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Results of experimental studying the processes of reversible optical and thermal reduc-
ing of the photochromic effect in Bi;,SiO,y:Al crystals are presented. It is shown that the
optical reducing is the most effective in the region Av = 0.5 — 2 eV and at Av > 1.4 eV the
reducing process passes to excitation of the photochromic effect. The thermal reducing is
held in two steps with the ultimate bleaching at T = 152 and 208 K. It is suggested the
model of electron transitions such as "impurity level — band”, where nonstoichiometric
ions Bi5+Si (donors) and ions A|3+Si (acceptors) are responsible for impurity levels. Besides
intracenter transitions in complexes [AlgO,] make a contribution to the processes of
exiting and reducing of the photochromic effect.

Keywords: Bi,,SiO,, crystals, doping, photochromic effect, optical erasure of photo-
chromic effect, thermal erasure of photochromic effect.

IIpencTaBieHb pe3yJbTaThl SKCIEPUMEHTAJLHOTO MCCIELOBAHNA IIPOIeCCOB 00paTIMOro
OIITUYECKOT0 M TepPMHUUYecKoro ocaabienmsa (GoToXpoMHOro 3s@@erTa B KPUCTALIAX
Bi;,Si0,y:Al. IlokasaHo, UTO ONTHYeCKOe ralleHue Haubosnee a(PEeKTUBHO B AMAIIa3oHe AV =
0.5 -2 eV, a nipu hv > 1.4 eV mpoliecc ocjabjieHUsa TEPEXOJUT B MPOIECC BOCCTAHOBJIEHUA
doroxpomuoro spdexra. Tepmuueckoe raireHne HPOUCXOAUT B ABa 2TAIlA ¢ MAKCHMAJIbHBIM
oGecupeunsanuem upu T" =152 u 208 K. IIpeiioskeHa MOALEIb BIEKTPOHHBIX LEPEXOL0B
TUIA " IPUMECHOIl ypOoBeHb — 30HA', I'lé 34 IPUMECHBIE YPOBHU OTBCUAIOT HECTEXMOMETPHU-
HBlEe MOHBI Bi5+Si (IOHODPHI) U MOHBI A|3+Si (axkmentopsr). Kpome Toro, B mporeccs Bo30y:KIe-
HUA U TanieHus QpoToxpoMuoro 3¢g@eKrra BHOCAT BKJIAL BHYTPUIEHTPOBLIE ITePEXOALI B KOM-
mrercax [AlgO,].

Onrtnune i repmiune ociadienna doroxpomuoro ederry y kpucranax Biy,Si0,,, aero-
Baanx Al. AA. Javeuro, T.B.Ilanuernro.

Tlomaro pesyabTaTH €KCIIEPUMEHTANBHOTO AOCHIPKeHHS IPOIeciB 3BOPOTHOTO ONTUYHOTO
i Tepmiunoro mocrabienna goroxpomHoro eexty y Kpucranax Bi,,SiO,q:Al. Ilokasamo, mo
onTuuHe racinusa HaiGinbm edexTurHe y fmianasoni Av = 0.5 — 2 eV, a mpu hv > 1.4 eV
mporec ocjab/ieHHsT MepexXoAuTh y Imporec Biguosienus Gortoxpomuoro edexrty. Tepmiune
raciHHs HPOXOAWTH y [ABA eTANM 3 MAKCHMAJBLHUM 3HeGapiemusm mpu TP = 152 u 208 K.
3ampoToHOBAHO MOJENE €NeKTPOHHUX TEPEXOo/iB TUTY — AOMINIKOBUIN piBeHL — 30Ha , Ie 34
JOMIiNIKOBi piBHI BiATOBiZAIOTHL HecTexioMeTpuUHi ioHU Bi5+Si (momopm) Ta ionum A|3+Si (ar1men-
Topu). Kpim Toro, y mporiecu 30ymixeHHs Ta raciuHg (POTOXPOMHOrO edeKTy BHOCATH BRJAT
BHYTPIIIHBOIIEHTPOBL mepexonu y Kommiaercax [AlgO,].

