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Single crystals of various types of diamonds have been grown by the melt solution
crystallization at high pressures and temperatures. To define the emergences of disloca-
tions onto the {100} and {111} faces, the selective etching of the crystals in KOH and KNO,
melt has been used. It has been defined that the dislocation density, N, in diamond single
crystals grown at a low growth rate of 1-2 mg/h at T = 1420-1500°C is 0.8-3-102 ¢m ™2
and the dislocation densities, N, in single crystals grown at temperatures 1280-1450°C
and 1280-1350°C at growth rates of 8-5 mg/h and 20-25 mg/h are 1.1-2.2:103 and
1.06-1.85-10% ¢m 2, respectively.

Keywords: diamond single crystals, dislocations density, selective etching, etching pits.

MoHOKpPHCTANIBI alMas3a PasJIWYHBIX TUIIOB BBIPAIIEHBl METOLOM PAaCTBOP-PACIIABHON
KPUCTAIINB3ANNY [PU BBICOKHX [aBJIEHHUAX U TeMmieparypax. [[Jig ompexeseHWs BBIXOIOB
nucaoxanuil Ha rpadu {100} u {111} npumeHed mMerox M3GHUPATENLHOIO TPABJIEHUA KPUCTAJ-
nos B pacmmaBe KOH um KNOj. IlokasaHo, 4UTO IIOTHOCTH JHCJIOKAIMI Nﬂ cocTaBider
0,8+3-102 ¢cm 2 s MOHOKPHCTAJJIOB aJIMAsa, BEIPALEHHBIX [IPH HUSKUX CKOPOCTAX POCTA,
1-2 wmr/yac, mpu T = 1420-1500°C. Ona ckopocrteii BeIpamuBaHusg 3—5 mr/uyac m 20—
25 mr/uac nmpu remueparypax 1280-1450°C u 1280-1350°C, cooTBETCTBEHHO, BEIMUNHA Nﬂ
ompegmenena 1,1+2,2:10% u 1,06+1,35-108 ¢ 2.

3MiHA TyCTHHH OHCJIOKANiili MOHOKPHCTAJIB ajMa3y Pi3HUX THHOIB B 3aJe:KHOCTiI Bix
TemnepaTrypu BHpomyBaHHa i mBuakoctri pocery. O.M.Cynpyu, I'J[.Invnuyvka, BA.Kanen-
uyr, 0.03anescvruil, C.M.Ilesuyx, B.B.JIucarxoscvkuil.

MoHokpucTaniy aaMasy pisHHX TUIIB OTPHMAHO METOIOM PO3UMH-PO3ILIABHOI KpHCTaIisalii
Opy BUCOKOMY THCKY i Temmneparypax. [iasa BuBHAUeHHSA BUXOMAIB IHCJOKaIlill Ha rpaHi
{100} i {111} sacrocoBaro meron BUOGiIpKOBOTO TpaBjaeHHA Kpucraais B posmrasi KOH i KNO,.
IToxasano, 1m0 rycruHa guciaoxamin N 7 CTAHOBHUTD 0,8+8-102 cv 2 gnsi MOHOKPHCTANIB anmasy,
BUPOIEHNX NMPM HUBBKUX IMIBUAKOCTAX pocty, 1-2 mr/rox, mpu T = 1420-1500°C. Oasa ursuz-
Kocrell BupornyBanus 3—5 mr/rox i 20-25 mr/rog upm remmeparypax 1280-1450°C i 1280-
1350°C, BigmoBigHO, BeJIUUHHY Nﬂ BusHaueHo 1,1+2,2:10% i 1,06+1,35-10% ¢ 2.

1. Introduction solids crystal structure, differ from the real

data obtained by testing [1]. These differ-

The results of the investigations into ences appear because the existence of the
strength properties of solids performed with crystal lattice defects, first of all, disloca-
the use of calculated models, based on the tions, which are not allowed for in the cal-
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b)

Fig. 1. Etching pits typical for diamond faces (500X magnification): trigonal for {111} (a); tetrago-

nal for {100} (b).

culations. As it turns out, dislocations are
very stable defects and may essentially af-
fect the crystals properties, mainly me-
chanical [2].

