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High-pressure luminescence of Ct*-doped CaO-Gg0;-GeO, glasses
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We present ambient-pressure luminescence, luminescence excitation spectra, and luminescence decays and
high-pressure luminescence of chromium doped Cage&e0, glass material. The material has been found
to be very inhomogeneous with emission of Cions that are in different coordinated environments. Although
the broadband emission dominates the overall emissionbf &rambient pressure, the high-pressure results
indicate that the Gr" luminescence mainly originates from the high-field Csites and is characteristic of the
R line emission and the inhomogeneously broadened sideband. The physical quantities of crystal-field strength,
Racach parameters, and inhomogeneous crystal-field distribution function have been estimated in the context
of a standard configurational coordinate model.
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[. INTRODUCTION disorder is large enough to differentiate thE, state energy
by hundreds of wave numbers. Since the energy of#he
Disordered crystal and glass matrices doped withstate is intrinsically much less sensitive to structural varia-
transition-metal and rare-earth ions are still attractive as poions, its variation over a distribution of structurally in-
tential laser media, especially for tunable solid-state 1a2ers €duivalent sites in the presence of structural disorder is much
and optical fibers.Of particular interest is the octahedrally less pronounced. As a result of the disparate effects of disor-

. 4 .
coordinated G¥" ion. In low-medium strength crystal fields, der on the ecgtirgles Qf théE and . T2 _states, it bec_ome_s
Cr¥* exhibits a broadened luminescence band related to thposslble for - to exist as both h|g_h f'(.ald and low field in .
4T,—A, spin allowed transitiof” or a superposition of ﬁomlnally equivalent crystallographic sites. In such materi-

4 . . . .
4 4 . . als, the broadbandT,—*A, emission and th&-line emis-
the broad"T,—"A, band and the sharper spin forbidden g5, poth contribute to the spectrum, even at very low tem-

2E—*A, (R-line) transition®® Structural disorder in glasses perature. Ideally, an analysis of the inhomogeneously
results mainly in a broad distribution of the energy of theproadened spectrum should provide information on the dis-
*T, state and inhomogeneous broadening of tig—*A;  tripution of crystal-field strengths as well as information on
transition. Less significant, but still considerable, inhomoge1ow-5ymmetry distortions from octahedral symmetry induced
neous broadening of the’E—“A, transition is also by structural disorder. In practice, however, the strong homo-
observed. geneous broadening of the absorption and emission bands
In this paper, we present spectroscopic investigations of Between thé!A, and *T, states prevents one from separating
member of the CaO-G&;-GeQ, family of glasses. We spe- the homogeneous and inhomogeneous contributions to the
cifically consider the garnet composition G&Ge;0;,  spectrum when low-field G ions are present. As a result, it
(3Ca0-Ga03-3GeQ) (CGGG doped with chromium. The is not possible to properly distinguish different sites, to de-

Nd®*-doped crystalline analog, CGGG:Rd is a well- termine the distribution of crystal-field strengths, or to de-
known laser materidf The emission spectrum of crystalline scribe low-symmetry distortions.
CGGG:CP" is dominated by thd lines of high-field C#* The ability of high pressure to induce the transitions from

sited! (commonly referred to as high-field Tr sites when  low field to high field in C#*-doped materials has been pre-
the energy of thé'T, state is higher than that of tié state  viously demonstratetf=2? It has been shown that pressure
of CP* and as low-field Gi" sites when the energy of induces an increase in the energy of th&, state of
the %T, state is lower than that of théE state of C#*).  10-15 cm ‘/kbar, whereas the energy of tH& state de-
In gallogermanate G&aGeg0,, (3Ca0-GaO;-4GeQ) creases by 1-2 cnt/kbar. Thus by applying pressure to
(CGGO crystals doped with Cr, Gf ions occupy primarily  low-field CFP* sites, we can induce an electronic crossover
low-field octahedral sites and exhibit primarily brod@,  of the *T,-?E states. As a consequence of the crossover, the
—4A, emission. Only a small fraction of the €r sites in  broad “T,—*A, emission band disappears and is replaced
CGGO are high-field and only weaR line emission is by the sharp’E—“A, R-line emission. As a result, it be-
observed? Similarly, in the crystalline garnet G86,Ge;0;,  comes possible with pressure to spectrally isolateRfli@e
(3Ca0-Se0;-3Geq,) (CSGQ doped with chromium, G emission. Since thé&-line luminescence is weakly broad-
ions occupy only low-field octahedral sit&s. ened, the analysis of its line shape provides information on
The effect of inhomogeneous broadening due to structurehe number of different sites and the crystal-field strength
disorder on the luminescence of*Crhas been investigated distribution*1"23|n strongly disordered materials with mul-
for several gallogermanate crystafs!® aluminosilicate tiple sites, the broad distribution in the energy of tHE,
glasse$,and congruent LiTa@'’ In all of these systems, the state means that the electronic crossover occurs
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over a wide range of pressures. As a result, the broadban
and R-line emission are simultaneously present over a wide

