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A series of fluoride glass samples of the composition ZBLAN:1%Er3+, ZBLAN:1%Ho3+ ,

ZBLAN:1%Er3++X%Ho3+ (X = 0.25, 0.5, 1mol.%) is synthesized. Based on the transmission spectra of

the compounds ZBLAN:1%Ho3+ and ZBLAN:1%Er3+, the Judd-Ofelt intensity parameters for Ho3+ and Er3+ ions

in synthesized samples are determined. Up-conversion luminescence of ZBLAN:Er3+/Ho3+ glass under excitation

Tm3+ :YAP- laser radiation with a wavelength of 1.94 µm is investigated. The up-conversion luminescence spectra

of the visible range exhibit bands in the regions of 545 and 655 nm. The highest intensity was observed for the red

lines at a wavelength of 655 nm, which correspond to the transitions 4F9/2 →
4I15/2 of Er3+ ions and 5F5 →

5I8 of

Ho3+ ions. The threshold power density of radiation visualization of Tm3+:YAP-laser decreased with increasing

concentration of Ho3+ ions and was 30W/cm2 in the ZBLAN:1%Er3++1%Ho3+ sample.
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Introduction

Materials doped with rare-earth element (REE) ions are

used in devices for generation, transmission, and control of

optical signals. Lasers, fiber-optic amplifiers, phosphors, etc.,

are made based on them. Interest in such materials is also

driven by the development of radiation visualizers for the

near- and mid-infrared (IR) ranges (see, for example, [1–
3]). This is related to the expanded use of IR lasers in

experimental studies in molecular laser spectroscopy. The

operating principle of such visualizers is based on the

phenomenon of up-conversion luminescence of REE ions

in amorphous or crystalline matrices [4,5].
Erbium and holmium are among the most widely used

REEs. It is known that the presence of Er3+ions in the

matrix allows for the conversion of laser radiation with

wavelengths in the 800, 975 and 1.55µm regions into

the visible range [6–8]. Additional doping with Ho3+

ions enables broadening the spectral visualization range.

Recently, materials doped with Ho3+ions have been used to

visualize laser radiation in the two-micron range [9–11]. The
wide absorption band of Ho3+ ions from the ground state on

the 5I8 → 5I7 transition allows for luminescence excitation

in the visible part of the spectrum under irradiation in the

1800−2150 nm range [12]. The need to visualize radiation

in this range arose due to the use of near- and mid-IR lasers

in environmental monitoring systems, clinical medicine, and

other fields [13–15].

Donor-acceptor pairs of ions Yb3+-Er3+, Yb3+-Ho3+in

particular, are used in up-conversion phosphors [1,16,17]. A
large absorption cross-section at the 2F7/2 →

2F5/2 transition

of the Yb3+ donor ion compared to the acceptor and

an increased in the ratio of the probability of excitation

energy summation to the probability of cross-relaxation

ensure a high output of up-conversion luminescence [5].
For example, the Yb3+-Er3+ pair efficiently converts IR

radiation in the 1µm region into visible light at a wavelength

of about 540 nm [18–20]. The Yb3+-Ho3+ pair exhibits up-

conversion luminescence in the visible region at wavelengths

of 540 and 650 nm under two-micron radiation [3,21,22].
Er3+ ions have a transition 4I15/2 → 4I11/2, whose energy

is close to the energy of the Yb3+ ions 2F7/2 →
2F5/2 tran-

sition, making the study of up-conversion luminescence of

the Er3+–Ho3+ ion pair at two-micron excitation interesting.

The efficiency of up-conversion strongly depends on

the choice of matrix in which the ion is embed-

ded. Usually, compounds with low probability of non-

radiative multiphonon relaxation are used [23,24]. Such

media include ZBLAN fluoride glass (ZrF4-BaF2-LaF3-
AlF3-NaF) with high-frequency phonon energy of about

hυphon ≈ 575 cm−1 [18].
The aim of the present work was a theoretical and

experimental study of the luminescent properties of

ZBLAN:Er3+/Ho3+ fluoride glass using the Judd-Ofelt

model [25], as well as an analysis of up-conversion lumi-

nescence spectra of these samples under laser excitation at

a wavelength of 1.94µm.

Theoretical part

To describe electronic transitions within the 4 f -shell
of RE ions, the theory proposed by Judd and Ofelt is
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applied [26,27]. It allows calculating spontaneous emission

probabilities, luminescence branching ratios, and radiative

lifetimes.

