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Sample-dependent optical dephasing in bulk crystalline samples of Y203.'Eu'+
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Two-pulse photon-echo measurements were made on the 'Fo+ 'Do optical transition in a number of
crystalline samples of Y203.Eu + prepared by three different crystal-growth techniques. For crystals

prepared by a laser-heated pedestal growth or arc-imaging furnace process, we report the observation of
an additional sample-dependent contribution to the optical dephasing in comparison with a crystal

grown by Same fusion. The dephasing rate 1/T at 1.4 K is up to two orders of magnitude faster than

that previously reported for the Same-fusion-grown crystal, and is uncorrelated with concentration.
Measurements up to 14 K show that 1/T increases linearly with temperature, in contrast to the expect-
ed T behavior due to a two-phonon Raman process. The linear temperature dependence is similar to
that seen in glasses and disordered crystalline systems, suggesting the presence of disorder in the samples
with more rapid dephasing. The crystals were examined by x-ray diffraction, excitation spectroscopy,
and near-field optical microscopy to provide information on the nature of the disorder. The effect of an-

nealing on the crystal dynamics is also investigated.

INTRODUCTION

Progress in optical technology has depended on the
ability to manufacture materials with good and consistent
optical properties. In particular, the introduction of de-
fects, strains and other disorder during the preparation of
crystalline materials can adversely aS'ect many of these
optical properties, and thus an understanding of the gen-
eral nature of disorder and how this comes about during
the growth process is of critical significance.

The dynamical behavior of impurity ions can serve as a
sensitive probe of the disorder because the optical de-
phasing in ordered crystalline environments is generally
quite distinct from that of amorphous or disordered sys-
tems. In disordered systems the dephasing is controlled
by the interaction of the impurity ions with low-
frequency modes of the host lattice, also known as two-
level systems, or TLS.' In dilute ordered crystalline ma-
terials at low temperatures, the dephasing is largely dom-
inated by interactions between the electronic or nuclear
moment of the impurity ions and those of the host con-
stituents. As a result, the magnitude of the homogene-
ous optical linewidth (I'~ ) in disordered systems is many
orders of magnitude greater than in ordered crystalline
materials, and the temperature dependence of I H is also
quite different. ' In the present paper, we study the opti-
cal dephasing of a number of crystalline samples of
Yz03.Eu + prepared by three different crystal-growth
techniques, and present evidence for dynamical proper-
ties of some of these samples which are characteristic of
disordered systems.

The dynamical environment of impurity ions doped
into host materials can be probed by transient spectro-
scopic techniques such as the two-pulse photon echo. '
Measurement of the echo intensity as a function of the

preparation pulse separation (i.e., the echo decay) reveals
the dephasing time T2 (or more generally, the phase
memory time T ), which is directly related to the homo-
geneous linewidth of the transition (I'H = 1 lsrT ). Fur-
thermore, the form of the echo decay and its temperature
behavior can also yield information relating to the mech-
anisms responsible for the dephasing process. '

The Fo~ Do transition for Eu + doped into Yz03 has
been previously reported to have an extremely long de-
phasing time at low temperature. This arises because
of the nearly nonmagnetic character of the host, the very
small magnetic moment ((kHz/6) of the ground and
excited states of the Eu + ion (nuclear in origin), the en-
ergetic isolation of these two levels, and ultimately the
metastability of the Do excited state (lifetime -0.9 ms).
Measurements made using two-pulse photon echoes re-
veal a homogeneous linewidth of only 760 Hz in the
wings of the inhomogeneous line. Toward the center of
the line, excitation-induced optical-frequency shifts lead
to a more rapid dephasing of the transition, and I I was
measured to be 2.5 kHz. The temperature dependence of
I & between 12 and 35 K is consistent with a two-phonon
Raman process. The long coherence times presented by
the Eu + ions in this environment thus provide a very
sensitive probe of the dynamics of the crystalline system.

