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Spectral hole burning quantum efficiency and electron traps
in Sm?*-jon-doped aluminosilicate glasses
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Persistent spectral hole burnin@SHB in the ‘F,-°D, transition and the electron excitation in the
"Fo-415d transition of SMA™ doped in ALOs-SiO, glasses were studied from the measurements of hole
burning efficiency and the refilling of the burnt hole. The PSHB at low temperature is attributed to the optically
activated rearrangement of OH bonds surrounding'Siens. On the other hand, the PSHB at high tempera-
ture is attributed to one-step electron tunneling in the excitation state. The barrier heights for hole filling
corresponding to the two mechanisms were determined toe-®27 and~0.90 eV, respectively. Thermal
depth of the trap that captures electrons by two-step ionization viaftheé dtate was determined to be0.35
eV below the conduction band. A model was proposed for describing the PSHB and electron excitation of
Snt* doped in ALO,-SiO, glasses. In addition, the dependence of hole burning efficiency on @, Al
concentration, temperature, and burning wavelength was also stii8&t53-18269)05917-2

[. INTRODUCTION sary for both the understanding of the mechanism of hole
burning and the development of new materials with the de-
Since the first observation of photon-gated persistenvelopment of the properties required for optical memory de-
spectral hole burningPSHB phenomenon in BaFCl:Sm  vices at present.
crystal was reported by Winnaker, Shelby, and Macfarlane in  In this paper, we mainly report our studies on the electron
1985! many studies have been carried out to develop th&@ps and hole burning quantum efficiency in the
S?*-doped PSHB material because of its potential use irp™  -doped AbO-SiO, glasses. Surrounding the hole burn-
high-density frequency-domain optical storage. For practicaind uantum efficiency, we measured and compared the hole
use, high-temperature PSHB is required. In a?Suoped burning processes in the AD:-SiO, glasses with a different
BaFCl,:Br, s mixed crystal, PSHB at liquid-nitrogen tem- concentration of AIO; at room temperature. The dependence
perature was observed for the first time by Yu and Co_of PSHB quantum efficiency on the glass temperature and

workers in 198% Then, further room-temperature PSHB burning _Wavelength was also studied. To reveal the_PSHB
. ) mechanism and electron traps, the temperature-cycling ex-
was also observed in the $mdoped MyM;_ FCLBr; 4

) ; s periment of a burned hole was performed in a?Srdoped

(M and M’=Mg, Ca, Sr, and Bamixed cry_stal_s”. " The  15A1,0,-85Si0, glass from 8 or 200 K, respectively. The
observation of PSHB at room temperature is significant fokpermal depth of one trap that captures electrons through the
the development of new optical memory devices. Recentlygonduction band was determined by the spectra change upon
room-temperature PSHB was also observed if'Smand  jrradiation of laser with energy corresponding to thed
Eu'-doped glasse5™® As a host material, glasses are transition of the SHi ions. Origins of the electron traps for

thought to be more favorable than crystals or mixed crystalghe PSHB and electron excitation were analyzed.
because of their wide inhomogeneous linewidth, composi-

tional variety, and easy mass productidn.in the Il EXPERIMENTS

Snt*-doped glasses, since the silicate glasses surpass fluo-

ride and borate glasses in chemical durability, it thus be- The Sni*-containing aluminosilicate glasses were pre-
comes possible to move beyond the limitations of these fluopared by the sol-gel method. The glass compositions
ride and borate glassés. are, respectively, 15405-85Si0;, 10Al,05-90Si0;,

