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The process of chemical treatment of undoped and doped ZnSe crystals surfaces by
bromine emerging solutions has been investigated. The depending of dissolution rate on
the etchants composition, their mixing and temperature has been studied. Concentration
bounds of polishing solutions have been determined. The surface state after chemical
etching has been established using electron microscopy and low temperature photolumines-
cence. The etchants compositions for semiconductors chemical polishing have been opti-
mized. The comparative characteristics of two etching compositions H,O,~HBr—ethylene
glycol and H,O,-HBr—oxalic acid have been shown to obtain high-quality polished surface
of zinc selenide.

Hccaemopan mpolece XUMHUYECKOH 00paboOTKM IIOBEPXHOCTH HEJErnpPOBAHHBIX H JIETHPO-
BAHHBIX KPUCTAJIOB ZNSe GPOMBBIACIAIIUMY pacTBopamMu. MayuyeHbl 3aBUCHUMOCTU CKOPOC-
TH PACTBOPEHUS OT COCTABA TPaBUTeJel, MX IepeMelluBaHuA u TeMmueparypbl. OupeneneHnl
KOHIICHTPAIMOHHbBIE I'PAHUIILI IIOJUPYIOIUX PACTBOPOB. MeTomaMu 3JIeKTPOHHOM MUKPOCKO-
IU¥ 1 HUBKOTEMIIEPATYPHOU (OTONIOMUHECHEHIUY YCTAHOBJIEHO COCTOAHHE I[IOBEPXHOCTHU
[ocjae XUMHUUYECKOro rpasBiaeHud. ONTHMMUBMPOBAHBI COCTABBL TPABUJILHBIX PACTBOPOB s
XUMUYECKOI0 IIOJMPOBAHUA IIOJYIPOBONHUKOB. IIOKasaHa CPABHUTENbHAA XAPAKTEPUCTUKA
ABYX TpaBuMAbHEIX KoMmnosunuit H,O,—HBr-srunenrmuxons, H,O,~HBr-masenesas xucnora
IS TIOJYYEHNS BLICOKOKAUECTBEHHON IMOJMPOBAHHON MOBEPXHOCTH CEJEHHIA IUHKA.

Ocobruseocmi posuunenna ZNSe 6 mpasunvrux romnosuyiax H,O,—HBr-emunenzaixons
(okcanamna rucaoma). A.C.Kpasyosa, B.M.Tomawur, 3.O.Tomawur, [.B.Cmpamiiuyk,
AO.Rypur, C.M.Karumuyrx, C.M.I'ankxin.

Hocaimxeno npomec ximiuaol o6poOKM IOBEPXHiI KpuCTaJNiB HEJIEroBaHOTO Ta JIEMOBAHOI'O
amoMigiem i Tenrypom ZnSe GpoMBHAINAUNMYE POSUYMHAMY. BHBUEHO 3aJICKHOCTI IMBAAKOCTL
PO3UMHEHHS BijJ CKJIaly TPaBHHKIB, iX mepemiiryBaHHs i Temmeparypu. BusHaueHO KOHIIEHT-
pamifini mexxi mosipyrouux posuuHiB. MeTomamu eneKTPOHHOI MiKpoCKoIil Ta HU3bKOTEMIIE-
parypuoi doToaroMiHecneHil BCTaHOBJAEHO cTAaH HMOBePxHIi micas ximiunoro rpasiaenusa. Oiu-
TUMi30BaHO CKJAaIM TPABUJILHUX PO3UMHIB IiA XiMiuHOro moJsipyBanusd HAIIiBIIPOBiOHUKIB.
Tloxkasana mOpiBHATRHA XapaKTePUCTUKA ABOX TpaBMAbHMX Kommosuri#t H,O,—HBr-etn-
nenrmaikons, Hy,O,—HBr-oxcanmaTaa xucioTa Ana OTPUMAHHA BHCOKOAKicHOI mosmipopamoi mo-
BEePXHI IMUHK CeJIeHigy.
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1. Introduction

In recent years zinc selenide crystals are
considered as the most promising materials
for using in scintillation bolometers at ex-
perimental searching of double B-decay. In
manufacturing of devices based on semicon-
ductor materials the problem of getting
high-quality surface on final stage of
chemical treatment remains one of the topi-
cal ones in the modern semiconductor mate-
rials science [1]. In practice, to prepare sur-
face with the needed quality, usually, it is
used the chemical-mechanical (CMP) and
chemical-dynamic polishing (CDP) in spe-
cially selected etching compositions [2].
Chemical etching of semiconductors is based
on the processes of their dissolution. There-
fore, the knowledge of kinetic peculiarities,
mechanisms and character of semiconductor
dissolution is an important condition of the
selection of appropriate solution etchants
compositions for polishing.