range of pressure. In such systems, an analysis of the pre:

sure dependence of the ratio of tReine intensity to the RT
broadband intensity allows one to determine the distribution
function of the*T, state energy.

We have previously reported the emission, luminescence A, =457.9 nm
excitation, and high-pressure luminescence spectra o
Cr*-doped CaO-G#D;-GeO, glass®* The luminescence
consisted of th&-line emission at about 690 nm and a much |, _488 nm
strongerT,—*A, emission band with a peak at about 800 |,” _s7a3n
nm. To resolve th&-line and*T,—*A, emission bands, we oo T —
measured the luminescence of the material under high hydro | .~ = A,=6328nm
static pressure. We found that the energy of RHlene emis- 16000 15000 14000 13000 12000 11000 10000
sion decreased with pressure by 1.73 ¢fkbar, whereas
the 4T,—*A, emission band was unexpectedly almost inde-
pendent of pressuré.In this paper we present a more com-
plete spectroscopic investigation of luminescence decays, lu
minescence excitation, and high-pressure luminescenc
spectroscopy of the €f-doped CaO-GaD;-GeO, glass.
Specifically, we have analyzed the broadband emission an 20 K
its dependence on pressure at variable temperature over
broader spectral range.

energy (cm™)

xexc=457.9 nm
Il. PREPARATION OF GLASS SAMPLES

Cr-doped glasses of the CaO-@g-GeO, system with
high chemical purity and optical quality and different sto-
ichiometric compositions were obtained in corundum cru- A,,=632.8 nm
cibles by standard high-temperature synthesis metfods. oo Tio00 o000, vmor.  Tieon  vown. o0
The CP" was added to the glass composition in the form of
CrCl; liquid solution in amount ranging from 0.01—0.2 wt %.
The CaO-GgO;-GeQ, system has three stable crystalline  FG. 1. Ambient pressure luminescence spectra of a bulk sample
forms: CaGa,Ge;0,, (ordered garnet structure, space groupof CGGG:CPF* glass obtained at different excitation wavelengths:
la3d), CaGaGe;0,4 (substitutionally disordered Ca- (a) room temperature ang) 20 K.
gallogermanate structure, space gra@?1l), CaGaGeO,

(gelenite structure, space groB@d2,m), and respective vit- found to depend on excitation energy as well as temperature.
reous forms with compositions similar to these crystallineLuminescence spectra obtained under various conditions are
forms2® The chemical composition of the glasses was deterpresented in Figs.(&) and 1b). At room temperatur¢Fig.
mined by x-ray microanalysis using a “Camebax” apparatus 1(@)], the luminescence spectra consisted of a broadband
Glasses with stoichiometric compositions similar to that ofpeaking at 12000-13000 crh and a weaker sharp line
calcium-gallium-germanium garnet (§3a,Ge;0,,) were peaking at 14480 cm'. We observed that the relative in-
selected for spectroscopic investigations and analysis. X-raignsity of the sharp line to the broadband depends weakly on
diffraction showed that the product obtained in the synthesighe excitation wavelength. The sharp line is strongest upon
was heterogeneous and consisted primarily of a glassy phad®7.9-nm excitation and weakest upon 488-nm excitation.
with small amount of crystalline precipitat€es. Qualitatively different emission spectra were obtained when
the temperature was decreased to 20 K. The sharp line and
broadband emission features are still observed at 20 K, but
the line shapes and peak energies changed significantly. The
maximum of the broadband shifted 610300 cm ! [Fig.

