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The peculiarities of CdTe, Cd,_Zn,Te, Cd,Hg,_,Te and Te single crystals dissolution in
the solutions of HNO,—HCl-citric acid system are investigated and the surfaces of equal
etching rates (Gibbs diagrams) are constructed. The limiting stages of dissolution process
and regions of polishing solutions for these semiconductors are determined. Increasing of
ZnTe contents in the Cd, Zn,Te solid solutions has been shown to result in a linear
increasing of dissolution rate.

UccremoBanrr ocobennocTu pacrsopenus CdTe, Cd,_Zn,Te, Cd,Hg, ,Te u Te B pacrso-
pax cucremsl HNO;—HCI-1uMorHas KuCI0Ta ¥ HOCTPOEHBI TOBEPXHOCTH OJUHAKOBEIX CKOPOC-
Teil pacTBopeHnsa (guarpaMMmbl 'm66ca). OnpegeseHnl JUMUATHAPYIOIME CTALAU IIpollecca pac-
TBOPEHUs U 06JIACTH PACTBOPOB, KOTOPBLIE MOTYT HCIOJIL30BAThCA A XMMUUYECKOrO IIOJHUPO-
BAaHUA OTUX IOJYIPOBOLHUKOB. IIOKasaHO, UTO yBeJUUYeHHe cojep:kaHus ZnTe€ B cocrase

TBepAbiXx pacrsopos Cd,  Zn Te mpuBoguT K JIMHEHHOMY YyBeIMYEHHIO CKODOCTH PAaCTBODe-

HUA.

The chemical etching of semiconductors
based on the dissolution processes is widely
used at the manufacturing of various semi-
conductor devices. Knowledge of mechanism
and kinetic of semiconductor dissolution is
the most important condition for a choice of
corresponding solution composition for pol-
ishing, anisotropic, or selective etching and
chemical cutting. The high resolving power
of some etchants allows to use them on the
different stages of substrate treating, but
for this purposes, it is necessary to develop
the etchants with corresponding speed of
the material removal, attainable surface
roughness, and some other parameters [1].
Cadmium telluride and Cd,Zn,_,Te solid so-
lutions are widely used now for manufac-
turing of X-ray and y-detectors. Cd,Zn,_,Te
solid solutions are also a good substrate ma-
terial for the epitaxial growing of Cd,Zn,_,Te
thin solid films. Therefore, the preparing of
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good quality surfaces of Cd,Zn,_Te crystal
is of a great importance.

In semiconductor surface treatments, the
universal solutions of the bromine-methanol
system are used as a rule [2]. However,
using of such etchants results in a slight
surface oxidization and its contamination
with carbon and bromine which remain on
the surface even after careful washing [3].
Besides, these etchants contain high toxic
components. Hydrochloric acid etchants are
widely used for the treatment of II-VI
semiconductor compounds. The most numer-
ous etchants of that type have been developed
for the cadmium telluride and Cd,_,Hg,Te
solid solutions [3], while chemical etching
of Cd,_,Zn,Te solid solutions is almost not
studied. The use of nitric acid as a strong
oxidizing agent enriches the CdTe surface
in tellurium, tellurium oxide, and probably
in cadmium tellurite [5, 6], while hydro-
bromic acid removes various oxides from
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Fig. 1. The surfaces of equal etching rates (um/min) of Te (a), Cdy,Hg,gTe (b), Cdyg,Zny g3Te (c)
and CdTe (d) in the HNO;—HCl-citric acid system solutions. The ratio of HNO;:HCl:citric acid in A, B and
C tops is (in vol. %): A — 10:90:0; B — 20:20:60; C — 90:10:0.

surface. Citric acid reduces the etching rate
because of its high viscosity and low ioniza-
tion constant [7], which is important at the
etching of thin films. The washing of Cd2*
and Hg?* ions out of the surface takes place
at the etching of CdTe and HgTe in solu-
tions of HNO3;—HCI-H,0 system following by
Te?~ to Tel and Te#* oxidation [2]. The Te
film on the surface is formed at the etching
in the solutions enriched in hydrochloric
acid. After the etching in the solutions on
HNO; basis, the CdTeO; compound is
formed at the surface [9]. To improve the
surface properties of Cd,_,Zn,Te solid solu-
tion single crystals (decreasing of rough-
ness, reduction of surface impurity concen-
tration, deviation from stoichiometry, and
the possibility of etching rate variation) we
investigated the HNO;—HCl-citric acid solu-
tions as the etchants.