In the past, some characteristics of Srloped almino-  5Al,03-95Si0,, and 2AL0;-98Si0, (mol%) containing
silicate glasses prepared by a sol-gel method such as fluoresermally 5 wt % SrgOs. To reduce the SH ions to SmM*,
cence, high-temperature PSHB, and electron excitation prahe glasses were heated at 800 °C under flowingas. A
cess were revealed to some extett.* Despite this, it is detailed explanation of the glass preparation is given
still worthwhile to make further investigation into some as- elsewherd®'4
pects. On the one hand, the PSHB mechanism of'Smthe A hole was burned in the'F,-°D, line by a pulsed
host of alminosilicate glasses as well as in the other glassé$d:YAG (yttrium-aluminum-garnet laser-pumped dicy-
is not clarified. The question where the electrons producednoimidazol§DCM) dye laser with a repetition frequency of
by the ionization of S" are captured still remains un- 10 Hz and a bandwidth 0£0.8 A full width at half maxi-
known. On the other hand, the hole burning quantum effimum. The excitation spectra before and after hole burning
ciency in SmM*-doped glasses is too low for optical memory. were recorded by scanning the laser from 683.0 to 687.0 nm
For practical use, it should be greatly enhanced. Thereforayhile monitoring the fluorescence of th®,-F, transition
the search for hole burning in Smdoped glasses is neces- at 726.0 nm. The laser power for reading the holes was at-
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FIG. 2. The ratio of the absorption coefficient contributed by the

FIG. 1. Absorption spectra of Sm-doped.,8k-SiO, glasses  f-f transition of SmM*, to that contributed by thé-d transition of
measured at room temperature. Sntt versus AYO; concentration.

tenuated by neutral-densitiD) filters to be less than 0.1% width vary with the A}O; concentration. In the
of that for burning. In the temperature-cycling experiments15Al,0;-85SiG, glass, a hole with a depth 0f18% and a
of the hole spectra, the sample was contained within a hewidth of ~2.4 nm is formed. In the other glasses, the hole
lium gas closed-cycling cryostat. A hole was burned at 8 odepth is shallower and the hole width is narrower. The de-
200 K, respectively. After cycling through a certain tempera-pendence of the hole depth at 685 nm on the burning time
ture higher than the burning temperature and maintaining fowas measured as a change in the excitation intensity while
300 s, the residue hole was again measured at 8 or 200 K. Aonitoring the fluorescence at 726 nm, which is shown in
continuous argon-ion laser with whole lines was used to irFig. 4. It is evident that the hole burning dynamics are well
radiate the sample with the energy corresponding toftde  fitted with exponential functions in the 15/,-85Si0, and
transition of SM*. The optical-absorption spectra were mea-5A1,0,-95Si0, glasses. In the other glasses, a hole is also
sured with a spectrometer. formed exponentially. This exponential dynamics definitely
reveals that it is one main trap that captures the ionized elec-

lll. RESULTS

A. Absorption spectra of Sm-doped A}O5-SiO, glasses

Figure 1 shows the absorption spectra in the range of
300-800 nm in the Sm-doped A,-SiO, glasses. The band-
shaped absorption in the range of 300—800 nm is attributed
to the f-d transition (Fo-°Dg) of Sn?*. The sharp absorp-
tion peak at 406 nm is attributed to one of thd transition
(®Hs-%P3)p) of SNP*. According to Fig. 1, the ratio of the
absorption coefficient contributed by Smand that contrib-
uted by SM* at 406 nm is determined. This value should be
proportional to the ratio of the density of Smto that of
Snt*. Figure 2 shows the ratio of SfYSn?* as a function
of Al,O; concentration. As shown in Fig. 2, the ratio of
Snt/Sn?t decreases with the increase of,@}4 concentra-
tion. We should point out that the ratio of SAMSn?* ob-
tained is not an absolute value but a relative one.

