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Investigates the up-conversion luminescence of Yb-doped oxyfluoride glass excited by a 960nm-diode laser. A new

up-conversion cooperative radiation luminescence is found, which is rather strong and positioned at 476.1 nm. It comes
from the coupled states of two-Yb3+-ions cluster. It is significant because it is an effective and convenient method of

producing blue light.
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Frequency up-conversion research is a valuable

front field in optical-physics science.l'! Its applica-

B sensor,! bi-

6—8]

tions in laser,? optical data storage,

(5] and 3-d volumetric display!

ological diagnostics
fields have good prospects. The blue light is one of
most interesting topics.[g’w] This paper investigates
the blue up-conversion luminescence phenomenon
of Yb(5):FOG (FOG means oxyfluoride glass) and
Yb(0.5):FOG oxyfluoride glass samples when excited
by a 960nm diode laser. A new kind of up-conversion
cooperative radiation fluorescence is found, which
originates from the coupled state of clusters? con-
sisting of two Yb3* ions. It may lead to a new ef-
fective and convenient method to obtain strong blue
up-conversion luminescence.

We selected Yb-doped oxyfluoride glass to study
the cooperative up-conversion luminescence of the
Yb3t ion.'®! The samples used in our experiment
were (a)Yb(5):FOG and (b) Yb(0.5):FOG oxyfluoride
glass. Because the sample manufacture system is used
to produce the Er-doped sample, the components of
this system, such as the crucible, contain some Er3+
ions on its surface. So there is trace of Er3* ions
naturally in the Yb(5):FOG and Yb(0.5):FOG sam-
ples when Yb3+:FOG samples are manufactured. The
pump source was a 960nm CW diode laser manufac-

tured by the Institute of Semiconductor of the Chinese
Academy of Sciences. The laser beam was focused on
the sample by a group of lenses, and the fluorescence
emitted from the sample was collected and analysed by
a Fluorolog-Tau-3 fluorescence photometer. The col-
lection direction of the fluorescence was perpendicu-
lar to the laser excitation direction. The experimental
conditions are kept the same, so as to ensure that the
relative fluorescence intensities of all measured curves

are comparable. 1]
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Fig.1.
minescence of Yb-doped oxyfluoride glass excited by a

The 476.1 nm cooperative up-conversion lu-

960 nm diode laser (other luminescence peaks are from
trace Er ions up-conversion sensitized by Yb ions).
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The up-conversion luminous spectrum obtained
is shown in Fig.1, in which we can find the strong
476.1 nm up-conversion fluorescence line. Meanwhile
there are a series of characteristic luminescence peaks
of Er3t ions at 407.5, 522.5, 544.0, 650.0 and 793.5 nm,
resulting from the trace of Er3t ions present. Ta-
ble 1 lists the relative peak intensity of the lumines-
cence. By changing the laser power, the variation of
the 476.1 nm up-conversion fluorescence intensity with
laser power is also measured carefully, which is shown
in Fig.2. Undoubtedly, the 476.1 nm luminescence is
a two-photon up-conversion fluorescence.

The most interesting phenomenon concerns the
up-conversion fluorescence of 476.1nm (21005cm™1).
2 and table 1,
the 476.1 nm up-conversion luminescence intensity of
Yb(5):FOG is about 1000 times greater than that
of Yb(0.5):FOG. It shows that the 476.1nm up-
conversion luminescence is closely related to the con-

From Figs.1, we can find that

centration of Yb3* ions. In fact, the Yb3t ion con-
centration of a:Yb(5):FOG is only ten times greater
than that of b:Yb(0.5):FOG. Thus the 476.1 nm up-

conversion luminescence cannot be oriented by any

linear process involving single Yb3t ion system, be-
cause the luminescence intensity of a single ion sys-
tem should be linearly proportional to the Yb3*t ion
concentration. In fact, it is reasonably believed to
be rather a kind of cooperative up-conversion radia-

tion fluorescence originating from the coupled state of

two-Yb3*t-ion cluster.[12]
» 108
& y=4195.91.7101
=
2 107
aQ
~
~
o
2 10%f
[
Q
g
K-
g 10%f
=
a A
% gl [ YBE)FOG A
- /
g —&—Yb(0.5): A
E b(0.5):FOG 7 y=0.55865:2 0206
(o]
© 103 1 Z 1
;‘," 1 10 100 1000

Laser power P/mW

Fig.2. The log-log plot of Yb ion 476.1 nm coopera-
tive up-conversion luminescence intensity of Yb:FOG
upon laser power.

Table 1. The up-conversion luminescence peak intensity of (a) Yb(5):FOG and (b) Yb(0.5):FOG
samples when excited by 960 nm-diode laser. (The up-conversion luminescence of Er3t ions comes

from trace of Er3T ions in Yb:FOG samples).