Chemical modification of the II-VI semi-
conductor compounds surfaces often carried
out using bromine containing mixtures [3-
8]. In particular, to obtain a more perfect
polished surface of ZnSe crystals bromine
containing etching compositions such as Bry
in methanol or ethanol with different bro-
mine content have been used [9-15]. For
chemical etching of ZnSe crystals with ori-
entation (111) a solution of 0.4 %
Br,/CH30H at the boiling point can be used
[10]. In [11, 12] the zinc selenide semicon-
ductor wafers were treated with 2 % solu-
tion of Br, in CH;OH at T = 273-283 K. At
the treating of ZnSe surfaces with 0.5 %
solution of Br, in CH30H the formation of
etching pits on the polished plane (111)
were observed [13]. In [14] after the pre-
vious mechanical treatment of ZnSe (111)
crystals with diamond pastes of 0.25 um
graininess, they were carried out its etching
by 0.5 % solution of Br, in CHZOH. The
processes of doped ZnSe samples etching
were carried out by solution that contains
10 % Bry in C,H5OH for 2 min. [15].

However, the high toxicity and difficulty
of process conditions at the using of bro-
mine containing etchants lead to searching
for a new, less toxic and more technological
etching compositions with low dissolution
rates of semiconductor surfaces. An alterna-
tive to bromine containing etchants is bro-
mine emerging compositions, including so-
lutions based on Hy;0,—HBr, which can be
used even at 291-298 K. In these mixtures
bromine is produced in the process of com-
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ponents interaction that means that all bro-
mine takes part in the chemical etching.

In this paper, we have reported the
chemical dissolution peculiarities of un-
doped and aluminum or tellurium doped
ZnSe crystals by H,O,—HBr—organic solvent
etching compositions. We have investigated
the dependence of semiconductors dissolu-
tion rate on the etchants composition, their
mixing, temperature and doping of crystals,
the determination of concentration regions
of polishing solutions and surface morphol-
ogy after chemical etching, the optimization
of etchants composition for semiconductors
chemical polishing and technological condi-
tions of CDP to use them in producing ma-
terials for making working elements of opti-
cal and electronic devices.

2. Experimental

The research was carried out on crystal
wafers of undoped ZnSe (I) (without ther-
mal annealing), ZnSe (II) (after thermal an-
nealing) and doped ZnSe(Al) and ZnSe(Te)
crystals, which were grown by Bridgman
method. Cylinders with 51 mm in diameter
and 44-50 mm in height were cut from the
crystal ingots using a diamond wheel with
internal cutting edge. Then they were di-
vided into plates 5x5 mm?2 and 1-2 mm

thickness and sample area =25 mm?2 using
diamond-wire cutting technology, when in
the cutting process the string was mois-
tened with distilled water.

The semiconductor cutting is accompa-
nied by intensive mechanical effect on the
crystal, and as a result the obtaining sur-
face contains irregularities and damaged
layer of different thickness that depends on
the material nature. Such irregularities and
damaged layer can be partially removed by
the mechanical polishing. There it was
noted [1, 2] that the damaged layer of ZnSe
is 100-150 um after cutting diamond
blades, that’s why it is necessary to carry
out the process of mechanical polishing.

The mechanical polishing of ZnSe (1),
ZnSe (IT), ZnSe(Al), and ZnSe(Te) samples
was performed using the aqueous suspen-
sions abrasive powder M 10 and M 5 graini-
ness. After mechanical polishing undoped
and doped ZnSe a thickness of the damaged
layer was about 10-30 um [1] and it can be
removed using CMP.