Intensity (arb. units)

683 684 685 686 687
Wavelength (nm) (c)

Intensity (arb. units)

B. Spectral hole burning of Snf*-doped AlLO3-SiO, glasses

At room temperature, a hole was burned with a fixed laser
power density at 500 mW/chfor 20 min in the Srhi*-doped , , ) ,
glasses. The excitation intensity at the burned &85 nm 683 684 685 686 687
was monitored as a function of burning time and before and
after hole burning. Figure 3 shows typical excitation spectra
of the Fo-°D transition before and after hole burning and [, 3, Difference between the excitation spectra before and
their differential spectra for glasses with different concentrasgter hole burning for glasses with different concentration ofo4|
tion of Al,Os. It is observed that the position of excitation at room temperature(c), 15A1,05-85Si0;; (d), 10AL,0;-85Si0;;
spectra shifts to the short wavelength side with the increasg), 5A1,0,-95Si0;: (f), 2A1,05-98Si0,. Inset: A typical excitation
of the AlL,O; concentration. After burning for 20 min, a hole spectrum of the’F,-°D,, transition before(a), and after(b) hole
is formed in all the glasses, and the hole depth and holeurning in the 15AJ0;-85Si0, glass.

Wavelength(nm)
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FIG. 4. Logarithm of the normalized excitation intensityt the FIG. 6. Hole burning rat&,; and hole depth after burning for
burned sitg685.0 nm as a function of burning time corresponding 10 min as a function of temperature. The laser density of the burn-
to the PSHB experiments in Fig. 3. ing light was fixed at 125 mW/mfrand the burning site is at 686.5

nm.

trons at room temperature. In Fig. 4, the hole burning Rate
can be estimated from the hole burning dynamics accordingt 8 K, Ry is in the order of 10*s ! and at 300 K is only
to Egs.(5) and(8). Ry is proportional to hole burning quan- in the order of 10°s™1. In some hole burning materials, it
tum efficiency and hence is an important parameter fohas been found that the hole burning quantum efficiency de-
PSHB® Figure 5 shows the dependenceRyf and the hole  pends strongly on burning wavelendthOne of the reasons
depth on the concentration of £&,. It is evident that hole may be that the electron transition probability is different at
depth and the burning rate both increase with the increase dfifferent sites within an inhomogeneous i’ At 80 K, a
Al,O5 concentration. hole was burned at different sites of thE,-°Dy, line with a
While a hole is formed by the optical irradiation of the fixed laser density at 125 mW/nfrfor 600 s. Figure 7 shows
burning light, a part of the hole is also thermally and opti-the relation between the hole depth and hole burning wave-
cally filled in the same time. And, the lifetime of the excited length. It is evident that both the hole depth and the hole
state, which has an effect on the PSHB, depends on temperbudrning rate are independent of the wavelength within the
ture. Therefore, the hole burning rate and hole burning quarerror of 10%.
tum efficiency depend on temperature. At different tempera- To study the stability of the burnt hole near room tem-
tures, a hole was burned with a fixed laser density of 12%erature, the hole that was burned at 250 and 300 K was
mW/mn? for 600 s at 686.5 nm for the 15/D,-85Si0,  measured in the dark at that temperature. The normalized
glass. The excitation intensity at the burning site was rehole area is plotted in Fig. 8 as a function of time. The solid
corded as a function of time and temperature. The burninglots and the solid lines are, respectively, the experimental
rate and hole depth after burning for 600 s are plotted in Figdata and the fitting functions based on a Gaussian distribu-
6 as a function of temperature. It is evident that bothRae tion. Theoretically, the fraction of the remaining hole can be
and the hole depth decrease with increasing temperature. Tigéven as
experimental data dRy were fitted with a linear function of
temperaturel as follows:

+ o0
F(t)zl—f g(V)exp(—Rt)dV. 2
Ry=(7.02-0.022xT) 10°° s L (1) —»
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FIG. 5. Hole burning rat&,, and the hole depth after burning FIG. 7. Hole burning rat&ky and hole depth after burning for
for 20 min versus the AD; concentration in SA-doped 10 min as a function burning wavelength measured at 80 K. The
AlL,O;-SiO, glasses. The laser density was fixed at 500 mMWfmm laser density of burning light was fixed at 125 mW/fm
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FIG. 8. Normalized hole area as a function of time in the dark at  FIG. 9. Normalized hole area as a function of the cycling tem-
250 and 300 K. The solid dots are experimental data and the soligerature. A hole was burned and detected, respectively, at 8 and 200
lines are fitting functions based on Gaussian distributions. K. Solid curves indicate fits to data based on Gaussian distribution

functions.