The line strength of the electric dipole transition from an

initial state 〈ϕa | to all Stark components of the final state

|ϕb〉 (assuming equal population of all Stark components

of the initial state involved in transitions) is given by the

formula:

Scalc =
∑

i

�i

∣

∣〈ϕa ‖ U (i) ‖ ϕb〉
∣

∣

2
, (1)

where 〈ϕa ‖ U (i) ‖ ϕb〉 are reduced matrix elements of

unit tensor operators U (i) in the intermediate coupling

approximation (values can be taken as independent of host

matrix type; calculated for most RE ions [28,29]), �i are

Judd-Ofelt intensity parameters encoding dependence of

transition intensities on the host matrix; odd parameters do

not contribute. For electric dipole transitions, selection rules

change accordingly. 1S = 0, 1L ≤ 6, 1J ≤ 6 (1J = 2, 4, 6,

if J or J′ = 0). Thus, all information on RE ion emission

intensity is contained in three parameters �2, �4, �6.

Judd-Ofelt parameters, as a set of phenomenological

constants, are determined from experimental absorption

cross-section dataσ (λ) from the ground state. The line

strength of the electric dipole transition from the initial state

〈J| to state |l′〉 can be expressed through the integral cross

section on this transition:

Sexp =
3ch(2J + 1)

8π3e2λ̄
n

(

3

n2 + 2

)2 ∫

σ (λ)dλ, (2)

where n is refractive index of the compound under exami-

nation, λ̄ -is wavelength of the transition given by

λ̄ =

∑

λσ (λ)
∑

σ (λ)
. (3)

This formula (2) is applicable when magnetic dipole

transitions are forbidden by selection rules. Magnetic

dipole selection rules are also defined. 1S = 0, 1L = 0,

1J = 0,±1.

The absorption cross-section dependence on wavelength

is calculated from the transmission spectrum T (λ). By

definition, the transmittance of rare earth ions in the studied

matrix is a dimensionless physical quantity equal to the

ratio of the radiation intensity I , that reaches the output

surface of the sample to the radiation intensity I0 entering

it. According to Bouguer’s law, the output sample surface’s

intensity depends on sample thickness l as:

I = I0e
−αl, (4)

where α —absorption coefficient, which can be expressed

through the absorption cross-section and the concentration

of REE ions in the matrix under study (α = σ nREE). Thus,
we have the dependence of the absorption cross-section on

the radiation wavelength:

σ (λ) = −
lnT (λ)

nREE l
. (5)

Formulas (1) and (2) allow determination of Judd-Ofelt

parameters from experimental data by measuring REE

ions transmission spectra in this matrix, calculating integral

absorption cross-sections in the corresponding absorption

bands, and calculating the strength of the transition lines

using formula (2). Then, using the obtained values

and formula (1), the least squares method can be used

to find the parameters �i . To assess the accuracy of

the calculations, the total value of the root-mean-square

deviation RMS for all line strengths is used, which is defined

as follows:

RMS =

√

∑N
j=1(S

exp
j − Scalc

j )2

N − 3
, (6)

where N is the number of transitions observed in the

absorption spectrum. Since there are only three �i

parameters, N must be greater than 3.

The Judd-Ofelt parameters allow us to find the probability

of a spontaneous radiative transition A from the initial state

〈J| to the state |J′〉:

A(J; J′) = AED + AMD =
64π4e2

3h(2J + 1)λ̄3

×

(

n
(n2 + 2

3

)2

SED + n3SM

)

, (7)

where AED and AMD are the probabilities of spontaneous

emission of electric and magnetic dipole transitions, EED

and SMD are the line strengths of the electric and magnetic

dipole transitions. The line strength of the magnetic dipole

transition is calculated by the formula:

SMD =

(

h
4πmc

)2
∣

∣〈(S, L)J ‖ L + 2S ‖ (S′, L′)J′〉
∣

∣

2
, (8)

where L + 2S — magnetic dipole operator of the transition

J → J′. The matrix element
∣

∣〈(S, L)J ‖ L + 2S ‖ (S′, L′)J′〉
∣

∣

2
≡ M(J; J′)

is calculated by the following formulas:

– for J′ = J − 1:

M(J; J′)=
(S+L+J+1)(S+L+1−J)(J+S−L)(J+L−S)

4J
;

(9)
– for J′ = J + 1:

M(J; J′)=
(S+L+J+2)(S+L−J)(J+1+S−L)(J+1+L−S)

4(J + 1)
.