Ton Wavelength \/nm Transition Yb(5):FOG Yb(0.5):FOG
Yb3+ 476.1 2F5/2%F5/2(Yb3TYD3T) 2.32x 108 2.00x 103
—2F7/2%F7/2(Yb3TYb3T)
Er3t 407.5 (2G'F?H)g 5 (Er3t) =459 (Er3T) 3.72x10* 5.00x 10!
522.5 2Hyq 2 (Ert) =415/ (Er3T) 1.30x10° 4.59%x103
544.0 1830 (Er3T) =415 5 (Br3T) 2.92x10° 1.56x10%
650.0 AFg /o (Ert) =415 (Br3t) 2.84x10° 1.38x103
793.5 g2 (Er3T) =415 /5 (Er3T) 2.09%10° 1.13x103

The main peak of this cooperative radiation lu-
minescence is positioned at 476.1 nm, with photon en-
ergy 21005cm ™!, while that of the 960nm laser light
is 10417cm~". As we know,!'1:16) the absorption peak
positions of the Yb** ion 2F5 /5 level in oxyfluoride
glass are 10267, 10438 and 10799 cm~*. Thus from en-
ergy considerations it is also reasonable to believe that
the 476.1nm fluorescence comes from a cooperative
radiation process. It is easy to excite a Yb3* ion to
its 2F5 5 level by a pump laser (10417cm™!, 960 nm).
Therefore if two Yb3* ions happen to form a cluster,
the coupled state may be made up by either 10267 and
10799 cm ™! sub-states and then positioned at 21066,
or 10438 and 10438cm ™' sub-states then positioned

at 20876cm~!, and so on. It is both very close to
the 476.1nm fluorescence photon energy 21005cm™!.
Thus it is firmly believed that the 476.1nm fluores-
cence is a kind of cooperative radiation up-conversion
fluorescence.

The up-conversion processes are supposed to be
as follows. Firstly, each isolated Yb3* ion absorbs
a pump photon and is excited to the 2F5/2 state
from the ?F7/, ground state. Then the two Yb?*
ions, both in the 2F5/2 excited state, form a cou-
pled cluster state 2F§/2F5/2(Yb3+Yb3+) under strong
laser pumping. The 476.1 nm fluorescence is then ra-
diated from this excited coupled state to the ground
state 2F$/2F7/2 (Yb3TYb3T). The energy level struc-
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ture and the schematic diagram of up-conversion pro-
cess are shown in Fig.3. Furthermore, this cooperative
up-conversion radiation luminescence of Yb(5):FOG
found in our experiment is rather strong. It may pro-

vide an effective and convenient method to produce
blue light.[17—18]
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Fig.3. The energy level structure of Yb3t, Er3t ions and the schematic diagram of up-

conversion process. (Er luminescence comes from traces of Er ions.)

As is well known, if the up-conversion lumines-
cence originates from a two Yb3t ion system, such
as an energy transfer process between Yb3* ions or a
cluster coupled state made up of two Yb3T ions, the
up-conversion luminescence intensity would be pro-
portion to the square of the Yb3* ion concentration.
Usually the up-conversion luminescence intensity in-
creases less than the square of the Yb3* ion concentra-
tion due to the energy cross-relaxation. However, it is
interesting that the up-conversion luminescence inten-
sity of Yb(5):FOG is 1000 times greater than that of
YDb(0.5):FOG. This means that the coupling probabil-
ity of two Yb?* ions into a Yb3t-Yb3*t cluster under
the pumping of laser decreases when the concentra-
tion of Yb3* ions is reduced too much. The coupling
probability and up-conversion luminescence intensity
is dependent upon not only the concentration of Yb3+
ions but also the basic material property. It could be
seen by our experiment that the oxyfluoride glass is
a kind of good material for cooperative up-conversion
radiative luminescence of Yb3+ ion clusters.

The fluorescence lines of 407.5, 522.5, 541.5, 652.0
and 800.5nm are the luminescence of Er3* ions. The
concentration of Er3* ions in both Yb(5):FOG and
Yb(0.5):FOG would be the same, because they are
introduced naturally by the manufacture procedure.
However, the luminescence intensity of Er3* ions in
Yb(5):FOG and Yb(0.5):FOG is quite different. There
are only weak 522.5 and 541.5nm luminescence of
Yb(0.5):FOG resulting from the step-by-step absorp-
tion of Er®t ions. For the Yb(5):FOG sample, the
luminescence of Er®t ions, especially the 407.5, 652.0
and 800.5 nm luminescence, is very much enhanced. It
obviously results from the energy transfer from Yb3+
ions to Er®* ions.
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