTREK DCM 800. The morphology of the
polished surfaces of the single crystals was
examined by atomic force microscopy
(AFM). In this case, we used tapping mode
imaging on a NanoScope IIIa Dimension
3000 scanning probe microscope (Digital In-
struments/Brukes Corp.) under room condi-
tions with commercial NCH silicon cantile-
ver probes (Nano World, nominal probe tip
radius of down to 10 nm).
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the K,Cr,0,—HBr-ethylene glycol (C,HgO,) system.
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3. Results and discussion

Previous experiments have found that
bromine, which is released as a result of the
interaction of the starting components of
the etching mixture, dissolves in HBr excess
and forms etching compositions that are
similar in composition and properties to
Bro—HBr solutions. Chemical interaction of
the CdTe, Zn,Cd,;_,Te and Cd,Hg,_Te with
etchants was investigated in the concentrat-
ing range of 5-60 vol. % KyCr,O; in HBr.
The choice of such interval of the solutions
is theoretically justified by calculations of
the content of Br, in HBr according to the
reaction (1). It was found that within the
composition 59 K,Cr,O; + 41 HBr (vol. %),
the initial components completely react, and
Bry stops evolving (Fig. 1). It has been es-
tablished that for the Cdg,HgggTe single
crystals the polishing solutions are formed
in the range of concentrations of 20-50 vol.
% chr207 in HBr, for Zn004Cd096Te and
Zng 4Cdy gTe in the range of 20-45 vol. %
K,Cry,O; in HBr, and for CdTe in the range
of 25—-45 vol. % KyCryO7 in HBr. In these
etchants the low dissolution rates in the
range of 4-9 ummin ! are remained, and
the surface of all the single crystals that
have been etched by them are polished up to
the mirror luster. Consequently, the range
20-50 vol.% KyCr,0O; in HBr became a
worker for the selection of the third compo-
nent (ethylene glycol, EG) content. The last
was used as a complexing agent to improve
the dissolution of reaction products and to
reduce the rate of etching which is due to its
high viscosity and low ionization constant.

The chemical interaction of the CdTe and
Zn,Cd,_,Te and Cd,_Hg,Te solid solutions
single crystals was investigated in the range
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a)

Fig. 8. Concentration dependences (T = 294 K, y = 82 min 1) of the etching rate (um/min) of CdTe
(a) and Zn; (,Cdy ggTe (b), Zny ,Cdj gTe (c) and Cdy,Hg, gTe (d) solid solutions at the volume ratio

of the components K,Cr,O,—HBr-ethylene glycol at the vertices A, B, C, respectively:

A —

20:80:0; B — 20:20:60; C — 50:50:0 (area I — polishing and II — non-polishing etchants).

of the solutions limited by the ABC concen-
tration triangle (Fig. 2), at the apices of
which the volume content of K,Cr,O;—HBr-
ethylene glycol 1is, respectively: A —
20:80:0; B — 20:20:60; C — 50:50:0. Fig. 3
demonstrates the concentration dependences
of the dissolution rate CdTe, Zn0_04Cd0_96Te,
Zng 4Cdg gTe and Cdg,Hgg gTe in solutions of
the K,Cr,O,—HBr-EG system. Diagrams
"etchant concentration — etching rate” were
charted using the simulation method of the
experiment by the mathematical planning [16]
at T =294 K and disk rotation y = 82 min 1.
The regions with polished (region I) and un-
polished (region II) solutions with respect to
the investigated semiconductors were de-
tected. Fig. 3 depicts that the maximum dis-
solution rates (7—-8 wmin1) of all single crys-
tals are observed in the solutions enriched in
KyCry0y; (near the angle C). Introducing of
EG into the composition of the etchant
(near the angle B — etchants with a maxi-
mum content of the organic component)
leads to a significant reduction in the etch-
ing rate — to 0.5-1.0 pm-min 1. The isoli-
nes of the etching rates for all samples are
similar, thus indicating the same mecha-
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nism of dissolution of single crystals, which
is probably determined by the dissolution of
the anion tellurium sublattice.

It can be seen (Fig. 3) that the dissolu-
tion rate for the above single crystals is
small (from 0.4 to 9.0 um-min~1). The rate
of CdTe CDP is less than one of the based
on its solid solutions (0.4-7.83 pum-min~1).
With increasing of Zn content in the solid
solution, the rate of CDP increases and the
quality of the polished surface improves.
Thus, Zngy4Cdg ggTe dissolves at a rate of
0.5—-7.5 um-min~1, and Zng {Cd, gTe dissolves
at a rate of 0.7-9 um-min 1. The rate of
CdgpoHgg gTe etching is within the range of
0.4-7 uym-min~!. It was established that the
areas of polishing etchants occupy most of
the studied interval, and the polishing rates
are within the range: 1.8-6.7 um-min ! for
CdTe; 1.7-7.5 um~min_1 for Zn0_04Cd0_96Te,
1.8-7.9 um-min! for Zny 4CdggTe and 1.9-
7 um-min_l for CdozHgosTe.

