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Fig. 1 Photo’s of a light-emitting diode
crystal: (a) real image, (b) EBIC
(c) LED operation under

image,
forward bias. (from reference [88
M]).
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Fig. 2 Injection luminescence (LED operation) spec-
tra: A & B are considered to be from different
regions in the junction of the device. The diode
currents are indicated (the minus case is for
reverse bias). (from referece [89E]).
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Fig. 5 Cathodoluminescence of ¢cBN: (a) for crystals
of various origin, (b) from an n-type crystal,
(¢) from a p-type crystal, (d) from a forward
biased light emitting diode (AIL & BIL are
from Fig. 2).
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Fig. 8 n-type case, illustrations are similar to Fig. 7.
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Fig. 10 This figure (for the case of undoped
crystals) and the following two Fig’s
are schematics proposed for under-
standing the optical and electronic
processes in crystals of ¢cBN.
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Fig. 13 The emission spectrum of the US-1 band in an
undoped ¢BN single crystal at liquid nitrogen
temperature is shown together with its excita-
tion spectrum. The excitation is taken by
monitoring peak 3 of the emission. Both the
low and high energy side of the excitation are
normalized at the points X. The region
between them has not been brideged yet.
Photon energies of the peaks and their mutual
separations (in [ ]) in the emission spectrum
are shown below. Peak separations are
between the L.LO and TO phonon energies,
161.6 and 130.9 meV, respectively. 1: 3,533
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2.741.
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Fig. 14 Emission intensity change of

the US-1 band with tempera-
ture. Excitation was 3.815eV
on the low energy side of the
exctation spectrum.
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Fig. 15 Arrhenius plot of Fig. 14.
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Diagrams of the proposed elec-
tronic states and optical and elec-
tronic processes for the US-1 cen-
ter. (b) Taking account of phonon
participation.
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Fig. 19 V-I characteristics of ¢cBN for suc-
cessfully formed electrodes.
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Table 2 Examples of conduction characteristics of n-
and p- type cBN single crystals.

D n
conductivity
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Hall mobility
an/Ves 29> 15>
carrier concentration
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1
Q:n—-type
TN
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O 0.1 "
= ~z.._Eq:0.20eV
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S o001} // N
’U 1
O
O
0.001 L -t
2 2.5 3 3.5
~1
1000/T(K™)
Fig. 21 Temperature dependence of con-

ductivities of n- and p- type sin-
gle crystals of ¢BN measured
with ohmic electrodes.
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Fig. 22 (a)Belt-type high pressure and high tempera-
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Table 3. Chemical analyses of various ¢cBN single crystals. Methods are: for O, by an appara-
tus of LECO-TC-136; for C, by an apparatus of LECO-WR-12; for metals, ICP
emission spectroscopy after successive resolution of crystals: first, into molten sodium
hydroxide and then, into nitric acid.
undope n-type p-type
c d c
a b a b conductive non- a b confirmed
conductive conductive
0.1 0.09
C N.D N.D
Al N.D N.D N.D 0.002 N.D N.D 0.01 0.004 0.001
Be N.D N.D N.D N.D 0.0005 0.001 0.009 N.D 0.04
Ca 0.04 0.01 0.05 0.008 ND N.D 0.007 0.02 0.02
Cr N.D 0.002 0.002 0.001 0.0003 N.D N.D N.D 0.0002
Cu 0.005 0.002 0.001 0.001 N.D N.D N.D 0.002 N.D
Fe 0.006 0.001 0.001 0.006 0.0005 0.001 0.003 0.01 0.001
Li 0.007 0.002 0.003 0.003 0.02 0.0003 0.002 0.003 0.005
Mg 0.006 0.003 0.006 0.006 0.0003 N.D 0.003 0.01 0.0009
Mo N.D 0.002 N.D 0.004 0.002 0.001 2.0 0.04 0.06
Si 0.04 N.D 0.02 0.04 0.02 0.02 0.03 0.06 0.01>
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Fig. 23 Crystallographic polarity of ¢cBN.

Fig. 24

Principle of determining the
polarity of ¢cBN by Rutherford
backscattering.
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Fig. 26 (111) Nitrogen surface
morphology of cBN grown
from a Liz;BN, flux under
high pressure.
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Fig. 27 A micro-slope on the (111)
nitrogen surface of cBN
and its etching pattern by
the LiCaBN, flux.

Fig. 28 Morphology of a (111)
boron surface of cBN
grown from Li;BN, flux.

Fig. 29 Morphology of a (111)
boron surface of c¢BN
grown from LiCaBN,,
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Morphology of cBN

(solvenr:Li3 BN,, 5GPa, 2000K)

growth layers (111)Boron face

growth
striations

(111)Nitrogen face

Fig. 30 Surface morphology of ¢cBN crystals.

Fig. 31 Crystal habits of c¢BN grown
from fluxes under high pressure.
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Fig. 32 Etching pattern of the ¢BN
(100) surface by NaOH.

Fig. 33 Etching pattern of the cBN
(111) nitrogen surface by
NaOH.

c¢BN (111) boron surface
by NaOH.
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Fig. 35 Etching pattern of the cBN
(100) surface by HCI

-HNO;-H,O0.

Etching patterns
HCI-HNOs—H ,0
(2GPa,720K)
(111)B

NaOH

(1bar,800K)
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(117)N
A A

(100)

striations
i

Fig. 37 Etch pits on the (100) surface of
III-V compounds.
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Fig. 38 A furnace for synthesizing
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Fig. 39 X-ray diffraction pattern of LiCaBN,.
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