The experiments described here were made on
YQO3 Eu + samples grown by three difFerent methods; (i)
six crystalline fibers (diameter -0.4 mm, concentration
in the range 0.004—0.55 at. %%uoEu+ )grow nb y laser-
heated pedestal growth (LHPCx) and labeled as fibers El
to F6; (ii) a -0.1 at. %%uocrysta 1 grow n ina narc-imagin g
furnace, referred to as the arc crystal; and (iii) a sample
grown by the Verneuil process, or flame fusion, ' referred
to as the flame-fusion crystal, and which has been studied
by a number of previous authors. The fluorescence
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lifetime of the Do excited state in each of the samples is
the same as that observed in the flame-fusion crystal, and
all of the samples show a similar inhornogeneous absorp-
tion linewidth characterized only by a concentration-
dependent broadening (5~25 GHz) as would normally
be expected for rare-earth-doped insulators. However,
measurements made at 1.4 K of the phase memory time
(T ) of the Fo~ Do transition in the six fibers and the
arc crystal reveal that it is up to two orders of magnitude
shorter than that previously reported in the flame-fusion
crystal, and the dephasing is found to be uncorrelated
with the europium concentration. Furthermore, the tem-
perature dependence of the dephasing rate (1/T, and
thus a measure of I H) is also distinct from that observed
in the flame-fusion sample; the temperature dependence
is nearly linear at low temperatures (1—12 K), as opposed
to the T Raman behavior previously reported. A near-

ly linear temperature dependence in the dephasing rate is
generally characteristic of disordered systems, and has
been, for example, observed in Eu +-doped silicate
glass. " Some of the samples were examined by x-ray
diffraction and near-field optical microscopy, and the
effect of annealing on the dephasing was also investigat-
ed.

EXPERIMENT

The fibers were grown by a laser-heated-pedestal-
growth technique, one of a number of methods available
for the rapid preparation of crystalline materials. A sin-
tered preparation material was melted at its upper end at
the focus of a CO2 laser. A seed crystal was then dipped
into the melt, and a Qber of the material was drawn at a
rate of about 1 rnm/min. The resulting fibers were -400
pm in diameter and some millirneters in length. The ends
of each of the fibers were then polished, and a focused
laser beam was observed to pass relatively unheeded
through its length. The six fibers F1-F6, and the flame-
fusion and arc crystals were all mounted on the same
sample holder, and placed in a helium-immersion cryo-
stat equipped with optical windows. For experiments at
1.4 K, the sample chamber could be filled with liquid
helium from the reservoir, and the helium pumped below
the A, point. For experiments above 1.8 K, a small heat-
ing element allowed a trickle of helium liquid from the
reservoir to be warmed before it passed to the samples.
The temperature could be varied from 2 to 14 K, with a
stability of +0.2 K, and an accuracy ranging from +0. 1

at 4.5 K, to +1 at 14 K.
Optical excitation of the transition was accomplished

using a Coherent 599-21 single-frequency dye laser
(jitter-2 MHz), operating with Rhodamine R6G at the
5808-A Eu + Fo~ Do absorption. The laser beam was
optically gated using two acousto-optic modulators
operating in tandem; two were used to ensure sufficient
rejection of the laser radiation during the off period (re-
jection 10 or 10 6). Optical pulse durations for the ex-
periments were typically 600 ns ("vr/2" pulse) and 850 ns
("~"pulse), and were directed into the cryostat windows
through a 30-cm lens (spot size at the crystals was —50
pm). Laser power (cw) at the cryostat window was —10

rnW. A good and reproducible launch into the fibers,
without incurring any internal reflections, could be made
by looking for a clear transmitted-beam spot on the
detection side of the cryostat. A particular path could be
identified by collimating the output light with a second
lens, and observing the spot as the beam was translated
across the entrance face of the fiber. Passage of the laser
beam off axis through the fiber could clearly be seen as
distortion of the output spot. The echoes were detected
using a photomultiplier (EMI 9558) and transient digitiz-
er. A double Pockel's cell arrangement was used to tem-
porally protect the photomultiplier from the transmitted
preparation pulses (rejection 10 ) by gating the cells after
the second preparation pulse. The photon echo at each
pulse separation was averaged for 100-2000 pulse pairs
(repetition rate 10 Hz), and the data recorded on a com-
puter.