Generally,g(V) is taken as a Gaussian distribution func-
tion. While a barrier is wideF(t) decays approximately hole burned at 200 K, respectively, using the fitting param-
with a Gaussian function. While a barrier is narrof(t)  eters ofRy=10"* s *andt,=300 s.
decays approximately with an exponential function. At 300
K, the lifetime (1) of the burned hole is determined to be
~3.2x10%s. This value is smaller than that in the
Sn?*-doped single crystal. According to Ref. 12, on the excitation of laser light cor-
responding to the #bd excitation, the fluorescence intensity
of °Dy-'F; decreases significantly at 77 K, accompanied by
i the production of optical current. This means that some elec-

The hole burnt state has a higher energy than the Unyons excited to the #5d bands from the ground state of
burned state and it relaxes across the activation barrier iNt82+ are excited to the conduction band further by the sec-
the upburned state. The stability of the hole burnt state €8Bnd photons. At 8 K, we measured the excitation intensity on
be discussed from the temperature-dependent and timgse gptical irradiation with an argon-ion laser. Figure 10
dependent hole erasure experiments. In this reaction, the 0Bp6\s the excitation spectra of tAE-5D,, transition on the
tically activated state relaxes across the activation bavtier optical irradiation with the argon laser while the laser power

D. Two-step excitation via the 45d state

C. Thermal refilling behavior of the burnt hole

into the unburned state, the rate of which is given as is changed. It is evident that the excitation intensity de-
_ creases significantly on the optical irradiation. Figure 11
R=Roexp(V/KT), 3 shows the dependence of the intensity of fifg-°D, tran-

whereR, is the attempt frequency is the Boltzmann con- sition on the laser power of the irradiation light. It is evident
stant ar(:dT is the temperature iK. Assuming that the bar- that the excitation intensity decreases rapidly with increasing

rier height follows a Gaussian distribution and the fraction ofthe argon-ion laser to almost become zero at 50 mW. The
the remaining holé is proportional to the number of photo reversible responses were also observed while the argon laser

products of the burnt state that remain unchanged. The frac-
tion of the remaining hole is presented as a function of the
holding temperature higher than the burning temperature, 0.7

0.6

0.8

F(T):l_ folen(ROtO)g(U)dV, (4) s

04
wheret, is the holding time at temperatufe Figure 9 shows [
the hole area as a function of the cycling temperature, where
the hole area is normalized to unity at the burning tempera-
ture of 8 and 200 K. The area of the hole burned at 8 K 01
decreases slowly with increasing temperature up to 80 K and 0.0 Fe y
decreases rapidly above 80 K. On the other hand, the area of a5 e e e o
the hole burned at 200 K decreases rapidly in the range of
270-350 K. Both of the obtained data are well fitted with
Gaussian distribution functions; the constant parameters of F|G. 10. Excitation spectra of théD,-’F, transition on the
the barrier height and the width are obtained\as=0.27  optical irradiation with an argon-ion laser while the power was
+0.05eV ands; =0.08+0.02 eV for the hole burned at 8 K changed. The spectra were measured by monitoring’he 'F,
and V,=0.90+0.10 eV and $,=0.05+-0.02 eV for the emission at 726 nm.

