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Abstract. Differential absorption spectra measurements ofl Experiment

tetrahedraCo?"-dopedLiGasOg have been made usingpa

pump-probe technique. The stimulated emission from th&xcited-state absorption and stimulated emission measure-

4T1(*P) level to the*A,(*F) and*T,(*F) states is observed ments were carried out by use opapump-probe technique.

to be overlapped by the excited-state absorption. The excitedhe differential absorption spectra were measured as

state absorption is tentatively assigned to transition from the

4T1(*P) level of the Co?t ion to the conduction band of AODM) = —Ig(T/To), (1)

LiGasOg. For Co?*:LiGasOg, laser operation is expected to

be possible in the vicinity of20 nmand in theB60-970 nm  whereT andTy are probe beam transmittance of pumped and

spectral region. unpumped crystal, respectively. ThE-ps-duration pulses at

0.54um from a frequency-doubled passively mode-locked

Nd*+:YAIO 3 laser were used as a pump beam. paehite-

light continuum, which was produced irgO cell, was used

as a probe beam. An optical multichannel analyzer with two

photodiode arrays combined with a spectrometer was used

Co*"-doped crystals in which th€d?t ions are in a tetra- as a recording system. All the measurements were performed

hedrally coordinated lattice site have been under investigat room temperature, and with a spectral resolutiohnm

tion [1-7]. This is due to the fact that crystals doped withThe differential absorptionOD of the probe beam after all

tetrahedraCco?* ions are attractive for laser applications. Thethe excited ions have accumulated in a level whose lifetime

tetrahedralCo?™ in Y3S&Ga01, (YSGG) andY3Als0;2  is much longer compared to the pulse duration, can be ex-

(YAG) has been used as saturable absorber for passiygessed as[11-13]

Q-switching of theEr:glass laser [8, 9]Co*":ZnSehas been

used as saturable absorber Q-switch forEin& :Yb3t:glass AOD(A) = ANL(ogsa—oGsa— 0sp) , (2)

laser [10]. On the other hand, the tetrahedZaf* ion in

a number of spinels such dgAl,O4 [1], LiGasOg [2], and  whereoesa, ogsa, andosg are the excited-state absorption

ZnGa0;4 [3] exhibits strong broad luminescence bands in(ESA), the ground-state absorption (GSA), and the stimu-

the visible and near-infrared spectral regions with gisb- lated emission (SE) cross sections, respectivaly, is the

lifetimes. This allows us to consider such crystals as possoncentration of ions in the excited state, dnds the sam-

sible candidates for tunable solid-state lasers in the visiblple length. Notice thahOD > 0 meansgsa > ogsa+ 0sg,

and near-infrared. In this paper, excited-state absorption arthd AOD < 0 signifies thabesa < ogsa+ ose. The relative

stimulated emission o€0*":LiGasOg are studied undgps  shape of thersg(1) was obtained by measuring the fluores-

excitation in the spectral regiegt60-970 nm cence spectrunh(r) which in bulk media is related to the
LiGasOsg has an inverse spinel structure (space gi@8p  ose(X) by osg(d) o< A%1(1) [14].

P432), and contains four formula units in the cubic cell [3].

The lattice constant ia = 0.833 nm One half of theGa**

ions occupy tetrahedral sites while the other half of@&" 2 Results

ions, together with th&i™ ions, occupy octahedral sites. It

has been shown [5] that th@c?t ions substitute for tetra- The GSA spectrum dEc?t:LiGasOg shown in Fig. 1 is simi-

hedrally coordinated@za®" ions in theLiGasOg lattice and lar to that of Co?* ions in a tetrahedrally coordinated site

occupy sites ofC3 point-group symmetry. The thickness of in crystals with spinel, garnet, and fluorite structure [1-7].

the Co?*:LiGasOg sample studied wak1 mm In accordance with a Tanabe—Sugano diagram fdf @n