Argon and He-Ne laser excitation were used in the lumi-1(b)]. The sharp line broadened and shifted to
nescence and the resulting spectra were corrected for instra=14 230 cm ! [Fig. 1(b)]. An excitation wavelength depen-
mental response. Throughout this paper, the reported emigence of the spectrum was also observed at 20 K. Under
sion spectra were obtained by dividing the correctedb14.5-nm excitatiofand to some extent, under 488-nm ex-
emission intensity by the third power of photon energy. Bycitation as well, it appeared that the spectral structure ob-
normalizing the spectra in this way, the energy of the maxi-served at room temperatuftie line at 14480 cm' and the
mum of the spectrum is equal to the energy of the Frankbroadband 12 000-13000 cH) still contributed to the 20-
Condon transition. K spectrum. By contrast, the room-temperature spectrum ob-

The ambient pressure emission in the bulk sample watained under 632.8-nm excitation appeared to include a low-

A =514.5nm
exc

energy (cm™)

Ill. AMBIENT PRESSURE LUMINESCENCE OF BULK
SAMPLES
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(Fig. 2) are due to energy transfer between the differet Cr
centers and nonradiative processes in the glassy phase.

A =632.8nm
exc

p=1atm
IV. PRESSURE CALIBRATION

For high-pressure spectroscopy measurements, the sample
was powdered and individual pieces were placed in the gas-
ket hole of a diamond-anvil cell. Samples with dimensions of
75-100um were selected for the high-pressure studies. We
noticed that different glass samples selected for high-
pressure experiments had already at ambient pressure differ-
ent luminescence characteristics. We have distinguished

P T S T T brighter samples with luminescence features similar to those
15000 14000 13000 12000 11000 10000 %0 gbserved in the bulk sample at high temperatuRelife at
energy (cm) 14480 cm ! and broadband peaking at 12 700 ¢h and
weakly emitting pieces whose emission consisted mainly
of the lower energy (10000-11000 c#) broadband
emission.

Experiments have been performed using two sets of ex-
perimental systems. For pressure calibration, the
Ca0-Ga05-GeO; glass sample and ruby crystal were placed
energy (10000-11000 cm) contribution from the 20-K in a diamond-anvil cell “Diacold04” (modified Merrill-
broadband feature. Basset designrmade by Diacell Products. Emission light was

It is interesting to compare the spectra obtained undedispersed by a 2-m monochromat@dapted from a spec-
632.8-nm excitation at different temperatutese Fig. 2 At trograph, PGS2, Carl Zeiss Jenaquipped with a 651
lower temperature$20, 50, and 100 K one can see emis- grooves/mm grating, and detected by a photon counting tech-
sion features characteristic of the low-temperature spectra aique using a Hamamatsu R943-02 photomultiplier tube
all excitation wavelengths: the broadband peaking a{PMT). For detailed investigations of the broadband emis-
10300 cm® and the sharper line at 14230 cf Both of  sjon, another detection system was used. The emission was
these features disappeared with increasing temperétuge dispersed by a 1-m spectromet&PEX 1704 and detected
sharper band disappeared before the broadbdfat tem-  with Hamamatsu R2228 PMT. This system had less disper-
peratures above 200 K, the sharper band at 14230'cm sion, but was sensitive up to 1200 nm. A 4:1 methanol:etha-
was completely replaced by a band at 14 480" tmwhose  nol mixture or a spectroscopic ofpoly-dimethylsiloxang
intensity increased with increasing temperature. In the lowewas used as the pressure transmitting medium. In the present
energy region, the band at 10300 chwas gradually re- high-pressure luminescence experiments, the well-known
placed by the band at 12000 ¢ Both broadband fea- R-doublet lines and the symmetric line shapes of ruby indi-
tures, however, contributed to the spectrum over the entireated a quasihydrostatic pressure distribution was maintained
temperature range of the study. Both broadbands exhibitedp to 150 kbar.
strong blue shifts with increasing temperature. Using the former experimental system, we were able to

The results indicate that the emission is dominated bymeasure the rubR; and R, lines and theR line emission
different CP* centers. The ambient pressure emission specirom glass samples with much better than single wave-
tra obtained at room temperature presented in Hig. dan  number resolution. Since the rubR,; and R, emission
be interpreted as follows. The sharp line is dueRdine  strongly overlap with théR lines of the glass we focused the
emission fE—*A,) from high-field octahedrally coordi- excitation light separately on the ruby and the sample to
nated Ct" sites. The relatively large linewidth of tiReline  minimize interference of the luminescence signals. Given the
as well as its slightly asymmetric line shape are attributed tanuch stronger luminescence intensity of ruby, its emission
inhomogeneous broadening of the transition due to disordewas still excited by scattered light when we focused on the
of the host. As far as the broadband is concerned, its energsample. Consequently, at a given pressure we could observe
and line shape are consistent with an assignment tdThe the ruby luminescence only or luminescence that was a su-
—%A, transition of low-field octahedrally coordinated®Cr  perposition of the ruby and sample luminesceffigs. 3a)
sites. and 3b)]. We were able to subtract the ruby emission from

