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Aperiodic nanodimensional needle-shaped formations have been shown to appear on the
polished surfaces of undoped CdTe and Cd,_Zn Te single crystals at one- and two-stage
chemical treatment including consecutive procedures of chemical-mechanical and chemical-
dynamic polishing using the optimized polishing etchant compositions H,0,—HBr-glycol
and H,0,—HBr-lactic acid as well as the appropriate interstage rinsing. The dimensions of
these nano-needles vary from 10 to 80 nm, depending on the semiconductor nature,
chemical treatment methods and polishing etchant composition.

IToxaszano, uTo B pesyJbTaTe OLHO- M ABYCTAAHUNHON XMMHUYECKOU 00paboTKU IIOBEPXHOC-
TH MOHOKDHCTaLIOB HenermposanHoro CdTe m TBepmeix pacrsopos Cd, Zn Te, roropas
COCTOUT M3 MOCJEI0BATENbHBIX OIePAlUil XUMHUKO-MEXaHNYECKOT0 M XUMUKO-TMHAMUAYECKO-
ro IOJMPOBAHHUA ONTHMHU3MPOBAHHBIMHU IIOJHUPYOIIUME TPaBUIbHEIME cMmecamu H,O,—HBr-
sTunenraukons u H,O,—HBr-monounas Kumcmora, a TakKe COOTBETCTBYIOIIUX MeJKOIIE€PAIlH-
OHHBIX IIPOMBLIBOK, Ha IIOJMPOBAHHOW IIOBEPXHOCTH (POPMUPYIOTCS HeIepHoJUUYecKre HAHO-
pasMepHble WIoJbUaThie 0O0pasoBaHMWs. B 3aBHCHMOCTA OT IIPUPOLLI IIOJYIPOBOIHUKA,
MEeTOJOB XUMUUYECKON 00paloTKU M COCTAaBa IOJUPYIOIIUX TPABUJIbLHBIX KOMIIO3UIIUI pasMep
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The semiconductor single crystals of cad-
mium telluride and Zn,Cd,_,Te solid solu-
tions are widely used in the manufacturing
of working elements for various modern mi-
croelectronics devices. To obtain the high-
quality polished surface, of a great impor-
tance is the proper selection of etchant com-
positions being used at intermediate stages
of abrasive-chemical treatment for chemi-
cal-mechanical and chemical-dynamiec polish-
ing. Bromine-containing mixtures are most
often used for chemical treatment of the
II-VI semiconductor surfaces [1, 2]. In most
cases, the polishing action of the etchant
composition is intensified as the solution
viscosity increases. This could be explained
by decreasing etching rate due to slowed
elimination of the dissolution products and
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arrival of the fresh etchant portions to the
crystal/solution interface. Therefore, it is
expedient to use glycol and lactic acid in the
etchant compositions based on H,O,—HBr.
These solvents increase somewhat the vis-
cosity of the etchant compositions thus re-
sulting in decrease of the semiconductor
material dissolution rate in such solutions,
increase of the polishing solution regions as
well as in the surface quality improvement
after the etching.

The chemical-dynamic polishing of un-
doped and doped CdTe and Zn,Cd,_,Te solid
solutions with the etchant compositions
H,O,—HBr-glycol is described in [3, 4] where
the concentration ranges of polishing solu-
tions have been determined and the etching
mechanism investigated. It has been estab-
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lished that the etching rates of the above-
mentioned single crystals in such solutions
are relatively low (0.3<v<20 pm/min), and
the dissolution in the polishing solutions
proceeds according to diffusion mechanism.
As the zine content in the Zn,Cd,_,Te solid
solutions increases, an insignificant etching
rate increase occurs, but the concentration
ranges of the polishing solutions do not
change essentially [4]. The investigations of
the chemical-mechanical and chemical-dy-
namic polishing of the single crystals of
undoped and doped CdTe and Zn,Cd,_Te
solid solutions with the H,O,—HBr—C;Hg04
etchant compositions have shown that the
polishing solutions occupy almost the whole
studied concentration range and the etching
rate is 1.0-16.8 um/min for CdTe, 1.0-
17.8 um/mln for Zn004Cd096Te and 2.3-
22.5 ym/min for Zny,CdgygTe [5, 6]. The
goal of this work is to study the single
crystal surfaces of undoped CdTe and
Zn,Cd,_,Te solid solutions treated with the
H202—HBr—g1ycol and H202—HBr—C3H603
polishing etching compositions.

The etchant compositions based on aque-
ous solutions of H,O,—HBr-C;HgO5; and
H,O,—HBr—glycol systems optimized by us
before [3—6] were used for the chemical pol-
ishing of CdTe and Cd,_,Zn,Te solid solu-
tions. The surface treatment was realized
under reproducible hydrodynamic conditions
at 290-295 K and the disc rotation speed of
the 86 min~!l. The chemical-dynamic polish-
ing setup was used for these experiments.
The investigations were carried out using
the 1.5—2 mm thick single crystal plates of
about 0.5 em? area cut out of the [110] ori-
ented p-CdTe ingots, as well as of
Cd0_962n0_04Te and CdosznozTe solid solu-
tions. 40 % HBr (special purity grade),
35 % H,0,, 80 % lactic acid and glycol (all
reagents chemical purity grade) were used
to prepare the etching compositions. All so-
lutions were aged before the etching during
two hours till the full stopping of the gassing
due to the reaction between the initial etchant
components: H,O, + 2HBr = Br, + 2H,0.