The etching mixtures were prepared
using HBr, H,O, and organic solvent, and
held them before etching for two hours to
complete the interaction of components:

Functional materials, 20, 3, 2013



A.S.Kravtsova et al. / Peculiarities of ZnSe ...

b)

vol.%

N

A @ o e,

vol.% 80

A 20 0 60

vol.% 80 B

Fig. 1. Concentration dependences (T = 293 K and y = 86 min™1) of the etching rate (um/min): (a) —
ZnSe (1), (b) — ZnSe (II), (c) — ZnSe(Al), (d) — ZnSe(Te) at a volume ratio H,O,:HBr:EG on vertexes of
ABC: A — 10:90:0, B — 10:10:80, C — 16:84:0 (I — polishing and II — unpolishing regions).

H202 + ZHBI’ = BI’2 + 2H20.

For CMP samples we have developed pol-
ishing composition (in vol. %): 10
H,05:10HBr:80EG, which is characterized
by high polishing ability and small etching
rates (V = 13 um/min). The CMP process of
wafers was carried out for 5 min at
T = 298 K using a glass polisher, covered
with cambric tissue. We were developed the
washing method after chemical polishing,
the samples were washed by 0.01 M aqueous
NayS,03 solution, with distilled water and
isopropyl aleohol using wultrasound at
T = 308 K.

The CDP process was performed by kinet-
ics dissolution investigation setup using the
method of rotating disk. The crystals on
glass substrates were rotated in etchant
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with speed rotation of 86 min! at 298 K
for 2 min. The glass substrates were held in
fluoroplastic disk. After each operation of
chemical etching samples were washed by
the method developed by us, and then dried
in a stream of dry air.

Concentration dependences of etching
rate of doped and undoped ZnSe were stud-
ied using the method of mathematical simu-
lation of the experiment on the simplex.
The phase diagrams of "etchant composition
— etching rate” were constructed.

The crystal dissolution rates were regis-
tered by reducing its thickness before and
after etching with an electronic indicator
TESA DIGICO 400 with an accuracy of
10.2 mm.

Investigation of morphology of ZnSe sur-
face after different stages of mechanical
and chemical treatments were carried out
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Fig. 2. Concentration dependences (T = 293 K and y = 86 min™1) of the etching rate (um/min):
(a) — ZnSe (I), (b) — ZnSe (II), (c) — ZnSe(Al), (d) — ZnSe(Te) at a volume ratio H,0,~HBr-C,H,0,
on vertexes of ABC: A — 10:90:0, B — 10:10:80, C — 16:84:0 (I — polishing and IT — unpolishing

regions).

using a desktop electron microscope JEOL
JCM-5000 NeoScope with increasing
%x10,000.

Photoluminescence (PL) spectra were per-
formed using spectrometer MDR-23 (spec-
tral range 200-1000 nm) coupled with FEU-
100 photomultiplier with excitation by a
405 nm DPSS-laser. For low-temperature
measurements UTREKS K.41 liquid helium
system of cryostatting was used.

3. Results and discussion

When we study the CDP peculiarities of
undoped and doped ZnSe crystals in Hy,Op—
HBr solutions it was found that the most
perspective for creation of polishing
etchants with average speeds removal of
material (12—-22 um/min) are solutions con-
taining 10-16 vol. % H,0O, in HBr. An in-
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troduction of the solvent in such etchant
reduces the concentration of an active com-
ponent in the solution. As a result, we can
obtain lower polishing rates and signifi-
cantly better polishing properties.

For our experiments the concentration
ranges of solutions, bounded by a triangle
ABC, were selected, where the volume com-
ponents ratio HyO,:HBr:EG (C,H,0,4) on tops
is correspondingly (in vol. %): A —
10:90:0, B — 10:10:80, C — 16:84:0.

The phase diagrams of "etchant composi-
tion — etching rate” from the research of
etching rate dependences of undoped and
doped ZnSe on the etching compositions
H,O,—HBr—EG  (Fig. 1) and H,O0,—HBr—
C,H,04 (Fig. 2) were constructed and the
concentration limits of polishing (region I)
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Fig. 3. Dependences of the dissolution rate (Uum/min) vs the speed rotation at 293 K (a) and the
temperature at Y= 86 min ! (b) of the crystal surfaces of 1 — ZnSe (I), 2 — ZnSe (II), 3 —
ZnSe(Al) and 4 — ZnSe(Te) in the solution containing (vol. %):11.5 H,O,: 48.5HBr:40C,H,0,.

and unpolishing (region II) solutions were
found.