03

Intensity (arb. units)

0.2

Wavelength (nm)
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IV. DISCUSSIONS

A. Hole burning mechanism and electron traps
0.8F
L In the Snt*-doped crystals, a hole is usually formed by
0.6 photon-gated PSHB and the main electron trap is considered

to be Sni™.1 On the other hand, in the Simdoped fluoride

I (normalized)

041 and borate glasses, a hole is usually formed by a one-step
0oL excitation and the main electron trap is considered not to be
. : Sntt.”18 Recently Nogami and co-workers found that the
0.0 o Eu?*-doped glasses prepared by the sol-gel method show the
0 20 10 o0 80 100 PSHB at a high temperature, such as 200 K, and the hole
Power (mW) depth linearly increases with increasing the OH contéf.

The proposed model for hole burning in these glasses is that
the hole is burned by the optically activated rearrangement of
the OH bonds surrounding the Euions!!® The barrier
heightV for hole filling was estimated to be-0.31 eV for

_ . the Ed"-doped ALO;-SiO, glasses, which is considered to
was turned on and turned off. It was found that the excitation,qrespond to the energy necessary for the rearrangement of
intensity changes with a fast response shorter than 100 m&  onds surrounding the EBU ions!® Since the
Therefore, the temporal decrease of the excitation intensity igmz*-doped glasses prepared in this study also contain OH
mair17Iy agtributed to the complet7e optical excitation betweery, s the hole burning can occur due to the rearrangement
the ‘Fo-"Dy transition and the'Fo-4f5d one. After the 4t 1he OH hond2? The glasses used in the present study are
optical irradiation with a power of 100 mW for more than 20 ya5ted at 800 °C in preparation. OH bonds still exist at that
min, the argon-ion laser was turned off. The excitation Specemperatur@® Therefore, we can attribute the formation of
trum was measured again and compared with that before theg g of i3+ at low temperature to the optically activated

optical irradiation. After irradiation, the intensity 6F,-°D,, rearrangement of the OH bonds surrounding thé Sions.
has a decrease 0f5%. The permanent decrease of the in'The determined value af, (~0.27 eV} is also in agreement

- 7 5 . B .
tensity of "Fo-"D,, is attributed to the electrons in the €on- ith the barrier height for hole filling caused by the rear-

duction band captured by one certain trap. rangement of OH bond&~0.31 eV} obtained for the Etf
When the temperature is elevated, some of eIectron%n_doped glasses.

within the traps will thermally relax and recombine with the |, e hole burning at 200 K, the barrier heig¥tg for
jonized Sm” (Sn™). Accordingly, the excitation intensity hole refilling is~0.90 eV. The hole burning of St at high

7 5 . . . . .
of the “Fo-"D transition increases w_hHe itis me_asurec_i at _8temperature could be attributed to the one-step electron tun-
K again. Figure 12 shows a normalized intensity, which iSyqing in the excited state because the hole area was ob-

proportional to the number of residue electrons in the trapsyeyeq to be proportional to the laser density of burning light
versus the cycling temperature. The thermal deffland the 04 of the square of the laser den&taccording to the

width &3 of the electron trap were determined by fitting the o5 1ts shown in Fig. 2, the ratio of SMSn?* decreases

experimental data with a Gaussian distribution function to b?/vith increasing the Apg concentration, meaning that the

~0.35 and~0.17 eV, respectively. density of the electron trap surrounding Smshould de-
crease with increasing the &5 concentration if S ions

FIG. 11. The excitation intensity of thtD,-'F transition ver-
sus the power of the argon-ion laser.

act as electron traps at high temperature. Accordingly, the
1LOF hole burning quantum efficiency should decrease with in-
creasing the AIO; concentration. The reverse result of hole
0.8r burning at room temperaturgee Figs. 3-bexcludes the
g possibility of Sni* ions acting as electron traps. We should
.E 061 also point out that no antihole was observed in the two sides
£ of the burned hole, which also shows that3nions are not
£ 04r the main traps. On the contrary, the present result for hole
- burning at room temperature suggests that the electron traps
0.2F possibly relate to Al ions. In fact, because of weak bonding
of Al with oxygen, AP*, AI** may both exist in the glass
0.0F network. It is easy for A" to transfer into Af* when it