The samples were glued by the nonwork-
ing side to quartz substrates and placed
into the Teflon holder of the chemical-dy-
namic polishing unit. Before the etching,
the damaged layer of 50 to 100 um thick-
ness was removed from the plate surfaces
previously grounded and mechanically pol-
ished, using the same etchant composition
in which the next studies were carried out.
The chemical-mechanical polishing of the
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semiconductors was realized onto the cover
by a cambric tissue glass polishing pad. The
etching polishing solution was supplied at a
controlled rate. After the chemical-mechani-
cal and chemical-dynamic polishing, the
samples were rinsed with 0.01 M Na,S5,05
solution, water, isopropanol, and methanol.
A 3D Surface Profiler NewView 5022S at
1500x magnification was used to obtain the
surface image in white light, examine its
microstructure and measure its roughness
after some proposed variants of the chemical
treatments at various technological regimes.
As a result of the experimental studies,
it has been determined that the microstruc-
ture of the CdTe and Zngy,CdgggTe and
Zny 5Cdg gTe solid solutions surfaces treated
using the developed technological proce-
dures are characterized by high quality and
high luster. The roughness (R,) does not
exceed 0.05 um, thus meeting the require-
ments to the surface preparation in the
manufacturing of various semiconductor de-
vices. However, a more detailed study of
the formed polished CdTe and Zn,Cd,_Te
surfaces has shown that in most cases, the
polished surfaces are not perfectly smooth.
In Fig., shown are the surface micro-
structure of the Zngg,CdgyggTe solid solu-
tion after two-stage treatment, including
chemical-mechanical and chemical-dynamic
polishing with the H,O,—HBr—glycol polish-
ing etchant compositions (a, b, ¢), as well as
similar pictures for nominally undoped
CdTe (110) polished the Hzoz—HBr—C3HGO3
polishing etchant composition (d, e) and for
Zny 5Cdg gTe solid solution (f) after the cor-
responding interstage rinsing. It is evident
that the obtained CdTe, Zn004Cd096Te and
Zny oCdg gTe surfaces are characterized by a
high luster and high polishing quality.
However, aperiodic nano-sized needle-
shaped formations are revealed on the pol-
ished surfaces, which appeared in the
course of chemical polishing. The size of
these nanoneedles varies between 10 and
80 nm, depending from the semiconductor,
chemical treatment methods and the polish-
ing etching composition. It follows from the
surface roughness analyze that the arithme-
tic average profile deviation R, for the un-
doped CdTe and Cd,_/Zn,Te solid solutions
single crystals after the chemical two-stage
treatment, including chemical-mechanical
and chemical-dynamic polishing with the
H202—HBr_g].YCO]. and Hzoz—HBr—C3HGO3
polishing etching compositions, varies
within limits of 11 to 80 nm, and the in-
regularity profile height is of 8 to 50 nm.
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Fig. Surface microstructure after treatment with polishing etchant compositions: H,0,~HBr—glycol
for Zng ,,Cdj gsT€ (a, b, ¢) and H,0,~HBr—C;HzO4 for CdTe (d, e) and Zn,,Cd,gTe ().

The phase and elementary compositions
of such needle-shaped formations have not
been studied in this work. However, it is
possible to suppose that these formations
must be enriched in tellurium, since the
cadmium telluride dissolution in the acid
solvents is limited, as a rule, by the dissolu-
tion of tellurium sublattice [7]. Obviously,
such aperiodic nanosized needle-shaped for-
mations could appear also in the course of
chemical surface polishing of other semicon-
ductors. This should be taken into account
at the chemical polishing, since their pres-
ence could influence the physical properties
of the formed metal/semiconductor contacts
and at the manufacturing of the device
working elements.

Thus, aperiodic nanosized needle-shaped
formations have been revealed on surfaces
of CdTe and Cd,_/Zn,Te solid solutions
treated by chemical surface polishing using
two-stage method including chemical-me-
chanical and chemical-dynamic polishing
with Hy,Oo,—HBr-glycol and H,0,—-HBr—
CsHgO5 etching compositions. Taking into
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account the miniaturization of the modern
semiconductor devices, such nanosized nee-
dle-shaped formations could influence the
physical properties of the working elements
in such devices.
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Hanopoamipui yreBopenns Ha moBepxHax CdTe
ta Zn,Cd,_,Te npu ximiunomy TpaBieHHi

3.D.Tomawur, BM.Tomawux, I.I.'namie, I.5.Cmpamiiuyx,
II.Mopasey, A.Ppany, B.I'.Iéaniyvra

IToxasano, mo0 B pe3yabTaTi OgHO- i ABOCcTaAiiiHOI XiMiuHOI OOPOOKM IIOBEPXHI MOHOKPMC-
rayniB Heserosanoro CdTe Ta TBepaux posumnmis Cd,_,Zn Te, aka ckaagzaeTsca iz mocimos-
HUX oIlepaliil XiMiko-MexaHiuHOro Ta XiMiKO-ZMHAMIUHOIO IOJIipYBAHHS OIITHUMi30BAHUMU
mosipyBanbHUMHE TpaBUIbHUME cyMmimamu H,O,—HBr—ermrenraikons Ta H,O,—HBr-momouna
kucnora (C3HgO,), a rakox BigmoBizEmMxX MisKomepalniffHMX IPOMUBOK, Ha IOJipoBaHiil mo-
BepxHi (opmMyrThCs HemepiogmuHi HaHOpo3MipHi rosuacri yrBopeHHsi. B 3ameskHocTi Bif
NPUPOIY HAIIIBIPOBIAHMKA, METOAIB XimMiuHOI 0OpPOOKM Ta CKJIALy MHOJipPYyBaJIbHUX TPABUJIb-
HUX KOMIIOSHIIiI po3Mip HaHOroJok Bapire y mexxax Big 10 zo 80 mm.
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