The dissolution of CdTe, Te, Cd,_,Zn,Te
and Cd,Hg,_,Te in HNO3;—HCl-citric acid so-
lutions was studied in this work under re-
producible hydrodynamic conditions using a
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rotating disk. The experiments were carried
out using the single crystal wafers with the
surface area of about 0.5 cm?2 and thickness
of 1.5—2 mm were cut out of ingots. The
ingots were grown by Bridgman or modified
Bridgman method (HPB) under argon pres-
sure P, = 100 atm at the growth rate of
2.3 mm/h. Prior to the etching, the wafers
were mechanically polished, and the surface
layer of 50 to 80 pm was removed by
etchant of the same composition that was
subsequently used to study the etching
process. The samples were fixed to quartz
substrates using pizzeine or BF-2 glue and
then mounted in a Teflon holder allowing
measurements in the rotating disk mode
(with the rotation rate ranging from 36 to
120 rpm). The etching rate was determined
from the wafer thickness reduction using
ICh-1 indicator. Two or three samples were
etched simultaneously with differences in
the measured thickness not exceeding 5 %.
All etchants were allowed to stand for 40—
80 min before etching to ascertain the equi-

397



News of Technology

07r I
0.6
05

. min/mkm

\

V=1, min/mkm

-1

> 04

03F
02F Il
01F

0.10

00 1 1 1
0.08 0.12 0.14

C

1
Y-1/2 , min?12

V'1. min/mkm

© o o =
N o [o0] o
.

o
N}
T
*

°
=}

A
]
T

A
o
T

o
oo
T

o
[o)]
T

°
N
T

II

1 1 1 1 1 ﬁI 1

0.0
0.08 0.10 y 12 min1?2

o
N
1
>
-

Fig. 2. Dependences of the CdTe (a), Cdg 47Zn; o3Te (b), Te (c) and Cd; ,Hg, gTe (d) dissolution rates
on the mixing rate for the solutions I (15 vol.% HNOj; + 55 vol.% HCI + 80 vol. % citric acid), II
(25 vol.% HNOj; + 75 vol.% HCI) and III (82.5 vol.% HNOj; + 52.5 vol.% HCI + 80 vol. % citric

acid).

librium in the chemical reaction which take
place between the etchant components:

3HCI + HNOg <= Cl, + NOCI + 2H0.

The solutions were prepared using 70 %
special purity grade HNO,;, 34 % reagent
grade HCI, and 20 % reagent grade citric acid.

The etching process is characterized
quantitatively by the sample dissolution
rate. Fig. 1 shows the diagrams of the Te,
CdTe, CdozHgosTe, and Cd097Zn003Te sin-
gle crystals etching rates (um/min) vs the
HNO3;—HCl-citric acid etchant composition.
These diagrams were constructed using the
simplex method of the experiment mathe-
matical planning [7] at 22°C and disk rotat-
ing rate 86 min~l. It is seen from this Fig-
ure that the surfaces of equal etching rates
(Gibbs diagrams) of the above semiconduc-
tors in the investigated solutions are simi-
lar, probably due to similarity of their etch-
ing mechanism. The obtained dissolution
rates are relatively low (not exceeding
30 um/min). This allows us to conclude that
there is a large region of polishing solutions
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for such materials in the HNO3;-HCl-citric
acid system. In Fig. 1, the non-polishing so-
lution areas for CdTe, Cdy,HgggTe, and
Cdy g7Zng g3Te are dashed and the polishing
ones (not dashed) are located mainly in the
lower part of these diagrams.

For some solutions of the HNO;—HCI-cit-
ric acid system, the dependences of the dis-
solution rate (v) on the disk rotation rate (y)
are plotted as v! vs y1/2 (Fig. 2). The
curves of this type may elucidate the char-
acter of the dissolution processes [1, 2], as
the dissolution rate can be expressed by the
equation:

vl =1/kCy + (a/DCqy)y1/2, (2)

where k£ is the reaction rate constant; Cy,
the active component concentration; D, dif-
fusivity in the solution; and a, a constant.
When the process is diffusion-limited, the
curve should pass the coordinate origin as
far as kB >> 0 and the first term of the
equation (2) is equal zero. A larger role of
the surface (chemical) reaction in the entire
dissolution process results in a smaller slope
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Fig. 8. Temperature dependences of the CdTe (a), Cdy47Zn;o3Te (b), Te (c¢) and Cdy,Hg,gTe (d)
dissolution rates for the same solutions as in the Fig. 2.

of the line. In the case when the process of
dissolving is limited by the rate of the
chemical reaction, the line becomes parallel
to the X-axis as in this case the second term
of the equation (2) is equal zero. When the
process has a combined mechanism, the line
or its extrapolation cuts off a certain por-
tion of the Y axis, the length thereof allows
to calculate the constant of the overall
chemical reaction.

