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Chemical-mechanical polishing (CMP) of the CdTe single crystals and Zn,Cd,_Te,
Cd,Hg,_,Te solid solutions surfaces by bromine-emerging etching compositions based on
aqueous solutions of K,Cr,O,~HBr-C,Hs;O4 and K,Cr,O,~HBr—ethylene glycol has been in-
vestigated for the first time. The dependences of the chemical-mechanical polishing rate on
the dilution of the base polishing etchant for tartaric acid, ethylene glycol and glycerol
have been established. The effect of the nature of the viscous organic solvent on the
polishing rate and the quality of the polished surface of the single crystals has been
determined. The surface condition after CMP has been investigated using metallographic
analysis and atomic force microscopy. The polishing etchant compositions and conditions
of conducting the process of CMP for forming a high-quality polished surface of CdTe,
Zn,Cd,_ Te and Cd,Hg,_,Te single crystals have been optimized.

Keywords: chemical-mechanical polishing, cadmium telluride, solid solutions, etchant,
single crystal, dissolution rate.

Brepsble 9KCHEPUMEHTAJILHO HCCIELOBAH IIPOLECC XUMUKO-MEXaHUYECKOro MOJUPOBAHUS
(XMII) nosepxHocTu MoHOKpucrawtos CdTe u TBepaeix pacrsopos Zn,Cd,_ Te u Cd,Hg,  Te
OpPOMBBITENAIONIMY TPABUTENAMHU HA OCHOBe BOZHEIX pacrsopoB K,Cr,0,-HBr-C,H;O4 u
K,Cr,0,—HBr-arunenranrons. YcraHoegeHs!l saBucuMocT: ckKopocreii XMII or paseeseHuns
0a30BBIX MOJUPYIOUIUX TPaBUTEJed BUHHOM KUCAOTOM, STUJIEHTJIUKOJEM W TJIUIEPUHOM.
Ompe/lesieHo BAUAHWE MPUPOALI BI3KOTO OPraHUUYECKOTO PACTBOPUTENS HA CKOPOCTH IMOJIU-
POBKU M KAUECTBO IMOJMPOBAHHON MOBEPXHOCTU MOHOKPUCTAJJIOB. VICC/IETOBAHO COCTOSHUE
noeepxuocTu Tocae XMII meTomgaMu MeTalIOTPAUUECKOr0 aHaj u3a U ATOMHO-CUJIOBOM
MUKpocKonur. ONTUMUSUPOBAHLI COCTABLI TOJUPYIONINX TPABUTENEH W PEKUMBI TIPOBEe-
nus mnporecca XMII st (GOPMUPOBAHUSA BHICOKOKAUECTBEHHON MOBEPXHOCTH MOHOKPUCTAJ-
o CdTe, Zn,Cd,_ Te u Cd,Hg, ,Te.

Ximiko-mexaniune noxipysamaa momokpucraxis CdTe, Zn,Cd, Te ra CdHg, Te
rpasaukamMun  K,CryO,—HBr—posunnmauk. M.B.Yaiixa, 3.9.Tomawux, B.M.Tomawur,
I'll.Mananuu, A A.Kopuosuil.