(10)
If several radiative transitions are possible from the

level under consideration, then the relative probability of

a particular radiative transition can be determined from the

total probability of radiative decay of this level, i.e. the

luminescence branching coefficient β :

β =
A(J; J′)

∑

J′ A(J; J′)
. (11)
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Figure 1. Spectral dependences of the absorption cross-section: from the ground state 5I8 to excited multiplets of Ho3+ ions in ZBLAN

glass (a), from the ground state 4I15/2 to excited multiplets of Er3+ ions in ZBLAN glass (b).

Summation in formula (11) is performed over all radiative

transitions from the initial state 〈J|. This sum determines the

radiative lifetime of REE ions τrad at the level of 〈J|:

τrad =
1

∑

J′ A(J; J′)
. (12)

Experimental part

ZBLAN glasses (53ZrF4-20BaF2-4LaF3-3AlF3-20NaF),
doped with Er3+, Ho3+, Er3+/Ho3+ ions were synthesized

from the corresponding fluorides of
”
special purity“ qual-

ification in glassy carbon crucibles with a flowing inert

atmosphere of nitrogen saturated with CCl4 vapors, in a

muffle furnace at a temperature of 800◦C. The samples

were molded in a dry glove box in a split aluminum mold.

As a result, a series of fluoride glasses of the compo-

sition were prepared ZBLAN:1%Er3+, ZBLAN:1%Ho3+,

ZBLAN:1%Er3++X%Ho3+ (X = 0.25, 0.5, 1mol.%).
For samples ZBLAN:1%Ho3+ (nHo≈1.77 · 1020 cm−3,

l = 2mm) and ZBLAN:1%Er3+ (nEr ≈ 1.77 · 1020 cm−3,

l = 10mm) the transmission spectra of the samples were

measured using an SF-56 spectrophotometer, which were

then recalculated using formula (5) as a function of the

absorption cross section on the radiation wavelength.

To detect up-conversion luminescence, samples

of the composition ZBLAN:1%Er3++X%Ho3+

(X = 0.25, 0.5, 1mol.%) were used, which were alternately

mounted on a holder. They were polished wafers of size

40× 10× 3mm3. A thulium laser (a Tm3+:YAP crystal

with continuous diode pumping) generating radiation at a

wavelength of 1.94µm was used as an excitation source.

During the measurement of the up-conversion luminescence

spectra, the Tm3+:YAP-laser operated in the free-running

mode. The average radiation power was about 2W. Using

a short-focus lens, luminescence was collected at the

entrance slit of a Solar M833 automated monochromator. A

Thorlabs DET36A silicon photodiode (spectral sensitivity

region 350−1100 nm rise time 14 ns) was placed behind

the exit slit. A high signal-to-noise ratio was ensured by the

method of synchronous signal detection. For this purpose,

the luminescence emission was modulated by a Thorlabs

MC1000A optical chopper with a frequency of 220Hz,

and the signal from the photodiode was detected at the

same frequency using a Stanford Research Systems SR830

synchronous detector. Then the signal was fed to the ADC

and then to the computer. The results were processed in

the LabVIEW software environment.

Results and discussion

For Ho3+ and Er3+ ions in ZBLAN fluoride glass, the

spectral dependences of the absorption cross section from

the ground state (5I8 for Ho3+ ions, 4I15/2 for Er3+ ions)
were obtained in the wavelength range of 350−1050 nm

(Fig. 1, a and b respectively). In the figures, the level to

which the transition occurs is indicated above each peak.

For the detected transitions of Ho3+ and Er3+ ions, the

wavelengths and line strengths (refractive index of ZBLAN

n = 1.5 fluoride glass) were calculated using formulas (2)
and (3). The results are given in Table 1. The squares of

the matrix elements corresponding to these transitions [28]
are also included in it. The calculated line strengths were

related to electric dipole transitions, since magnetic dipole

transitions between these levels are forbidden.