Care was taken to avoid problems associated with
holeburning of the Eu + transition, since the lifetime of
the holes at liquid-helium temperatures may amount to
several days. During alignment of the laser beam
through the fiber, and the positioning of the detection op-
tics, the pulse repetition rate was increased to —100 kHz
in order to view the transmitted beam. To avoid
holeburning, this step in the experiment was made with
the laser detuned from the transition, and it was only re-
turned to line center when the repetition rate had been
reduced to 10 Hz. Furthermore, all the echo decay mea-
surements and optics alignment tasks were made with the
laser scanning over about a 0.6-GHz range at approxi-
mately 1 Hz.

RESULTS

Photon-echo decay curves for some of the fibers are
shown in Figs. 1(a) and 1(b). All measurements were
made at 1.4 K at the center of the absorption line. In-
stantaneous diffusion effects were observed in the flarne-
fusion sample, which appears as a variation of I H over
the inhomogeneous line as has been previously report-
ed. No such instantaneous diffusion was apparent in
the dephasing of the fibers, or in that of the arc crystal.
Similarly, no change in the dephasing time was observed
either for changes in the pulse area, or for changes in the
pulse intensity by a factor of 2 (limited by the weakness of
the echo signal, especially in the fibers). As can be seen in
Fig. 1(a), fibers Fl and F3 exhibit an obvious nonex-
ponential character to the dephasing, and this feature is
also observed in fibers F2 and F6. In the instance of a
nonexponential echo decay, the dephasing is best de-
scribed in terms of the phase memory time T, and a fit

of the form
X—4~I=Ioexp

T

was made to the data. ' ' I is the echo intensity mea-
sured at each pulse separation ~, and X is the nonex-
ponential fitting parameter; if X is set equal to 1, then
T =Ti and the fit is exponential. In Fig. 1(a) we also
show measurements of fiber F1 both for a 6-mrn-length
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FIG. 1. (a) Echo decay curves for fibers F1 and F3 at 1.4 K.
The echo decay can be followed for at least two orders of mag-
nitude, thus clearly showing the difference in the dephasing
rates of the difFerent fibers. Fibers Fl and E3 exhibit a clear
nonexponential echo decay, whilst fiber F4, shown here only in
part, characteristically exhibits an exponential decay. The
upper and lower echo decays for fiber F1 are for a 6-mm length
of fiber, and for 1-mm piece cut therefrom, respectively. (b)
Two different echo decay curves for fiber F4, both measured at
the same temperature (1.4 K). The two decays correspond to
two different optical paths through the fiber.

sample, and for a 1-mm length cut from the original 6
mm.

Table I summarizes various spectroscopic data ob-
tained for all samples. Except where indicated, a11 data
are for a temperature of 1.4 K. The Eu + concentration
in each fiber was determined by integrating the absorp-
tion coeScient over the inhomogeneous line and compar-
ing these with that measured for the flame-fusion crystal,
where the Eu + concentration has been determined by
electron-beam microprobe analysis as 0.3 at. %. It
should be noted that the fluorescence lifetime of all the
fibers, and that of the arc crystal, are all nearly identical
to that of the flame-fusion crystal. In addition, the inho-
mogeneous linewidths of the Eu + Fo~ Do transition in
fibers F1 and F5 are also comparable to that of the
flame-fusion crystal, and in general the inhomogeneous
linewidths vary monotonically with concentration as
would normally be expected.