Bnepmie excrnepuMeHTaJNBLHO TOCHiIJKeHO IIpoIrec XiMiKo-MexaHiUHOTO MOJMipyBaHHA
(XMII) moeepxmi momoxpmcramis CdTe i reepgux posummis Zn,Cd,_ Te ta Cd Hg, Te
GpOMBUJIINAIOUMMY TPABHHKAMHI Ha OCHOBI Boguux posumuis K,Cr,0,~HBr-C,HgO4 Ta
K,Cr,0,~HBr—erunenraikons. Beranosinero sanessnocti meunkocreit XMII Big possenesn-
HA 0a30BHX IOJIPYIOUMX TPABHUKIB TAPTPATHOI KMCJIOTOIO, €THJIEHIJIIKOJIeM Ta IJIiIepPHUHOM.
BusnaueHo BIAWB IPUPOALU BifI3KOTO OPraHiuHOrO PO3UMHHMKA HA MIBUAKICTH IOJipyBamHS i
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AKicTh mosipoBaHol MoBepxHi MoHOKpuUcTaniB. [Jocaigsxeno cran noBepxHi nicaa XMII mero-
JaMu MeTajiorpadQiuHOro amanidy Ta aTOMHO-CHJIOBOI Mikpockomii. OnrumisoBamo ckiaawn
noJipyounx TpPaBHUKIB i peskumu npoBegenusa nporecy XMII gnsa dopmyBaHHA BUCOKOAKIC-
moi mosepxui monokpucranis CdTe, Zn,Cd,_ Te i Cd,Hg,_Te.

1. Introduction

Such methods of chemical dissolution of
single crystals that provide the rate and
reliability of obtaining results in conjunc-
tion with the relative simplicity and avail-
ability of the implementation of operations
of surface chemical etching should be used
in the manufacture of modern electronics
devices to prepare a quality surface of II-VI
semiconductor materials [1-3]. These prob-
lems are successfully solved by chemical
etching of semiconductor wafers, in particu-
lar chemical-mechanical polishing (CMP).
This method allows obtaining a higher qual-
ity surface compared to polishing abrasive
[4, 5]. Polished surface of semiconductors is
characterized by an ideal structure, high
purity and homogeneous physical proper-
ties, which obviously is associated with the
perfection of the chemical dissolution of the
surface using this method. The process of
CMP is performing on a polishing member
which is made of soft natural or artificial
fabrics and the etching solution is dropped
onto it at a controlled rate. In this case, the
chemical dissolution of the surface layers of
the semiconductors is due to the initial re-
agents of the etching solution, and polish-
ing member mechanically removes the prod-
ucts of their interaction and the residuals
of the semiconductor material [6].

It was found in [7] that the CMP of CdTe
single crystals and of Cd,_Mn,Te, Cd,_Zn,Te
solid solutions surfaces with alkaline solu-
tion of colloidal silica gives an oxide layer
of minor thickness and a minimal contami-
nated surface with a composition close to
the stoichiometric. In addition, the viola-
tion of the plane-parallel surface of the wa-
fers was not found, but if the CMP was
performed for more than 25 min, there was
an increase in defects and surface oxida-
tion. The authors [8] used bromine-contain-
ing etchant Bro—HBr—ethylene glycol (EG)
for the CMP of the surface of Cd,;_,Zn,Te
solid solutions, and in [9], chemical etching
of this material was carried out with a solu-
tion with a volumetrie fraction of 0.5 % Br,
in CH3OH. The dependence of the rate of
Cd,Hg,_,Te chemical dissolution on the con-
centration of bromine-methanol etchant is
published in [10]. Authors have established
that the research of the depth inequalities
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dependence on the composition of the
etchant provides an opportunity to find op-
timal conditions for surface treatment. It
has been found that at the first stage of
Cd,Hg,_,Te treatment are best carried out
in a solution with a high concentration of
the active component (about 2.5 vol. % Br,
in CH30H), and the final stage is is neces-
sary to accomplish using low concentration
of the active component (0.5 vol. % Br, in
CH30H). Sometimes, instead of methanol, EG
or glycerin (GL) is used, which increases the
viscosity of solutions for CMP and gives the
chance to obtain a smooth and mirror surface
with a minimum thickness of the broken layer
which does not exceed 1 pm and the surface of
the samples becomes crystallographically per-
fect. The use of solutions with a Br, content in
CH30H less than 0.1-0.2 vol.% leads to the
formation of a Te thin layer with the thickness
from 10 to 40 A [10].