Fig. 2 shows that the dissolution of
Cdgy g7Zng g3Te and Cdg,Hgg gTe solid solu-
tions, CdTe (except for solution I), and Te
(in the II and III solutions) is a diffusion-

limited process, since the corresponding
lines can be extrapolated in the coordinate
origin. The temperature dependences of dis-
solution rates for CdTe, Cdgg7Zngg3TeE,
Cdg,oHgggTe and Te in the same solutions
are presented in Fig. 3. It can be seen that
the dissolution process of the Cdgg7Zng g3Te
solid solution, CdTe (except for solution I),
Te (except for solution II), and Cdy,Hg gTe
solid solution (in the solution I) is really
diffusion-limited, since the apparent activa-
tion energy of the overall process (E,) does
not exceed 40 kJ/mol (see Table). The acti-
vation energy of CdTe dissolution in the
solution |, Te dissolution in the solution II,

Table. The apparent activation energy (kJ/mol) of CdTe, Cd,4,Zn,3Te, Te, and Cd,,Hg,gTe
dissolution in the solutions I (15 vol.% HNOj; + 55 vol.% HCI+ 80 vol. % citric acid), II
(25 vol.% HNOj; + 75 vol.% HCI) and III (82.5 vol.% HNOj + 52.5 vol.% HCI + 80 vol. % citric acid)

CdTe Cdg g7Zng g3 Te Te Cd, ,Hgg gTe
Solution I 54.5 39.0 26.1 40.0
Solution II 40.4 31.1 62.3 59.8
Solution III 32.3 30.5 26.1 52.4
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and Cdg,HgggTe dissolution in the solu-
tions II and III exceeds 40 kJ/mol, thus,
these dissolution processes are limited by
the combined stages.

To verify the obtained experimental re-
sults, we investigated the dependence of the
dissolution rates of CdTe and Cd,_Zn,Te
solid solutions with different x in the
HNO3—HCl-citric acid solutions along the
line DE in Fig. 1,d. The CdTe, Cd,_.Zn,Te
solid solutions single crystals at x = 0.025,
0.04 and 0.1, respectively, obtained by the
ordinary Bridgman method and by HPB
were used. According to the results ob-
tained, the dissolution rates of all investi-
gated materials pass through a minimum
present on the surfaces of equal etching
rates in the CdTe and Cdgg7Zngg3Te cases
(Fig. 1, ¢, d). The dependence of the disso-
lution rate of Cd,_,Zn,Te single crystals in
the HNO3;—HCl—-citric acid system solutions
vs ZnTe content indicates that increasing
ZnTe content in the Cd,_,Zn,Te solid solu-
tions results in a linear increase of dissolu-
tion rate. For the completeness of investiga-
tion, the stoichiometry of surface layers
and their contamination with the compo-
nents of etchant composition and the prod-
ucts of chemical interaction is to be studied
further.

Thus, the surfaces of equal etching rates
(Gibbs diagrams) for CdTe, Cd,_,Zn,Te and

Cd,Hg,_,Te solid solutions, and Te single
crystals in the solutions of HNO3;—HCl-citric
acid system have been constructed basing on
the kinetic investigation of these materials
dissolution. The regions of the polishing so-
lutions composition have been determined.
It has been found that increasing of ZnTe
content in the Cd,;_,Zn,Te solid solutions
results in a linear increase of dissolution
rate.
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Vesh-

Ximiune TpaBaenna CdTe, Cd,Hg,_,Te, Zn,Cd,_Te
ta Te y posunnax HNO;-HCl-aumonna kucaora

3.D.Tomawur, €.0.Binesuu, I1.1.Delivyx, B.M.Tomawuk

Hocnimxeno ocobauBocTi posumnenHa moHokpucrarnis CdTe, Cd,_Zn Te Cd Hg, Te ra
Te B posumnax cucremu HNO;—HCl-mumonna Kucaora Ta mobymoBaHO HMOBEPXHI OJHAKOBHUX
IBUAKOCTell posumHeHHd (miarpamu ['i66ca). BusuaueHo sgimityroui cragii mpomecy posuu-
HeHHS Ta 00JiacTi POSUMHIB, 1[0 MOJKYTb BUKOPHCTOBYBATHCH [JIsI XiMiUyHOro moJipyBaHHS
nux HaniBuposBigzuukis. ITokasano, 1o 30inbplmIeHHs BMicTy ZnTe y ckJaazi TBepAUX PO3UYMHIB
Cd,_Zn,Te npuBoguTh K0 NiHIHHOrO 36iMBIIEHHA IIBUIKOCTI POSUMHEHHA.
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