It is seen in Table I that all the samples exhibit shorter
values of T than the flame-fusion crystal, and in fibers
F2, F3, and F5, and in the arc crystal, this is by more
than an order of magnitude. We refer to this dephasing
as being anomalous with respect to that of the flame-
fusion crystal. Fibers F1, F2, and F3 exhibit not only a
very rapid dephasing, but also show a strong nonex-
ponential character to the echo decay (X&1). The
spread in values determined for X (median of -2) partial-
ly reflects the short time scale over which an echo decay
could be measured. Where X is observed to be greater
than 1, then the dynamical processes are responsible for a
spectral diffusion which occurs over the time scale of the
echo measurements. Fiber F6 also shows a nonexponen-
tial form to the dephasing, where X is measured con-
sistently to be -1.5, but is characterized by a much
longer value for T . In fact, the phase memory time at
1.4 K (80 ps) compares favorably with the value of 130 ps
measured by us in the flame-fusion crystal at line center.
Fiber F4 exhibits another general aspect of the observed
dephasing, as shown in Fig. 1(b); it is possible to observe
different values for T by arranging for different beam
paths through the fiber. For one beam path, T =34 ps,
whereas subsequent measurements over a different beam
path gave T =115ps. Similarly, some degree of spatial
inhomogeneity in the dephasing was observed in most of
the fibers. Finally, the dephasing observed in the arc
crystal is also rapid, but is characterized by an exponen-
tial echo decay.

Figure 2(a) shows the temperature dependence of the
optical dephasing rate ( I /T ) for three of the fibers (F1,
F2, and F3), and the flame-fusion and arc crystals. While
the flame-fusion sample shows a nearly temperature-
independent rate until the onset of the two-phonon Ra-
man process, each of the other samples shows an addi-
tional contribution to the overall dephasing rate which
has a nearly linear temperature dependence. For the
fibers F1 and F2, where most of the measurements were
made because of their strong echo signals, we found that
the dephasing rate is indeed linear in temperature. Fig-
ure 2(b) depicts the saine measurements made on fibers
F4 and F6, illustrated on an expanded scale. For one
beam path through fiber F4, where T =115ps (at 5 K),
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TABLE I. Values for the lifetime of the Do excited state, the inhomogeneous absorption linewidth,
the phase memory time T and associated nonexponential fitting parameter X, and the measured con-
centration of Eu'+ for each of the fibers, and for the arc and flame-fusion samples. All experiments
made to determine these parameters were undertaken at 1.4 K.

Sample Eu content
(at. %)

T
(ps)

D o lifetime

(ps)
Inhomogeneous

absorption
linewidth

(GHz)

Nonexponential
parameter

X

Fiber F6
Fiber F1
Fiber F5
Fiber F2
Fiber I'3
Fiber F4

flame fusion
arc

0.55
0.3
0.13

0.1

0.05
0.004
0.3

-0.1

80
17—'

71
2

12.2
8.3
34 115'
130
12

950+30
900+20
940+30
940+20
950+20
880+20
915+10
=900

23.4+2. 1

11.3+0.3
6.4+0.2

7. 1%0.5
5.4+0.3
5.5+0.8
7. 1+0.5
=90+20

1.5
1.5-2.5

1.5-2.5

1.5-2.5
1

1

1

'Value measured at 5 K; see discussion in text.

the value lies very close to that measured in the flame-
fusion sample at the same temperature. The dephasing
rates for fibers F4 and F6 at higher temperatures con-
verge with the T Raman behavior of the flame-fusion
crystal. Even though the anomalous contribution to the
dephasing is small in these two fibers, a nearly linear tem-
perature dependence appears.

DISCUSSION

T2 '=T, 'expI b/kTI, — (2)

where T, =10 ' s is the estimated spontaneous relaxa-
tion time of the lowest excited state of F, at an energy of

We Grst consider the dephasing mechanisms normally
expected in Y203.Eu +. At the low concentrations
present in these samples, we can safely ignore any contri-
bution made by Eu +-Eu + interactions. Thus, at low
temperatures, the magnetic interactions of the Eu + ions
with the host Y nuclear moments are expected to play
an important role in the dephasing. This is the case in
the flame-fusion sample, and it is partly because of the
very small value of the Y nuclear moment (0.21 kHz/G)
that such long dephasing times are observed. Estimates
for this contribution of ~ 100 Hz are consistent with the
observed value of T . No temperature dependence from
this process is predicted, and indeed the flame-fusion
sample shows a temperature-independent dephasing
below 8 K.