To observe and detect the dislocations in
diamond single crystals, a selective etching
method was developed [3, 4]. It is found
that in etching of single crystals on their
faces there form faceted pits of the corre-
sponding symmetry, which are connected
with the sites of dislocations emergence [5,
6]. In etching the faces of the defective
crystals dissolve better than those more
structurally perfect. As a result of the dis-
solution there form the etching pits located
more or less randomly on a crystal faces.

The advantages of the selective etching
are the simplicity and rapidity of the appli-
cation, which allows one to define and study
the density and distribution of dislocations
within various single crystals [7T—14] as well
as to assess the crystals quality [15]. The
data obtained using the selective etching
rather well correlate with the results ob-
tained by other methods, e.g., when using
X-ray topography [16]. The methods of de-
tecting the dislocations by selective etching
are widely used for various types of crys-
tals, but for diamond there is a problem of
searching a suitable composition of the
etchant [5, 17].

The aim of the present study was to
choose the optimal conditions of the selec-
tive etching of diamond single crystals, to
define the etchability of faces, types and
shapes of the etching pits in order to define
the dislocations density in diamond crystals
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and its variation depending on the growth
temperature and rate.

2. Experimental

For studying we used types Ib, Ila, and
ITb diamond single crystals of sizes 3—7 mm
of cubooctahedral and cubic habits (the
crystals were grown by the temperature gra-
dient method [18, 19] at the rates of 1-2
and 3-5 mg/h) and spontaneous crystals of
size 1.2—2 mm with a cubooctahedral habit,
grown at the rate of 20-25 mg/h. All crys-
tals were with smooth faces, optically trans-
parent, and without visible inclusions at mi-
croscope magnification of 56x.

To apply the selective etching, we tested
and used various etchants, but the most ef-
fective was the composition of mixture of
potassium hydroxide (KOH) and niter
(KNO3) in the ratio of 3:1, which is widely
used to clean the surfaces in producing dia-
mond grinding powders. The crystals etch-
ing was performed in a muffle furnace at
the temperature of 550+10°C-660+£10°C and
ambient pressure, the time varied from 10
to 30 min. On etching the crystals were
thoroughly washed with distilled water and
ethyl alcohol.

The selective etching of samples pro-
duced by the temperature gradient was
started at 550—580°C and holding time from
10 to 30 min, then the temperature was in-
creased to 650-660°C and time from 30 to
60 min. Under these conditions the emer-
gence of dislocations appears as etching pits
on the crystals faces. The shape of the pits
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Table 1. Dislocations density in various types diamond crystals seed-grown by temperature
gradient in the thermodynamic stability region at pressure of 6-6.2 GPa, temperature of 1420—

1500°C, and growth rate 1-2 mg/h

Type of Growing Growth system Dislocations density | Amount of crystals
crystals temperature, °C Ny, cm™2 on the used for the
{100} faces calculation
Ib 1420+1450 Fe-Ni—-Co 0.8+1.8:102 6
Ila 1450+1500 Fe-Al-Zr 1.5+2.1-102 6
ITb 1450+1500 Fe—-Al-B 1.9+8.102 6

Table 2. Dislocations densities in diamond crystals seed-grown by temperature gradient in the
thermodynamic stability region at temperatures 1280-1450°C and growth rates 3.5—-5.0 mg/h

Type of Growth temperature, Growth system Dislocation density, | Amount of crystals
crystals °C em™2 on the {100} | used in calculations
faces
b 1280-1420 Fe-Ni—Co 1.1-2.1-103 8
ITb 1420-1450 Fe-Al-B 1.6-2.2:103 5

that form on the crystals faces coincides
with orientation of the faces [5] (Fig. 1).

3. Results

Figure 2 shows the typical etching pits
that appear on 100 faces of the type IIb
diamond single crystals. The specific spatial
arrangements of the dislocations in single
crystals and their emergence on the corre-
sponding faces of a cube and octahedron are
defined by the value and direction of the
Burgers vector & at the etching spot [6],
therefore, the shapes and sizes of the pits
are different (Fig. 2). An increase of the
etching time to 60 min and above results
not in increase of the etching pits number,
but only in the increase of their sizes.