As can be seen from Fig. 1 the minimal
dissolution rates of ZnSe (I), ZnSe (II),
ZnSe(Al), ZnSe(Te) semiconductor crystals
were observed in the etching solutions,
which enriched with EG solution (near ver-
tex B in the ABC triangle) and the maxi-
mum dissolution rates were observed in the
compositions with a maximum content of
hydrogen peroxide (the vertex C). The dia-
grams are similar and characterized by a
similar location of the etching rate con-
tours, as well as the size and location of the
region polishing solutions. It suggests that
both undoped and doped crystals of zinc se-
lenide have similar mechanisms of interac-
tion with H,O,—HBr-EG etching composi-
tions.

It was shown, that the polishing solu-
tions contain (in vol. %) (10-16) H,O5:(568—
90)HBr:(0-30)EG, and the optimal CDP
rates value for undoped material is 4.3—
23.3 and 4.5-23.3 um/min for doped ones.

In the case of Hy,O,—HBr-C,H,0, etching
compositions, the etching was performed at
298 K and y = 86 min 1. As shown in Fig. 2
the minimal dissolution rates of ZnSe (),
ZnSe (II), ZnSe(Al), ZnSe(Te) semiconductor
crystals were also observed in the etching
solutions, which enriched with oxalic acid
solution (the vertex B in a triangle ABC)
and the maximum dissolution rates were ob-
served in compositions with a maximum
content of hydrogen peroxide (the vertex
C). The obtained diagrams are also similar
and characterized by a similar location of
the etching rates contour, as well as the
size and location of the region polishing so-
lutions. It is allowed us to suppose that
both undoped and doped crystals of zinc se-
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lenide have the similar mechanisms of inter-
action with H,O,—HBr-C,H,0, etching com-
positions. In the case of C,H,04 as the third
component, the range of polishing solutions
with medium etching rates is (in vol. %)
(10-16)H50,:(38-90)HBr: (0-49)C,H,0, at
Vepp = 7-3—28.3 um/min for undoped mate-
rial, and 11-22.3 pm/min for the doped
samples.

The developed scheme and washing
method of the undoped and doped ZnSe
after etching solutions of H,O,—HBr-EG are
effective for crystals cleaning after CDP by
H,O0,—HBr—C,H,0, solutions.

The study of dependences of the dissolu-
tion rate (V) on temperature and rotation
speed (y) were performed in polishing solu-
tions (in vol. %): 10H,0,:70HBr:20EG and
11.5H,0,:48.5HBr:40C,H,04. As an exam-

Table. Apparent activation energy (E,) and
logarithm of pre-exponential multiplier
(InCg) of ZnSe chemical dissolution in the
H,O,—HBr-organic solvent solutions

Semiconductor | E,, kJ/mol InCy
H,0,-HBr-EG
ZnSe (I) 7.6%1.5 5.510.6
ZnSe (1I) 8.116.3 6.0+2.5
ZnSe(Al) 8.2143.5 6.0+1.4
ZnSe(Te) 7.0+1.8 5.810.5
H,0,-HBr-C,H,0,
ZnSe (I) 5.01£3.7 4.5%1.5
ZnSe (II) 6.015.7 5.1+2.3
ZnSe(Al) 5.944.2 0.3+1.7
ZnSe(Te) 5.7+3.2 4.9+1.3
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Fig. 4. Low-temperature (T = 5 K) photoluminescence spectra of (a) — ZnSe (1), (b) — ZnSe (II),
(c) — ZnSe(Al), (d) — ZnSe(Te) after: I — mechanical polishing, 2 — CDP by H,0,~HBr-EG (dotted
line), 3 — CDP by H,0,~HBr-C,H,0, (dashed line).

ple the graphic etching rates dependence on
the speed rotation of the disk are presented
in Fig. 3, which are constructed in the coor-
dinates v1 ~ y"1/2 at y = 36-120 min~! (T =
298 K), and on the temperature in the coor-
dinates lnv ~1/T in range of T = 283-
308 K (at y =86 min~1). As shown in Fig.
3a, the straight lines I1—4 can be extrapo-
lated to the origin of coordinate, and this
shows that the interaction processes of
ZnSe (1), ZnSe (II), ZnSe(Al), ZnSe(Te) with
H,O,—-HBr-C,H,0, solutions are limited by
diffusion stages [2]. The values of apparent
activation energy (E,) and logarithm of pre-
exponential multiplier (InCy), which are de-
fined from the results of the temperature
dependences of the etching rate (Fig. 3b),
are confirmed the limitation of the dissolu-
tion by diffusion stages, because for all
studied materials E, value not exceed
35 kJ/mol (Table).