Based on the calculated transition parameters in accor-

dance with the algorithm of the model under consideration,

the Judd-Ofelt intensity parameters for the Ho3+ and Er3+

ions in the ZBLAN fluoride glass were found by the least

Optics and Spectroscopy, 2025, Vol. 133, No. 6
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Table 1. Characteristics of transitions from the ground state in ZBLAN glasses doped with Ho3+ and Er3+ ions

Ion Transition λ̄, nm Sexp, 10−20 cm2 |U (2)|2 |U (4)|2 |U (6)|2

Ho3+ 5I8 → 5I5 897 0.120 0 0.0102 0.0930
5I4 755 0.018 0 0.0000 0.0076
5F5 643 1.950 0 0.4201 0.5701
5F4 +5 S2 538 2.177 0 0.2385 0.9235
3K8 +5 F2 +5 F3 478 1.153 0.0205 0.0317 0.7040
5G6 449 5.522 1.4830 0.8201 0.1400
5G5 416 1.014 0 0.5239 0
3K7 +5 G4 385 0.200 0.0056 0.0395 0.0667
3H6 +3 H5 360 1.364 0.2540 0.2337 0.1609
5G2 353 0.012 0 0 0.0041

Er3+ 4I15/2 → 4I11/2 978 0.528 0.0276 0.0002 0.3942
4I9/2 803 0.217 0 0.1587 0.0072
4F9/2 653 1.265 0 0.5513 0.4621
4S3/2 542 0.255 0 0 0.2225
2H11/2 520 2.648 0.7158 0.4138 0.0927
4F7/2 487 0.774 0 0.1465 0.6272
4F3/2 +4 F5/2 447 0.338 0 0 0.3476
2H9/2 406 0.213 0 0.0243 0.2147
4G11/2 377 3.391 0.9156 0.5263 0.1167
2G7/2 +2 K15/2 +4 G9/2 362 0.794 0.0213 0.2576 0.3274

Table 2. Judd-Ofelt intensity parameters for Ho3+ and Er3+ ions in ZBLAN glass

Ion �2, 10
−20 cm2 �4, 10

−20 cm2 �6, 10
−20 cm2 RMS, 10−20 cm2

Ho3+ 2.39 2.12 1.72 0.09

Er3+ 2.74 1.45 0.99 0.04

squares method (Table 2). A small value of the root-mean-

square deviation of RMS relative to each of the parameters

indicated the correctness of the estimates obtained.

The intensity parameters found for the ZBLAN:Ho3+ and

ZBLAN:Er3+ compounds are in good agreement with the

results of other authors. For example, for the ZBLAN:Ho3+,

glass studied in [30], they had the following values

�2 = (2.46± 0.22) · 10−20 cm2,

�4 = (2.02± 0.39) · 10−20 cm2,

�6 = (1.71± 0.24) · 10−20 cm2,

and for ZBLAN:Er3+ glass studied in [31], —
�2 = (2.74± 0.22) · 10−20 cm2,

�4 = (1.47± 0.40) · 10−20 cm2,

�6 = (1.07± 0.13) · 10−20 cm2.

Using the obtained Judd-Ofelt parameters and formu-

las (1), (7)−(12)the spontaneous emission probabilities,

luminescence branching coefficients and radiative lifetimes

for excited states of Ho3+ and Er3+ ions in ZBLAN glass

were calculated. The results obtained are given in Tables 3

and 4, respectively.

For the sample of the composed of

ZBLAN:1%Er3++1%Ho3+ the up-conversion luminescence

spectrum was measured (Fig. 2). In the visible part of the

spectrum, three bands were observed in the wavelength

ranges of 515−560, 630−680 and 745−760 nm. The red

line at the wavelength of 655 nm had the highest intensity,

corresponding to the 4F9/2 →
4I15/2transitions of Er3+

and 5F5 →
5I8 Ho3+ ions. The green band consisted of two

peaks. The line with the wavelength of 520 nm belonged to

the 2H11/2 →
4I15/2 transition of Er3+ions, and the line in

the region of 545 nm corresponded to the 4S3/2 →
4I15/2

transitions of Er3+ ions and 5S2,
5F4 →

5I8 transitions of

Ho3+ions. A weak band at the wavelength of 750 nm was

due to the luminescence of Ho3+ ions into the first excited

state at the 5S2,
5F4 →

5I7 transition. In the ranges up to

1.1µm two IR bands were also observed in the ranges of

880−930 and 945−1025 nm. The line in the region of

900 nm belonged to the 5I5 → 5I8 transition of Ho3+ ions,

and the line at a wavelength of 975 nm corresponded to

the 4I11/2 → 4I15/2 transitions of Er3+ ions and 5F5 →
5I7

transitions of Ho3+ions.

