Printed in Great Britain.

@

Solid State Communications, Vol.56,No.l1, pp.47-49, 1985,

Pergamon Press Ltd.

DISPERSION OF THE F2+ CENTER IN KCl1 CRYSTAL

D.A. Donatti and M.A. Aegerter

Departamento de Fisica e Ciencia dos Materiais, Instituto de Fisica e Quimica de Sdo Carlos,
University of Sao Paulo, 13560 Sao Carlos ~ SP - Brasil

(Received 15 June 1985 by F. Bassani)

The dispersion due to Fy* center in KCl crystal is determined at liquid
helium temperature through an ellipsometric technique using their pola-

rization properties in the spectral region of the IsG,+2pC,
tion. The maximum index change expressed as a function of the

transi-
peak~to-

peak dichroic absgorption constant (Xd(cm']) is given by (n, -n Jmax =

= (3.4 + 0,2).10°0x

at E = 0,85 eV and (n, -n Jmax =

~(2,35%0,2).10700,

at 0.94 eV. The resu?ts are compared with a theory developped by Dexter.

The existence of optical dispersion curves,
usually called anomalous dispersion is a pheno-
menon which is common to all materials near ab-
sorption bands. Color centers in iomic crystals
are a priori good candidates for such a study
since they present a wide variety of well known
absorption bands in the UV, visible and near in-
frared spectral range. Unfortunately their con-
tributions to the host lattice dispersion appear
to be relatively small and are therefore diffi-
cult to measure through direct measurements. The
dispersion due to anisotropic defects is however
easier to determine since it is possible to uti-
lize their polarization properties. This note out-
lines such a procedure applied to the experimen-
tal determination of the refractive index chan-
ge in the near IR spectral region of the Is G+
2p o, absorption transition of Fy* centers 1in
KCl crystal. Anisotropic defects of the F2+ and
Fy type play nowadays an important technological
role since they are used in color center lasers,
photografic information storage etc, where pha-
se variation and diffraction efficiency from ori-
ented defects are of great importance.

A Fo* center consists of two nearest-neigh-
bor anionic vacancies which have trapped a sin-
gle electron. It is analogous to a H2+ molecu-
lar-ion imbedded in a dielectric matrix. The op-
tical properties of this defect have been extenr
sively studied in KCl crystal by Aegerter and
Lutyly2, This center lies in a <110) lattice di-
rection and has three symmetry axes along which
their optical dipole moments lie. One is the ¢110>
vacancy axes which is the optical dipole direc-
tion of the near infrared 1s¢;+ 2pG, absorption
band (z polarized). The other two are the <110>
and 100> directions perpendicular to the va-
cancy axes (x and y polarized). The main transi-
tions having these dipole directions lie in the
visible range on the short wavelength side of
the F center band and are labelled Is G'g- 2pT,.

Fa% centers can be created in different ways]’3’4.
For simplicity we used a procedure discovered re-
cently by Luty et al’ for which the creation me-
chanism is not fully understood yet but is ex~
tremely effective in KCl doped with SH . The crys-—
tals cleaved to 8 x 4 x 1.6 mm are first X~rayed
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at -40 £ 1°C during 4h (Mo anode working at 90KV,
20mA). The F2* centers are then created by shim
ing white light from a halogen lamp at the same tempe-
rature. High concentration of "pure" Fy* centers
can be obtained in this way. They have a better
thermal stability than those prepared with older
techniquels%4 and if the irradiation light is not
polarized, all the Fz* centers are equally dis-
tributed along the six <110> possible directioms.
The orientation of Fy* centers along one parti-
cular (110> direction occurs for T > 50K during
the desexcitation process of the 2p T, excited
states toward the first relaxed excited state
2p G y¥*. For example, shining 500 nm light (white
light filtered by a SFK 9 filter) propagating
along [100] and linearly polarized along [O]l]
(excitation of the 2p®;, transitions) excite all
the defects except those having their vacancy axes
along this [011] direction. They will eventually
change their orientations until full [Oll] align—
ment is obtained. The dichroism is normally sta-
ble in the dark until 240 K, temperature at which
the defects are destroyed.

The dispersion of the Fy* centers was deter—
mined using a well known ellipsometric technique®
which has also been used some years ago to mea-—
sure the dispersion property of F) centers in
NaF’. If we assume that the defects have been’ par—
tially aligned along the [071] direction, [001]
polarized light propagating along [lOO] in the
1sG o> 2pG, near infrared region is selective-
ly agsorbed by the z polarized component of the
Fo* centers; it will emerge with amplitude al071]=
a, and afgq¢] = a, as _measured through an analy-
ser oriented along [011] and [Oll] respectively
(fig. 1). Since the defects are partially aligned
along [Ole, these amplitudes .-are diffierent
(ai/ < a,) and have a phase difference given by