1. Introduction of optical information in photorefractive
Photochromic effect (PCE) accompanies crystals of sillenite family with general for-
processes of recording, treatment and storage  mula Bi;;MO,; (BMO where M = Si, Ge, Ti,
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and some other elements). It is interesting
is to study the possibilities of optimization
of the PCE characteristics and understand
its physical nature.

By now, some information has been accu-
mulated about wide range of the possibili-
ties for modification of photoinduced ab-
sorption intensity spectral distribution
(PCE spectra) due to doping [1-5]. Investi-
gations on kinetics of changing the parame-
ters of recording information were carried
out [6—8], but the questions related with
"erasing” (reducing) the PCE were practi-
cally not discussed. It is only known that in
both pure and doped crystals the PCE may
be reduced by either light illuminating from
nearby infrared range or by heating to rela-
tively moderate temperatures (T = 300 —
500 K). Taking into consideration a com-
plex spectrum of local electron levels in the
forbidden band (width AE, = 3.3 eV) of non-
doped sillenites [5], for explanation of the
PCE, this or that models for photoinduced
redistribution of electrons over these levels
have been proposed [1-8]. At this time, it
was established that PCE is related with
formation of F-centers [BigiO4] [6] and
intra-center transitions within [5]. In BSO
and BGO crystals doped by transition metal
ions (Cr, Mn, Cu, Ag, etc.), the PCE is con-
nected with photoinduced changing the
charge state of these ions [10, 11]; but the
question about induced by them modifica-
tion of the forbidden band local level struc-
ture remains open.

It is known that ions of nontransition
metals with stable valence (AIR*, Ga3*) sub-
stituting M-cations (Si4*, Ge** or Ti4*) play
the role of acceptors compensating donor
centers which are caused by intrinsic de-
fects of the nondoped BMO crystals [4]. At
that, stationary optical absorption is
abruptly drops in whole spectral range of
BMO transmittance. It can be assumed that
PCE would increase due to photoinduced
transfer into empty donor levels however it
becomes weaker than in nondoped BMO. Ad-
ditionally, magneto-optical investigations
have shown that PCE in BMO:AI crystals is
related with formation of the F-centers
[Al5;0,4] where ions AI3* substitute Si** ions,
and charge compensation is realized due to
hole centers O~. It is assumed that the PCE
spectra are formed at the expense of intra-
center transitions [9]. Thus, the question
about mechanism of the processes of elec-
trons redistribution over local levels in the
forbidden band by photoinduced absorption
remains open. Useful information about this
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might give study of the processes of optical
and thermal erasing PCE in Bi{,SiO5q (BSO)
crystals doped by Al (BSO:Al).

2. Experimental

Crystals BSO:Al were grown by the Czo-
chralski method along the crystallographic
direction [001]. Al content in the crystals
BSO:Al according to data of spectral-emis-
sion analysis was 0.5 mass.% . The samples
were prepared as a set of plates with thick-
ness d=0.83+5 mm with large polished
planes (001). Because of impact of sillenite
previous history on results of their optical
and electrophysical measurements according
[12], the samples were got into electronic
system equilibrium state by heating to
800 K and subsequent low (about a day)
cooling in darkness to T, = 85 K.

Using spectrophotometer "Cary-4E" at
To in the light quantum energy hAv = 0.5 —
3.4 eV overlapping the band of BSO crystal
optical transparence, and spectra of station-
ary and photoinduced optical transparence
were recorded. The crystal photoinduced
state was excited by light with quantum
energy hvy; = 8.3 eV. Optical erasing of the
PCE was carried out by light with quantum
energy from the range hvy = 0.5+ 2.6 eV.
The light source was a halogen lamp HLPA
of 600 W power with interference light fil-
ters. Thermal erasing of the PCE was real-
ized by fractional heating in the tempera-
ture range from 85 to 300 K. To exclude
the influence of background lighting, all
manipulations were fulfilled under low red
lighting which does not excite the PCE.