The ratios between the transition intensities corresponded

to the luminescence branching coefficients calculated using

the Judd-Ofelt theory (Tables 3 and 4), which confirmed the

efficiency of its use for assessing the luminescent properties

of materials doped with rare-earth ions.

The concentration dependences of the up-

conversion luminescence intensity were studied for

the ZBLAN:Er3+/Ho3+ fluoride glass. The spectra

of the samples composed of ZBLAN:1%Ho3+,

Optics and Spectroscopy, 2025, Vol. 133, No. 6
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Table 3. Spectroscopic characteristics of Ho3+ ions in ZBLAN

glass

Transition λ, nm AED , s
−1 AMD , s

−1 β τrad , µs

Initial Final

state state

5I7 5I8 1946 58.24 21.00 1.000 12620

5I6 5I7 2809 14.72 11.91 0.158 5924
5I8 149 142.19 0.842

5I5 5I6 3945 4.66 5.05 0.074 7616
5I7 1641 70.78 0.539
5I8 890 50.80 0.387

5I4 5I5 4762 4.25 2.36 0.083 12530
5I6 2157 28.98 0.363
5I7 1220 36.74 0.460
5I8 750 7.47 0.094

5F5
5I4 4415 0.04 0.000 550
5I5 2291 5.86 0.003
5I6 1449 74.25 0.041
5I7 956 335.92 0.185
5I8 641 1402.04 0.771

5S2
5F5 3509 0.35 0.000 519
5I4 1955 32.28 0.017
5I5 1386 28.94 0.015
5I6 1026 121.36 0.063
5I7 751 738.35 0.383
5I8 542 1005.57 0.522

5F4
5S2 41667 0.00 0.000 300
5F5 3236 4.85 3.94 0.003
5I4 1867 18.32 0.005
5I5 1341 108.83 0.032
5I6 1001 202.40 0.061
5I7 738 283.15 0.085
5I8 535 2716.28 0.814

ZBLAN:1%Er3++X%Ho3+ (X = 0.25, 0.5, 1mol.%)
are shown in Figs. 3 and 4. The results of comparing

the luminescence intensities of different samples are

preliminary; measurements with an integrating sphere are

required for a correct comparison.

With an increase in the concentration of Ho3+ ions, the

luminescence intensity increased (Fig. 3). In this case, the

qualitatively observed picture did not change — the shape

of the spectrum was preserved. This was due to the fact that

it was the Ho3+ ions that provided the first excitation step,

since only they have an absorption band from the ground

state in the wavelength region of 1.94µm (the Er3+ions do

not have such a band).
Addition of Er3+ ions led to a significant change in the

luminescence spectrum. The intensity of the red band

increased significantly (Fig. 4, b). At the same time, the

width of the spectrum increased due to the appearance of

transitions of Er3+ions. A similar picture was observed for

the green band (Fig. 4, a), as well as for the IR band in the

Table 4. Spectroscopic characteristics of Er3+ ions in ZBLAN

glass

Transition λ, nm AED , s
−1 AMD , s

−1 β τrad , µs

Initial Final

state state

4I13/2 4I15/2 1530 71.26 34.82 1.000 9427
4I11/2 4I13/2 2674 13.47 10.07 0.204 8671

4I15/2 973 91.79 0.796
4I9/2 4I11/2 4525 0.60 1.87 0.018 7371

4I13/2 1681 32.87 0.242
4I15/2 801 100.32 0.739

4F9/2
4I9/2 3448 1.93 0.002 917
4I11/2 1957 42.58 0.039
4I13/2 1130 50.36 0.046
4I15/2 650 995.36 0.913

4S3/2
4F9/2 3190 0.38 0.000 871
4I9/2 1657 43.69 0.038
4I11/2 1213 25.34 0.022
4I13/2 834 317.32 0.276
4I15/2 540 761.96 0.663

2H11/2
4S3/2 14815 0.02 0.000 279
4F9/2 2625 10.77 0.003
4I9/2 1490 49.87 0.014
4I11/2 1121 42.97 0.012
4I13/2 790 75.09 0.021
4I15/2 521 3402.87 0.950

4F7/2
2H11/2 7246 0.55 0.000 382
4S3/2 4866 0.02 0.000
4F9/2 1927 3.70 15.90 0.007
4I9/2 1236 87.51 0.033
4I11/2 971 162.28 0.062
4I13/2 712 369.87 0.141
4I15/2 486 1975.06 0.755

region of 975 nm (Fig. 4, c). The IR luminescence spectrum

in the region of 900 nm remained virtually unchanged.