PACS: 42.65;42.70
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T T T T T T T and*T1(*F) energy levels split into two components, a sing-
| co™LiGa, 1 let and a doublet, which are exhibited by two GSA bands
sl 1 50 with peaks at~ 16900 cnm! and~ 15700 cnt? originated
from the?A, (*F) — T (*P) transition, and two GSA bands
at~ 6150 cnt! and~ 7000 cn1? related to the'A; (*F) —
‘A (PT(P) 7704 4T, (*F) transition [2]. The absorption featurek& 000 cnT?,
which is observed as a shoulder on the high-energy site of
the *A, (*F) — *T1(*P) transition, is most likely due to one
of the doublet levels arising from thG free-ion level [2,
6]. The weak peak atr 20600cnT! may be assigned to
35 the A, (*F) — °T1(%P) transition by comparison with the
NP spectral position of thi_s tr_ansition observed for the tetrahe-
: ' drally coordinateco?" ion in MgAl,04 andZnAl,Oy4 [1-4].
qbe The GSA cross sections were determined from an expression
SN J\L ocsa(M) = a())/No, wherex (1) is the measured ground-state
0l R o i e N . 000 absorption coefficientNy is the Co?t concentration in the
35000 30000 25000 20000 15000 10000 5000 LiGasOg crystal. From the known concentration of cobalt in
the raw material @1 wt. %), the concentratiofNy was esti-
mated to beb.7 x 101 cm=3. The obtained valuesgsa())
are shown in Fig. 1. The band-to-band absorptiohiGlasOg
(Fig. 1) begins ats 32000 cnt! (312 nn). The absorption
edge of theCo?*:LiGasOg crystal rising fronrs 27 000 cnm?t
in a tetrahedral crystal field (Fig. 2), the visible absorp-(370 nn) can be assigned to the transition from die impurity
tion band centered a6600cnT! (=~ 600 nn) is assigned level*A; to the conduction band.
to the *A,(*F) — 4T1(*P) transition, and the near-infrared  Figure 3 shows the differential absorption spectra of
band arounds700 cnt! (=~ 1.5um) to A, (*F) — 4T1(*F)  the Cc?':LiGasOg crystal in the wavelength region of
transition [2]. The absorption band due to th&(*F) —  460-970 nm The sharp feature in this spectrum is a marker
4T, (*F) transition expected to lie in the vicinity dD00 cnt!  for the position of the pump. At this wavelength some light
(~2.5um) is not observed because of its low oscillatorfrom the pump laser is scattered in the probe direction. GSA
strength. In a pure tetrahedral field this transition is electrichleaching, ESA, and SE are observed simultaneously. Clearly
dipole forbidden. In a lower-symmetry crystal field (8’  observed is an ESA band in t460-550 nmand740-860 nm
ions in LiGasOg occupy distorted tetrahedrally coordinatedregions as well as a SE in the rangeB60-970 nm(inset in
sites with Cz point-group symmetry [2]) both thé&T;(*P)  Fig. 3). One can see a SE arousitb nmwhich is expected
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Fig. 1. The absorption spectra of ti@o?+:LiGasOg and undoped.iGasOg
(dashed curvecrystals
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0] ! responding ground-state absorpticsol{d curvg and stimulated-emission

‘A (‘F) (dashed curves spectra for Co*™:LiGasOg. The pump wavelength is
< 540 nm The delay time between pump and probe puls&9ips Theinset
Fig. 2. Energy-level diagram of th€d?* ion in LiGasOg in T4 symmetry.  shows an expanded view of theOD signal indicating lower values of that.
Ground-state absorption and stimulated-emission transitions are indicatélthe peak values afsg(1) for the SE bands arour@B5and 950 nmshould