The excitonic PL lines and boundary lu-
minescence could be distinctly shown in the
spectra of low-temperature PL (T =5 K).
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The specified PL regions are very sensitive
to nonradiative losses at ZnSe crystal sur-
face. Therefore, the low-temperature PL is
very important for studying the surface
after appropriate treatments (grinding, pol-
ishing, and etching). The mechanical polish-
ing of semiconductor crystals leads to a sig-
nificant weakening of PL intensity for the
both undoped and doped ZnSe samples,
which is due to nonradiative losses by new
centers introducing of defective light diffu-
sion surface with a significant thickness of
the damaged layer.

In Fig. 4 the low-temperature PL spectra
of ZnSe crystals after mechanical polishing
and after their treatment by H,O,—HBr-EG
and H,O,—HBr-C,H,0, etching compositions
are shown. Chemical polishing of the un-
doped ZnSe (Fig. 4a,b) leads to significant
increasing in the intensity of all PL bands,
and thus to an increase of the integral PL
intensity. For ZnSe(Al) crystals the treat-
ment by Hy;O,—HBr-EG and H,O0,—HBr—
C,H50,4 solutions provides only a slight in-

Functional materials, 20, 3, 2013
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Fig. 5. Surface morphology of ZnSe crystals after different types of treatment: a — cutting, b —

mechanical polishing, ¢ — CMP, d — CDP.

crease in the integral PL intensity (by
1.7 times after etching using H,O,—HBr-EG
solutions) and almost constant the integral
PL intensity (for H,O,—HBr-C,H,0, solu-
tions) (Fig. 4c). The surface state is signifi-
cantly improved by reducing the rate of
nonradiative recombination after such treat-
ment. But ZnSe(Te) etching using H,O,—
HBr-EG and H202—HBr—CzH204 solutions
leads to decreasing of PL intensity approxi-
mately twice (Fig. 4d). The above peculiar-
ity may be due to the fact that the treat-
ment of ZnSe crystals by H,O,—HBr-EG and
H,O,—HBr—-C,H,0, etching compositions
eliminates mainly only point nonradiative
recombination centers. The doped ZnSe(Te)
and ZnSe(Al) crystals contain more impu-
rity-defect complexes and complex centers
formed as a result of mechanical stress, and
that, in general, are centers of nonradiative
recombination.

A more detailed analysis of the experi-
mental results suggests that the developed
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etchants are characterized by different pol-
ishing ability for the samples with different
type of doping impurity. The presence of
one or another doping impurity influences
on ZnSe dissolution. It is shown that the
CMP and CDP processes result into im-
provement of the surface quality for the
investigated materials.

To assess the impact of the etching proc-
esses on the surface quality of semiconduc-
tor crystals, in particular, to reduce the
damaged layer, the microstructure of the
samples without treatment and after CMP
and CDP were compared (Fig. 5). The re-
sults of ZnSe surface electron microscopy
after CMP and CDP treatment revealed the
high-quality of the polishing surface.

4. Conclusions

The dependences of the dissolution rate
of undoped and doped ZnSe on the composi-
tion of etchants H,O,—HBr-EG and H,0,—
HBr-C,H,0,4, their stirring, temperature
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and shelf time have been investigated. It is
shown that the polishing mixtures are
formed in the following ratio of the compo-
nents (in vol. %): (10-16) Hy0,:
(85-90)HBr: (0-55) EG and (10-16)H,0,:
(88—90)HBr: (0-49)C,H,04. We have found
that the investigated etchants are stable in
time and preserve their polishing properties
during 24 h after preparing. It was deter-
mined that dissolution process of these ma-
terials is limited by diffusion stage. This is
confirmed by the low values of apparent
energy E <8 kJ/mol (in case of H,O,—HBr-EG)
and Eaﬁﬁ kJ/mol (1n case of H202—HBr—C2H204).
The controlled polishing rate of these mate-
rials within 12—-22 pm/min allows develop-
ing polishing etchants for thinning of wa-
fers to the specified sizes. The processes of
CMP and CDP lead to an increase of the PL
integral intensity for the undoped and
doped ZnSe crystals. The high quality of
the semiconductors surface after the chemi-
cal polishing process was confirmed by
using method of electron microscopy.
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