As is known [20], the dislocation density,
Ng4, may be calculated by the formula:

Dy (1)

where D, is an average number of the etch-
ing pits, M, is the field area, cm?.

Dislocations density, N , that we experi-
mentally defined for 6 type IIb crystals
grown at 1420-1480°C (Table 1) is 1.9-
3.102 em~2, for other types of crystals these
values are evaluated at 1.5-2.1-102 cm~2
(type Ila, 6 measurements) and 0.8-
1.8-102cm 2 (type Ib, 6 measurements) (see
Table 1).

As is seen from the data listed in Table 1,
dislocations densities in different types
crystals grown in the temperature range
from 1420 to 1500°C differ little from one
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Fig. 2. Image of type IIb diamond crystal sur-
face after 145 min of etching, (100) face,
200x magnification; the crystal was grown at
p=6.1 GPa and T = 1450-1500°C using a
Fe—Al-B solvent, the dislocation density is
evaluated at 3-10%2 cm™2.

another. In this case we should note that
80 % of (100) and (111) faces have no
emergence of the dislocations.

Of a special interest was the growing of
types Ib and IIb diamond single crystals by
temperature gradient at the low tempera-
ture, i.e., the use of low-temperature sol-
vent based on the Fe—Ni alloy doped with
special alloying additions, which makes it
possible to grow structurally perfect single
crystals of the cubic habit at the tempera-
ture of 1280-1450°C with the growth rate
of 3.5-5 mg/h. The grown crystals exhib-
ited the extent of the cube faces develop-
ment to 90-95 % . We should note that un-
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a)

b)

Fig. 3. Surfaces of diamond crystals after etching for 20 min: type Ib, face (100), crystals grown

at 1280-1420°C (a); type IIb, face (100) grown at

1420-1450°C (b).

like the crystals grown at 1420-1500°C (see
Table 1), the crystals of the cubic habit
(Table 2) demonstrated the formation of the
etching pits (Fig. 3) at much lower etching
temperatures (550—560°C) and increasing
the dislocations density approximately by a
factor of 10.

We have also defined a change of the
dislocation density in single crystals pro-
duced by the spontaneous recrystallization
of graphite into diamond at the rate of ~20—
25 mg/h. Fig. 4 shows the picture of etch-
ing on (111) face of the diamond sample
grown by spontaneous crystallization at
pressure of 5.8-6 GPa and temperature of
1280-1350°C the dislocation density was
1.06-1.35-10% cm™2, the alloy-solvent was
Fe-Co—Mn. After spontaneous crystal-
lization the etching pits start to appear at
580°C; dislocations density was defined by
Eq. (1) as the average of three crystals.

4. Conclusions

Thys, our experiments give grounds to
conclude that use of KOH + KNOj etcher for
selective etching of diamond single crystals
makes it possible at temperatures of 550—
660°C to observe the picture of the emergence
of dislocations onto the faces and define the
dislocations density. In growing by the tem-
perature gradient the dislocation densities
of all types diamonds grown in the diamond
thermodynamic stability region in the tem-
perature range from 1450 to 1500°C at the
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Fig. 4. Surface of a diamond crystal produced
by spontaneous crystallization after etching
for 20 min (the crystal of type Ib diamond is
grown at p=>5.8-6.0 GPa and T = 1280-
1350°C, growth rate was 20-25 mg/h), 200x
magnification

growth rate of 1-2 mg/h is from 0.8 to
3.102 em 2. Types Ib and IIb diamond single
crystals grown in the thermodynamic stabil-
ity region at 1280-1450°C at the rate of
3.5—5 mg/h exhibit the dislocations density
of 1.1-2.2, which is an order of magnitude
higher as compared with the single crystals
grown at 1420-1500°C. The dislocations
density in diamonds produced by spontane-
ous recrystallization of graphite in carbon
solution at the temperature of 1280-1350°C
at the growth rate of 20-25 mg/h is 1.06-
1.85-108 cm™2. Increase of the rate of dia-
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mond growth results in the considerable in-
crease of the dislocations density.
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