by arrows. Note that doublet levels are omitted. CB, conduction band not be compared
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ok T ' i ' ] This is supported by the relative energy position ofthg —
’ ..'os..—»o—o\./.\ o CB absorption edge which extends fr@&A000 cnt! and the
1 4A,(*F) — *T1(*P) transitions which are located &6 700
0os | / 1 and 16900 cnt? (Fig. 1). So the absorption related to the
‘ » a) transition from the*T,(*P) excited level of the tetrahedral
Co** ion to the conduction band of theéGasOg crystal may
be expected to rise fromr 11000 cn? (& 900 nm. It can
Ead I 1 not be excluded that, in accordance with a Tanabe—Sugano di-
/ A =675 nm agram for a’ electronic configuration in a tetrahedral crystal
° . ‘ ) S field, the spin-allowed transitions from the thermally popu-
0.00 — — : ; : , lated2E(2G) state to doublet levels arising from tRE free-
0.08 | . ion level contribute to the ESA in thé40-860 nmregion.
In spectral region studied here tBe?*:LiGagOg crystal ex-
. hibits two SE bands at arour@®5 nmand 950 nm(Fig. 3).
b) These SE bands are attributed to e (*P) — *A,(*F)
1 and*T;(*P) — “T,(*F) transitions, respectively (Fig. 2). The
4T1(*P) — *T2(*F) SE band is affected by the ESA at the
0021 7 short-wavelength edge of the SE band (inset in Fig. 3). The
/ 2,1, =603 nm spectral region in whichsg exceedsesa ranges fron860to
0.00—e 970 nm Taking into account that there is no GSA in this re-
: gion we can conclude that the regi860-970 nmis promis-
ing for laser operation. Th&T1(*P) — *A,(*F) SE clearly
overlaps with the GSA bleaching and the ESA. The wave-
length region aroun@20 nmin which osg exceedsgsa, and
0.02f c) . oGsa Sseems to be low compared withg — oesa (the reab-
] sorption by GSA is low) appears suitable for laser operation.
ook 4 o —® In order to estimate the effective stimulated-emission cross
' B e sectionsogrr = (osg — oesa), the AOD(L) spectrum must
Soo—o" ] be corrected for the GSA bleaching, see (2). The unknown
-0.06 - A =480 nm ] constantA NL can be determined from (2) if a specific wave-
. - L length exists, for which the ESA and SE are negligible. Under
<400 40 80 120 160 200 240 the assumption, that the ESA and SE are small in the vicin-
Delay Time (ps) ity of 640 nrllg the cross sectionsggr can 2boe estimated to
Fig. 4ac.The differential absorptiohOD =  lg(T/To) of C* Licas0, D€ 43> 10 9cm at 700 nmand 2.2 x 10-*cn? between
as a function of pump-probe delay time at different wavelengt67& nm 880 nmand900 nm
(@), 603 nm(b), and480 nm(c)
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to overlap with the GSA bleaching and ESA. Figure 4 shows

the temporal dependence of differential absorpthd@D for
three wavelengths from the spectral regions in which the GS
bleaching, ESA, and SE are observed. The GSA bleachin
ESA, and SE appear with an instrument-limited rise time o
~ 20 ps and there is its negligible decay after our maximum
delay time 0f230 ps

he differential absorption spectra measurements of tetrahe-

ral Co**-dopedLiGasOg crystal were carried out with ps
ump-probe technique. The stimulated emission bands due
o the transitions from th&T(*P) level to the*A,(*F) and
“To(*F) levels as well as the ESA in th460-550 nmand
740-860 nmregions were clearly observed. The ESA is ten-
tatively assigned to the transition from th&; (*P) level of
Co?* ion to the conduction band of tHéGasOg crystal. For
tetrahedralCo?"-dopedLiGasOg crystal, laser operation is
expected in th&60-970 nmspectral region and in the vicin-
ity of 720 nm

3 Discussion

The pump wavelength &40 nm excites the*A,(*F) —
4T1(*P) transition (Fig. 2). For th&iGasOg crystal, the life-
time of the*T,(*P) level has been found to b200 ns[2]
which is much longer than th&5-ps pulse duration in our
experiments. This indicates that only transitions from the
4T1(*P) level can appear in our measura®D spectra as References
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