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The luminescence excitation spectra of corundum single
crystals irradiated ‘with 50 MeV electrons were studied. In the
region of fundamental absorption there appeared excitation
bands (blue and ultra-violet) which correlated well with
optical absorption bands »f the F+—cer;re in the absorption
-{reflection) spectra. " ihe excitonic peaks observed in the
excitation spectra of red luminescence were explained by the
charge energy transfer by Cr2+. Cr4+ ions at excitonic
excitation At hv > 9.5 eV there appeared sharp drops which
were interpreted as nonirradiative near-surface recombinations,
whose probability sharply increased at high  absorption -
coefficients. The enhancement of the Ilumineacence efficiency
in the high-energy region was connected with the decay .effect
of electron excitétions as well 5; with the influence of
volumetric excitations leading to the enha-cercor of

recombination glow.

- Yerevan Physics Institute
Yerevan 1990



R A L

[lpenpuutr EPU-1278(64)-90

B.B.APYTIHSH, B.A.TEBOPKSH, H.E.TPUrOPSH

BY® CNEKTPH BO3BYXAEHMA JINMMHECUEHUWH
KPHCTANIOB a-al 504

C Mcnoxb3oBaHMeM BHCOKOR CTeneHH nonspusanud CH uccreaopaHH
CnexXTPH BO3IGYRACHHS INNMHHeCHeHLWH B o6nacT# 5-35 3B HoMHMHanbHO
“YNCTOr0"  MOHOKpHCTanaa KOPYHaAQ, BHpPameHHOT 0 MeTOAOM
rOPM30HTANbHOR HanpaBAEHHOR  KPHCTAMIM3alHK W O6NYYEHHOrO
50MaB-Humn axekTpPoHaMM. CH BO36YywAeHHe NMO3BONHIO O6HAPYXMTb B
SBRACTN HEXe Kpas COGCTBeHHOro noraomeiMss 6.3; 7; 8 3B
mmmHecnenuus 3,8 9B, coBnajawme C  NMOJNOCOR  MOrJIOMEHHS
F+-nqurpa, a TaKkxe INONOCH R-JMHHM HEKOHTDPOJMDYEMOR TNpHMeCH
erat. Nocxeansd . OGLACHACTCH NEPEHOCOM JHEPruM  SKCHTOHHOrO
DO3GYXAGHNS Ha NeHaX é§+cr‘+. Iipy aneprum tw>9,5 3B nasnawaawrcs
NPOBaNH, KOTOpHe  SBRSKNTCS creAcTBMeN 6e3H3aYYaTeNbHhX
NPANOBEPXHOCTHHX DOXOMGMHANMA,  BePOSTHOCTb KOTODHX  Pe3KO
BRO3PACTaET 0PN  GOXLEMX  KOJ@qMUMEHTAX forxomenmws. [locre
P2AManMOHHOI'0 BO3AGACTBHS NPOMCXOAMT CHEMEHME M M3MeHeHHe
BHXOAS CBeueHHSN. Bo3pacTanie 399eKTHBHOCTM CBeUGHNS CBSA33HO C
3QPEKTON WMPPEHneAHNS ANeKTPOHHHX BO3GYXACGHMA XaKk B OSEYYeHHHX
.a¥ . B HOOGEYYEHHHX KPHCTainax KOpyHAAQ.

.EpeBaHCKNA ¢H3NUOCKMA HHCTNTYT
Epeaan 1990
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Of particular interest is the study of optical properties
{colour centres) of corundum which are .absorbed in the
ultra-violet (UV) and vacuum ultra-violet (VUV) regions and
irradiate UV spectra, with the aim to construct lasers
generating in this range of spectrum.

Earlier in the absorption spectra of electron-irradiated
[1,2] and neutron-irradiated [3] corundum we bhad revealed
experimentally the optical absorption (DA) bands: 4.86,5.4,
é.3, 7 and 8 eV which attributed to the F'-centre. )

The goal of the present 'work is to obtain additional
information to confirm the identification of the earlier found
0A bands over luminescence excitation spectra (LES) of corundum
‘single crystals.

" In the energy fange from S to 30 eV there were measured the
luminescence excitation (LE) spectra on a"Sibir-1" WV ' light
source [4]). ) B X

The cdrundui gingle crystals, 10x15x1.7mm, grown by the
method of horizontal-oriented crystallization were ueed.

The optical axis C_ was parallel to the larger edge of the

3
samples.

The samples were irradiated with SO MeV ' electrons at the



inac of the Yerevaﬁ Physics Institute. They were cooled by
iquid nitrogen vapour. Irradiation dose was 6°1017e cm—z.
ipectra were taken off at 295 k. The samples luminescence was
jetected with a PEM-100 in the regime of single photon
counting.
Note that the LE spectra detection was done in SR

orientation g1 C3. since in this case all 0A bands are

pronounced.

Fig.1 shows the OA spectra of the nonirradiated single
crystal (curves 1,2) and of those irradiated with the electrons
(curve 3) and reactor neutrons with a dose of 1017n cm2 (curve
4). From Fig.1 (curves 1,2) one can see the 0f bands:4.84, 5.4,
6.2-6.4 and 7-7.3 eV. After irradiation the bands 4.86, 6.1,
6.3 and 7 eV can be found in the absorption spectra (curve 3).
In the neutron irradiation case there appears, in addition, a
band in the region 7.9 eV (curve 4) which is predicted
theoretically in Ref. [S}. The band of 7.9 eV after electron
irradiation irregularly appears in the absorption spectra
because of the comparability of the spectrum measurement error
with a sharp increase in the absorption coefficient. The
concentration of colour centres at neutron irradiation in
considerably higher, owing to which the given band is clearly
pronounced in the OA.