2Td

N Qp

§ = (n, -n,)
where n, and n, are respectively the refraction
index for light polarized along [OH] and [OH],
A is the wavelength of light in free space and
d is the thickness of the crystal. The recombi-
nation of these components results in an ellip-
tically polarized light. The semi-axes ay -and
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a;, and the orientation of the ellipse can be de-
termined by measuring the transmitted intensity
Iy and Ip, by adequate rotation of an analyser.
If 8 is the angle between a, and a; we have:

I;,faMz=(alsine)2+(a,’cose)2+23,’a_l_s inBcosBeos§  (2)
IL=3L2=(aLcose)2+(a”s inG)z—Za// a, sinfcosBeos & (3)

Solving for § in equation (2) and (3) and subs-
tituting in (1) we obtain:
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case of Fy centers in NaF this indicates that
Fy* centers behave as a dilute set of uninterac-
ting damped harmonic oscillators?. (n,, -ny) vani-
shes near the peak of the F2+ absorption band and
has maximum values of opposite sign on either si-
de of it. The maximum values are different becau-
se the absorption band is asymmetricZ. The varia-
tion of the maximum index difference (n, -n,)max
varies linearly with the dichroic optical absorp-
tion constant X g(cm~1) over more than a decade of

Measurements of the ellipses parameters a,/=~lf,, s
a,= /I, and © have been made from 1.0 to 1.8 pm
at 1.5 K for different degrees of F2+ orientation
using high quality 20mm # quartz polarizer and
analyser (B. Halle Nachfl.) and a PbScell. Fi-
gure 2 shows one typical result obtained with
a 1.8mm thick crystal with partial Fy* orienta-
tion. This ellipsometric technique allows:to mea-
sure the absolute value of the change of the re-
fractive index. The sign of the curve has been
determined independently inserting between the
crystal and the analyser a A/4 plate which, when
correctly aligned, converts the elliptically po-
larized light into a plane polarized ome, the
sense of the rotation of the analyser giving the
sign of (n, -n,)6. The dispersion increases with
the degree of alignment and is typical of an ano-

malous curve due to isolated defects. As for the
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1. Schematic arrangement for the analysis of the
elliptically polarized light for F* centers.
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2. Absorption spectra of Fy' certers (lng*ZpCu
transition) measured at 1.5 K in one particu-
lar stage of aligment (upper drawing). Light
is propagating along 100% and is polarized
along EOT]] (# ) and [011] (L). Lower drawing
shows the corresponding dispersion spectrum:
experimental () and theoretical (full curve).
The ordinate of the theoretical curve has been
multiplied by a factor 0.4. The small shift in
energy (- 0,007 eV) is due to a small diffe-
rence in energy calibration of the dispersive
instruments.
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the concentration range of Fy* centers S L I
xIo °
(ny-ny)max = (3.4 £ 0,2).107%.0(; at E = 0,85 ev 8L A -
Q
(n,~n,)max = -(2,35 0,2).10'6.0(d at E = 0,%eV s
L -
The contribution of Fz"' centers to the overall re- — 6 (&) b
fraction index is small but nevertheless leads to c ad
substantial phase variations. The change of index ﬂ4 L -
of refraction for defects in crystals has been
theoretically investigated by Dexter8. Where the
tight-binding model is valid, the crystal cubic 2 -
and the defects well localized the change of the
refraction index is approximately given by
n = nq + ng where ng represents the dimimnution of 0 1 1
the refractive index as a results of the removal o 10 20
of part of the atoms of the lattice, usually a DICHROIC de (cm")
small effect and ny is the effect of the defects.
)
) )
A n(E) = ‘h_”(‘:___ S O(T(Ez—dgr— (5) 3. Variation of the maximum index difference
b} |(n,, —nJ_)|max as a function of the maximum di-
Fig. 2 shows the comparison of such calculation chroic optical absorption constant xg{cm™!).
based on relation (7) with one of the experimen- The values (n, -n,) are measured at 0,85 eV

tal determination. The agreement is good 1if we
multiply the theorical results by a factor of 0.4.
For the calculation, Dexter assumed that the influence
of the crystal on the oscillator was equivalent
to the Lorentz local field such that the Lorentz—

Lorenz law was applicable. This may not be true
for anisotropic defects such as Fp* centers and
this may explain the multiplication factor used

to fit the experimental results. The 150‘g-' 2pG,
transition of F2+ centers presents a sharp zero
phonon line at 0,8123 eV2, Unfortunately in the-
se KCl:SH™ crystals, the zero phonon line is
broad and appear with much lower intensity; it
was impossible to obtain definite results concer-
ning its contribution to the dispersion curve.
The ls(Tg-'Zp'TTu transitions in the visible range

(curve a) and 0,94 eV (curve b) andxg(em™ 1)

at 0,92 eV. The experimental points (e ,& )
and (O ,a ) refer to two different crystals.
The levels have been calculated with the Dex-
ter theory using the multiplication factor 0.4.

also lead to the existence of anomalous disper-
sion curves. Measurements are underway and will
be published later.
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