Phonon-induced contributions to the dephasing be-
come important only above 8 K since both the Fo
ground state and Do optically excited states are singlets
and are well isolated energetica11y from their nearest elec-
tronic states. Resonant phonon interactions via the
direct process are absent for Do (nearest electronic state
=1700 cm '), and should be negligible for 7Fo below 10
K since the direct phonon contribution is'

4=200 cm ' above the ground state. ' We estimate a
contribution to the dephasing for direct processes of less
than 1 Hz at 10 K. In fact, the two-phonon Raman pro-
cess dominates here, and its onset at about 8 K can be
seen in Figs. 2(a) and 2(b) as a T temperature depen-
dence to the dephasing rate for the flame-fusion sample.

Defect centers possessing an electronic magnetic mo-
ment can provide an additional source of optical dephas-
ing. Mutual spin flips among these centers could produce
fluctuating magnetic fields at the europium sites. The re-
quired concentration of g =2 centers which could pro-
duce sufficiently high fields at the Eu +-ion sites is es-
timated to be -0.1%. Such a large concentration of
electron spin defects is highly unlikely. In addition, the
contributions of mutual spin flips among these centers
would be strongly magnetic-field dependent, as the elec-
tronic spins would be partially frozen in their ground
states at large fields at these low temperatures. However,
the anomalous dephasing shows no magnetic-Geld depen-
dence for fields up to 5 kG, the maximum field examined.

Instantaneous diffusion has been observed in the
flame-fusion crystal by Huang and co-workers. This
refers to the instantaneous frequency shift of the transi-
tion induced by the simultaneous excitation of nearby
ions (thus changing the local field), and is observed as a
variation in the dephasing time over the inhomogencous
line. The effect is simply related to the number of ions
excited by the second pulse, and should thus scale with
the Eu concentration (and hence position within the in-
homogeneous line), the frequency bandwidth, and the
laser power. It should also be relatively independent of
temperature. Although we have observed a frequency-
dependent dephasing in the flame-fusion crystal, this is
not the case for any of the other samples, and we also ob-
serve no power dependence. In general, the more rapid
dephasing in these samples makes them insensitive to
these effects.

The results clearly indicate that an additional corn-
ponent to the dephasing is present in the arc and fiber
samples, augmenting the dynamical environment of the
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FIG. 2. (a) Temperature dependence of the dephasing rate
(1/T ) for fibers F1, F2, and F3, and for the arc and flame-
fusion samples. Fibers F1 and F2 clearly follow a —T' depen-
dence; the dotted lines represent linear fits to each data set. The
solid curve shown for the fame-fusion crystal represents the T'
Raman behavior observed for this crystal (Ref. 8); dephasing
rates measured by us in this crystal as a function of temperature
all lie close to this line (within the measured temperature uncer-
tainty). (b) Same data for fibers F4 and F6, again in comparison
with the flame-fusion crystal, shown on an expanded scale.
Note the two sets of data for fiber F4. The dotted and broken
lines are a guide only.

dopant ions. It is well documented that glasses and disor-
dered crystalline systems exhibit a more rapid optical de-
phasing, and that this dephasing depends approximately
linearly on temperature (l —20 K).' The dynamics of
these hosts is ascribed to two-level systems (TLS).' For
example, measurements of persistent spectral holeburn-
ing of molecules in organic glasses shows —T' depen-
dence of the linewidth at low temperatures (0.3—20 K). '

Similar results are observed for rare-earth ions in inor-
ganic glasses; Eu + in silicate glass shows I H

—T' up to
4 K;" and for Pr + ions, also in silicate glass, I H

—T'
up to 20 K.'6 Disordered crystalline systems also show a
similar temperature behavior. For example, Pr + in
yttria-stabilized zirconia, which has the fluorite structure
with a random distribution of oxygen vacancies, also
shows a large homogeneous linewidth which depends on
temperature as T' .' In a mixed solution crystal of
BaFClo 5Bro 5, the linewidth of persistent spectral holes of
Sm + ions obtained by photoionization follow a T'
dependence. '