At 20 K [Fig. 1(b)], theR line at 14480 cm® at room the spectrum to obtain the spectrum presented in Rig. 3
temperature was replaced by a broader band peaking #Ye found that the energy of tHe-line luminescence of the
14230 cm®. We attribute the feature at 14230 cito = CGGG:CP* glass sample depends linearly on pressure. The
2E—“A, emission of Ct' sites in a glassy environment. observed pressure shift was found to be equal to
The larger linewidth is a consequence of the much more-1.73 cm Y/kbar. The data are summarized in Fig. 4. By
significant inhomogeneous broadening in a glassy phase relaorrelating the R-line energy of the CGGG:CGt glass
tive to a disordered crystalline phaSeThe qualitative and sample with the rubyR lines, we can use the glass as a
guantitative spectral changes observed with temperatureecondary pressure calibration standard.

FIG. 2. Ambient pressure luminescence spectra of a bulk sampl
of CGGG:CP' glass obtained at different temperatures upon
632.8-nm excitation. Th&-line luminescence is presented in the
inset.
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T T T T T T V. HIGH-PRESSURE LUMINESCENCE

Figure 5 shows the luminescence spectra of the bright
sample obtained for several pressures at room temperature
[Figs. 5a)-5(c)] and at 20 K[Figs. 5d)-5(f)]. At room
temperature, the emission spectrum retains its ambient pres-
sure appearance upon increasing pressure. As discussed
above, theR lines exhibit a redshift. The pressure shift of the
broad emission band is more difficult to determine because
of uncertainty in determining the peak maximum. The varia-
tion of the estimated broadband peak maximum with pres-
sure is shown in Fig. 6. Although there is some variability,
the data indicate a weak redshift of the peak maximum with
pressure. From the data, we estimate a redshift of approxi-
mately 2 cm /kbar. The magnitude of the broadband red-
shift is similar to that observed for the lines and is much
different than the~10-cm /kbar blueshift typically ob-
served for the*T,—*A, emission of Ct* in crystalline ox-

L 4 ides. The shift behavior of the broadband emission of
CGGG:CP" glass suggests that the emission is not due to
— the 4T,—“A, transition of low-field C#* sites.
6850 6900 6950 7000 7050 The low-temperature luminescence decay curves at ambi-
0 ent pressure and room temperature are shown in Fig. 7. De-
A (A) cay curves upon excitation at 532 nm with double fre-
quenced YAG:Nd laser and monitored at several wavelengths
are shown. The monitored wavelengths were selected within
both theR-line and broadband portions of the spectrum. The
decay curves at all monitored wavelengths are similar and
are well represented by a double exponential function with a
long component of~2.5 ms and a short component of
~1 us. The similar decay behavior of tireline and broad-

. ) band emission is a further indication that the broadband
For the brighter type of CGGG:€t glass samples, we .emission is not due to thé&T,— A, transition of low-field

measured high-pressure Iumin_escenc_e specftra_without USIs+ sites. The latter transition has a typical lifetime of
ruby and used the pressure shift of Réine emission of the  ~ 10— 106 us in crystalline oxides

glass sample for pressure determination. When we investi- Figure 8 depicts the pressure variation of the ratio of the
gated the weaker emitting samples that exhibited only the 9 P P

o _ _ integratedR-line intensity to the combined integrated inten-
\k,)\,rg iizznig;nfssﬁg zfgsrslu?g?r?diéaltggo Ertsee above sity of theR-line and broadband emission. The data indicate

a weak variation of the intensity ratio with pressure at room
temperature and 20 K for several excitation wavelengths.
Small increases in the intensity ratio at 20 K and room tem-
perature upon 488 and 514.5 nm excitation were observed
and a small decrease in the intensity ratio was observed at 20
dE/dp=(-1.73+0.04)cm™"/kbar l K upon 457.9-nm excitation. The weak variation in intensity
ratio observed in CGGG:€f glass is in contrast to the large
increase in intensity ratio observed in LiTa@r*.1" This
large increasing of th&-line intensity in LiTaQ:Cr** was
attributed to a pressure-inducéd,-°E excited-state elec-
tronic crossover. Due to disorder in the crystal, the crossover
occurred over a wide range of pressure. The intensity ratio in
LiTaO,:Cr** also showed a strong temperature dependence
due to a thermal population of higher vibratiorfdl, states.

 aovcp 81 2008 e ear ] The absence of a strong intensity ratio variation in CGGG:
Cr* glass with pressure or temperature is a further indica-
800 " Tiaos0 14370 1460 asso  14sa0  1asso  tion that the broadband emission observed in CGGE: @
not due to the*T,—*A, transition of low-field sites.