L : '0 . 250 : 3(')0 captures an electron from the excited state of SnThere-
0 50 T100 150 Z?K) fore, we suggest that the increasing density of th&" Adn,
emperature the possible electron trap, is one of the possible reasons for

FIG. 12. Normalized intensity versus the cycling temperature. INCréasing hole burning quantum efficiency with the,@y
Here,| =[15—1A(T)]/(Ig—1,), |5 andl , present theD,-'Fy ex- ~ concentration. Co-doping of AD5 in the S|I|c.ate_‘ glasses was
citation intensity before and after optical irradiation at 8 K, respec-2lso_observed to be favored by the emissions of the Sm
tively, |, (T) presents the intensity measurdd after cycling to ions1* Increasing hole burning quantum efficiency with the
T and maintaining for 300 9. is proportional to the number of Al,O5 concentration at room temperature also excludes the
residue electrons within the traps. possibility of Si ions acting as the electron traps. Because of
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with
b CB
1 0. 35eV a=In(1-p8) (6)
3

and

4f5d &

5 [ B= RioR12 | %

ot i:':‘_ _0.27ev1090V R, 1"
I e
'?' where D is the normalized hole deptiR,, is the electron

transition rate fron1) to |0), Ry, is the electron trapping rate

F
’ from |1) to |2), R; is the total electron transition rate (if),
including radiative and nonradiative transition ones, which
| VB | equals the inverse of the lifetime ¢f), q is the ratio of
) electron transition rat®;, to the absorption cross section
FIG. 13. A model for the explanation of the PSHB and electrong.gm |O) to ‘1>: andl is the laser intensity of the burning light.

excitation of SM" in the alminosilicate glasses. Here, the barrier 1According to Eq.(5), the hole burning rat®, while t ap-
is formed by the optically activated rearrangement of OH bondsproaches 0 can be ;Nritten as H

surrounding St and the barrier 2 is formed by the electron tun-
neling in the excited state.

dD

the strong bonding of the Si with oxygen, it is difficult for Si RH:E _ =a. ®)
to exist with the other valence states besidesid the glass =0
network. Gene'rally,' Fhe electron trap in hole-burnlng rnfate”'When the laser intensity of the hole burning light is not so
als cannot be identified by the method of hole burning itself. i <1 R b ith
Further work should be performed on identifying the elec->"°"9 angs<1, Ry can be written as
tron trap in ALO5-SiO, glasses by the other techniques such
as the light-induced electron spin resonance spectrum.

The other trap ¥3=0.35eV) that captures the electrons
by two-step excitation via #5d of Sn?* is considered to be
independent of the optically activated rearrangement of OHHere we should point out that the electron trapping is pro-
bonds, although its thermal depth is close to 0.31 eV, thgposed to be a single-molecule process. And, the number of
barrier height corresponding to the rearrangement of the Olthe electron trap is considered to be infinite. Thus, the hole
bonds. The reason is that some%rions have been ionized depth can approach 100% according to E%). The equa-
during the irradiation of an argon laser judged by the pro-ions above are valid only in the beginning of hole burning.
duction of optical current. Of course, it is a different electronlt was observed that the hole burning dynamics at different
trap compared with the 0.90 eV one. It is attributed to atemperatures are all in accordance with an exponential rule
certain shallow level below the conduction band with awithin the burning time of 600 s.
broadened width. At 8 and 300 K, a hole was burned before The hole burning rate increases with increasing thgAl
and after the optical irradiation with an argon laser. The reconcentratior(see Fig. 5. According to Eq(9), one possible
sult shows that the hole burning quantum efficiency does noteason is that the electron transition r&g, and R, varies
change before and after the irradiation, suggesting that th@ith the AlLO; concentration, and leads to the increase of
electron trap capturing the electrons by the two-step excitaR,,/R;, as well asR,, with increasing the AlD; concen-
tion is not related to the OH bond. Otherwise, the hole burntration. In the Sri"-doped BaFGBr;_, mixed crystals, it
ing efficiency after optical irradiation will decrease becausewas found thatR;, increases with increasing the Br
of the previous occupation of the traps before hole burningconcentratiorf: The other possible reason, which has been