To assess the efficiency of conversion of two-micron

radiation into the visible range by ZBLAN:Er3+/Ho3+

glass, Fig. 5 shows the up-conversion luminescence

spectrum of the most intense sample of this series

ZBLAN:1%Er3++1%Ho3+ in comparison with the spec-

trum of the ZBLAN:1%Ho3++3%Yb3+ compound, which

has already established itself as a good visualizer of radiation

in the 2µm region [32]. The intensity of the red band

in the ZBLAN:1%Er3++1%Ho3+ sample was somewhat

lower, but the band itself was wider. Thus, the yield of

red luminescence in the glasses under consideration was

practically the same. This allows us to recommend the

ZBLAN:1%Er3++1%Ho3+ compound for use as a radiation

visualizer in the 2µm region.

The threshold power density of the Tm3+:YAP-

laser (λ = 1.94µm) radiation visualization decreased

with increasing Ho3+ ion concentration and in the

ZBLAN:1%Er3++1%Ho3+ glass was 30W/cm2. This value

can be significantly reduced if optical ceramics are obtained

Optics and Spectroscopy, 2025, Vol. 133, No. 6



Luminescent properties investigation of ZBLAN:Er3+/Ho3+... 639

500
0

0.2

1.0

0.8

λ, nm

0.6

600

I,
 a

rb
. 
u
n
it

s

a

0.4

550

850

0

0.2

1.0

0.8

λ, nm

0.6

950

I,
 a

rb
. 
u
n
it

s

c

0.4

900 1000 1050

600
0

λ, nm
700

b

650

3+ 3+ZBLAN :1 % Er  + 1 % Ho
3+ZBLAN :1 % Ho

0.2

1.0

0.8

0.6

I,
 a

rb
. 
u
n
it

s

0.4

Figure 4. Up-conversion luminescence spectra of the ZBLAN:1%Er3++1%Ho3+ and ZBLAN:1%Ho3+ samples in the ranges

500−600 nm (a), 600−700 nm (b) and 850−1050 nm (c).

from the glass by thermal treatment. For example, in [32]
a decrease in the threshold power density of visualization

of Tm3+:YLF-laser radiation (λ = 1.908µm) in ceramic

samples of the ZBLAN:1%Ho3++3%Yb3+ composition

by 150 times was found compared to the original glass

samples. This is due to the fact that thermal annealing

of glasses often leads to a significant enhancement of

luminescence (by tens of times) due to the release of a

crystalline phase (see, for example [33,34]); in ZBLAN

fluoride glasses, a crystalline phase β-BaZrF6 is formed [35].

Conclusion

A study was conducted on the luminescent properties

of ZBLAN fluoride glass doped with Er3+ and Ho3+ions.

For the compounds ZBLAN:1%Ho3+ and ZBLAN:1%Er3+

transmission spectra were measured, based on which,

according to the Judd-Ofelt model algorithm for Ho3+and

Er3+ ions in ZBLAN fluoride glass, intensity parame-

ters were found and spontaneous emission probabilities,

branching ratios of luminescence, and radiative lifetimes

were calculated. Up-conversion luminescence spectra were

measured for samples with compositions ZBLAN:1%Ho3+,

ZBLAN:1%Er3++X%Ho3+ (X = 0.25, 0.5, 1mol.%) under

excitation by Tm3+:YAP-laser radiation at a wavelength

of 1.94µm. The addition of Er3+ ions contributed to a

significant increase in up-conversion efficiency. The most

intense luminescence band was the red band at a wavelength

of 655 nm, corresponding to the transitions 4F9/2 →
4I15/2

of Er3+ ions and 5F5 →
5I8 of Ho3+ ions. With an

Optics and Spectroscopy, 2025, Vol. 133, No. 6
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Figure 5. Up-conversion luminescence spectra of the samples

ZBLAN:1%Er3++1%Ho3+ and ZBLAN:1%Ho3++3%Yb3+ .

increase in Ho3+ ion concentration, the luminescence

intensity increased, the red emission visualization threshold

decreased, and in the glass ZBLAN:1%Er3++1%Ho3+ it

amounted to 30W/cm2.
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