Briefiy, the TLS result in configurational changes of
the local structure of the host lattice. These occur over a
broad range of time scales, and there exists a wide spec-
trum of excitation frequencies for the TLS with a nearly
constant density of states. ' The data presented here for
these crystalline samples of Y203 shows behavior quite
similar to that of disordered materials. Although it is ap-
parent that the magnitude of the dephasing lies some-
what midway between that of good crystalline material
and that of disordered systems, the nearly linear tempera-
ture dependence of the dephasing implies a broad distri-
bution of excitation frequencies for the modes responsible
for the dynamics. In addition, the nonexponential nature
of the echo decay in most of the samples indicates the
presence of spectral diffusion, a characteristic in glasses
whose dynamics are controlled by TLS.' Spectral
difFusion has in fact been directly observed in one of the
fiber samples using ultranarrow holeburning techniques.
In experiments performed on fiber F5, the hole width was
observed to broaden sublinearly with time over a period
spanning milliseconds to seconds; this broadening results
from the spectral diff'usion process on the linewidth of the
transition. '

The question then arises as to what sort of modes are
responsible for the dynamics of Yz03.Eu +. In glasses
and other disordered systems, there is, in addition to the
much larger homogeneous linewidths, a large inhomo-
geneous linewidth associated with the wide range of local
environments. Furthermore, the range of local sites leads
to a nonexponential radiative decay due to the wide range
of resulting lifetimes. We considered the possibility of
small, highly distorted regions in the samples where TLS
might result in glasslike dynamics. Although the majori-
ty of the Eu ions would be at normal crystal sites, the
TLS could couple weakly (due to larger distances) to
these sites, thereby producing the anomalous dephasing,
but still allowing the exponential radiative decay of the
Do excited state and the absorption line shape and width

characteristic of a crystal. However, a small fraction of
the Eu + ions should therefore have sufhcient proximity
to the distorted sites, and their existence would lead to a
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broad absorption pedestal around the normal site absorp-
tion. We obtained an excitation spectrum of the Eu +

ions in a number of the samples up to 100 cm ' below
the main line by monitoring fluorescence in the region of
the Dp~ E2 transition. While the arc crystal possesses
two additional absorption lines about 54 and 104 cm
from the main transition, we could not in general detect
any broad background to the crystalline absorption in
any of the samples. While we cannot exclude these
distorted-ion sites, we can estimate an upper limit; for an
absorption band about 30 cm ' wide (120 times broader
than the majority-site absorption) and a detection sensi-
tivity of 10 that of the main site, we may conclude that
no more than 10 of the Eu + ions exist within these re-
gions.

To further address the question of the type of disorder
present in these samples, x-ray-scattering measurements
were made on some of the samples. The diffraction pat-
terns clearly indicate the presence of well ordered Yz03.
In addition, several of the fibers were annealed (fibers F3,
F4, and F5), and so was a portion of the arc crystal; if
there are regions of disorder within the samples, it might
be possible to modify the dynamics by allowing these re-
gions to reform as crystalline areas. The annealing pro-
cess involved maintaining the crystals at 2000'C for half
an hour, and upon cooling the optical dephasing of these
samples was then remeasured. Whilst fiber F3 did show
a reduction in the nonexponential behavior of the echo
decay (albeit without a significant change in T ), the de-

phasing measured in the arc crystal remained as before.
Fibers F4 and F5 also showed no change in their dephas-

ing times. Indeed, it should be noted that within the con-
text of the observed spatial inhomogeneity of the dephas-

ing, little change was actually observed in any of the sam-

ples. Thus we cannot conclude that the annealing made

any significant difference to the dynamics.
Some fibers and the arc crystal were examined by

near-field optical microscopy. A laser confocal micro-
scope is used to examine different planes within each
sample, where the depth of field and the optical resolu-
tion make the microscope capable of resolving detail only
I pm in size. The structure of each of the samples exam-