The procedure was as follows. On the
samples brought into equilibrium state,
spectra of stationary transmission #y(Av)
were measured. After photoactivation
(20 min) of the samples by light with Av,
resulting in unbalancing the electron sub-
system, and attaining PCE saturation, the
spectra of photoinduced transmission were
recorded tPi(hv). Then step-by-step optical
erasing PCE (OE PCE) was carried out using
light with hvy; =0.5, 0.6, 0.8, 1, 1.4, 1.8,
and 2.6 eV. The duration of illumination
was similar at every stage (10 min). After
each stage, the spectra OE PCE thi(hv) were
recorded. Thermal erasing PCE (TE PCE)
was carried out by heating to temperatures
Th, = 128, 152, 171, 189, 208, 229, 258 and
286 K. The heating temperature was varied
linearly with rate 0.1 K-c71; after attaining
given value T"., the sample was cooled to

i
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Fig. 1. a) PCE spectra after light illumina-
tion with Av, = 8.3 eV (I) and OE PCE spec-
tra, which was carried out using light with
hvy1=10.5 (2), 0.8 (3), 1.0 (4), 1.4 (5), 1.8
(6) and 2.6 (7) eV; b) function of OE PCE
f1(hvy). Dependence of integral photoinduced
absorption on light quantum energy hv,.

initial temperature T, and TE PCE trans-

mission spectra tTdi(hv) were recorded.
There were studied the spectra of stationary

absorption oy(Av) corresponding to transmission
spectra, and difference spectra characterizing
saturated PCE  oFCE(Av) = oPi(hv) — og(hv),
where oPi(hv) — absorption after light pho-
toactivation with Av;, as well as spectra OE
PCE AcPd(hv) and TE PCE AoT9(hv):
AoPd(hv) = oPCE (hv) — aPd(hv) and AaTd(hv)
= AoPCE(Ry) — 0Td(hv), where o4 (hv) — ab-
sorption after reducing PCE using light with
hvy i, 0T (hv) — absorption after heating to
Thi, respectively. Additionally, there were de-
termined dependences of integral absorption
on the light quantum energy hvz,i and tem-
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Fig. 2. a) PCE spectra after light illumina-
tion with hv;, = 3.3 eV (1) and TE PCE spec-
tra, which was carried out by heating to tem-
peratures Thl. =128 (2), 158 (3), 171(4), 229
(5), 258 (6) and 286 (7) K; b) function of TE
PCE f2(Th). Dependence of integral photoin-
duced absorption on temperature Thl..

perature Thi, characterizing the OE PCE and
TE PCE.

The absorption spectra ofhv) were calcu-
lated from the ratio:
t = (1 — R)? exp(—ad)/1 — R2 exp(—2Ad) [13].

3. Results and discussion

Results obtained are the following. The
procedure of the PCE optical erasing give a
family set of spectra AaPd(hv, hvy), where
hvy is the parameter determining quantum
energy of the erasing light (Fig. la). The
OE PCE function f;(hvy), characterizing the
variation of integral photoinduced absorp-
tion passes through a minimum at hAvy =
1.4 eV (Fig. 1b). Using the technique from
[14], the spectra AoaPd(hv) were resolved into
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Table. Intensity ratio of the individual Gaussian components in OE PCE and TE PCE spectra

Method Region | Spectral positions Intensity ratio of the Gaussian components
of erasing PCE Ve €V
Optical A 2.71 0.89 0.97 1.04
2.95 0.92 1.03 1.1
3.3 0.97 1.0 1.15
B 0.8 0.57 0.59 0.58
1.17 0.71 0.72 0.7
1.74 0.86 0.84 0.85
Thermal A 2.71 0.11 0.4 2.3
2.95 0.3 0.9 2
3.3 0.4 0.95 2.5
B 0.8 0.13 1.5 0.16
1.17 0.1 1.3 0.12
1.74 0.3 1.45 0.33
individual Gaussian components, spectral
positions hv,,,. being a series: 0.8, 1.17, . ' i E, E, i 4+ |E
1,52, 2.16, 2.71, 3.16 and 3.3 eV. It is in- 2 T2 M, — i S
teresting that intensity dependences of i P ‘
AoPd(hv, hv,) spectra components on the hv, % w” 3 4 .
value are found to be different for the high- g . _ -y
and low-energy spectral ranges (A, where ~1 — -~ -
hv=2—- 8.3 eV, and B, where Av =0.5 - a E, b E, . E, d E,