Figure 9 shows the pressure dependence of the emission

FIG. 4. Variation of the energy of the line of CGGG:CF* and  spectrum of a sample selected from the weakly emitting por-
the R, line of ruby with pressure at room temperature. tion of the heterogeneous bulk sample. The sample retains its

p = 14 kbar
A= 457.9 nm

FIG. 3. R-line luminescence of a CGGG: Tr glass sample and
ruby in a diamond-anvil cell@@ spectrum obtained when the exci-
tation beam was focused on the CGGG:Csample;(b) spectrum
obtained when the excitation beam was focused on ruby(@rnte
resulting CGGG:C¥" R-line luminescence obtained by subtracting
out the rubyR-line emission features.

p (kbar)

20 40 60 80 100
T v T v T v T

14500

14450

L[] xm=457,9nm \
dE/dp =(-1.75 + 0.05) cm'/kbar

14400 -

| A ) =488nm

dE/dp = (-1.59 + 0.04) cm"/Kbar
14350

R line energy of CGGG:Cr (cm™)

-1
energy of ruby Rt line [cm ]
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W
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FIG. 5. High-pressure luminescence spectra of CGGE:@tass at several excitation wavelengths. The sample used in the experiment
was selected from a bright portion of the heterogeneous bulk san@lexq,=457.9 nm, RT;(b) Nee=488 nm, RT; (C) gy
=514.5 nm, RT{(d) Agyc=457.9 nm, 20 Kj(€) Neye=488 nm, 20 K;(f) Aeye=514.5 nm, 20 K. REroom temperature.

broadband appearance and exhibits a redshift with increasingtation measurements on the bulk heterogeneous sample at

pressure. ambient pressure. The excitation spectra obtained at room
temperature and 85 K upon monitoring emission at
VI. BULK SAMPLE EXCITATION SPECTRA 14480 cm® (R line) and 12700 cm! (broadbanyl are

shown in Fig. 10. The excitation spectrum at 85 K obtained
In order to obtain information about the higher excitedupon monitoring the emission at 14 480 cthconsisted of
states of CGGG:Gr glass, we completed luminescence ex-two broad Gaussian shaped bands. An analysis of the spec-
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J RT 0.10 |- R
12650 - —&—)  =457.9nm
12800 —o—3_ =488 nm 0.09 |-
J —&— ) =514.5nm i
12750 \ — 71 — e 0.08 |- N SR
~ 12700 ] = = T=20K 0.07 L A \
- ] - > — —C— 1, =457.9 nm [ /Ak<
§ 12650 — e N —O—1,.=488 nm 0.06 ~ s A
g 1 0 ] . —A—), =514.5nm B H RT
S . - N ” = 0.05 ° o e —m—4579mm
< 12550+ g \ \ l = ool 0\\0/ ./ —e— 488 nm
1 et A o —A—514.5nm
12500 | = AN e — 3 ./
1 B \ 0.03 | ! 20K
L
12450 1 ™~ % [ o ><£_\ /'\ —0—457.9 nm
12400 : : . = . : . : , 0.02 I /0 i — . . —O—488nm
0 20 40 60 80 100 120 140 160 o1 L ® —A—5145nm
pressure (kbar) " 1 " 1 n 1 " 1 " 1 " 1 " 1 " 1
0 20 40 60 80 100 120 140 160
FIG. 6. Pressure variation of the estimated peak maximum of pressure (kbar)

the broadband portion of the spectra shown in Fig. 5. FIG. 8. Ratio of the integrateR-line intensity to the total inte-

grated intensity of &' in CGGG glass at room temperature and 20

trum indicates that it contains a band at 17 450 ¢with a K as a function of pressure for different excitation wavelengths.

standard dispersiono=1090 cm! and bandwidth of
2567 cm ' and a band at 23720 cm with a standard dis- tion band. Instead of a single Gaussian, the high-energy ex-
persiono=1150 cm * and bandwidth of 2708 cit. Both  citation band observed upon monitoring the broadband emis-
bands exhibited a temperature shift of abeut.5 cm /K sjon can be resolved into two Gaussian components: one
between 85 K and room temperature. These spectra are cogemponent with a peak at 22270 cthand a standard dis-
sistent with the existence of the high-field®Crions in oc-  persion ¢=1015 cmi® and a second component with a
tahedral coordination. The low- and high-energy excitationpeak at 24000 cm' and a standard dispersiomr
bands can be attributed to thé,—*T, and “A,—*T, tran-  =1700 cm®. The lower energy band at 17450 thand
sitions, respectively, of high-field &F sites in CGGG:CY*  Gaussian component at 24 000 chobserved upon moni-
glass. From the positions of the excitation bands and theoring the broadband emission are similar to features ob-
energy of theR lines, we can calculate the crystal-field pa- served upon monitoring-line emission and are attributed to
rameters. From the data, we obtainDkp=17 450 cm?, 4A,—4T, and “A,—*T, transitions of C¥*, respectively.