However, these bromine-containing etch-
ing solutions are aggressive, have high
rates of chemical dissolution of the mate-
rial, and their components are highly toxic.
Therefore, there are difficulties in their
preparation, control of their composition,
and also for this it is necessary to apply
special equipment. More practical and prom-
ising are bromine-emerging etchants [11-13]
in which Br, is released when the initial com-
ponents — HBr and the oxidizing agent (HNO;,
H,05, KyCryO; ete.) are interacting. Bromine
dissolves in excess of HBr and forms etching
compositions that are similar to the composi-
tion and properties of Br, in HBr solutions.

Analyzing the literature concerning the
chemical-mechanical treatment of the sur-
face of II-VI semiconductor compounds
[1-13], systematic researches on the use
of bromine-emerging etchants based on
K5;Cry,O7 and HBr for CMP of CdTe single
crystals and their solid solutions were not
found. However, our previous researches
have shown the perspective to use of such
etchants for CMP of mentioned above
semiconductors.

The purpose of this work is to investi-
gate the peculiarities of chemical-mechani-
cal polishing of CdTe single crystals and
Cd,_Zn,Te and Cd,Hg,_,Te solid solutions
with bromine-emerging aqueous solutions
based on K,Cr,O,—HBr—solvent, revealing
the influence of the nature of viscous com-
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ponents for the dilution of the base etchants
on the rate and quality of CMP, to investi-
gate the polished surface through atomic
force microscopy and to develop and to opti-
mize the composition of polishing etchants,
and to create the technique and modes of
the CMP of semiconductors.

2. Experimental

Undoped single crystals were used for
experiments: CdTe, Zngy.CdygTe and
Cdg,oHgpgTe grown by the Bridgman
method and Zng4CdgggTe obtained from
the gas phase. The samples with 0.5 ¢cm? in
area and 1.5 to 2 mm thickness were cut
from the single-crystalline ingots by a dia-
mond wire saw lubricated with distilled
water during the cutting process. Cutting is
accompanied by intense mechanical impact
on the surface and causes it defectives and
a degree of roughness. The disturbed layer
formed during the cutting, was partially re-
moved by mechanical grinding using abra-
sive powders of grades M10, M5 and M1 in
the form of aqueocus suspensions. The cut-
ting-induced surface deformation layers was
removed by mechanical polishing of samples
with diamond paste of ASM grade 7/5, fol-
lowed by ACM 3/2 and ACM 1/0 with the
gradually reduced abrasive grain size. After
each stage of mechanical treatment for re-
moving from the surface of residues of abra-
sive powders, material particles and other
contaminants, inter-operative cleaning was
performed according to the developed techno-
logical scheme: washing (H,O dist. + surfac-
tant) — washing (H,O dist.) —» degreasing
(acetone, CoH5OH) — drying (dry air flow).

Before the realization CMP, the disturbed
surface layers of the samples that were pre-
viously smoothed and mechanically polished
with thickness from 80 to 100 um was re-
moved by etchant based on HNO3;-HBr—C4HgOg
(at V=35 um/min). Plates were washed
thoroughly with a 0.25 M solution of
Na,S,0; and large amount of distilled
water after etching.

The etching mixtures were prepared be-
fore starting measurements from 40 % HBr
(high purity), 10.9 % aqueous solution of
chr207, 27 % tartaric acid (C4H606)’
20 % glycerol (C3zHg(OH);) and EG
(CoH4(OH),) (all reagents high grade), and
maintained for 2 h to establish the equilib-
rium of the chemical reaction:

=2CrBry + 3Br, T + 2KBr + 7TH,0
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For the CMP, a glass polisher was used,
covered with batiste. The main attention
was paid to the stable structure of the fab-
ric and its mechanical and chemical durabil-
ity to the components of the etchant. The
polishing mixture were continuously
dropped onto the polishing member by a
drip method from a dropping funnel with a
built-in dispenser at a rate of 2-3 ml/min
at T =293 K. At the end of the etching
process, the plates were quickly removed
from the etchant and immediately washed
in 0.1 M Na,S,05 aqueous solution and dis-
tilled water to completely remove from the
surface of the residues of the etching mix-
ture. The dissolution rate was determined
by the thickness reduction of single crystal
before and after CMP using 1-MIGP time
indicator with precision +0.5 um.

