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Point defects in hexagonal boron nitride. I. EPR, thermoluminescence, and
thermally-stimulated-current measurements
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When hexagonal boron nitride is exposed to ionizing radiation two types of paramagnetic centers
appear: three-boron centers and one-boron centers. Results of electron paramagnetic resonance,
thermoluminescence, and thermally-stimulated-current measurements associated with these centers are
described, and a model is proposed to explain these results. The model is consistent with views of
others investigators on the role of carbon impurities in hexagonal boron nitride, and with the
hypothesis that the three-boron centers are F centers. The three-boron centers and one-boron centers
were found to introduce trapping levels at 1.0 and 0.7 eV, respectively, below the conduction band. It
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disappear upon further heating.
Moore and Singer confirmed the existence of

the two types of three-boron centers, and proved
that carbon impurities were necessary for the
production of the centers. They also found a direct
relation between the concentration of the three-
boron centers and the strength of the yellow color,
These workers also observed that both the g factor
and the hyperfine splitting of the ten-line spectrum
were anisotropic, and suggested that the unpaired
electron had a m character.

Moore and Singer assumed the thermal produc-
tion of the three-boron centers to be dueb(between257
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FIG. l. EPR spectrum
of p-irradiated hot-pressed
boron nitride. Positions of
the one-boron-centers
(OBC) and three-boron-
centers (TBC) lines are in-
dicated.
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In the search for other thermally bleachable
centers we performed measurements at low tem-
peratures. The samples were y irradiated at VV

'K, and EPR measurements were carried out at
the same temperature, but no new EPR centers
were found.

B. Glow-curve measurements

'
Useful information can be gained by combined

EPR and glow-curve measurements. 6' ~ The for-
mer can help to establish the chemical nature of
the defect and the symmetry of the charge distribu-
tion, while the latter may be used to determine
the energy of the trapping level.

Our measurements were carried out on grade
HP samples which had been exposed to ionizing
radiation (uv, x rays, or y rays). Some of the re-
sults on the thermoluminescence and the thermally
stimulated current measurements of samples ex-
cited by x rays at room temperature were reported
elsewhere. Two glow peaks at 380 and at 700 K
were observed, and are shown in Fig. 3(b). The
activation energies of the two peaks were deter-
mined by the "initial-rise" method, and found to
be 0. V + 0. 1 and 1.0 + 0. 1 eV for the 380 and 700 'K
peaks, respectively. Using uv light for the exci-
tation we were able to measure the excitation spec-

FIG. 2. (a) Excitation spectrum of the EPR signals as
measured at 300'K. (b) Excitation spectrum of the
thermoluminescence {TI.) peaks at 100, 380' and 700'K.

affected mainly by green light (5500 + 100 A) and
the three-boron-center signals, by blue light (4500
+100 A). We have not succeeded in measuring the
detailed spectrum of optical bleaching.

Compression-annealed pyrolytic boron nitride
resembles a single crystal in many respects, which
is one of the reasons why Moore and Singer chose
it for studies of the anisotropy of the three-boron
centers. We carried out similar measurements
on one-boron centers in CAPBN, and measured the
anisotropy of the g factor and
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FIG. 4. Hyperfine splitting ~ between two one-boron. —
center EPH lines as function of the angle 8 between c axis
and the external magnetic field Hz, .

C. Photoluminescence and phosphorescence

Photoluminescence measurements were carried
out only on grade HP hot-pressed powder samples.
They were excited by uv at or below room tempera-
ture, and a blue photoluminescence was observed.
The excitation spectrum was found to peak at 3200
A, and the emission spectrum covered the region
3900-5000 A, with a peak near 4200 A. These re-
sults are similar to those reported by others,
although we were not able to observe the fine struc-
ture.

On excitation by uv or x rays at VV K, we ob-
served a blue phosphorescence after termination
of the excitation. The phosphorescence emission
looked to be similar to that of the photolumines-
cence. At VV 'K the phosphorescence
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that the luminescence centers are associated with
carbon. The centers are assumed to introduce the
energy level C (Fig. 5) at 4. l eV below the conduc-
tion band, which fits the peak of the excitation spec-
trum. Upon heating, the trapped electrons are ex-
cited to the conduction band, and emit blue light
light



POINT DE FECTS IN HEXAGONAL BORON NITRIDE. I. . . . 2377

~M. Neuberger, Hughes Aircraft Co. , 1969 (unpublished).
~R. C. DeVries, General Electric Co. Report, 1972 (un-

published) .
3D. Geist and C. Romelt, Solid State Commun. 2, 149

(1964).
4G. Romelt, Z. Naturforsch. A 21, 1970 (1966).
5G. Romelt, Proc. Int. Symposium on Lattice Defects,

Tokyo, 1966, pp. 407-417.
6M. B. Khusidman and V. S. Neshpor, Teor. Eksp.

Khim. 3, 270 (1967) [Theor. Exp. Chem. 3, 152
(1967)].