B=627 cm ', andC=3253 cm* for the high-field sites. The Gaussian component at 22270 ¢mis likely not
The excitation spectra of the broadband emissionelated to C3¥'.

(12700 cmt) are similar to those of thB-lines (Fig. 10).

The lower energy band has a maximum at 17450 tmt  vj|. CONFIGURATIONAL COORDINATE DIAGRAM OF
85 K. The energy and bandwidth of the band were nearly HIGH-FIELD OCTAHEDRALLY COORDINATED
temperature independent. The high-energy excitation band CHROMIUM CENTER

observed upon monitoring the broadband emission is more

intense and broader than the corresponding band obtained The crystal-field parameters D@, B, and C calculated
upon monitoring theR-line emission. The broadening is a from the excitation spectrum of thg-line emission do not
consequence of a readily noticeable shoulder in the excita-

0.1k
A =457.9 nm
exc
A_=750nm RT
0.01 A, =691 nm e
A,,=850nm
>
.;;3 Ea 0.. 109 kbar
S 93 kbar A
S ‘ |\H “ 79 kbar el
1E-4 3 em nm m“ w “ ] 0 ‘ 57 kbar
‘ i .w 27 kbar
i P o | i
[ hm S0 g, fam o,
1E-5 TR N—— L . \
5 Y o010 0.015 16000 15000 14000 13000 12000 11000 10000 9000
time (s) energy (cm™)

FIG. 7. Luminescence decay curves of a sample of CGGG:Cr FIG. 9. High-pressure luminescence spectra of CGGH:Cr
selected from a bright portion of the heterogeneous bulk sampleglass at\ .,.=457.9 nm. The sample used in the experiment was
The decay curves were obtained at 20 K and ambient pressure upaselected from a weakly emitting portion of the heterogeneous bulk
excitation at 532 nm. sample.
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& » T 12700 cm? is not due to the*T,—*A, transition in the
’ _._144"‘808 cm” 300 K h|gh'f|e|d SlteS
—s—12700cm™ 300K We can estimate the energy of the electron-lattice cou-

0.8

pling St w of the high-field system in théT, excited state
by considering the standard dispersionof the homoge-
neously broadened excitation band (17 450 ¢mndue to
the *A,—*T, transition obtained upon monitoring tReline
emission at 14480 cnt (Fig. 10. Using standard configu-
ration coordinate model analy$&ye know the temperature
dependence of the homogeneous broadening,, as
follows:

—o— 14480 cm” 85 K

o6 1 —o—12700em™ 85K

0.4

0.2

excitation intensity (arb. units)

30000 0-2 (T) Lo
energy (cm™) Shw= %tam(m> :
FIG. 10. Ambient pressure luminescence excitation spectra of &/hen analyzing the CGGG:€t glass, we need to consider
bulk heterogeneous sample of CGGG:Cylass at 85 K and room  the inhomogeneous broadening as well as the homogeneous