Microstructure of the samples surface
after the CMP was investigated at white light
using metallographic microscope MIM-7 with
8 Mpix digital video camcorder eTREK
DCM 800. The quality of polished surfaces
was assessed by atomic force microscopy
(AFM) using intermittent contact mode im-
aging on a NanoScope IIla Dimension
3000TM scanning probe microscope (Digital
Instruments, USA).

3. Results and discussion

The chemical dissolution of the semicon-
ductor surface often requires simultaneous
reduction of the plate’s thickness to the
given size while flatness is retained. The
application of the method of chemical-dy-
namic polishing (CDP) does not always
allow obtaining a polished surface with an
ideal plane in a macroscale, and in such
cases it is better to use the method of CMP.
It should be noted that the rate of removal
of a layer of semiconductor material from
the surface of single crystals by the CMP
due to the simultaneous action of the chemi-
cal and mechanical components is several
times higher than using the etchant of the
same composition for the CDP.

Several polishing base solutions (B) (vol. %):
B1 = 35K,Cr,0,~50HBr-15 tartaric acid and
B2 = 35K,Cr,0,-50HBr-15 ethylene glycol,
characterized by low rates of CDP and high
polishing properties have been developed for
experimental research. Immediately before
the CMP by the base etchant B1, there was
additionally introduced a certain amount of
viscosity modifier — C4HgOg (tartaric acid
— TA), and the base etchant B2 was gradu-
ally diluted with viscous ethylene glycol
(EG) or glycerin (GL) for develop slow pol-
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Fig. 1. Dependences of the CMP rate of CdTe
(1), Zngo,CdygeTe (2) and Cdgy,HgggTe (3)
single crystals versus the tartaric acid con-
tent in the basic etchant Bl containing (vol.
%): 85K,Cr,0,~50HBr-15C,HOq (area I —
polishing and II — non-polishing etchants).

ishing mixtures and diminishing the rate of
CMP (diminishing the content of the active
component) and improving the quality of
the etching surface of CdTe, Zn,Cd,_Te
and Cd,Hg,_,Te.

We determined that the rate of the CDP
in the Bl solution based on K,Cr,O;,—HBr—
C4HgOg for the CdTe is 4.2 um/min, for
Zng04CdggTe — 4.7 um/min and for
CdgoHgg gTe — 5.7 um/min, and the rate of
CMP is much higher and is 25 wm/min,
32 ym/min and 16.5 pm/min, respectively.
It was found (Fig. 1) that, with increasing
the amount of tartaric acid additionally in-
troduced in Bl, the rate of CMP gradually
diminishes within the studied etchant solu-
tion interval from 16.6 to 0.75 pm/min for
CdgoHgg gTe, from 25 to 1.8 pum/min for
CdTe and from 32 to 1.6 um/min for
Zng 94Cdg ggTe. It was established that non-
polishing solutions are formed in the range
of concentrations (0-40 vol. % C4HgOg—B1),
and the surface of treated single crystals
becomes a matt light gray. The surface of
all single crystals is polished and acquires a
mirror luster, and the rate of CPM is in
range of 16-2.2 um/min with increasing tar-
taric acid content from 40 to 80 vol. % in the
etchants. A thin white film is formed on the
surface of semiconductors with increasing the
viscous component content in the polishing
mixture (up to 90 vol. % of C4HgOg).