For the polishing etchant of the composi-
tion (vol. %): (85 KyCr,O; + 50 HBr + 15
EG) we charted the dependences of the
CdTe, Zn,Cd,_,Te and Cd,_Hg,Te dissolu-

Functional materials, 26, 1, 2019
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Fig. 4. Dependences of the CdTe (1),

Zng 04Cdy gsTe  (2), Zny,CdygTe (3), and
Cdy,HgygTe (4) dissolution rate (um-min1)
on the speed of the disk rotation (T = 294 K)
in a solution containing (vol. %): 35 K,Cr,O,
+ 50HBr + 15 ethylene glycol.

tion rate on the speed of the disc rotation in
the coordinates v-1 — y1/2 [4,17]. These
curves may elucidate the character of the
dissolution processes occurring during the
dissolution of semiconductors, and to deter-
mine which stage (diffusion or kinetic) is
limiting and limits the velocity of the het-
erogeneous dissolution process. The rate of
chemical dissolution can be expressed by the
equation: vl =1/kCy+ (a/DCy) vy 1/2,
where k£ is the reaction rate constant, C, is
the active component concentration, D is
the diffusivity in the solution and a is a
constant.

When the process is diffusion-limited & > 0
and the first term of the equation becomes
zero, so the dependence of v7! y1/2
passes through the zero of the coordinates.
In the case of limiting the process by the
chemical reaction DC, > a and the second term
of the equation is zero; then the specified de-
pendence becomes parallel to the X axis. Under
a combined mechanism of the process, the line
or its extrapolation cuts off a certain portion
of the Y axis equal to 1/kC,,.

Fig. 4 shows that the process of dissolu-
tion of the CdTe and Zng,CdggTe and
CdgoHgg gTe solid solutions are charac-
terized by a monotypic mechanism and lim-
ited by diffusion stages, as the appropriate
dependence of the dissolution rate versus
mixing (y) = 27-110 min™1) at T =295 K
could be extrapolated to zero coordinate.
The dissolution process of Zngg,CdgggTe
passes through a combined mechanism with
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Fig. 5. Dependences of the CdTe (1),
Zn, 0,Cdy geTe ), Zn, ,Cd; gTe 3,
Cdj,Hgy gTe (4) dissolution rate (um-min~1)
versus temperature (y = 82 min 1) in solution
containing (vol. %): 35 K,Cr,0; + 50HBr +
15 ethylene glycol.

a predominance of diffusion stages, since
the corresponding line crosses the Y axis.
The temperature dependence of the disso-
lution rate is described by the Arrhenius
equation: k = CEe’Ea/RT, where k& is the re-
action speed constant, Cp is a preexponen-
tial factor (collisions frequency of the parti-
cles), E, is the energy of the activation
process. The dependences of the semicon-
ductors dissolution rate versus the tempera-
ture of the solution in the interval T =
285-301 K (y = 82 min~1) were investigated
in order to confirm the data obtained from
the dependences Y"1 — y1/2 (Fig. 5) and the
value of the apparent activation energy (E,)
and the logarithm of the preexponential fac-
tor (In Cg) (Table 1) were calculated. As can
be seen from the Table 1, the calculated val-
ues of E, of the dissolution for of all single
crystals are within the range of 24.4-
25.5 kJ-mol~1, that is, they do not exceed

30 kJ-mol1; this fact indicates on the limiting
of the dissolution by diffusion stages.

Using AFM (Fig. 6), we examined the
surface morphology of these samples after
CDP. For example, the average arithmetic
surface roughness of the Cdg,HgggTe sub-
strate after chemical treatment is equal R,
= 2.5 nm. According to profilography of
Cdg oHgg gTe crystals, the surface roughness
after CDP with K,Cr,O; + HBr + EG solu-
tions rms is equal to 4.3 nm. It is worth
noting that, according to requirements for
ultrasmooth polished semiconductor surfaces,
R, could not be higher than 10 nm [20].
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Table 1. Apparent activation energy (E,)
and the preexponential factor (InCy) of the
semiconductor dissolution process in a pol-
ishing solution containing (vol. %): 35
K,Cr,0; + 50 HBr + 15 EG

Semiconductor E, InCy | Mechanism
kJ-mol™1 of
dissolution
CdTe 24.85 11.4 diffusion
Zn; 4,Cd; g Te 25.44 11.8 diffusion
Zn, ,Cd, gTe 24.72 11.6 diffusion
Cdj ,Hgg gTe 24.62 11.3 | diffusion

It was established for obtaining a high-
quality polished surface of researched mate-
rials, the chemical-dynamic polishing should
be done in etchants containing (vol. %):
(25-45) K,Cry07:(55-75) HBr:(0-30) C,HgO,
in the temperature range of 293-296 K at
the speed of disc rotation y= 82 min~l. At
the end of the etching process, the samples
must be immediately washed with water solu-
tion of Na,S,03 to remove unreacted residues
of the etchant from the surface (reaction 2)
and then a large amount of distilled water.