According to the present study, a detailed model formentioned in Sec. IV A, is that the electron trapping fie
PSHB and electron excitation of Sndoped AbOs-SiO,  increases with increasing the /8l; concentrationR;, de-

~ R2I.0F212
Ry

Ry ql. (9)

glasses can be drawn, as shown in Fig. 13. pends strongly on the density of the electron trap, th& Al
ion. According to Eq(9), Ry should decrease with tempera-
B. Hole burning efficiency ture becaus®, increases with temperature, as shown in Fig.

Under the condition ofu<7<T (u is the width of laser & N EQ.(9), if Ryp or Ry changes with wavelength in the
pulse,ris the electron lifetime of théD level, andT is the ~ iNhomogeneous lin}y, will vary with wavelength also. The
interval of laser puls@san approximate solution can be de- INdependent relationship betweBp and wavelength in Fig.
rived by the dynamical equations of the three-level systen] SQOWS thatRyo or R, is independent of wavelength in
for hole burning in the’Fy-°D, transition with a pulsed Snt"-doped AbOy-SIO; glasses.

laser. The three levels are the ground st@le(’F,), the In order to increase the hole burning quantum efficiency,
excited statdl) (°Dy), and the trapping statf), respec- R;0 andR;, should be enhanqed. On the contrdRy,should
tively. The hole depth can be given as be decreased. A better host is expected to make the electron

transition probability of'Fy-°D, and density of the electron
D(t)=1—exp —at) (5) trap both increase greatly.
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V. CONCLUSIONS filling, corresponding to the two mechanisms of PSHB, were
determined to be-0.27 and~0.90 eV, respectively. On the
other hand, the two-step ionization via thé54 bands, the
opulation of Sri*, and the excitation intensity dfF ,-°D
ecrease, correspondingly, the electrons that are captured by

At room temperature, a hole was burned in?Srdoped
Al,05-SiO, glasses with a different concentration of,8%
under the same conditions. The results show that the hol
burning quantum efficiency increases with increasing th%he other trap below the conduction band. From the
Alr#OE (r:rt])zgcentratlon. O_n Fhe other hand, the ratio 0ftemperature-cycling experiment, the depth of the trap was
S. S dgcreases with increasing the, @ concent.ra-. determined to be-0.35 eV. The stability of the burned hole
tion, suggesting that the traps that capture electrons ionize as studied near room temperature. The time constant of the
from Sn?* are not Sm", but may be some other impurity burmed hole was deduced to be3.2x 10 s at 300 K
levels, such as AT. It is apparent that the hole burning In conclusion, we could draw the detailed model for the

guantum efficiency decreases linearly with increasing temPSHB and the optical excitation of the 3fndoped in

perature and almost independent of burning wavelength. o : ; )
For the hole burned at 8 and 200 K by the one-step exci/_A\Izog SiO, glasses. We believe that the hole burning mecha

tation of 'F,-°D,, transition, the temperature-cycling experi- nism of the S -ion doped in AJO5-SIO, glasses is becom

ments of the burnt hole were performed. The main mecha 9 clearer through our present studies.

nism for the hole burning can be concluded to vary with the
burning temperature. At low temperature, PSHB is attributed
to the rearrangement of OH bonds surrounding®Sions. This research was partly supported by a Grant-in-Aid for
At high temperature, PSHB is attributed to one-step electroiscientific ResearcliNo. 09650734 from the Ministry of
tunneling in the excited state. The barrier heights for holeEducation, Science, and Culture of Japan.
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