The dependences of the CMP rate versus
dilution B2 with ethylene glycol and glyec-
erol are similar. It was established (Fig. 2)
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Fig. 2. Dependences of the CMP rate of CdTe
(1), Zng4CdgosTe (2), Cdy,HgygTe (3) and
Zn, 4Cd, gTe (4) single crystals versus the EG
content in the basic etchant B2 containing
(vol. %): 85K,Cr,0,~50HBr-15EG (I — pol-
ishing and II — non-polishing etchants area).
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Fig. 8. Dependences of the CMP rate of CdTe
(1), Znyo,CdygeTe (2) and Cdy,HgggTe (3)
single crystals versus the glycerol content in
the basic etchant B2 containing (vol. %):

that when the concentration of EG in B2
increases from 30 to 70 vol. %, the polish-
ing solutions are formed, the surface of the
etched single crystals is polished and has a
mirror luster, and the rate of the CMP is
within (um/min): 8.6-3.0 for Cdg,HgggTe;
9.3-4.0 for CdTe; 9.7-4.7 for
Zn004Cd096Te and 10.5-5.0 for
Zng 4Cdy gTe. Such etching mixtures can be
used for CMP with controlled small rate of
chemical dissolution. If the content of the
viscosity component is increased up to
90 vol. % EG, the dissolution rate will be
significantly reduced to 0.8-1.6 um/min
and a polished surface of lower quality
("metallic shine”) is formed.
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Fig. 4. Dependences of the CMP rate of CdTe (a), and Zn; ,Cdy ggTe (b) single crystals from the
dilution of the basic etchant by a viscous organic solvent (tartaric acid, ethylene glycol and

glycerol).

Dilution of the B2 solution by glycerol
leads to the formation of polishing solutions
at all the investigated range (Fig. 3) and
allows obtaining a high-quality polished
surface with a mirror luster without films
and sediments. As can be seen from Fig. 3,
the rate of CMP decreases from 18.7 to
1.25 ym/min for Cdg,Hgg gTe, from 19.3 to
1.2 ym/min for CdTe, and from 2.3 to

1.4 um/mln for Zn004Cd096Te with retain-
ing high quality polishing if the etchant B2
is diluted by glycerol.

The regularities of the etching rate chang-
ing of single crystals and their surface after
the CMP have been investigated (Fig. 4) to
find out the influence of the nature of the
viscosity modifier on the rate of CMP and the
character of the chemical dissolution of CdTe
single crystals and Zn,Cd,_, solid solutions.
It has been established that for all semicon-
ductors the dependences are similar, and
Veoup decreases and the quality of the pol-
ished surface is improved if the base solu-
tion is diluted with such solvents: tartaric
acid — ethylene glycol — glycerol.

This dependence could be associated with
a decrease in the ionization constant in the
solvent series and an increase in the kine-
matic viscosity of organic solvents. There-
fore, the bromine diffusion which is re-
leased in the etching composition occurs
uniformly. Increasing of the viscosity of the
etching mixtures, leads to the formation of
shiny surface with smoothing her with
minimal contact between the polishing fab-
ric and the treated sample. There is also a
regularity of the chemical dissolution
change rate of CdTe and Zn,Cd,_,Te single
crystals from solid solutions composition: in
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all etchants, the rate of CMP increases and
the quality of the polished surface improves
with increasing content of Zn in the solid
solutions.

Metallographic analysis of the CdTe and
Zn,Cd,;_,Te surfaces showed that after the
CMP treatment with B2 solution, the qual-
ity of the polished surface is the best (met-
allographic microscope MIM-7 with 8 Mpix
digital video camcorder eTREK DCM 800).
Therefore, AFM studies were conducted only
for samples treated with etchants at different
ratios B2:organic solvent (EG, GL).