Na,S,03 + Br, + Hy,0 =
= 2NaBr+ H,SO, + S. (2)

Developed new slow polishing etchants
are of particular interest because they do
not contain extremely toxic and unstable
bromine, but are bromine-emerging. Putting
in the etchant composition EG as viscous
component, we can partially regulate the in-
teraction of HBr and K,Cr,O;, which con-
tributes to the dissolution of the toxic Br,
that is released, thus promoting the better
dissolution of interaction products of
etchants with semiconductors. This makes it
possible to change the rate of removal of
surface layers of the CdTe, Zn,Cd,_,Te and
Cd,Hg,_,Te single crystals, which is impor-
tant for the etching of thin films. Such
etchants act more gently, uniformly and
evenly both during removal of the broken layer
and during the finishing of the CDP. Storing of
polishing solutions even during a rather long
time after preparation (up to 180 h) does not
affect their polishing properties.

The obtained experimental results al-
lowed to determine the composition of
etchants for the formation of polished sur-
faces of the studied single crystals and to
significantly improve the processes of the
chemical etching of their surface while de-
veloping the working elements for various
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Fig. 6. AFM-images of Cd;,Hg,gTe surface
received after chemical-dynamic polishing
with (in vol. %): 85 K,Cr,0, + 50 HBr + 15
ethylene glycol solution composition.

devices. The sequence of surface treatment
for single crystals CdTe, Zn,Cd,_ Te and
Cd,_,Hg,Te is presented in the technological
scheme (Table 2). It has been established
that after finishing CDP, polished plates
can be stored in organic solvent for several
weeks. The results of metallographic and
profilometric analyzes of samples surface
after etching showed the promise of the de-
veloped etching compositions for the CDP
single crystals CdTe, Zn,Cd,_,Te and
Cd,;_Hg,Te (R, <10 nm).

4. Conclusions

The chemical interaction of CdTe and
Zn,Cd,_,Te and Cd,_/Hg,Te single crystals
solid solutions with the etching composi-
tions of K,CryO,—HBr-EG in the concentra-
tion range (vol. %): (20-50) K,Cr,O,:(20-
80) HBr:(0-60) EG has been investigated.
Diagrams “etchant concentration — etching
rate” for these semiconductors have been
charted, the concentration limits of the pol-

Functional materials, 26, 1, 2019
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Table 2. Technological scheme of CdTe and solid solutions Zn,Cd,_, Te and Cd Hg,_,Te processing

1. Cutting of crystals
Cut with a diamond spray string
(obtaining samples of required sizes)

|

2. Grinding the surface
Aqueous suspensions of abrasive powders M-10, M-5 and M-1 (1 = 3—5 min)

\

3. Mechanical polishing of plates
Diamond paste ASM 7/5Diamond paste ASM 7/5, ASM 3/2, ASM 1/0 (t = 3-5 min)
(obtaining a smooth polished surface)

\

4. Inter-operative cleaning
washing (H,0 dist. + surfactant) — washing (H,O dist.) — degreasing (acetone, C,H;OH) — drying
(dry air flow)

\

5. Chemical etching to remove the damaged layer
Universal etchant 10-15 wt. % I, in CH,OH,
at v = 8-12 um-min~!, T = 10 min
(removal of damaged layer in the thickness of 80—100 um before the final CDP)

\

6. Finishing chemical-dynamic polishing
CDP of the surface by new slow polishing etchants, at Upor = 1.7-8.0 ym'min™", T = 3—5 min
(polished surface with the required microstructure and roughness)

1

7. Finishing cleaning 80 sec with 0.1 M Na,S,05 — 1 min with H,O — 2 min with H,O — 1 min
with H,0O
(at T = 295 K) — drying by dry air
(obtaining a polished surface for contacting)

ishing solutions have been determined and
the dissclution of the mention above single
crystals has been shown to be limited by the
diffusion stages. It was established that the
addition of the viscous component — ethyl-
ene glycol — to the etching compositions
leads to the formation of slow polishing
etchants with small (1.7-8.0 um-min 1)
etching rates. The technique and modes of
the CDP of semiconductor surfaces, opera-
tions of effective washing of polished sur-
face after etching and prolonged storage of
polished plates have been developed. Opti-
mized composition of etchants can be recom-
mended for controlled reducing of single
crystals thickness to the specified size,
layer etching, chemical etching of thin
films and finishing polishing of the surface
of CdTe and Zn,Cd,_,Te and Cd,_Hg,Te
single crystals solid solutions.
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