The investigations have shown that in the fundamental
absorption region in the LE spectra one can see clearly
pronounced relatively narrow bands of irradiated and
nonirradiated corundum crystals. Some bands in the LE spectra
up to the edge of fundamental absorption within the

experimental errgr 0.1 eV correlate well with the absorptior



spectrum. Hence, in the LE spectra part of bande are due tc
intracentre transitions. Besides, a nonirradiative process
without/with charge transfer is possible. )

It is known that the DA bands of the Ft-centre at high-
energy quanta excitation give a luminescence of 3.8 ev (W),
and the F-centre (6.1 eV)-3.0 eV (blue) [6].

Figs.2 and 3 present the LE bands, the intensity of
irradiated samples being considerable higher: 5.35, S$.5, 5.9,
6.3 and 7.9 eV. The number of LE bands. exceeds fhat of OA
bands (FIg.1) because the LES are more .sensitive to tne
excitation energy than the absorption spectra are. The
appearance of such a number of glow bands may be due to the
fact that in the LE spectrum there is available the
luminescence of F- and F+-centres as well as the luminescence
of uncontrollable impurities of chromium and other ions of the
ivon group, and finally, the luminescence of self-localized and
localized excitons near their own defects and impurity ions. '

Indeed, the existence of excitons is confirmed by the
presence of bands in the reflection spectra and LES; the bands
are slightly shifted in the region 8.9-9.2 eV because of the
change in the magnitude of electrostatic field E at
irfadiation. uhicﬁ affects the set of both defects and
excitons. 7

The band of 5.35 eV in the LES belongs to the.F+—centre. is
excited invits own absorption band of 5.4 eV and produces a
weak blue glow. In the W glow band (Fig.3) the intensities of
5.35 eV bands of irradiated and nonirradiated crystals almost
coincide. The 5.55 eV band, presumably, is also due to the F-
centre and was predicted in {8] (5.7 eV).



In the spectra ot the blue and UV glow ‘there is pronounced
a band of 5.9 * 0.1 eV which coincides with the, absorption band
of the F-centre. The excitation band of 6.3 ev is clearly
pronounced in blue glow and is attributed to the F+—nentre of
absorption [2], but may be insignificant in the UV glow because
of the sharp increase of the latter.

Of particular interest is the LE band of 8.2 * 0.1 eV which
is somewbhat shifted as compared to the OA band and has a large
intensity in the irradiated crystals in the blue glow case. 1In
the LE spectra one can observe also weak exciton excitation in
the region of 92 eV which are intensely pronounced in bthe red
glow of the Cra+ R~line [7]. Such a behavior of the exciton
excitation bands can be explained by the electron excitation
(EE) energy transfer by means of charge tunneling on Cr4+ and
Cr2+ ions with the subsequent formation (Cr3+)* + Cr3+ + th.

Comparing results on the study of the LE spectrum up to the
fundamental absorption edge with the reflection (absorption)
spectra, one can conclude that there occurs intracentre
excitation of luminescence by own defects and uncontrollable
impurity ions, a nonirradiative EE energy transfer, EE energy
transfer by excitons and EE energy transmission with charge
transfer. -

In the energy range 9-55—22 eV in the LES one can observe a
decrease in luminescence efficiency for irradiated and
nonirradiated single crystals and antisymbateness to the
reflection spectrum is pronounced. The same picture is cdbserved
also for some other wide-zone single crystals [8].

As a reason for such a behavior of LE spectra one should

regard nonirradiative near—surface charge recombination whose



probability sharply increases at high abso}ption coefficients
and small depth of light pénetration into the crystal.

Besides,., the may be different elementary excitation of glow
centres as well as plasma excitations.

The threshold of electron excitaticn multiplication begins
at hv > 22 eV, which makes up >2Eg in this case the efficiency
of the blue and UV glow increases due to the fact the fast
photoelectrons scatter on the valence electrons and generate
slow secondary electron—-hole pairs. The recombination of the
secondary—hole pairs by pre;irradiation defects of a single
crystal gives rise to a wide-band glow uhich embraces the
region of the blue and UV glow, this being just the reason for
the identity of excitation bands in the LE spectra.

Besides, the exciiing photon energy penetrates deep into
the crystal because of the decrease of reflection and increase
of participation of volumetric excitations, which just leads to
a considerable increase of the number of electron—-hole pairs

which in turn enhance the recombination glow efficiency.
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Fig.1l.

Fig.2.

Fig.3

Figure Captions

0A spectra of corundum: 1,2 - nonirradiated crystal;
. . . 17 2

3-irradiated with a dose of & x 10 es/cm ;34—

irradiated with a dose of ~1017 n/cm2. ’

Luminescence excitation spectra (filter SS~S, 420mm).

Solid curve - nonirradiated crystal; dotted curve -

irradiated with a dose of 6 x 1017 e/cmz.

Luminescence excitation spectra (filter UFS-2,315 NM).

Solid curve - nonirradiated crystal; dotted curve

‘rradiated with a dose of 6 x 1017 e/cmz.
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