temperature. The spectra were obtained by monitofiiine  broadening of the excitation spectrum. If we assume that
(14480 cm™) and broadband emission (12700 Cch. both the distribution of crystal-field strengths and the homo-
geneous broadening of the spectrum are given by Gaussian
account for electron-lattice coupling. Since the grodg, ~ functions, we can relate the standard dispersiowf the
state and the excitefiT, state belong to different electronic €XPerimental excitation spectrum to the homogeneous and
configurations ¢ and t%e), respectively, the excited-state NoMogeneous contributions through
system relaxes due to lattice rearrangement. Thus the relaxed o= \/mz— ©
excited *T, state responsible for th&l,—*A, emission has hom 7 10Dqr
an energy much lower than D@. This effect is most readily Whereoopqis the standard dispersion of the inhomogeneous
visualized in a Conﬁgurationa] coordinate d|agrdm|g Crystal-ﬂeld Strength distribution for hlgh—fleld Tr sites in
11(a)]. In a one-dimensional approximation, the lattice relax-
ation is described by a single parame®rw whereSis the / /
Huang-Rhys factor that quantifies the electron-phonon cou-
pling strength andiw is the energy of the effective local
phonon modé® We do not have direct information on the L
energy minimum of the'T, states since the broad emission
band observed at-12700 cm' does not correspond to \|/4A
4T,—%A, emission. If the broadband emission did corre- ’
spond to*T,—*A, emission, we could estimate the position
of the zero phonon energy of tHd, state as the average of
the broadband emission maximum {2 700 cm?) and the
4A,— 4T, maximum (17 450 cm?) observed in the excita-
tion spectrum. We could also estimate the electron-lattice
coupling energysh w to be half of the difference between the
two maxima. If we were to proceed according to the assump-
tion that the broadband emission did correspond*Tg low field 6. =300 cm”
—4A, emission from the CGf* sites, we would find that the 190
4T, zero phonon energy equaled15075 cm® and that
Shw=~2375 cm . The resulting hypotheticatT, mini-
mum in the configuration coordinate diagram would be about
~600 cm ! higher in energy than théE minimum. Under
this scenario therefore the sites would emit primarily through
the 2E—*A, transition and any*T,—*A, emission would

0_0...|...|...|...|...|...
16000 18000 20000 22000 24000 26000 28000

@

high field b

II Il
—_— -—

occur through thermal population of th&T, state. Since o .0100 =600 Cm'1

thermal population of théT, state would require overcom- 2 9

. _1 . . .

ing a 600-cm * activation barrier, we would expect tH&, FIG. 11. Configurational coordinate diagrams of Cr(a) sys-

emission to be strongly temperature dependent under thigm without inhomogeneous broadening of f7e energy;(b) and
scenario. The experimental data, however, indicate that thg) system with inhomogeneous broadening characterized by stan-
broadband emission intensity does not vary appreciably witiiard dispersions-;op,=300 cm* andoygp,=600 cmi 2, respec-
temperature relative to th&-line emission intensity. We tively, of the 4T, energy. Histograms represent thE, state energy
therefore further conclude that the broadband emission atistribution functions.
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TABLE I. Electron-lattice coupling energfﬁﬁw OQIained for  Equation(3) relates the distribution function of th&r, en-
various values of the standard dispersiopyp, of the inhomoge-  ergy to the distribution of théE energy, or equivalently the
neous crystal-field strength distribution for high-field®Crsites in R; linewidth. For LiTaQ:Cr”*, the coefficienK was found
CGGG:CPF" glass.opom, the standard dispersion of the homoge- to be of the order of 0.1 for each of the two groups
neous contribution to théA,—*T, excitation bandwidth, was cal- ¢ inequivalent of sites. If we use a similar value Kffor

culated for each value ofrigpq Using Eqg.(2) and the standard CGGG:CF* and the experimental  dispersionog
dispersione=1090 cm'! of the experimentalA,—*T, excita- 1

tion band(room temperatupeof the high-field C#* sites in CGGG: 98 CM * for the Ry line, Fq'(3) Wi)uld predict a standard
Cr* glass.Shw was calculated usingyo, and Eq.(1) usingfie  diSPersionosigng=380 cm = for the “T, energy. This value
=300 cmil, is smaller than that obtained from the temperature analysis of
the excitation band. The difference is not unexpected, how-
O10pq (€M) 0 200 300 400 500 600 ever, since the excitation spectrum provides the information

Ohom (€M) 1090 1071 1048 1014 969 910 about all sites, while the luminescence spectrum provides
Shao(cm™Y) 2403 2320 2222 2080 1900 1675 information only on those sites that were effectively excited
by monochromatic light. Our main conclusion at this time is
that the approximate values of,opq Obtained in this work
dndicates that*T,—*A, emission is at most only a minor
contribution to the broad emission band at 12 700~ ém