~M. B. Khusidman and V. S. Neshpor, Fiz. Tverd. Tela
10, 1229 (1968) [Soviet Phys. -Solid State 10, 975
{1968)].

M. B. Khusidman and V. S. Neshpor, Poroshk. Metall.
8, 72 (1970).

9V. A. Krasnoperov, N. V. Vekshina, M. B. Khusidman,
and V. S. Neshpor, Zh. Prikl. Spektrosk. 11, 299
(1969).
A. W. Moore and L. S. Singer, J. Phys. Chem. Solids
33, 343 (1972).

~~J. H. Schulman and W. D. Compton, Color Centers in
Solids (Pergamon Press, London, 1963).
E. Tiede and H. Tomaschek, Z. Anorg. Allg. Chem.
47, 111 (1925).
S. Larach and R. E. Shrader, Phys. Rev. 104, 68
(1956).

~4D. N. Bose and H. K. Henisch, J. Am. Cer. Soc. 53,
281 (1970).

~U. D. Dzhuzeev and P. E. Ramazanov, Izv. Viz. Fiz.
USSR 7, 81 (1969).
A. Zunger and A. Katzir, following paper, Phys. Rev.
B 13., 2378 (1975).

~~Information on boron nitride supplied by Carborundum
Co. in technical bulletins.

~ Union Carbide Corp. , 1965 (unpublished).
~SA. W. Moore, Nature (Lond. ) 221, 1133 (1969).

O. J. Guentert and R. L. Mozzi, Nature (Lond. ) 193,
570 (1962).
J. L. Brebner and E. Mooser, J. Sci. Instrum. 39,
69 (1962).
E. G. Manning, M. A. Littlejohn, J. A. Hutchby, and
E. M. Oakley, Rev. Sci. Instrum. 43, 324 (1972).
A. Halperin and J. Nahum, J. Phys. Chem. Solids 18,
297 (1961).

+A. Katzir and M. Rosmann, Hev. Sci. Instrum. 45,
453 {1974).

5A. Katzir, J. T. Suss, and A. Halperin, Phys. Lett.
A 41, 117 (1972).
66. K. Born, R. J. Grasser, and A. O. Scharmann,
Phys. Status Solidi 28, 583 (1968).
C. Bettinali and L. Guidoni, Z. Phys. Chem. Neue
Folge 78, 17 (1972),
A. Halperin, A. A. Braner, A. Ben-Zvi, and N.
Kristianpoller, Phys. Rev. 117, 416 (1960).

~A. J. Noreika and M. H. Francombe, J. Vac. Sci.
Technol. 
ET
BT
/Xi7 8.78 Tf2d
(66.)Tj
ET
BT
/Xi7 9
(
24106 647.70rO.)Tjo212 Td
(924.04 Td
((1969).)Tj
ET
BT
/Xi7 8.63 Tf
.56.92 504.15 Td
(W.)Tj
ET
BT
/Xi7 3.39 T4.74 387BarTd
(Khusidman,)Tj
ET
BT
/Xi7 0.22 T4.74 387Mat.3 Td
(Cer.)Tj
ET
BT4/Xi7 8.12 Tf
556.72 599.8 Td
(Phys.)Tj
ET
BT
/Xi7 9.192 Tf
93.71 455Bu.16 Td
(117,)Tj
ET
BT
/Xi7 8.91 Tff
93776 484.12 Td
(149)Tj
ET
BT
/Xi7 4.89 Tf

93.71 455.02 Td
((1972).)Tj
ET
5.5/Xi7 9.1 Tf
494.57 5339 Td
(583)Tj
ET
BT
/Xi7 8.89 Tf4466.82 4942 Td
(~4D.)Tj
ET
BT/Xi7 8.35 Tf4466.71 494CuriFrancombe,)Tj
ET
BT
/Xi7 85BT
/X4466.01 494Luminescend
(Lattice)Tj
ET
BT
Xi7 8.39 Tf
475.06 6866.4 Td
(in)Tj
ET
BT
/Xi7 7.378Tf
15918 513.rystald
(Status)Tj
ET
7T
/Xi7 8.023 Tf159793 666.1Methue
(Rosmann,)Tj
ET
BT7/Xi7 9.36 Tf
.76 27 627.82 Td
(London,)Tj
ET
BT
/Xi7 8.44 Tf 8.6907 637.16 Td
(1963).)Tj
ET
5.5/Xi7 9.1 Tf
.28 Tf 5339 Td
(583)Tj
ET
BT
/Xi7 9.89 Tf4271.26 4752.4 Td
(R.)Tj
ET
BT
/Xi7 8.71 Tf4271.29 475.67ittlejohn,

J.

Phys.

2,

299

(1961).

A.

Katzir,

J.

Phys.

toancombe,Lattice(unpublished).

B.

inLattice

in

byLondon,Corp.

13.

R.

Katzir,J.

Phys.41,

1970