2 eV). The intensities of components form-
ing the dominant band of the PCE spectra
in B-range decrease monotonically with Avy
increasing, their ratio being constant
(Table). The intensities of the components
from A-range, as hv, Iincreases, pass
through the minimum at hvy = 1.4 eV that
is the PCE spectrum is completely restor-
able under specified condition. It indicates
the reversibility of the process "excitation
— optical reducing PCE".

The procedure of thermal erasing PCE
gives a family set of spectra AoT9(hv, Th),
where T" is temperature as the parame-
ter determining the erasing thermal en-
ergy (Fig. 2a). The TE PCE function fo(T"),
characterizing variation of integral photoin-
duced absorption passes through maxima at
Th = 171 and 258 K (Fig. 2b). Under thermal
erasing PCE, the dependences of AaT%hv, Th)
spectra component intensities versus T" are
found to be also different for A- and B-
ranges, their intensity ratio does not remain
for both (A and B) ranges (Table). The inten-
sities of components from A-range pass
through minima at T" =152 and 208 K
that indicates changing the process of ther-
mal erasing the PCE by the process of excit-
ing the thermochromic effect. Consequently,
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Fig. 3. a) Initial stationary state (1 — ac-
ceptor levels, 2 — donor levels); b — pho-
toionization with appearing PCE (emptying

acceptors 1’, filling donors 2"); ¢ — optical
erasure of PCE; d — temperature erasure of
PCE.

the TE PCE don’t exclude the ability of the
material to PCE.

The results obtained unambiguously indi-
cate the existence of at least three types of
centers responsible for the PCE. For ex-
plaining the peculiarities of the OE PCE and
TE PCE processes we apply the band model
of BSO:Al crystals (Fig. 3).

It is known that AI®* ions substituting in
BSO:Al crystals Si#* ions in the centers of
oxygen tetrahedral form A|3+Si centers play-
ing the role of acceptors [4, 5]. Decoloriza-
tion of the BSO:AIl crystals indicates partial
compensating by these acceptors those
donor centers created by intrinsic BSO de-
fects. Such donors may be antistructural
ions Bi®* under substituting Si4* ions
(Bi%*g) [15]. Then, in initial stationary
state, BSO:Al crystals contain ionized ac-
ceptors and donors (Fig. 3a). Under pho-
toionization, with appearing the PCE, elec-
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trons leaving acceptor levels return onto
small donors (Fig. 3b). Besides, oxygen ions
can supply electrons in oxygenic crystals.
Under illumination electrons transition
from valence band with the next capture to
the electron traps is possible. Herewith, the
hole p in the valence band is captured by
oxygen ion 0%~ + p — O~. Interacting with
AR*g; they form [AlgO4] centers which were
found by magneto-optical methods [9]. The
OE PCE means, under action of light quanta
with energy less than need for excitation
PCE, returning the electrons from the low
donor levels onto acceptor ones (transitions
3 and 4, Fig. 3c). The TE PCE provides
thermal ionization of the deep donors by
electrons from valence band (Fig. 3d). This
mechanism is confirmed by the fact that
temperature position of the peaks of the
curve fo(Th) for TC PCE T = 189 K and

maxl —

T nax2 = 268 K (Fig. 2b) correlate with the
position of the thermally stimulated conduc-
tivity peaks (transitions 5, Fig. 8d) and the
thermoluminescence peaks (transition 6,

Fig. 3d) [12, 16].
4. Conclusions

The question about nature of the proc-
esses which are responsible for PCE, as well
as reversible OE PCE and TE PCE in
Bi;,Si05q Al crystals were investigated.

It was suggested the model of electron
transitions under exiting and reducing PCE
which is based on existence of three types
of defects: acceptor centers AlS*g, donor
centers Bi5+Si and complexes [AlgO4].
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