CGGG:CP* glass. Table | summarizes the calculated value
of Shw for several representative values®fypg. ThomWas
calculated from Eq.(2) and the standard dispersiom
=1090 cm! obtained from a Gaussian fit of the experi-
mental *A,— 4T, excitation band(room temperatupefor
hlgh-fle'd cPt SitES(Fig. 10. Shw was further calculated We have prepared a e:"r-doped g|ass material
from Eq. (1) using/iw=300 cni*. The resulting configu- (CGGG:C?*) with a stoichiometry close to that of the gar-
ration coordinate diagram far;ops=300 cm* andoiopg  net CaGa,GeyOs,. It has been found that the material has a
=600 cm ! are depicted in Figs. 1Y) and 11c), respec-  high-field C#* multisite character. We identified a high-field
tiver. The histograms represent tH@z state energy distri- crt system whose luminescence consistsRafine (2E
bution functions. Thus single configuration coordinate curves_.4a,) emission at 14480 cht accompanied by a broad
for the 2E state and théTz state show the existence also of unstructured sideband that peaks near 12 700 1crh|igh-
the low-field CF* site. The two curves Correspond to the pressure luminescence spectroscopy up to 150 kbar has
upper and lower bounds of the distribution 8, energies  shown that the sharB line behaves as expected for a high-
resulting from the stated values ofyopq. From the dia-  field octahedrally coordinated &t center (a redshift of
grams, we see that only a small fraction of high-field Cr 173 cniY/kbap. The broad emission band, however, did
sites has a minimuniT, energy below the’E state. not exhibit the~10-cm Y/kbar blueshift typically observed

In order to estimate the actual value of the standard disfor 4T,—“A, emission of C}". Instead, it exhibited a red-
persion of inhomogeneous broadening of i energy in  shift of 2+0.5 cm Y/kbar. This shift rate, combined with
the present CGGG:€t system, we must consider the tem- [ifetime decays comparable to those observed forRtiiae,
perature dependence of the bandwidth of excitation speged us to conclude that the broad emission band is not due to
trum. From the spectra presented in Fig. 10, we see that th@e “T,—“A, transition in low-field octahedrally coordi-
bandwidth(standard dispersiorof the “A,—*T, transition  pated C#* sites. A configurational coordinate diagram de-
depends weakly on temperature. Only a 15% increase igeloped from luminescence excitation spectra supports this
bandwidth was observed between 85 K and room temperaonclusion since it predicts the nearly exclusive existence of
ture. Since the homogeneous contribution to the bandwidth igigh-field sites. Since the broadband a@dine emission al-
temperature dependent, while the inhomogeneous contribyyays appear simultaneously with the same lifetime and pres-
tion is not, the weak temperature dependence of th@ure coefficients, they must be related to each other. One
linewidth indicates that inhomogeneous broadening is sigpossibility is to consider the broadband as a phonon-induced
nificant. Using Eqs(1) and(2) with iw=300 cm *and the  sideband of theR-line emission. The interaction of odd-
experimental bandwidths at 85 and 293 K, we estimatgarity phonons with Gr" centers leads t&-line sidebands
0100q=600 cni*. This broad predicted distribution of the in crystals?®3 Usually the sidebands reproduce the structure
energy of the’T, state due to the inhomogeneous crystal-of lattice phonons. Phonon energies in crystals are typically
field strength distribution is supported by the significantsmaller than 1000 cmt.*° Recently, however, Coset al>*
broadening observed for thé&—“A, transition in CGGG:  found thatR-line sidebands of GF in silicate glasses can
Cr* glass relative to other systems. extend over a range of 1500 crh In the CGGG:Ct" glass

We have previously shown in the disorderedof this study, the phonon sideband is structureless as ex-
LiTaO5:Cr3" crystal that an inverse correlation of tHa, pected for a glass, with phonon energies up to about
and 2E energies exists for crystallographically equivalent2000 cni?.
sites. This correlation was described by the forrhlla An additional weak emission band with a peak near
10300 cm! was also observed. This emission was attrib-
uted to a superposition of théT,—*A, emission of the
low-field CP* sites and the emission of chromium ions in

VIIl. CONCLUSIONS

Eoe E;’Ez —K(Esr;Ear). ©)
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highly valency states (¢f and CP'). Supporting evidence by preferential excitation of lower field sites in the inhomo-
for the existence of emission from low-field Crsites in the  geneous distribution as the excitation wavelength increases.
broad 10 300-cm! emission was obtained in the observa- The excitation wavelength dependent studies also revealed
tion of a weak increase in tHe-line intensity with increasing  the presence of an addition@iline feature at 14230 cnt.
pressure upon 488- and 514.5-nm excitatipRgys. 5b), It is evident from the data that the glass contains a wide
5(c), 5(e), 5(f) and Fig. §. The weak increase of the-line range of C#' sites with crystal-field strengths ranging from
intensity with pressure is consistent with a pressure-inducethe high field to the low field.
electronic crosscg/}er from a small fraction of the inhomoge-
neous low-field Ct* sites in the CGGG glass used for this
study. The contribution of the low-field €F sites to the ACKNOWLEDGMENTS
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