2D AFM-images for the samples of CdTe
single crystals after CMP treatment using
different etchants compositions are given
(Fig. 5). Figure b5a illustrates AFM-image of
the CdTe sample after CMP treatment with
etchant compositions (vol. %): 30 B2/70
EG, taken on the edge of the polishing re-
gion (Fig. 2). Figure 5b and 5c illustrates
the surface images of the CdTe after CMP
polishing etchants with the same composi-
tion but with different organic components.
In all cases a polished surface is formed
with the roughness parameters according to
the requirements for the polished surface in
the production of semiconductor materials
(R, < 10 nm) [14]. It should be noted that the
use of glycerin as an organic solvent in the
CMP processing of the CdTe semiconductor
wafers contributes to the formation of a
super-smooth polished surface with R, <1 nm
(Fig. 5c).

The results of the surface morphology in-
vestigation of the CdTe sample after the CMP
in which the glycerin was used (Fig. 5¢) dem-
onstrated that the surface is densely packed
with round-shaped grains of 20-30 nm in
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size, also, pores with a depth of 4-10 nm
and a diameter of 30-40 nm are present.
The mean square roughness of a fragment
of such a surface is equal to 0.59 nm (see
Table).

Table gives the parameters of the surface
(real surface area, mean square roughness)
of the CdTe samples after CMP treatment at
dilution of the basic etchant using different
organic solvent (ethylene glycol and glycerin).

On the basis of the obtained experimen-
tal data, it was determined that by intro-
ducing different amounts of viscosity modi-
fier to the composition of etching solutions
it is possible to regulate the rate of the
CMP of the mention above semiconductors.
Thus, using the same reagents one can ob-
tain polishing etchant compositions with the
necessary spectrum of dissolution rates for
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Fig. 5. AFM-images of the CdTe crystals sur-
face after CMP treatment with etchant com-
positions (vol. %): 30B2/70EG (a), 50B2/50EG
(b), 50B2/50GL (c) (processing time T = 2 min).

Table. Surface parameters of the CdTe sin-
gle crystals after CMP treatment with pol-
ishing etchant compositions B2 (vol. %:
85K,Cr,0,—50HBr-15EG)/organic solvent

Etchant Roughness parameters for a

compi)sition, 3x3 p.mz surface fragment
0,
vol. % Real surface Mean square
area, mm roughness R, nm

30B2/70EG 9.11128 6.13
50B2/50EG 9.12549 2.12
50B2/50GL 9.02388 0.59

various technological purposes. Etching so-
lutions with rate of CMP greater than
20 um/min can be used to quickly removing
damaged layers as a result of mechanical
grinding and rapidly reducing the thickness
of the plate. Etchants with etch rates from
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10 um/min to 20 wm/min can be used for
controllable thinning of the plates to the
given thickness while flatness is retained
and with rates of CMP less than 10 um/min
can be used to removing thin layers of ma-
terial, chemical processing of films, and fin-
ishing polishing. Therefore, this method al-
lows reducing the duration of semiconduc-
tors chemical treatment and simplifying the
washing stages of polished plates, since in
all cases the etchant compositions are com-
posed of the same components taken in vari-
ous ratios.

4. Conclusions

The chemical-mechanical polishing of the
surface of CdTe single crystals and solid
solutions of Zn,Cd,_,Te, Cd,Hg,_,Te by the
etchants based on aqueous solutions of
chr207—HBr—C4H606 and K2Cr207—HBr—eth-
ylene glycol has been investigated. It was es-
tablished that by introducing into the compo-
sition of basic solutions of different amounts
of viscosity modifiers, it is possible to regu-
late the rate of CMP of the semiconductors
and to receive etching solutions with a wide
spectrum of etching rates (0.8-32.0 um/min).
New slow bromine-emerging etchants have
been developed, which have high polishing
properties and low rates of chemical dissolu-
tion. The structural perfection and quality of
the polished surface have been investigated
by atomic force microscopy. Optimized com-
positions of polishing etchants and techno-
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logical modes for treatment of the surface
can be used for controlled removal of lay-
ers, chemical treatment of films and finish-
ing polishing of the surface of CdTe,
Zn,Cd,_,Te and Cd,Hg,_,Te.
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