ined was observed to contain different features that all

appear to be artifacts of the growth process. In particu-
lar, it appears that the fiber growth was both nonreprodu-
cible and nonsymmetrical, and results in an internal
structure of the sample. Through the microscope, this
internal structure was observed to comprise microbub-
bles, distinct variations in the refractive index, and areas
of a polycrysta11ine nature. Each of these defects were
observed to be dominant in different samples, and each
were distributed inhomogeneously over the fiber cross
section. For example, the arc crystal was found to princi-
pally contain microbubbles, whose dimensions vary from
the minimum resolution up to about 10 pm. These mi-

crobubbles were seen to be randomly distributed
throughout the crystal, with the average density increas-
ing radially from the center of the growth axis of the
crystal. The maximum bubble density is estimated to be
—10 cm . In general, both the laser-heated-pedestal
and the arc-imaging growth processes are characterized

by their unstable growth environments. For example, in
LHPG, drift in the CO& laser power leads to temperature
and volume fluctuations of the melt. Similarly in the
arc-imaging process, the incorporation of defects during
the growth is known to be critically dependent on both
the temperature gradient and the growth rate. At
suSciently slow arc-imaging growth rates, the growth be-
comes unstable and voids (or microbubbles) are intro-
duced into the crystal.

Although the macroscopic defects in these samples
may account, at least qualitatively, for the variety in the
dynamics observed, evidence exists in the data to infer
the role of microscopic defects in the dephasing. The fact
that the nonexponential parameter X is generally greater
than 1 indicates that there are few Eu + ions suSciently
decoupled from the increased dynamical activity to ex-
hibit a low dephasing rate. Thus we may suppose that
the defect structure responsible for the anomalous de-
phasing must be more homogeneous than the macroscop-
ic defects observed, and that the range of coupling
strengths of the impurity ions to the dynamics is then not
especially broad. Oxygen nonstoichiometry is a probable
point defect in this type of material. This is most likely
to be in the form of vacancies, inducing a static disorder
in the first two coordination shells of the cation, and lead-
ing to a charge redistribution that makes the Y-0 bond
more covalent. ' It should be noted that this type of de-
fect is not easily produced in yttria crystals (except by
heating in a reducing environment), although the mea-
surement techniques utilized in this investigation do ap-
pear to be sensitive to a very low degree of disorder.

SUMMARY

We have measured the optical dephasing of the
Fp~ Dp transition in a number of crystals of

Y203.Eu +, where production of the samples involved
three different growth processes. The crystals produced
by laser-heated pedestal growth and an arc-imaging pro-
cess show a characteristically different dynamical
behavior from the crystal grown by Game fusion. Instead
of a slow dephasing rate, and a temperature dependence
associated with a two-phonon Raman process, the LHPG
and arc-imaging samples show a behavior akin to that ob-
served in disordered systems; the dephasing rate is high
and shows a nearly linear temperature dependence. This
behavior is attributed to disorder present within the sam-

ples, where local configurational changes are then respon-
sible for weak fluctUating fields at the Eu + sites, causing
additional dephasing. In addition to the dephasing mea-
surements, the sample properties were probed using x-ray
diffraction, annealing, near-field optical microscopy, and
excitation spectroscopy below the main absorption line.
Despite the observation of macroscopic defects in the
anomalous samples, disorder related to microscopic de-
fects is a likely cause for the additional dephasing.

It should be noted that whilst the overall spectroscopic
properties of a crystal (such as the radiative lifetime and
the inhomogeneous absorption) may be similar in a range
of samples prepared in different ways, the dynamica1
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behavior may be quite different. Time-domain spectros-
copy thus provides a highly sensitive technique for ma-
terials characterization, and the intended application of a
crystal may then dictate the requisite growth process to
ensure adequate crystalline behavior. The role of physi-
cal disorder in the dephasing of optically excited ions
forms an important topic as spectroscopic techniques be-
come increasingly more sensitive, and materials such as
Yz03.Eu + then provide a sensitive environment in
which to study this role.
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